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ABSTRACT: Hepatocellular carcinoma (HCC) recurrence after living donor liver transplantation (LDLT) remains
problematic. The genetic and molecular characteristics of patients may affect HCC recurrence. We evaluated the effects
of microRNA-122 (miR-122) and interleukin-28B (IL-28B) genetic polymorphisms on patients with HCC following LDLT
in 60 patients. MiR-122 and IL-28B polymorphisms were evaluated in plasma and liver tissues after LDLT. HBV, HCV,
dual HBV/HCV infection, and non-B non-C were detected in 26, 22, 3, and 9 patients, respectively, over a median
follow-up time of 20.5 (10–33) months. miR-122 was significantly higher in the liver than in the plasma of patients
with HBV, HCV, dual HBV/HCV, and non-B non-C. Hepatic miR-122 expression was significantly higher for genotype
TT and genotype TT plus GT (p = 0.005) compared with genotype GG of IL-28B rs8099917 and significantly higher
in > 6% fatty liver than in < 5% or no fatty liver. In conclusion, high hepatic miR-122 was correlated with the IL-28B
rs8099917 genotypes TT and GT and with > 6% fatty liver and, thus, may play a major role in HCC.
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INTRODUCTION

MicroRNAs (miRs) are single-stranded small
molecules that can regulate the expression levels
of their target genes by binding to 3′-untranslated
regions [1]. miR-122 can specifically bind to
hepatitis B virus (HBV) RNA and, then, be
downregulated in HBV-related hepatocellular
carcinoma (HCC) [2]. Thus, miR-122 is a
diagnostic and prognostic predictor of HCC [3, 4].
Interleukin-28B (IL-28B) genetic polymorphisms
rs8099917 and rs12979860 contribute to hepatitis
C virus (HCV)-related HCC [5]. Although serum
miR-122 may serve as a surrogate of hepatic
miR-122 [6], overexpression of hepatic miR-301a
induces interleukin-6 production in rat primary
hepatocytes [7]. Therefore, hepatic microRNA

(miRNA) expression should be evaluated to
determine the relationship between IL genetic
polymorphisms and HCC. Plasma and liver tissue
expressions of miR-122 in the native liver were
evaluated in this study. Additionally, serum IL-
28B with the rs8099917 and rs12979860 genetic
polymorphisms was examined to determine its
correlation with the pathologic characteristics of
patients with HCC who underwent living donor
liver transplantation (LDLT).

PATIENTS AND METHODS

General information

Between September 2016 and August 2018, 60 pa-
tients with HCC who had undergone LDLT were
enrolled consecutively in this prospective cohort
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Table 1 Clinical profiles of the 60 patients, associated
with hepatocellular carcinoma, who underwent living
donor liver transplantation.

Category Patients (n= 60)

Age, mean±SD (range) (years) 57.78±7.16 (39–68)
Gender, male/female 14/46
Anti-HCV (+) (%) 25*(41.7)
Genotypes 1, 1a, 1b, 1b/2, 2, unknown 1, 1, 8, 1, 6, 8
HCV-RNA > 4×105 IU/ml, (%) 12 (48.0)
HCV-RNA < 4×105 IU/ml, (%) 3 (12.0)
HCV-RNA (−) (%) 10 (40.0)
HBsAg (+) before LDLT (%) 29*(48.3)
HBV-DNA >2000 IU/ml, (%) 4 (13.8)
HBV-DNA <2000 IU/ml, (%) 6 (20.7)
HBV-DNA (−) (%) 19 (65.5)
HBeAg (+)/anti-HBe (+) 1/28
HBsAg (+)/HBcAg (+) in native liver 21/2
HBsAg (−), anti-HBs (+) after LDLT (%) 29 (100.0)
Anti-HCV (−), HBsAg (−), anti-HBs (−) 9 (15.0)
before LDLT (%)
AFP (ng/dl), mean±SD 16.44±36.48

* Both positive for anti-HCV and HBsAg in 3 cases;
AFP, serum alpha fetoprotein; LDLT, living donor liver
transplantation; and SD, standard deviation.

