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Serum MicroRNA Signatures in Recovery 
From Acute and Chronic Liver Injury and 
Selection for Liver Transplantation
Siamak Salehi,1* Oliver D. Tavabie ,1* Suman Verma,1 Mark J. W. McPhail,1 Farzin Farzaneh,2 
William Bernal,1 Krish Menon,1 Kosh Agarwal,1 and Varuna R. Aluvihare1

1 Institute of Liver Studies, King’s College Hospital, London, United Kingdom; and 2 Department of Haematological Medicine, The 
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We previously demonstrated a distinct hepatic microRNA (miRNA) signature (down-regulation of miRNA-23a, -150, - 200b, 
-503, and -663 and up-regulation of miRNA-20a) is associated with successful regeneration in auxiliary liver transplantation 
(ALT). This study aimed to evaluate whether the serum expression of this regeneration-linked miRNA signature is associated 
with clinical outcomes in acute and chronic liver disease. These were represented by patients with acetaminophen-induced 
acute liver failure (ALF; n = 18) and patients with hepatitis C virus (HCV) undergoing treatment with direct-acting antivi-
rals (n = 56), respectively. Patients were grouped depending on their clinical outcome. Global serum miRNA expression was 
analyzed using polymerase chain reaction (PCR) arrays and selected miRNA expression using targeted PCR. We demonstrate 
that specific regeneration-linked miRNAs discriminate outcomes in both clinical scenarios. We further show that miRNA-
20a, -23a, -150, -200b, -503, and -663 undergo concordant changes in expression in 3 distinct clinical settings: liver regenera-
tion accompanying successful ALT, clinical recovery after ALF, and clinical recompensation after cure of HCV. This miRNA 
signature represents a potentially novel biomarker to predict outcome and optimize patient selection for liver transplantation 
in both acute and chronic liver disease.
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Hepatitis C virus (HCV) remains a global problem 
affecting an estimated 62-79  million people world-
wide.(1) Up to 85% of infected patients develop a 
chronic infection, with 10%-20% progressing to cir-
rhosis with attendant risks of hepatocellular carcinoma 
(HCC), decompensation, and subsequent increased 
risk of mortality.(2,3) Liver transplantation (LT) has 
been the treatment of choice for end-stage HCV 

cirrhosis, albeit associated with suboptimal outcomes 
historically.

Although the advent of direct-acting antivirals 
(DAAs) has revolutionized the treatment of HCV, 
providing both a safe and tangible virological cure in 
patients with end-stage liver disease,(4-7) emerging 
evidence shows that not all patients will successfully  
recompensate after curative treatment.(8,9) Currently, there 
are no clinical parameters or biomarkers that robustly pre-
dict which patients achieving viral eradication will recom-
pensate or continue to deteriorate and require LT.

Acute liver failure (ALF) remains a major health 
burden worldwide and is associated with high mor-
tality. Emergent LT remains the treatment of choice 
in severe cases. However, the prognostic models that 
determine treatment strategy are more than 30  years 
old and do not adequately consider the potential for 
spontaneous liver regeneration and recovery, which 
would, in turn, obviate the need for LT.

We have previously identified a hepatic microRNA 
(miRNA) signature that appears to regulate liver 
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regeneration in a unique human auxiliary liver trans-
plantation (ALT) model of ALF. We have demonstrated 
in an in vitro model that this miRNA signature induces 
cell proliferation, a key component of regeneration.(10)

We hypothesized that this signature can be detected 
in the serum and may be associated with positive clinical 
outcomes in both acute and chronic liver injury where 
recovery may be associated with liver regeneration.

To test this hypothesis, we first validated our intra-
hepatic findings in the serum of an independent cohort 
of ALF patients. Serum miRNA expression profiles 
were investigated in a matched cohort of patients with 
ALF meeting poor prognostic criteria, who subse-
quently either spontaneously recovered, needed LT, 
or died. We then interrogated specific serum miRNA 
identified in this ALF cohort that corresponded to the 
intrahepatic miRNA identified in our previous study, 
in a matched cohort of HCV-positive patients treated 
with DAAs, which were segregated into 5 groups based 
on clinical outcomes.

