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Abstract

MicroRNA-122 (miR-122) is the foremost liver-related micro-RNA, but its role in the hepatocyte 

is not fully understood. To evaluate whether circulating levels of miR-122 are elevated in chronic-

HCV for a reason other than hepatic injury, we compared serum level in patients with chronic 

hepatitis C to other forms of liver injury including patients with acute liver failure and healthy 

controls. MiR-122 was quantitated using sera from 35 acute liver failure patients (20 

acetaminophen-induced, 15 other etiologies), 39 chronic-HCV patients and 12 controls. In 

parallel, human genomic DNA (hgDNA) levels were measured to reflect quantitatively the extent 

of hepatic necrosis. Additionally, six HIV–HCV co-infected patients, who achieved viral clearance 

after undergoing therapy with interferon and ribavirin, had serial sera miR-122 and hgDNA levels 

measured before and throughout treatment. Serum miR-122 levels were elevated approximately 

100-fold in both acute liver failure and chronic-HCV sera as compared to controls (P<0.001), 

whereas hgDNA levels were only elevated in acute liver failure patients as compared to both 

chronic-HCV and controls (P<0.001). Subgroup analysis showed that chronic-HCV sera with 

normal aminotransferase levels showed elevated miR-122 despite low levels of hepatocyte 

necrosis. All successfully treated HCV patients showed a significant Log10 decrease in miR-122 

levels ranging from 0.16 to 1.46, after sustained viral response. Chronic-HCV patients have very 

elevated serum miR-122 levels in the range of most patients with severe hepatic injury leading to 

acute liver failure. Eradication of HCV was associated with decreased miR-122 but not hgDNA. 

An additional mechanism besides hepatic injury may be active in chronic-HCV to explain the 

exaggerated circulating levels of miR-122 observed.
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 INTRODUCTION

Micro-RNAs (miRs) are increasingly under investigation as both targets for direct antiviral 

agents against the hepatitis C virus (HCV) [Jopling et al., 2005; Lanford et al., 2010; 

Machlin et al., 2012; Janssen et al., 2013] and as biomarkers for cancer and acute liver injury 

[Mitchell et al., 2008; Wang et al., 2009; Okada et al., 2010; Zhang et al., 2010; Bihrer et al., 

2011; Antoine et al., 2013]. They are highly conserved, small, single stranded RNA 

molecules of either human or viral origin, and are created in the nucleus for future regulation 

of messenger RNAs (mRNA) [Kim, 2005; Grassmann and Jeang, 2008; Kumar, 2011]. They 

function by binding to complementary regions of corresponding mRNA strands and forming 

complexes for degradation, thereby inhibiting translation of protein products, limiting any 

number of cellular pathways [Kim, 2005; Okada et al., 2010].

Making miRs particularly useful are their tissue specific properties. For the hepatocyte, 

evidence suggests that microRNA-122 (miR-122) is necessary for HCV replication and 

hepatocyte differentiation and homeostasis [Jopling et al., 2005; Coulouarn et al., 2009; 

Kumar, 2011; Kambara et al., 2012; Conrad et al., 2013; Szabo and Bala, 2013]. Knock out 

of the miR-122 gene is associated with the loss of the hepatic phenotype and progression to 

cancer [Coulouarn et al., 2009; Hsu et al., 2012]. Though no association between HCV viral 

load and miR-122 has been observed [Sarasin-Filipowicz et al., 2009; Bihrer et al., 2011], 

lower cellular miR-122 levels at baseline may be predictive of treatment failure because of 

decreased cellular response to interferon [Coulouarn et al., 2009; Su et al., 2013].

Few studies have provided quantitation of miR-122 in the circulation in relation to disease 

type and severity. From first principles, the amount of cellular material released during 

hepatic injury should correlate in a general way with the degree of necrosis. In this light, 

circulating human genomic-DNA (hgDNA) was measured as a control, since release of 

cellular DNA should provide another “passive” serum marker for the quantity of hepatocyte 

necrosis in each patient [Wong et al., 2004].

MiR-122 sera levels in subjects with acute liver failure, chronic hepatitis C, healthy controls, 

and from chronic hepatitis C patients undergoing treatment were measured and compared 

with two other means of quantification of liver injury, alanine aminotransferase (ALT), and 

hgDNA [Benichou, 1990; Navarro and Senior, 2006].