study. Of the 60 patients, 46 were male and 14
were female with a mean age of 57.78 years (range,
39–68 years). The general demographic informa-
tion and clinical characteristics; including hepatitis
markers, viral load, anti-viral treatment and re-
sponse, and postoperative pathological character-
istics; are shown in Table 1. Twenty-six (43.3%)
patients showed a positive response to HBsAg, 22
(36.7%) showed a positive response to anti-HCV
antibody, 3 (5%) showed a positive response to
both of HBsAg and anti-HCV antibodies, and 9
(15%) showed a negative response to both of HBsAg
and anti-HCV antibodies. Of these patients, 10
harbored HCV genotype 1, 7 showed HCV non-
genotype 1, and 8 showed uncertain genotypes
because HCV-RNA levels were undetectable before
LDLT. All patients with positive HCV-RNA were
administered pre-transplant direct-acting antiviral
agents for 3 months as Harvoni (sofosbuvir 400 mg
plus ledipasvir 90 mg)/tab (one tab per day), or so-
fosbuvir 400 mg, dacltasvir 60 mg, ribavirin 800 mg
regimens, based on their HCV genotype. All patients
were serum-negative for HCV-RNA before LDLT. For
patients who were serum-positive for HBsAg, pre-
transplant nucleos(t)ide analogue with entecavir or
tenofovir disoproxil fumarate were administered.
Hepatitis B immunoglobulin therapy was adminis-
tered in the anhepatic phase as a single intravenous
dose of 10 000 IU, which was continued after LDLT
at 2170 IU/day intramuscularly for 7 days, followed
by 2170 IU intramuscularly as needed to maintain

a trough anti-HBs antibody level of > 500 IU/l
for 3 months, > 200 IU/l for 3–6 months, and >
100 IU/l for > 6 months. All patients who were
serum-positive for HBsAg showed sero-conversion
to negative results and 100% of patients developed
anti-HBs antibody after LDLT. The mean serum AFP
level was 16.44±36.48 ng/dl in our series. Inclu-
sion criteria were a pathological diagnosis of HCC
and adherence fit for Barcelona Clinic Liver Can-
cer (BCLC) system treatment guidelines. Exclusion
criteria included pediatric liver transplantation, un-
derlying psychological disease, and alcohol-related
liver disease. Major vessel invasion was an absolute
contraindication for LDLT.

Real-time quantitative reverse transcription-PCR
(RT-PCR) for plasma and liver tissue

We evaluated miR-122 levels in the native liver tis-
sue after LDLT. Quantitative RT-PCR was performed
to validate the gene expression microarray data. To-
tal RNA was isolated from the liver tissues, using the
miRNeasy Mini Kit, and from the plasma, using the
miRNeasy Serum/Plasma Kit from Qiagen (Hilden,
Germany), according to the manufacturer’s proto-
col. Reverse transcription (RT) was performed with
1 µg RNA using the First-Strand cDNA Synthesis Kit
(Promega, Madison, WI, USA) or miScript RT Kit
(Qiagen) for the transcription of miRNA according
to the manufacturer’s instructions. Quantitative
RT-PCR was performed on an ABI 7500 Fast Real-
Time PCR System with the SDS 1.4 program using
ABI TaqMan Fast Universal PCR master mix or Taq-
Man Universal PCR master mix for miRNA (Applied
Biosystems, Foster City, CA, USA). The primers and
TaqMan MGB probes were obtained from Applied
Biosystems, and the final concentrations of primers
and probes were 300 and 250 nM, respectively.
The cycling profile for each run was 95 °C for 20 s
and 40 cycles of 95 °C for 3 s followed by 60 °C
for 30 s using the default ramp rate. The results
were normalized to the levels of glyceraldehyde 3-
phosphate dehydrogenase. For miRNA, the primers
and TaqMan probes for miR-122 (P/N: 4427975,
ID: 002245) and U6 snRNA (P/N: 4427975, ID:
001973) were obtained from Applied Biosystems.
The cycling profile of each run was 50 °C for 2 min,
95 °C for 10 min, and 40 cycles of 95 °C for 15 s,
followed by 60 °C for 1 min using the default ramp
rate. The cycle threshold (Ct value) is defined as
the number of cycles required for the fluorescent
signal to cross the threshold in qPCR and is inversely
correlated with the miRNA level. Normalization
was performed with U6 small nuclear RNA primers.
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Comparative RT-PCR data including non-template
controls were obtained in triplicate. The fold-
increase in cytokine mRNA expression was calcu-
lated using the comparative 2−∆∆Ct method, where
Ct represents the threshold cycle for each transcript.
The expression of the miRNA was defined based on
Ct, and relative expression levels were calculated
as 2−[(Ct of miR-122)−(Ct of U6)] after normalization with
reference to the expression of small nuclear RNA
U6 [8].