Patients and Methods
ethical apprOval
The study was approved by the research committee of the 
Institute of Liver Studies, King’s College Hospital, and 

conformed to the 1975 Declaration of Helsinki. Informed 
consent was obtained from the included patients.

acetaMinOphen–inDUceD alF
Serum was analyzed from 18 consecutive patients 
who were admitted to the liver intensive therapy unit 
(LITU) at King’s College Hospital with acetamin-
ophen (APAP)–induced ALF. All patients fulfilled 
the King’s College Criteria (KCC) for poor progno-
sis, and of these, 5 patients underwent transplanta-
tion (cohort A), 7 had spontaneous recovery (cohort 
B) and 6 died during their admission (cohort C) 
(Table 1). There were 3 females in the transplanted 
cohort, 3 in the spontaneous recovery cohort and 
1 in the the deceased cohort. Patients in all groups 
achieved peak hepatic encephalopathy grades 3 or 
4. The age range for patients in the 3 cohorts were 
similar with a range of 20-52  years old. Model for 
End-Stage Liver Disease (MELD) scores at the time 
of achieving the KCC were also comparable between 
cohorts A, B, and C with median scores of 46, 46, and 
40, respectively.

Additionally, the time taken from APAP overdose 
to LITU admission was similar between the 3 groups 
at a median of 2 days. The serum samples used in the 
miRNA analysis were obtained when KCC parameters 
for poor prognosis were reached. All patients received 
standard of care using the ALF care protocol at King’s 
College Hospital, including vasopressor support and 
continuous venovenous hemodialysis. The deceased 
group died within 10-49 days of admission into LITU 
with multiorgan failure secondary to fulminant hepatic 
failure as the cause of death. Additional complica-
tions in this group included gastrointestinal bleeding  
(3 patients), overwhelming sepsis (2 patients), and 
acute pancreatitis (1 patient).

In the first phase of this study, the differential 
expression of miRNAs in serum samples from the 
ALF patients was examined to determine if this could 
distinguish the 3 differing outcomes. Normal healthy 
controls were used in the second phase of the study 
when targeted quantitative polymerase chain reaction 
(qPCR) analysis of miRNA previously associated with 
regeneration(10) was performed.

Daa-treateD hcv-pOSitive 
patientS
Consecutive HCV-positive patients treated with 
DAAs were segregated into 3 groups based on their 
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outcomes: group 1, achieving a sustained virological 
response at 12  weeks (SVR12) after treatment and 
subsequent improvement in Child-Pugh score; group 
2, achieving SVR12 but failure to demonstrate im-
provement in Child-Pugh score; and group 3, requir-
ing transplant within 12 weeks after DAA treatment. 
The patient demographics with Child-Pugh, MELD, 
and United Kingdom Model for End-Stage Liver 
Disease (UKELD) scores at the start of treatment 
week 0 (TW0) and posttreatment follow-up week 12 
(FUWK12) are shown in Table 2.

SaMple preparatiOn

RNA Extraction
Total RNA was extracted from serum using the miR-
CURY RNA isolation kit–biofluids (Exiqon, Vedbaek, 
Denmark), according to the manufacturer’s protocol.(11) 
Serum was thawed on ice and centrifuged at 3000g 
for 5 minutes in a 4°C microcentrifuge. An aliquot of 
200 μL of serum per sample was transferred to a new 
microcentrifuge tube, and 60 μL of lysis solution buffer 
(BF) containing 1 μg of carrier RNA per 60 μL of lysis 
solution BF and RNA spike-in template mixture was 
added to the sample. The tube was vortexed and incu-
bated for 3 minutes at room temperature, followed by 
an addition of 20 μL of protein precipitation solution 
BF. The tube was vortexed, incubated for 1  minute 
at room temperature, and centrifuged at 11,000g for 
3 minutes. The clear supernatant was transferred to a 

new collection tube, and 270  μL of isopropanol was 
added. The solutions were vortexed and transferred 
to a binding column. The column was incubated for  
2 minutes at room temperature and emptied using a 
vacuum manifold. Then, 100  μL of wash solution 1 
BF was added to the columns. The liquid was removed 
using a vacuum manifold, and 700 μL of wash solu-
tion 2 BF was added. The liquid was removed using 
a vacuum manifold. The 250 μL of wash solution was 
added, and the column was centrifuged at 11,000g to 
dry the columns entirely. The dry columns were trans-
ferred to a new collection tube, and 50 μL of ribonu-
clease-free H2O was added directly on the membrane 
of the spin column. The column was incubated for 
1 minute at room temperature prior to centrifugation 
at 11,000g. The RNA was stored in an −80°C freezer.

