
Circulating microRNAs in nonalcoholic fatty liver disease

Johanna K. DiStefano1 and Glenn S. Gerhard2

Johanna K. DiStefano: distefanoj@NJHealth.org; Glenn S. Gerhard: gsgerhard@temple.edu
1Center for Genes, Environment, and Health, National Jewish Health, 1400 Jackson Street, 
Denver, CO 80206, Phone: 303-398-2357

2Department of Medical Genetics and Molecular Biochemistry, Temple University School of 
Medicine, 3500 N. Broad Street, Philadelphia, PA 19140, Phone: 215-707-5415

Summary

Liver biopsy is currently recognized as the most accurate method for diagnosing and staging 

nonalcoholic fatty liver disease (NAFLD). However, this procedure is typically performed when 

disease has progressed to clinically significant stages, thereby limiting early diagnosis of patients 

who are at high risk for development of liver- and cardiovascular-related morbidity and mortality. 

Recently, microRNAs (miRNAs), short, noncoding RNAs that regulate gene expression, have been 

associated with histological features of NAFLD and are readily detected in the circulation. As 

such, miRNAs are emerging as potentially useful noninvasive markers with which to follow the 

progression of NAFLD. In this article, we present the evidence linking circulating miRNAs with 

NAFLD and discuss the potential value of circulating miRNA profiles in the development of 

improved methods for NAFLD diagnosis and clinical monitoring of disease progression.
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Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum of conditions ranging 

from steatosis to nonalcoholic steatohepatitis (NASH), and can progress to fibrosis, 

cirrhosis, and hepatocellular carcinoma, all of which are associated with increased morbidity 

and mortality , . A number of clinical factors have been associated with NAFLD including 

insulin resistance, type 2 diabetes (T2D), iron metabolism, and others . Currently, 

histological examination is considered the reference standard for the diagnosis and staging 

of liver fibrosis. However, a number of drawbacks to this procedure, including patient 

discomfort and risk for serious complications, sampling error and bias, variability in 

histopathologic interpretation, and significant financial cost , have led to a growing interest 

in alternative noninvasive strategies for the evaluation of NAFLD .
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Recently, microRNAs (miRNAs), a class of noncoding RNAs whose primary intracellular 

role is to modulate gene expression , have emerged as novel molecules involved in a variety 

of disease processes. MiRNAs are abundantly expressed in the liver, where they regulate a 

diverse array of functions , , and play a key role in the pathogenesis of many liver diseases 

including chronic viral hepatitis, drug-related and alcoholic liver toxicity, autoimmune 

hepatitis, hepatic fibrosis, and hepatocellular carcinoma , . MiRNAs can also circulate freely 

in the blood protected from RNase-dependent degradation under most physiological 

conditions . Cells release miRNAs through both passive and active mechanisms. For 

example, increased cell death, as occurs in NAFLD via ballooning degeneration, can release 

miRNAs into the circulation, where they are protected from degradation in part through 

binding to the Argonaute-2 protein, or packaged in high density lipoprotein particles . 

However, most circulating miRNAs are secreted from cells through active energy-dependent 

processes via storage in microvesicles (i.e, exosomes, microparticles, and shedding 

vesicles) . The regulation and functional roles of microvesicular miRNAs are areas of active 

investigation in many diseases, including NAFLD . The relatively stable nature of circulating 

miRNAs, combined with the non-invasive manner in which they can be measured, has 

positioned miRNAs as potential biomarkers for NAFLD.

In addition to a potential mechanistic role described elsewhere , the multicellular nature and 

pathophysiological progression of NAFLD suggest that miRNAs may be associated with 

different disease stages. In a study of 84 circulating miRNAs measured in 47 NASH 

patients, 30 individuals with simple steatosis, and 19 healthy controls, levels of miR-122, 

miR-192, and miR-375 were upregulated in patients with NASH compared to those with 

simple steatosis, and were associated with histological disease severity . However, only 

serum levels of miR-122 were significantly associated with advanced fibrosis in 

comparisons of F0–1 and F2–3, consistent with other studies of NAFLD in humans and 

animal models , . The accuracy of miR-122, miR-192, and miR-375 to discriminate 

advanced from mild disease was fair (area under the receiver operating characteristic curve 

or AUC = ∼0.7). In a cross-comparison analysis with NAFLD biomarker CK18 , , miR-122 

was able to predict NASH and fibrosis with greater sensitivity, and both serum miR-122 and 

miR-192 levels were positively correlated with serum CK18 concentration (P < 0.03). Given 

that miR-122 is the most abundantly expressed miRNA in liver , its correlation with an 

apoptotic marker such as CK18 is not surprising.