IL-28B rs8099917 and rs12979860
polymorphisms

Genomic DNA was extracted from the peripheral
blood mononuclear cells of the patients on the day
of operation using a QIAamp DNA Blood Mini Kit
(Qiagen). Genotyping of IL-28B polymorphisms
was performed using ABI Custom TaqMan SNP
Genotyping Assays and an allelic discrimination kit
(Applied Biosystems, Foster City, CA, USA). Real-
time PCR was performed in 96-well microplates
using the ABI 7500 Fast Real-Time Polymerase Chain
Reaction System (Applied Biosystems International,
Framingham, MA) in accordance with the manufac-
turer’s instructions [5]. The IL28B SNP rs8099917
was defined as TT, GT, or GG genotypes; and
rs12979860 was defined as CC, CT, or TT genotypes,
as recommended by the manufacturer. All geno-
types of IL-28B SNP rs8099917 and rs12989860
were assayed in duplicate to assess inter-assay pre-
cision; and the results are shown in Fig. 1.

Ethics

All procedures involving human participants were
performed in accordance with the ethical standards
of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical stan-
dards. The study was approved and authorized
by the hospital’s ethical committee (Chang Gung
Memorial Hospital of Taiwan; ethical approval num-
ber: 201600468B0C502). An informed consent was
obtained from all subjects included in the study. No
transplant donors or patients were from a vulnera-
ble population, and a written informed consent was
provided by all donors or their next of kin.

Statistics

Descriptive values are expressed as the mean (SD)
and percentages as appropriate. The χ2 test was
used for categorical data. Spearman correlation was
used to examine the relationship between serum

miR-122 and IL28B genetic polymorphisms. A non-
parametric trend test was used for ordinal data. The
p-values were two-tailed, and those < 0.05 were
considered to indicate statistical significance.

RESULTS

MiR-122 in the plasma and the liver tissue

miR-122 expression was significantly higher in the
native liver tissue than in the plasma, as shown
in Fig. 2, among the different etiologies including
HBV (p < 0.05), HCV (p < 0.005), dual HBV/HCV
(p < 0.05), and non-B non-C (p < 0.05) related
(Table 2). The meaning of p-value showed that
miR-122 expression was significantly higher in the
liver tissue than those in the plasma as well as the
subgroups.

Correlation between hepatic miR-122 and
IL-28B genetic polymorphism

A total of 58.3% (35/60) patients displayed the
rs8099917 genotype TT, 30.0% (18/60) had geno-
type GT, and 11.7% (7/60) had genotype GG. Hep-
atic miR-122 expression was significantly higher in
patients with genotype TT (2.22±2.82) than in
those with genotype GG (0.85±0.58) (p < 0.05),
and higher hepatic miR-122 expression was ob-
served in patients with genotype TT plus genotype
GT (2.80±5.73) than in those with genotype GG
(p < 0.05) (Fig. 3).

There was no significant difference in hep-
atic miR-122 expression between patients with the
rs12979860 genotype CT (80.0%, 48/60) and TT
(20.0%, 12/60) (2.31±4.02 vs. 1.91±2.86, p >
0.05).