miRNA Real-Time qPCR
The 19 μL of RNA was reverse transcribed in 95 μL of 
reaction using the miRCURY LNA Universal reverse 
transcription miRNA polymerase chain reaction (PCR), 
polyadenylation, and complementary DNA synthesis kit 
(Exiqon). Complementary DNA was diluted 50× and 
assayed in 10 μL of PCR reactions according to the pro-
tocol for miRCURY LNA Universal RT miRNA PCR. 
Each miRNA was assayed once by qPCR on the miRNA 
Ready-to-Use PCR, Human panel I and panel II using 
ExiLENT SYBR Green master mix (Exiqon, Woburn, 
MA). Negative controls, excluding the template from 
the reverse-transcription reaction, was performed and 

taBle 1. Demographics for the Different patient cohorts With apap-induced alF and their clinical Outcomes

Cohort A: Transplanted 
(n = 5)

Cohort B: Spontaneous Recovery 
(n = 7)

Cohort C: Deceased 
(n = 6)

Age, years 31 (24-50) 40 (21-48) 35 (20-52)

Sex

Male 2 4 5

Female 3 3 1

APAP overdose to LITU admission, days 3 (1-5) 2 (0-4) 2 (1-4)

LITU admission to death, days — — 29 (10-49)

MELD score 46 (32-53) 46 (34-51) 40 (36-54)

Peak hepatic encephalopathy grade 3 3 3

Lactate, mmol/L 5.7 (2.2-29.0) 2.9 (1.7-5.8) 7.6 (5-18.0)

Aspartate transaminase, U/L 11,742 (3524-15,775) 7486 (3306-16,360) 7679 (3327-11,555)

Bilirubin, µmol/L 86 (42-106) 79 (32-96) 72.5 (32-126)

INR 11.4 (10.1-15.0) 9.1 (5.8-13.0) 12.4 (4.3-15.0)
Creatinine, µmol/L 189 (121-368) 241 (71-406) 152.5 (87-313)

NOTE: Data are given as median (range) or n.
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profiled as per the samples. Amplification was performed 
in a Light Cycler 480 Real-Time PCR System (Roche, 
United Kingdom) in 384-well plates, with amplification 
curves analyzed using the Roche LC software, both for 
the determination of the crossing point (Cp; by the sec-
ond derivative method) and for a melting curve analysis.

aSSeSSing OF heMOlYSiS
To assess hemolysis, 2 miRNAs were used: miRNA-451, 
which is expressed in red blood cells; and miRNA-23a, 
which is relatively stable in serum and plasma but not 
affected by hemolysis.(12) The ratio between these 2 
miRNAs correlated with the degree of hemolysis. In 
our experience, samples with ratios above 7.0 have an 
increased risk of being affected by hemolysis. Samples 
with lower ratios are generally not affected by hemolysis. 
These values refer to human samples, and they may vary 
with species and diseases studied.

nOrMaliZatiOn
Samples from patients within each individual clinical 
scenario were analyzed simultaneously to reduce variabil-
ity. Normalization was performed based on the average 

of the assays present in all samples, which is the standard 
method for qPCR studies involving numerous assays.(13) 
In this study, there were 67 assays within the APAP-
induced ALF cohort and 3 assays within the HCV cohort 
(Supporting Table 1). The stability of the average of the 
miRNAs present in all samples was higher than any single 
miRNA in the data set as measured by the Normfinder 
software (MOMA, Copenhagen, Denmark).(14) The 
formula used to calculate the normalized Cp values was 
as follows: normalized Cp = average Cp (n = 18) – assay 
Cp (sample). A higher value indicated that the miRNA 
was more abundant in that sample.