 METHODS

 Sample Collection

As part of a pilot study of miR-122, sera were obtained from 35 acute liver failure subjects 

(20 acetaminophen induced, 6 autoimmune hepatitis, 4 drug induced, 2 hepatitis A virus, 1 

hepatitis B virus, 1 Epstein Barr virus, and 1 Herpes Simplex virus). Acute liver failure sera 
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were obtained from the Acute Liver Failure Study Group (ALFSG) National Institute of 

Diabetes and Digestive and Kidney (NIDDK) bio-sample repository.

The ALFSG registry database contains more than 2,100 patients with acute liver failure 

admitted to 1 of 23 sites between January 1, 1998 and December 31, 2012. Eligible acute 

liver failure patients had symptoms of jaundice or illness of less than 26 weeks prior to 

admission and mental status changes with coagulopathy defined as an international 

normalized ratio >1.5 without known underlying chronic liver disease. The ALFSG protocol 

was reviewed and approved by the Institutional Review Board at all of the participating sites 

and written informed consent was obtained from the patient’s next of kin.

Thirty-nine chronic hepatitis C samples were obtained from the clinics at UT Southwestern 

Medical Center and Parkland Health and Hospital Systems (22 HCV mono-infected and 17 

human immunodeficiency virus [HIV] co-infected). Chronic hepatitis C samples were 

collected prospectively and stored either as part of a database of chronic hepatitis C patients 

consenting to future research use of their samples, or were banked during HCV treatment as 

part of a viral kinetics study in HCV–HIV co-infection conducted at UT Southwestern 

Medical Center. Current hepatitis C infection was confirmed via a positive RNA polymerase 

viral load.

Twelve normal human serum samples were purchased commercially to serve as the healthy 

controls.

Separately, serial sera from six HCV–HIV co-infected patients, who achieved a sustained 

viral response after treatment with pegylated interferon and ribavirin, had banked serum 

samples measured for miR-122 and hgDNA at baseline, week 1, week 4, end of treatment 

(week 48), and at sustained viral response (measured at 12 or 24 weeks after therapy 

completion).

Corresponding ALT levels for all acute liver failure and chronic hepatitis C patients were 

obtained from case report forms or patient charts from the date of initial serum collection. 

ALT levels were not available for controls. Fibrosis stages for chronic hepatitis C patients 

were retrospectively extracted from biopsy (Batts–Ludwig) or ultrasound reports in patient 

records from time of sera collection, when available.

Serum miR-122 levels have previously been correlated with plasma levels and hepatocyte 

expression of miR-122, qualifying its use in this study [Su et al., 2013].

 Preparation and Measurement of Serum miR-122 Levels

Total small RNA was extracted from serum with mirVana™ PARIS™ Kit according to the 

instructions from the manufacturer (Ambion, AM1556, Austin, TX). The eluate containing 

the microRNA was stored at −20°C, until use. Five microliters of the eluate was used for the 

reverse transcription reaction. For generation of standard curves, chemically synthesized 

miR-122 was dissolved in distilled H2O and diluted to varying concentrations (102–106 

copies/µl). Input RNA was reverse transcribed using the TaqMan miRNA Reverse 

Transcription Kit and miRNA-specific stem-loop primers (Applied BioSystems, Carlsbad, 

CA) in the reverse transcription reaction. Measurement of serum miR-122 was performed 
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using real-time PCR on an Applied BioSystems 7900HT thermocycler and data computed 

with SDS Absolute Quantification Software Version 2.2.2 (Applied BioSystems).

 Preparation and Measurement of Serum Human Genomic DNA Levels

Total human genomic DNA (hgDNA) was extracted from serum by QIAamp DNA Blood 

Mini kit. The single copy gene beta-actin was chosen to represent hgDNA and was measured 

with a Taqman real-time PCR assay. Known 10 ng/µl concentrations of hgDNA were 

purchased from Applied BioSystems and used at varying dilutions in the real-time PCR 

reaction (3030, 303, 30.3, 3, 1.0 copies/µl) to generate a standard curve for estimating serum 

hgDNA levels. Measurement of serum hgDNA was performed using real-time PCR on an 

Applied BioSystems 7900HT thermocycler and data computed with SDS Absolute 

Quantification Software Version 2.2.2 (Applied BioSystems).

 Statistics

The three main study categories were acute liver failure, chronic hepatitis C, and controls. 

Subgroups were then created for acute liver failure and chronic hepatitis C. Acute liver 

failure was subdivided into acetaminophen-induced and other causes. To further evaluate the 

impact of hepatic necrosis and inflammation on miR-122, chronic hepatitis C patients were 

stratified into two arms by ALT level: Elevated and Normal (>40 and ≤40 IU/L, 

respectively).