Hepatic miR-122 expression in
histopathological characteristics

Based on the classification of American Joint Com-
mittee on Cancer and BCLC System, 96.7% (58/60)
of patients were in HCC stages I and II. According
to the Knodell score, 95.0% (57/60) of patients
showed F4 fibrosis (Table 2). Examination of the
association with the fatty component in the native
liver revealed that 45% (27/60) of patients did not
have fatty liver, 41.7% (25/60) had< 5% fatty liver,
and 13.3% (8/60) had > 6% fatty liver (Table 2).
Hepatic miR-122 expression was significantly differ-
ent between the native > 6% fatty liver and without
fatty liver (5.99±8.24 vs. 1.68±2.52, p < 0.005)
groups, as well as between the> 6% and< 5% fatty
liver groups (5.99±8.24 vs. 1.63±1.82, p< 0.005)
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Fig. 1 Real-time polymerase chain reaction to evaluate IL28B rs8099917 polymorphisms genotypes GG, GT, and TT
(left side) and rs12979860 genotypes TT, CT, and CC (right side) in the peripheral blood of patients on the day of living
donor liver transplantation. Genotype CC in rs12979860 was not detected.
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Fig. 2 MiR-122 in plasma/liver tissue of 60 patients associated with hepatocellular carinoma who underwent living
donor liver transplantation. X-axis was defined as case numbers, and Y-axis was defined as cycle threshold (Ct value)
of the miR-122 expression level.
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Table 2 MiR-122 level in the plasma and native liver of 60 patients, with different etiologies associated with
hepatocellular carcinoma, who underwent living donor liver transplantation.

Category HBV, n=26 (%) HCV, n=22 (%) HBV/HCV(+), n=3 (%) HBV/HCV(−), n=9 (%)

miR-122 (liver), mean±SD 2.93±5.15a 1.49±2.07b 0.63±0.21c 2.58±2.82d

miR-122 (plasma), mean±SD 0.003±0.005a′ 0.001±0.003b′ 0.002±0.002c′ 0.005±0.008d′

HCC stage: I/II/III 10/14/2 7/15/0 0/3/0 4/5/0

AJCC
pT1N0 10 (38.5) 7 (31.8) 0 4 (44.4)
pT2N0 14 (53.8) 15 (68.2) 3 (100) 5 (55.6)
pT3N0 2 (7.7) 0 0 0

Knodell score
F2 0 1 (4.5) 0 1 (11.1)
F3 1 (3.8) 0 0 0
F4 25 (96.2) 21 (95.5) 3 (100) 8 (88.9)

Fatty liver
Negative 12 (46.1) 9 (41.0)) 1 (33.3) 5 (55.6)
< 5% 9 (34.6) 11 (50.0) 1 (33.3) 4 (44.4)
6–10% 4 (15.4) 1 (4.5) 0 0
> 15% 1 (3.9) 1 (4.5) 1 (33.3) 0

a:a′, p < 0.05; b:b′, p < 0.05; c:c′ , p < 0.05; d:d′, p < 0.05; a:b , p > 0.05; a:c , p < 0.05; a:d , p < 0.05; b:c , p > 0.05; b:d ,
p > 0.05; c:d , p > 0.05; Student t-test; AJCC, American Joint Committee on Cancer; F, fibrosis; HCC, hepatocellular
carcinoma; and SD, standard deviation.

p < 0.05

p < 0.05

0.85 ± 0.58                  2.80 ± 5.73                  2.22 ± 2.83

GG, n =7         GT, n = 18        TT, n =35
IL-28B rs8099917 

Fig. 3 Hepatic miR-122 expression was significantly
higher in patients with the genotype TT than in those
with genotype GG (p < 0.05), and higher hepatic miR-
122 expression was observed in those with genotype TT
plus genotype GT compared to in those with genotype GG
(p < 0.05).

and > 6% and without fatty plus < 5% fatty liver
groups (p < 0.005) (Fig. 4).

All patients adhered to BCLC treatment guide-
lines and had low serum alpha fetoprotein (AFP)
levels before LDLT. The median follow-up time of the
patients was 20.5 (10–23) months. In this period,
no patients showed evidence of HCC recurrence or
viral hepatitis relapse after LDLT.

P < 0.005

P < 0.005

P < 0.005

n = 27          n = 25             n = 8
No fatty   Fatty < 5%  Fatty > 6% 

1.68 ± 2.52  1.63 ± 1.82  5.99 ± 8.24

Fig. 4 Hepatic miR-122 expression was significantly
different between the native liver with > 6% fatty liver
and without fatty liver (p < 0.005) as well as between
> 6% fatty liver and < 5% fatty liver (p < 0.005) and
between> 6% fatty and without fatty plus< 5% fatty liver
(p < 0.005).