Data analYSiS
The amplification efficiency was calculated using algo-
rithms similar to the LinReg software (The University 
of Amsterdam, Amsterdam, the Netherlands).(15) 
All assays were inspected for distinct melting curves, 
and the melting temperature (Tm) was checked to be 
within known assay specifications. Furthermore, assays 
were required to be detected with 5 Cps less than the 
negative control and with Cp <37 to be included in the 
data analysis. Data that did not pass these criteria were 
omitted from any further analysis.

taBle 2. Demographics for hcv-positive patients treated With Daa therapy and their associated Outcomes at 12 Weeks 
after therapy (n = 56)

SVR12 With Child-Pugh 
Improvement (n = 39)

SVR12 With No Child-Pugh 
Improvement (n = 12)

Transplanted Within 12 Weeks of 
Treatment (n = 5)

Age, years 58 (30-70) 58 (41-80) 59 (43-65)

Sex

Male 25 (44.6) 7 (12.5) 2 (3.6)

Female 14 (25.0) 5 (8.9) 3 (5.4)

Genotype

1 24 (42.9) 9 (16.1) 4 (7.1)

2 2 (3.6) 0 (0.0) 0 (0.0)

3 8 (14.3) 2 (3.6) 1 (1.8)

4 5 (8.9) 0 (0.0) 0 (0.0)

6 0 (0.0) 1 (1.8) 0 (0.0)

TW0

Child-Pugh B7 (B7-C10) B7 (B7-C9) B8 (B7-C13)

MELD 11 (3-19) 10 (5-14) 12 (10-23)

UKELD 51 (45-58) 52 (47-58) 54 (47-57)

FUWK12

Child-Pugh A6 (A5-B9) B8 (B7-C10) NA

MELD 10 (7-15) 11 (4-17) NA
UKELD 49 (43-57) 51 (47-59) NA

NOTE: Data are given as median (range) or n (%).
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Using NormFinder, the best normalizer was found 
to be the average of assays detected in all samples.(14) 
All data were normalized to the average of assays 
detected in all samples (average – assay Cp).

valiDatiOn OF mirnas
Selected miRNAs were analyzed by real-time qPCR 
using serum with the miRCURY LNA universal real- 
time miRNA PCR system (Exiqon) according to the 
manufacturer’s protocol.(11)

The relative quantitation data were exported for 
analysis. Initial data analysis was performed with 
the manufacturer’s software that was provided with 
Applied Biosystems 7900HT Fast Real-Time PCR 
machine (Thermofisher Scientific, Branchburg, NJ) 
to obtain Ct values that were determined using default 
threshold settings. To correct for potential RNA input 
or reverse transcription efficiency biases, Ct values were 
normalized using the average Ct of the endogenous 
control. Small nuclear RNAs, hsa-snord49A, hsa-
snord66, and miRNA-103-5P, were used as endoge-
nous reference RNAs. For miRNA, relative expression 
analysis 2-ΔΔCT was used and calculated as follows: 
ΔCt (miRNA Ct –  averaged endogenous control Ct) 
and fold change to reference sample of normal serum. 
Normal serum was a sample from a healthy person. 
All experiments were performed in triplicate. For the 
statistical analysis, data were expressed as means and 
standard deviations. The Student t test was used to 
determine statistical differences between groups. To 
correct for false discovery, the Benjamini-Hochberg 
procedure was performed with P values <0.05 consid-
ered significant.

Results
SerUM Mirna prOFiling OF 
patientS With alF With 
DiFFering clinical OUtcOMeS
A comparison of sera from ALF patients who spon-
taneously recovered (cohort B) versus those who died 
(cohort C) or underwent transplantation (cohort A), 
using a Student t test with a cutoff P value <0.05, 
identified differential expression of miRNAs. The top 
6 miRNAs based on dCp (Normalized Cp) values in 
this comparison are listed in Fig. 1A.

