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Abstract. The present study evaluated the changes in lipid
profile, and the associations between serum protein convertase subtilisin/kexin 9 (PCSK9), microRNA (miR)122
and low‑density lipoprotein variation following treatment
of hepatitis C virus (HCV) genotype 1b infection with
Daclatasvir/Asunaprevir. A total of 39 patients with HCV genotype 1b infection with chronic hepatitis received a 24‑week
treatment regimen of Daclatasvir/Asunaprevir. Laboratory
data were obtained for each subject every 4 weeks during
treatment and every 12 weeks after treatment. Serum miR122
and PCSK9 were measured at the start of treatment (week 0),
end of treatment (week 24), 4 weeks after the end of treatment (week 28), 12 weeks after the end of treatment (week 36)
and 28 weeks after the end of treatment (week 52). LDL was
increased at week 4 after the start of treatment to week 52.
The increased LDL/HDL ratio at week 52 compared with
week 4 was also associated with relative miR122 at week 52.
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At week 4, PCSK9‑active form (A) was lower than that at
other time points, and PCSK9‑inactive form (I) exhibited the
greatest increase. At week 52, PCSK9‑A was higher than that
during treatment, but PCSK9‑I level at week 52 did not markedly differ from that any time point except for week 4. Relative
miR122 at week 4 was associated with increased PCSK9‑A
at weeks 36 and 52 from the start of DAA. In summary,
treatment of HCV with Daclatasvir/Asunaprevir resulted in
elevated LDL, and relative miR122 and PCSK9‑A levels in
serum appeared to have some association with LDL increase.
Introduction
Hepatitis C virus (HCV) is a human pathogen responsible
for acute and chronic liver disease (1‑3). An estimated
130‑180 million individuals are infected worldwide (1). HCV
induced morbidity and mortality are primarily due to liver
complications including liver cirrhosis and hepatocellular
carcinoma (3). In addition, many extrahepatic manifestations have been linked to chronic HCV infection with related
morbidity and mortality, including cardiovascular disease,
type 2 diabetes mellitus, insulin resistance, neurocognitive dysfunction, systemic vasculitis, B cell non‑Hodgkin
lymphoma and chronic kidney disease (2,3). At present, many
parts of the HCV life cycle, including entry into naïve cells,
infectivity, RNA replication, viral assembly, viral secretion
associated with lipid metabolism (1,4), lipid abnormality and
atherosclerosis, are considered of great importance in chronic
HCV infected patients.
Daclatasvir is a selective nonstructural protein 5A
replication complex inhibitor; asunaprevir is a nonstructural protein 3 protease inhibitor active against HCV
genotypes 1a and 1b (5). In previous study, Daclatasvir was
dosed as two 30‑mg tablets once‑daily (5). Asunaprevir was
initially dosed as three 200‑mg tablets twice‑daily; subsequently, the dose was reduced to 200‑mg twice‑daily after a
clinical study reported the elevation of hepatic enzymes (5).
Sustained viral response (SVR) at week 12 after the start
of treatment was achieved in 89.9% of treatment‑naïve
patients, 84.7% of interferon (IFN)‑ineligible/intolerant
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patients, and 81.9% of non‑responder patients. Furthermore,
89.0% of IFN‑ineligible/intolerant patients and 83.1% of
non‑responder patients achieved SVR24, which indicated
that Daclatasvir/Asunaprevir provided a highly effective and
well‑tolerated treatment option for patients with HCV genotype 1b (5,6).
In an IFN treatment regime, cases of HCV genotype 2
infection may benefit more from viral clearance via metabolic
changes than genotype 1 infections, particularly in those
without baseline insulin resistance (7). In an IFN‑free treatment
regime, HCV genotype 3 suppression during sofosbuvir/ribavirin was indicated to restore distal sterol metabolites, which
indicated viral interference with de novo lipogenesis or
selective retention by hepatocytes (8). Additionally, clearance
of HCV genotype 1 using sofosbuvir/ribavirin previously
resulted in a rapid change in peripheral and intrahepatic
metabolic pathways, which implicated a direct effect of HCV
replication on lipid homeostasis (9). In another study, increase
in serum low‑density lipoprotein (LDL) concentration at
4 weeks during direct‑acting antiviral (DAA) treatment was
specifically associated with ledipasvir/sofosbuvir treatment
and a decrease of HCV core protein (10).
MicroRNA (miR)122 is considered a key component
involved in HCV replication (11) and in cholesterol metabolism (11,12) in hepatocytes. Serum miR122 may also be stored
in hepatocytes (13). Protein convertase subtilisin/kexin 9
(PCSK9) is an LDL regulator, which operates through LDL
receptor (LDLR) degradation (14), and has been associated
with HCV entry into hepatocytes (15‑17). In the present study,
variation in the lipid profile following treatment of HCV
genotype 1b by Daclatasvir/Asunaprevir was evaluated, along
with the association between serum PCSK9, miR122 and the
variation in LDL.
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Committee of Nagasaki Harbor Medical Center (approval
no. NIRB 1609002).