Hepatic miR-122 and IL-28B polymorphism
associated with the outcomes of the HCC
patients after liver transplantation

In 2-year follow-up observation, none of the pa-
tients developed HBV or HCV recurrence after LDLT.
Although full fit the BCLC transplantation criteria,
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1.67% (1/60) of patients with HCC recurrence pre-
sented with distant metastasis, of which high ex-
pression of hepatic miR-122 and IL-28B rs8099917
genotype TT associated with major vessel invasion
in the explanted liver.

DISCUSSION

According to our results, miR-122 expression
showed large increases in the liver tissue and very
low increases in the plasma in LDLT patients, which
agrees with a previous study in adult male rats [9].
Particularly hepatic miR-122 was detected in the
native liver following LDLT. Therefore, hepatic miR-
122 is a reliable genetic marker. In addition to viral
factors, host characteristics have important effects
on HCC recurrence. This is the first study to explore
both hepatic miR-122 and IL-28B genetic polymor-
phisms in patients with HCC. In the current study,
100% of serum samples were positive for HBsAg
and 72.4% (21/29) for HBsAg in hepatocytes from
the native liver. Complete HBsAg seroconversion to
anti-HBs can be achieved using optimal treatment
strategies before and after LDLT. Single-nucleotide
polymorphisms in miR-122 were previously sug-
gested to be associated with HCC [10]; however,
hepatic miR-122 expression did not significantly
differ between patients with different etiologies as
HBV, HCV, dual HBV/HCV, and non-B non-C in this
study.

The IL-28B rs8099917 polymorphism genotypes
TT and GT are associated with a positive response
to chronic C hepatitis treatment [11]. In this study,
hepatic miR-122 expression was correlated with
the rs8099917 genotypes TT and GT, but not with
the rs12979860 polymorphism. Therefore, hepatic
miR-122 and IL-28B genetic polymorphisms may
indicate benefit outcomes in patients with HCV and
in those with HBV infection. Our patients had
chronical viral hepatitis complications with liver
cirrhosis and HCC after liver transplantation, and
95% showed F4 fibrosis according to pathological
investigation. High miR-122 expression was pre-
viously reported to be correlated with liver fibrosis
staging [12].

At the post-transcriptional level, miR-122 regu-
lates multiple physiological and pathological func-
tions in both alcoholic and non-alcoholic fatty liver
diseases through modulating gene expression [13].
In our pathological investigation, hepatic miR-122
was highly correlated with> 6% fatty liver in the na-
tive liver following LDLT. In contrast, lower hepatic
miR-122 expression was detected in cases without
fatty liver and < 5% non-alcoholic fatty liver. Fur-

thermore, miR-122 has been reported as a potential
diagnostic marker for distinguishing patients with
non-alcoholic fatty liver disease from healthy sub-
jects. Upregulated miR-122 is associated with the
severity of liver fibrosis, with deregulation observed
at different stages of fatty liver disease [14, 15], as
observed in the present study where miR-122 was
significantly correlated with the clinicopathologics
particularly in hepatic fibrosis and fatty liver com-
ponent. In the contrary, hepatic miR-122 expression
was correlated with the rs8099917 genotypes TT
and GT but not with the rs12979860 polymorphism
in the clinicopathological presentation. Because the
miR-122 expression showed large increases in the
liver tissue and very low increases in the plasma in
LDLT patients, there was no significant correlation
between the hepatic and plasma miR-122s in all
patients or in the subgroups. Limitations of this
study included the small number of cases, the short
duration of evaluation, the lack of a healthy control
group, as all patients underwent LDLT.

In conclusion, miR-122 expression was signifi-
cantly higher in the native liver tissue than in the
plasma. The high hepatic levels of miR-122 were
correlated with the IL-28B rs8099917 genotypes TT
and GT and with> 6% fatty liver, and thus may play
a major role in HCC.
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Abbreviation

AFP, alpha fetoprotein; anti-HBe, antibody for
hepatitis B e; anti-HBs, antibody for hepatitis B
surface; ant-HCV, antibody for hepatitis C virus;
BCLC, Barcelona Clinic Liver Cancer; DNA, deoxyri-
bonucleic acid; HBcAg, hepaitis B core antigen;
HBeAg, hepatitis B e antigen; HBsAg, hepatitis
B surface antigen; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus;
LDLT, living donor liver transplantation; miRNA, mi-
croRNA; RNA, ribonucleic acid; and RT-PCR, reverse
transcription-polymerase chain reaction.
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