The expression of miRNA-30a and miRNA-26a 
were reduced in the recovery cohort (cohort B) 

compared with the deceased and transplanted cohorts 
(cohorts C and A), whereas miRNA-29b was up- 
regulated in cohort B. We also observed increased 
expression of miRNA-140 and decreased expression 
of miRNA-217 in cohort B when compared with the 
other cohorts.

Down-regulation of miRNA-30a is known to 
increase the expression of its target genes, such as 
CCNE2, CDK6, SMAD, B cell lymphoma 6, suppres-
sor of cytokine signaling, and CHD, which are import-
ant in cell proliferation.(16-19)

miRNA-17 (previously known as miRNA-93), 
which was observed to be up-regulated in cohort B at 
high levels, also induces cell proliferation and is part of 
the miRNA-17 family known to be involved in a wide 
range of malignancies.(20)

miRNA-140-3p and miRNA-217 were also dif-
ferentially expressed in cohort B in comparison to the 
other cohorts. These miRNAs have previously been 
shown to be down-regulated in some malignancies.(21,22) 
Up-regulation of miRNA-29 is known to lead to inhi-
bition of its target genes such as histone deacetylase 
4, CTNNBIP1, and cyclin-dependent kinase inhibi-
tor 1A, which play an inhibitory role in cell prolifera-
tion.(23,24) Additionally, miRNA-26a regulates its target 
genes, CHD1, GREB1, and KPNA2, which are also all 
important in cell proliferation (Fig. 1B).(25)

eXpreSSiOn OF mirnas 
invOlveD in liver 
regeneratiOn in SerUM OF alF 
patientS
We have previously reported changes in liver miRNA 
expression during regeneration, namely, inhibition of 
miRNA-23a, -150, and -503 expression, which are 
associated with successful regeneration.(10) Changes in 
these miRNAs drive proliferation, innate immunity, 
and angiogenesis, indicating that human liver regen-
eration may be orchestrated by distinct miRNA con-
trolling key regeneration-linked processes.

To determine the expression pattern of these 
specific miRNAs in the serum of ALF patients, 
a selective qPCR analysis was performed. This 
analysis revealed a significant down-regulation of  
miRNA-23a, miRNA-150, and miRNA-503 in cohort 
B (spontaneous recovery) versus the other groups  
(Fig. 1C-E).

This analysis also showed the down-regula-
tion of miRNA-30a and -26a but up-regulation of 
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miRNA-29b and -93 in cohort B (spontaneous recov-
ery) when compared with the other groups (Fig. 2). 
Metacore pathway analysis, based on the miRNA 
serum profiles in the 3 ALF cohorts using the top 6 
miRNAs, comparing cohort B with cohorts A and 
C, is shown in Fig. 3, which shows that the miRNA 
changes observed in the spontaneous recovery cohort 
largely up-regulate metabolic pathway activation and 
transcription pathways. A z score of 56 is indicative 
that the networks are positively saturated with the 
uploaded miRNA.

mirna eXpreSSiOn pattern in 
hcv-treateD patientS
To investigate the miRNA expression pattern in 
HCV-treated patients, specific serum miRNA that 
were identified in the ALF failure cohort were inter-
rogated using a custom-made relative qPCR panel in 

a matched cohort of HCV-positive patients treated 
with DAAs.

DiFFerentiallY eXpreSSeD 
mirna cOMparing Svr12 
With chilD-pUgh ScOre 
iMprOveMent tO Svr12 
With nO chilD-pUgh ScOre 
iMprOveMent
When comparing the group cured of HCV who 
clinically improved (group 1) to the group who were 
cured but failed to improve clinically (group 2) using a 
Student t test, miRNAs were identified with differen-
tial expression (using a cutoff P value <0.05).