Patients and methods

Laboratory measurements. A total of 10 ml whole blood
vena (left or right arm) sample per a patient was collected to
analyze sera. To obtain the sera, samples were centrifuged at
102 x g for 5 min at room temperature. Laboratory data and
anthropometric measurements were obtained for each subject
every 4 weeks during treatment and every 12 weeks thereafter.
The body mass index (BMI) of each patient was calculated
from their weight in kg divided by the square of their height in
meters. Laboratory examinations included assessment of white
blood cell count, platelet count, prothrombin time, levels of
hemoglobin, C‑reactive protein, blood urea nitrogen, creatinine,
total protein, albumin, total bilirubin, alanine aminotransferase,
γ‑glutamyl transpeptidase, cholinesterase, triglyceride (TG),
total cholesterol (TC), high‑density lipoprotein cholesterol
(HDL‑C), LDL cholesterol (LDL‑C), fasting plasma glucose
(FPG), hemoglobin A1c (HbA1c), insulin and C‑peptide. The
homeostasis model assessment of insulin resistance [HOMA‑IR;
FPG (mg/dl) x insulin at time 0 (µU/ml) /405] and homeostasis
model assessment of insulin secretion [HOMA‑β; insulin at
time 0 (µU/ml) x 360/FPG (mg/dl) ‑63] were calculated for
insulin resistance and insulin secretion, respectively (18). The
C‑peptide index [CPI; C‑peptide (ng/ml) / FPG x100] was determined a marker of β cell function (19). TC was calculated using
the Friedewald formula [TC=LDL‑C+HDL‑C+TG/5] (20).
BMI, insulin and c‑peptide were examined at the start of treatment and 52 weeks after treatment. PCSK9 was measured by
ELISA assay (BML, Inc., Tokyo, Japan) (21). The concentration of serum PCSK9 was measured to differentiate the active
heterodimer form (PCSK9‑A) from the inactive free‑fragment
form (PCSK9‑I). Both forms of PCSK9 were measured at the
start of treatment, and at weeks 4, 24, 36 and 52 after treatment
in 30 patients with conserved serum.

Patients. A total of 39 successive patients (Table I) with HCV
genotype 1b infection with chronic hepatitis and compensatory cirrhosis who were admitted for treatment with the
DAA regimen, Daclatasvir/Asunaprevir (Bristol‑Myers
Squibb, Princeton, NJ, USA), at Nagasaki Harbor Medical
Center, Nagasaki, Japan were enrolled from June 2014 to
November 2016. The exclusion criteria were non compensatory cirrhosis and hemodialysis. Combination therapy with
Daclatasvir/Asunaprevir was orally administered for a
period of 24 weeks (5). During the treatment period, serum
HCV‑RNA was examined every 2‑4 weeks; following the end
of the treatment period, these measurements were collected
every 12 weeks. SVR was determined at 24 weeks after the
end of treatment. At week 24 after the end of treatment, SVR
was achieved in 38 patients. Serum levels of HCV‑RNA after
4 weeks of treatment were detected. In the study, 2 patients
suffered from diabetes mellitus and were taking oral medication and 2 patients suffered from hypercholesterolemia
and were taking statin medication. Patients were observed
in the period from the start of treatment to 52 weeks later.
Informed consent was obtained from each patient included
in the study, and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki, as evidenced
by the approval of the study by the Human Research Ethics