Groups were compared on demographic and clinical features using the non-parametric 

Kruskal–Wallis test. When the Kruskal–Wallis test was significant, a Tukey type multiple 

comparisons test was used to determine which groups were significantly different [Dunn, 

1964; Elliott and Hynan, 2011]. Spearman rank order correlation (rho) was used to examine 

the association between ALT, liver fibrosis stage, miR-122, and hgDNA. In the case of both 

analytes, quantitative results were analyzed as copies/µl to determine relative copy number 

across different etiologies.

Among the serial sustained viral response samples, change from baseline (copies/µl) was 

calculated as Log10(Baseline) − Log10(time), where time was week 1, week 4, end of 

treatment, and sustained viral response; a mixed model analysis of variance (ANOVA) was 

used to examine change across time for these samples. If the ANOVA was significant, post 

hoc, pairwise comparisons were used to examine change across the four time points.

IBM© SPSS Statistics V20 (SPSS, Inc., IBM© SPSS Statistics V20, Chicago, IL, 2011) and 

SAS V9.3 (SAS Institute, Inc., SAS V9.3, Cary, NC, 2010) were used to analyze these data. 

Statistical significance was set at P<0.05. Figures were created using SPSS Statistics V20, 

SPSS Statistics V21, or Prism V6 (GraphPad Software Incorporated, San Diego, CA). All 

figures are presented in a Log10 scale.

 RESULTS

 Serum miR-122 and hg DNA Levels in Acute Liver Failure and Chronic Hepatitis C

The median serum miR-122 level and range was 9,806 (257.3–597,300) copies/µl in acute 

liver failure, 7,072 (855.2–103,782) copies/µl in chronic hepatitis C, and 88.7 (40.4–298.7) 
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copies/µl in controls (Fig. 1). Median and range values for subgroups are presented in Table 

I.

The Kruskal–Wallis tests for miR-122 comparing both the three and five sub-groups were 

significant (Fig. 1). Post hoc comparisons for the three groups showed similar levels in acute 

liver failure and chronic hepatitis C, with both acute liver failure and chronic hepatitis C 

markedly elevated as compared to controls. Post hoc pairwise comparison for the five sub-

groups showed that all subgroups had greater miR-122 levels than healthy controls. In 

addition, acetaminophen induced acute liver failure samples were found to be significantly 

higher than Normal-chronic hepatitis C samples, but not higher than the Elevated-chronic 

hepatitis C group. No other pairwise comparisons were significant (Table II).

The median serum hgDNA level and range was 21.9 (0.6–714.0) copies/µl in acute liver 

failure, 1.7 (0.1–25.4) copies/µl in chronic hepatitis C, and 0.7 (0.1–3.6) copies/µl in controls 

(Fig. 1). Median and range values for all five subgroups are presented in Table I.

The Kruskal–Wallis tests for hgDNA comparing both the three and five sub-groups were 

significant. For the three sub-group post hoc comparisons, the chronic hepatitis C and 

controls were similar, whereas acute liver failure hgDNA levels were significantly greater 

than either chronic hepatitis C or controls. Post hoc pairwise comparisons of the five 

subgroups demonstrated that acetaminophen induced-acute liver failure levels for hgDNA 

were significantly higher than Elevated-chronic hepatitis C, Normal-chronic hepatitis C, and 

controls. Other-acute liver failure hgDNA levels were also significantly higher than levels in 

Normal-chronic hepatitis C patients and controls. No other pairwise comparisons were 

significant (Table II).

 Correlations between ALT, Liver Fibrosis Stage, miR-122, and hgDNA

Serum miR-122 (Fig. 2) and hgDNA (Fig. 3) levels were significantly correlated with serum 

ALT levels across all patient groups. However, sub-group correlations for miR-122 with 

ALT levels were only significant for the two chronic hepatitis C subgroups, and no hgDNA 

subgroups were significantly correlated with ALT levels (Table III).

Twenty-four chronic hepatitis C patients had fibrosis staging documented around time of 

serum collection. Of these, liver fibrosis stage was not significantly correlated with miR-122 

(rho = 0.188) or hgDNA (rho = −0.273).