The most differentially expressed miRNAs are indi-
cated in Fig. 4A, with Fig. 4B displaying these data as 
a volcano plot to enable visual identification of those 

Fig. 1. Differentially expressed miRNAs in ALF patients. (A) Results for the top 6 miRNAs based on P values (fold change [B/
A+C] is calculated using 2ΔΔCp formula). (B) Target genes and pathways for miRNA-30a-3p, -29b-3p, and -26a-3p. (C-E) The qPCR 
analysis of miRNAs previously implicated in liver regeneration confirmed down-regulation of (C) miRNA-23a, (D) miRNA-503, and 
(E) miRNA-150 in cohort B versus cohort A and cohort C. Values are expressed as means and standard deviations.
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Fig. 2. Comparison of expression of (A) miRNA-30a, (B) miRNA-26a, (C) miRNA-29b, and (D) miRNA-93 in patients with different 
clinical outcomes following APAP-induced ALF. The qPCR analysis of a selected group of miRNAs obtained through qPCR profiling 
with the highest P values reconfirming the down-regulation of (A) miRNA-30a and (B) miRNA-26a and up-regulation of (C) miRNA-
29b and (D) miRNA-93 in cohort B compared with cohorts A and C.

Fig. 3. Metacore pathway analysis using the top 5 miRNAs (miRNA-26a, -29b-5p, -217, -93, and -30a) comparing cohort B with 
cohorts A and C.
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miRNAs that display large magnitude changes that 
were also statistically significant.

The qPCR results show that miRNA-23a and -503, 
previously shown to be down-regulated in both the 
regenerator group of ALT patients and the recovery 
group of ALF, are also down-regulated in patients in 
group 1 compared with those in group 2.

miRNA-26a was down-regulated in cohort B and 
in patients in group 1. miRNA-126, which is up- 
regulated in the regenerative group of ALT patients 
and in cohort B, was also up-regulated in patients in 
group 1. The observed changes in expression of these 

miRNAs are known to cause up-regulation of target 
genes involved in cell proliferation and angiogenesis 
(Fig. 4C). Furthermore, up-regulation of miRNA- 
29b and -93 was observed in patients in group 1 
compared with those in group 2, recapitulating the 
changes observed in patients with ALF who undergo 
spontaneous recovery.

In addition, we observed down-regulation of  
miRNA-200b in HCV patients in group 1 compared 
with those in group 2. Interestingly, this miRNA was 
also down-regulated in the regenerative cohort of patients 
in our earlier study. miRNA-200b is a known tumor 

Fig. 4. The miRNA expression pattern in HCV-treated patients. (A)| Top 7 most differentially expressed miRNAs in group 1 versus 
group 2. (B) Volcano plot of differentially expressed miRNAs in group 1 versus group 2. Volcano plot constructed by plotting the 
P value on the y axis and the fold change (ΔΔCq) between the 2 experimental groups on the x axis so that up- and down-regulated 
miRNA appear equidistant from the center. Those points that are found toward the top of the plot signify the greatest statistical 
significance, and those that are far to either the left- or the right-hand sides signify the greatest fold changes. (C) Known target genes 
and pathways for miRNA-503,- 23a ,-26a, -126, and -200b. (D) MiRNA expression changes comparing patients in group 1 versus 
patients in group 3.
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suppressor that promotes apoptosis, as well as inhibit-
ing cell proliferation, cancer progression, and angiogen-
esis. Reduced expression of miRNA-200b also leads to 
down-regulation of fibrogenesis and apoptosis, as well as 
up-regulation of cell proliferation via increased expression 
of protein kinase C and down-regulation of cell cycle 
inhibitors (Fig. 4C).(26,27)

DiFFerentiallY eXpreSSeD 
mirna cOMparing Svr12 
With chilD-pUgh ScOre 
iMprOveMent tO thOSe 
tranSplanteD DUring 
treatMent
When comparing the group 1 cohort with patients 
in group 3 who underwent transplantation (Fig. 4D), 
miRNA-23a, -503, -26a, -663, and -20a were found 
to be differentially expressed using a cutoff P value 
<0.05. miRNA-23a, -26a, -503, and -663 were down- 
regulated in patients in group 1 following successful 
DAA treatment when compared with those trans-
planted, and miRNA-20a was up-regulated in group 
1 compared with group 3. These findings were also 
observed in the regenerator group of ALT patients.