miR extraction and quantification. Total RNAs including
preserved miRNAs were extracted from 200‑µl serum samples
using ISOGEN II (Nippon Gene, Tokyo, Japan). Synthetic
miR39 was added to serum samples prior to RNA extraction
as an internal control (Applied Biosystems, Foster City, CA,
USA). The miR122 obtained by reverse transcription‑quantitative polymerase chain reaction was quantified using TaqMan
MicroRNA assays [has‑miR‑122‑5p (Assay ID 00245) and
cel‑miR‑39‑3p (Assay ID 000200) Applied Biosystemsaccording
to the manufacturer's protocol. RT was performed using the
High‑Capacity cDNA Reverse Transcription kit (Applied
Biosystems) and was conducted at 16˚C for 30 min, 42˚C for
30 min, 85˚C for 5 min and then hold at 4˚C. miR122 expression was calculated by the 2‑ΔΔCq method (22) and normalized
to synthetic‑miR39 expression in the serum (23). Quantitative
PCR kit is TaqMan Micro RNA assays (Applied Biosystems)
and DNA polymerase is Taqman Universal Mix II, no UNG
(Applied Biosystems). The sequences of primers are follows:
Has‑miR‑122‑5p: 5'‑UGGAGUGUGACAAUGGUGUUUG‑3'
and cel‑miR‑39‑3p: 5'‑UCACCGGGUGUAAAUCAGCU
UG‑3'. Th thermocycling conditions were follows:
Pre‑incubation 95˚C for 10 min; denaturation, 95˚C, 15 sec;
annealing/extension, 60˚C, 60 sec; amplification was conducted
for 45 cycles. miR122 was measured at the start of treatment,
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Table I. Clinical profile of 39 patients prior to direct acting anti‑virals treatment.
Parameter

Total (n=39)

No change (n=22)

Upregulation (n=17)

P‑value

Age (SD)
Female/male
CH/LC
HCV‑RNA (SD)
BMI (SD)
ALT (SD)
Albumin (SD)
Platelet (SD)
LDL (SD)
HDL (SD)
TG (SD)
C‑peptide (SD)
FPG (SD)
Insulin (SD)
HbA1c (SD)

70.92 (11.02)
25/14
25/14
5.856 (0.92)
22.95 (4.907)
41.90 (35.96)
4.054 (0.317)
16.74 (6.226)
101.1 (24.92)
56.71 (17.33)
110.6 (48.71)
2.390 (0.787)
103.1 (16.94)
10.99 (5.359)
5.536 (0.510)

73.09 (10.36)
15/7
13/9
5.782 (0.95)
22.48 (4.350)
38.86 (24.94)
4.045 (0.349)
16.32 (7.101)
100.9 (28.52)
55.05 (12.16)
101.6 (38.27)
2.310 (0.686)
101.5 (13.37)
11.36 (5.854)
5.514 (0.385)

68.12 (11.54)
10/7
12/5
5.953 (0.90)
23.57 (5.624)
45.82 (47.18)
4.065 (0.280)
17.28 (5.035)
101.2 (20.46)
58.77 (22.88)
121.6 (58.49)
2.487 (0.908)
105.3 (20.92)
10.51 (4.774)
5.565 (0.650)

0.1654
0.3432
0.5722
0.5731
0.4456
0.5560
0.8537
0.6415
0.7056
0.8376
0.2336
0.7711
0.4557
0.6289
0.7611

The data is presented as mean (SD). The unit of HCV‑RNA is log IU/mL. The references ranges of clinical parameters in fasting serum were:
ALT, 5‑40 U/l; albumin, 3.8‑5.2 g/dl; male platelet count, 13.1‑36.2x104/µl; female platelet count, 13.0‑36.9x104/µl; LDL, 70‑139 mg/dl; HDL
male, 40‑86 mg/dl; HDL female, 40‑96 mg/dl; TG, 50‑149 mg/dl; C‑peptide 0.61‑2.09 ng/ml; FPG, 70‑109 mg/dl; insulin, 1.84‑12.2 µIU/ml; and
HbA1c, 4.6‑6.2%. All laboratory data measurements were conducted following overnight fasting. No significant differences were determined
between the no change and upregulation groups. Laboratory result variables were compared using t‑tests; female/male and CH/LC were analyzed
using the χ2 test. CH, chronic hepatitis; LC, liver cirrhosis; HCV, hepatitis C virus; BMI, body mass index; FBG, fasting plasma glucose HDL,
high‑density lipoprotein; LDL, low‑density lipoprotein; TG, triglyceride ALT, alanine aminotransferase; HbA1c, hemoglobin A1c; SD, standard
deviation.