 Serial miR-122 and hgDNA Measurements

From the sustained viral response serial samples, baseline miR-122 levels ranged from 2,971 

to 43,109 copies/µl (median: 16,040). Median miR-122 values decreased at all time points 

measured, and from Week 1 on after Log10 transformation (Fig. 4). All subjects had lower 

miR-122 values at sustained viral response from baseline, with a Log10 decrease ranging 

from 0.16 to 1.46. The mixed model ANOVA was significant (F(3,14) = 4.39, P = 0.023); 

the significant post hoc, pairwise comparisons were: Week 1 versus sustained viral response 

(P = 0.006), Week 4 versus sustained viral response (P = 0.009), and end of treatment versus 

sustained viral response (P = 0.046).
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There was one significant outlier identified at end of treatment in the treated chronic 

hepatitis C group. Examination of patient records identified a simultaneous mild ALT 

elevation of 72 IU/L for this patient. No additional cause was determined for this persistent 

elevation in miR-122 despite viral clearance, except to note the ALT elevation, not 

associated with viral breakthrough. Removing the outlier at end of treatment, the mixed 

model ANOVA [F(3,13) = 3.78, P = 0.038] and post hoc pairwise comparisons for Week 1 

versus sustained viral response and Week 4 versus sustained viral response remained 

significant, although there was no longer a significant difference between end of treatment 

and the subsequent sustained viral response time point. No significant changes were 

observed for serial hgDNA levels over time in the chronic hepatitis C patients.

 DISCUSSION

This study demonstrated that serum levels of miR-122 were very elevated to statistically 

similar amounts in acute liver failure and in chronic hepatitis C, despite a more than 20-fold 

discrepancy in median ALT levels between the two groups. Both chronic hepatitis C as a 

whole and the subgroups within chronic hepatitis C showed elevated miR-122 as compared 

to healthy controls. At the same time, no difference in hgDNA levels were observed between 

chronic hepatitis C and controls, presumably because of the relatively small amount of 

necrosis in chronic hepatitis C compared to acute liver failure. Thus, the high miR-122 levels 

in hepatitis C infection appear not to solely reflect hepatic necrosis, but an additional 

mechanism, as has been suggested by Coulouarn et al. [2009]. Levels of hgDNA as well as 

the striking difference in aminotransferase levels confirmed the large differences in cellular 

necrosis between acute liver failure and chronic hepatitis C patient groups. For the acute 

liver failure patients, the hgDNA values were 30-fold higher than those observed in controls, 

while the chronic hepatitis C levels of hgDNA were much lower than acute liver failure sera, 

only 2-fold elevated compared to controls; this is consonant with the minimal ALT 

elevations observed in chronic hepatitis C as opposed to the massive elevations in acute liver 

failure (Table I and Fig. 1).

The serial analysis of the treated hepatitis C group provides evidence that the high miR-122 

is associated with the miR-122 over-expression in chronic hepatitis C; after sustained viral 

response, the elevated miR-122 levels resolved to normal values.

Cellular miRs both inhibit and promote replication of viruses, and cells infected with other 

viruses have been observed to increase expression of miRs [Jopling et al., 2005; Lecellier et 

al., 2005; Yeung et al., 2005; Grassmann and Jeang, 2008; Wang et al., 2008]. Thus, it is 

conceivable that HCV employs similar mechanisms to increase miR-122 production. Since 

much of the hepatic injury associated with chronic hepatitis C appears to be immune 

regulated [Rosen, 2011], and miRs are known to have immune-regulatory roles [Xiao and 

Rajewsky, 2009], it is also possible the observed miR-122 elevation is an intrinsic but non-

specific hepatocyte response to chronic infection. This might explain the observed delay in 

reduction of miR-122 levels until sustained viral response in the serial data, well after 

cessation of treatment.
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The finding that miR-122 levels in chronic hepatitis C are equivalent to acute liver failure 

levels identifies a problem regarding its use as a biomarker for severity of liver injury in 

chronic hepatitis C (Fig. 4). Physicians treating chronic hepatitis C patients will not be able 

to substitute miR-122 for aminotransferase measurements to assess hepatic injury, as highly 

elevated miR-122 levels appear in all chronic hepatitis C patients, regardless of the degree of 

ongoing hepatic necrosis in the absence of viral clearance.

This study was limited by the small sample size used in the analyses. Despite these 

limitations, significant differences across subject groups were identified, suggesting a 

possible large effect size. The sample size in the serial analysis was too small for conclusive 

proof of this point, but in each instance serial samples allowed the patient to serve as his own 

control. Given the established relationship of ALT with liver injury [Benichou, 1990; 

Navarro and Senior, 2006], and the data’s significant positive correlations of ALT with both 

miR-122 and hgDNA, the authors acknowledge that increased serum miR-122 in chronic 

hepatitis C remains partly associated with hepatic injury. Thus, these data support the view 

that profound upregulation of miR-122 occurs in HCV-infected hepatocytes, augmenting the 

role of hepatic injury in determining the quantity of miR in the systemic circulation.