cOMpariSOn OF regenerative 
mirna changeS in 3 DiFFerent 
clinical SettingS
The concordant changes in miRNA comparing intra-
hepatic expression during native liver regeneration in 
ALT after ALF, serum expression in recovering ALF 
patients, and serum expression in HCV patients who 
were cured by DAA therapy and who underwent clin-
ical improvement are summarized in Table 3. This 
demonstrates overlapping expression changes in miR-
NA-23a, -150, -503, -200b, and -20a in all 3 clinical 
settings. Furthermore, miRNA-26a, -27a, -130, -149, 
-330, -29b, -17, -20a, and -140 underwent compa-
rable changes in serum expression in the setting of 
clinical recovery from both ALF and after HCV cure 
(Table 4).

Discussion
We previously identified coordinated changes in human 
liver miRNA expression profiles during successful liver 

regeneration in a unique human ALT model. These 
miRNAs, which differed from those associated with 
a failure of regeneration, promoted key regenera-
tion-linked processes. These processes include cell 
proliferation, angiogenesis, and inhibition of apopto-
sis. Those miRNAs specifically associated with failed 
regeneration inhibited cell proliferation and promoted 
apoptosis.

Here, we have demonstrated changes in serum 
miRNA expression profiles in ALF patients who all 
had achieved poor prognostic criteria but with differ-
ent clinical outcomes of either spontaneous survival, 
death, or transplantation. The dominant miRNA 
expression changes associated with survival, including 
miRNA-30a, -29b, 140, 26a, -17, and -217, showed 
changes that are known to promote cell cycle progres-
sion and, therefore, proliferation.(21,28-32) We observed 
some differences between miRNAs expressed in this 
profiling study and those expressed in our earlier 
study.(10) These may reflect differences in sampling 
times in the 2 studies, the well-recognized partition 

taBle 3. concordant expression of mirna associated With 
positive Outcomes in liver tissue From patients Following alt 

and Serum in patients With acute and chronic liver Disease

miRNA
Regenerative 
Group (ALT)

Spontaneous 
Recovery (ALF)

Child-Pugh 
Improvement 

FUWK12 (HCV)

miRNA-23a ↓ ↓ ↓
miRNA-150 ↓ ↓ ↓
miRNA-503 ↓ ↓ ↓
miRNA-200b ↓ ↓ ↓
miRNA-663 ↓ ↓ ↓
miRNA-20a ↑ ↑ ↑

taBle 4. concordant expression of mirna associated 
with positive Outcomes in Serum of patients with acute and 

chronic liver Disease

miRNA
Spontaneous 

Recovery (ALF)
Child-Pugh Improvement 

FUWK12 (HCV)

miRNA-26a ↓ ↓
miRNA-27a ↓ ↓
miRNA-130 ↓ ↓
miRNA-149-3p ↓ ↓
miRNA-330 ↓ ↓
miRNA-29b ↑ ↑
miRNA-17 (93) ↑ ↑
miRNA-140 ↑ ↑



Salehi et al. liver tranSplantatiOn,  June 2020

820 | Original article

between tissue and serum expression of miRNA,(33,34) 
the segregation of miRNA between whole serum and 
buffy coats,(35) and the fact that the analysis was focused 
on fold change, whereby low-level but significant 
changes can be masked. This last explanation appears 
to have a substantial effect, as demonstrated by the 
specific analysis of known miRNAs that are associated 
with successful liver regeneration (miRNA-23a, -503, 
and -150). These miRNAs demonstrated changes in 
serum expression in the spontaneous recovery ALF 
group that were similar to those we observed in intra-
hepatic expression in our earlier study. Our findings 
indicate that spontaneous recovery is associated with 
initiation of liver regeneration.

The current clinical prognostic scores that are used 
to identify patients with ALF who are unlikely to 
survive with medical management were defined over 
30 years ago. These prognostic scores lack sensitivity 
and specificity.(36) Our current findings provide poten-
tial biomarkers that may allow optimal identification 
of these patients, thereby optimizing the use of LT, 
though this is subject to validation in a prospective 
cohort.