A number of studies focusing on a specific miRNA or miRNA panel have also been recently 

published. In a study of 34 individuals with NAFLD and 19 healthy controls, blood levels of 

miR-122, miR-34a, and miR-16 were significantly higher in NAFLD patients , although 

levels of miR-21, reportedly dysregulated in NAFLD, were not different between the two 

groups. Levels of miR-122 and miR-34a were positively correlated with disease severity 

from simple steatosis to steatohepatitis, supporting the potential value of these two miRNAs 

to serve as noninvasive biomarkers for NAFLD progression. Similarly, in an investigation of 

the relative expression of eight specific miRNAs (miR-197, miR-146b, miR-10b, miR-181d, 

miR-34a, miR-122, miR-99a, and miR-29a), serum levels of miR-181d, miR-99a, miR-197, 

and miR-146b were significantly lower in biopsy-proven NAFLD patients compared with 

healthy controls . Levels of miR-10b and miR-197 were inversely correlated with degree of 

inflammation, while miR-181d and miR-99a were inversely correlated with serum gamma 
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glutamyl transferase (GGT) levels in NASH patients. However, the sample size was limited 

in this study (20 NAFLD patients and 20 controls), and validation of these findings in a 

larger study is warranted. In a study of miR-15b, which has been implicated in TNF-

mediated hepatocyte apoptosis, significantly higher circulating levels were found in 69 

NAFLD patients compared to 42 healthy controls . These findings were consistent with 

those obtained in an animal model for NAFLD -high dietary fat-induced nonalcoholic fatty 

liver disease Sprague Dawley rats- and in a palmitate-induced NAFLD L02 cell culture 

model, with decreased cell proliferation, increased glucose consumption, and increased 

storage of intracellular triglycerides suggested as potential mechanisms. However, 

significant differences in BMI, blood glucose, triglyceride levels, total cholesterol, and ALT 

were present between the NAFLD and control groups; thus, additional studies will be 

necessary to demonstrate the robustness of miR-15b as a biomarker for human NAFLD. It is 

also worth noting that NAFLD patients were likely skewed toward severe disease given the 

criteria for persistently elevated aminotransferase levels, which we have found do not occur 

in most obese patients with biopsy-proven NAFLD , .

A well-powered, multistage, case-control study was recently conducted to identify a serum 

miRNA profile as a surrogate marker for NAFLD . In that study, pooled serum samples from 

20 NAFLD patients and 20 healthy controls were subjected to RNA-sequencing. Six 

miRNAs were significantly upregulated in NAFLD, including miR-122-5p, miR-1290, 

miR-27b-3p, miR-192-5p, miR-148a-3p, and miR-99a-5p. Of these, miR-122-5p, miR-1290, 

miR-27b-3p, and miR-192-5p were validated in an independent sample of 152 NAFLD 

patients and 90 unaffected controls. A stepwise logistic regression model was used to 

estimate the risk of being diagnosed with NAFLD using a training data set of 242 serum 

samples, and an independent data set comprised of 183 serum samples was used for 

validation. The AUC for the miRNA panel was 0.891, suggesting potential clinical utility. 

Interestingly, the corresponding AUCs for patients with NASH Clinical Research Network 

Nash Activity Score (NAS) for stages <3, ≥3-<5, and ≥5 were 0.826, 0.937, and 0.860, 

respectively, demonstrating that the diagnostic performance of the miRNA panel was greater 

with more active disease. In the same samples, the AUCs for alanine transaminase (ALT) 

and FIB-4 (a formula consisting of age, AST [aspartate transaminase], ALT, and platelets) 

were 0.786 and 0.795, respectively, indicating that the miRNA panel had a higher sensitivity 

and specificity for NAFLD than either ALT or FIB-4. Compared with other studies on 

circulating miRNAs in diagnosing NAFLD, this study is unique because a large number of 

serum miRNAs were analyzed using deep sequencing, in contrast to the use of quantitative 

real-time PCR of individual miRNAs or PCR-based arrays, which provided an enhanced 

ability to identify potential diagnostic markers. We have found that next generation 

sequencing is a sensitive method for detecting low abundance transcripts and offers a 

powerful means with which to screen for both known and new miRNAs .

The identification of a serum miRNA panel that can differentiate NAFLD patients from 

healthy controls with a high degree of accuracy in a large number of participants suggests 

that miRNAs hold promise as reliable biomarkers. However, their potential utility is limited 

by a number of factors relevant to NAFLD, including the lack of cell-type specificity and the 

complexity of contributions from co-morbid conditions, particularly obesity, T2D, and 

dyslipidemia, with which a variety of miRNAs have been associated . Further, our 
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knowledge of the potential value of circulating miRNAs to serve as biomarkers for NAFLD 

remains relatively limited. Yet current findings, combined with the rapidly expanding field 

of miRNA research, suggests that the identification and validation of circulating miRNA 

signatures may facilitate the development of improved methods for diagnosis and clinical 

monitoring of disease progression.
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