In summary, elevated serum miR-122 levels will require further understanding of the role of 

liver injury and an as yet undetermined additional mechanism of active synthesis of miR-122 

that is most evident during chronic HCV infection, and accounts for the high levels of 

circulating miR-122 observed. Further understanding of miR function may indicate whether 

induced levels are secondary to an intrinsic hepatocyte response or represent a mechanism 

unique to HCV. Understanding miR-122 elevations in the hepatitis C setting might lead to 

new antiviral strategies.
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Fig. 1. 
Serum miR-122 and hgDNA levels across groups and subgroups. Values have been 

transformed using Log10. A: Three main study groups. B: Five subgroups. Plots presented 

using Tukey method. hgDNA, human genomic DNA; ALT, alanine aminotransferase; 

miR-122, microRNA-122.
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Fig. 2. 
Relationship of serum miR-122 levels with serum ALT levels. ALT versus miR-122 levels 

using Log10 scale. Spearman rank order correlation for all cases was significant (rho = 

0.481, P<0.001). Only the subgroups Elevated-chronic hepatitis C (rho = 0.621, P = 0.002) 

and Normal-chronic hepatitis C (rho = 0.620, P = 0.018) were significantly correlated with 

ALT. ALT levels were not available for healthy controls.
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Fig. 3. 
Relationship of serum hgDNA levels with serum ALT levels. ALT versus hgDNA levels 

using Log10 scale. Spearman rank order correlation for all cases was significant (rho = 

0.622, P<0.001). No subgroups were significantly correlated with ALT levels. ALT levels 

were not available for healthy controls.
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Fig. 4. 
Serial miR-122 and hgDNA values across treatment time points for patients undergoing 

hepatitis C treatment. A: Log miR-122 levels across treatment time points. Median values 

decrease following Week 1, and are significantly lower at sustained viral response. B: Serial 

Log10 hgDNA levels across treatment time points. No significant differences were observed 

in hgDNA levels. Plots presented using Tukey method.
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TABLE II

Kruskal–Wallis Analyses and Post Hoc Comparisons

P-value

3 Groups miR-122 <0.001

  Acute liver failure vs. chronic hepatitis C <0.999

  Acute liver failure vs. controls <0.001

  Chronic hepatitis C vs. controls <0.001

3 Groups hgDNA <0.001

  Acute liver failure vs. chronic hepatitis C <0.001

  Acute liver failure vs. controls <0.001

  Chronic hepatitis C vs. controls 0.197

5 Subgroups miR-122 <0.001

  Acetaminophen induced vs. controls <0.001

  Other causes vs. controls 0.004

  Elevated chronic hepatitis C vs. controls <0.001

  Normal chronic hepatitis C vs. controls 0.040

  Acetaminophen induced vs. normal chronic
    hepatitis C

0.021

5 Subgroups hgDNA <0.001

  Acetaminophen induced vs. elevated chronic
    hepatitis C

<0.001

  Acetaminophen induced vs. normal chronic
    hepatitis C

<0.001

  Acetaminophen induced vs. controls <0.001

  Other cause vs. normal chronic hepatitis C 0.042

  Other causes vs. controls <0.001

Kruskal–Wallis and post hoc pairwise results comparison for miR-122 and hgDNA across three main study groups and five subgroups. All pairwise 
results presented for main groups comparison. Only significant pairwise comparisons presented for subgroup analysis.
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TABLE III

Spearman’s Rank Order Correlations (rho) Between ALT Levels and miR-122 or hgDNA

Rho P-value N

miR-122 all cases 0.481 <0.001 71

  Acetaminophen induced 0.310 0.184 20

  Other causes 0.439 0.101 15

  Elevated chronic hepatitis C 0.621 0.002 22

  Normal chronic hepatitis C 0.620 0.018 14

hgDNA all cases 0.622 <0.001 70

  Acetaminophen induced 0.104 0.673 19

  Other causes −0.171 0.541 15

  Elevated chronic hepatitis C 0.020 0.928 22

  Normal chronic hepatitis C −0.315 0.272 14

hgDNA, human genomic DNA; ALT, alanine aminotransferase; miR-122, microRNA-122.

Spearman rank order correlations (rho) between ALT levels and either miR-122 or hgDNA for all cases were significant, but significant subgroup 
correlations were only found for miR-122 and ALT levels in the chronic hepatitis C subgroups.
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