Targeted analysis of miRNA in successfully treated 
HCV patients with differing clinical outcomes also 
identified specific changes in miRNA expression. 
Although recognizing that both MELD and Child-
Pugh scores are good predictors of mortality, we seg-
regated patients based on clinical outcome, using the 
Child-Pugh score rather than MELD for 2 reasons. 
First, Child-Pugh scores have been used in DAA 
clinical trials to segregate patients for treatment. 
Second, the Child-Pugh score more easily defines 
clinical decompensation and recompensation, which 
may be indicative of regeneration. Significantly, we 
observed comparable changes in miRNA-23a and 
-503 expression in patients with clinical improve-
ment and in patients with virological cure. Additional 
miRNA that were identified in this cohort (miRNA-
26, -200b, and -150) were also present in the panel of 
miRNA that we had previously identified in patients 
undergoing successful liver regeneration. These data 
also suggest that clinical improvement after virolog-
ical cure is associated with successful initiation of 
liver regeneration. In addition, regardless of the clin-
ical setting with either acute or chronic liver injury, 
concordant miRNA changes were associated with 
favorable clinical outcomes, indicating that these 
miRNAs may have general prognostic utility in the 
context of liver damage.

We conclude that the observed serum miRNA 
changes represent liver-derived signatures first 
because they are consistent with the intrahepatic 
changes we observed in our earlier study. In addi-
tion, the dominant clinical variable in both the ALF 
cohorts and HCV cohorts, which were otherwise 
well-matched, is liver recovery. Furthermore, the 
overlap in the signatures we observed in the diverse 
but liver-derived clinical phenotypes of ALF and 
HCV infection suggest a liver origin of these miRNA 
signatures. Finally, these miRNAs have been demon-
strated to be associated with pathological outcomes 
in a number of other hepatocyte models including 
those modeling HCC.(10,37-47)

Proliferation, regeneration, and tumorigenesis 
have been linked in a variety of studies.(48) miRNAs 
modulate the expression of gene products regulating 
key tumor processes, such as invasion and uncon-
trolled growth. Many of the miRNAs we observed 
have been specifically implicated in all-cause tum-
origenesis (miRNA-23a, -503, -150, -29b, -126, 
-663, -20a, -520e, -130a, -27a, -494, and -149)(16-27)  
as well as in hepatoma development (miRNA-30a 
and -200b).(49) Some of the miRNA changes that 
we have observed could, therefore, potentially be 
implicated in increasing cancer risk or altering tumor 
biology in the clinical setting of achieving an HCV 
cure. The longterm sequalae of ALF are beginning to 
be understood, but the longterm risk of malignancy, 
specifically of HCC, has not been clearly defined. 
The overlap in miRNA expression between tumor-
igenesis and liver regeneration needs to be explored 
further to help define this risk in both acute and 
chronic liver disease.

We have observed robust and consistent changes 
in the expression of miRNA-23a and -503, with less 
robust but consistent changes in the expression of 
miRNA-26a, -150, and -200b, in intrahepatic sam-
ples from our ALF model in earlier studies, serum 
samples from patients who spontaneously recovered 
from ALF, and in serum samples from patients who 
were cured of HCV and underwent clinical recom-
pensation. Further prospective work is required to 
evaluate these selected miRNAs against conventional 
diagnostic and prognostic scores. However, they may 
constitute optimal biomarkers in multiple clinical 
contexts where liver regenerative success determines 
clinical outcomes and, in particular, in defining 
whether patients require transplantation in acute and 
chronic liver failure syndromes.
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The main limitation of this study is the relatively 
small sample sizes in both cohorts. However, patient 
cohorts were well matched, and analyses were validated 
and compared with a normal control group to increase 
the accuracy of the results. Furthermore, our ALF 
analyses profiled the entire miRNome, which allowed 
a more global interpretation of changes in miRNA 
expression across all outcome groups but which nec-
essarily imposes constraints on the number of patients 
investigated. We are currently undertaking a larger 
validation study to determine the prognostic value of 
this miRNA signature in ALF and aim to undertake 
a validation study in chronic liver disease. If validated 
in independent cohorts, these miRNA signatures may 
facilitate optimization of existing prognostic protocols 
for both ALF and chronic liver failure syndromes.
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