and at weeks 4, 24, 36 and 52 after treatment. The miR122
assay provided quantitative analysis.
Statistical analysis. Data were analyzed using StatView 5.0
software (SAS Institute, Inc., Cary, NC, USA). Data is presented
mean ± standard deviation. Laboratory result variables were
compared using correlation analysis, t‑tests, one way analysis
of variance (ANOVA) and χ2‑square tests. Multiple comparisons were not performed in the ANOVA. Correlation was
evaluated based on Pearson's correlation coefficient. P<0.05
was considered to indicate statistical significance.
Results
Alterations in lipid profile following DAA. Changes in lipid
profile and metabolic parameters in patients over the 52‑week
treatment period were summarized (Fig. 1). LDL, but not
HDL and triglyceride, exhibited increases over the treatment
period (Fig. 1A, C and D). Since the LDL/HDL ratio was also
increased, DAA treatment affected the lipid profile (Table II).
Upregulation of LDL continued to the end of observation
at week 52. Patients were categorized in the ‘upregulation
group’ if the LDL at week 52 was equal to, or 10% greater,
than the value at week 0. All other patients were included in
the ‘no change group’ (Fig. 1B). A total of 17 patients were in
the upregulation group and 22 were in the no change group.
The clinical characteristics were similar in both groups at
week 0 (Table I). One patient of each group on medication for
diabetes was in the no‑change group and upregulation group,

respectively, and the 2 patients on medication for hypercholesteremia were placed in the upregulation group. The number
of anti‑diabetic and anti‑hypercholesteremic drug users were
not statistically disproportionate in the groups. BMI and
HOMA‑IR did not obviously change between weeks 0 and 52
(Fig. 1E and F). HbA1c exhibited marginal increase at week
36 compared with week 0, but was similar between weeks 52
and 0 (Fig. 1G). LDL, total cholesterol and at week 52 were
higher than that at the start of DAA, but glucose metabolic
markers (FPG, insulin, C‑peptide, HOMA‑β, and CPI) and
lipids (HDL and TG) were unchanged at weeks 0, 36 and 52
(Table II). HCV‑RNA relapse was observed at week 28 after
the start of treatment in 1 patient in upregulation group; their
LDL levels were 65, 94 and 89 mg/dl at weeks 0, 36 and 52,
respectively (data not shown). The difference in LDL cholesterol level after DAA treatment was not measured, since only
2 patients had an LDL value at 1 year after DAA treatment that
was lower than 90% of the value prior to treatment.
Serum miR122 and LDL. Subsequently, the association of
serum miR122 with upregulation of LDL by DAA treatment
in 30 patients was examined. The miR122 assay provided
a quantitative analysis. Relative miR122 at an indicated
time represents the increase in expression from the start of
treatment. Relative miR122 did not differ at each time point
(Fig. 2A), or between the no change and upregulation groups
(data not shown). The increase in LDL from week 4 to 52
appeared to be weakly associated with relative miR122 at
week 52 (Fig. 2B), and the increase in LDL/HDL ratio from
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Figure 1. Changes in serum lipids from the start of DAA treatment to 52 weeks after treatment. DAA treatment was terminated after 24 weeks. LDL measurements at weeks 28, 36 and 52 were at weeks 4, 12, and 24 after the end of treatment, respectively. The y‑axis is the mean LDL (A and B), HDL (C) and TG (D)
concentration (mg/dl), and the x‑axis is the time after the start of treatment. Error bars represent the standard deviation. Differences between time points (0
and other time points) were evaluated by a paired t‑test, and difference among 0, 36 and 52 was evaluated by analysis of variance and P<0.05 were considered
statistically significant. (A) Trend of LDL concentration in all patients. LDL at the start of treatment (week 0) was significantly lower than that at the other time
points (week 4‑52) (week 4, P= 0.0011, week 8, P= 0.0032; week 12, P= 0.0027; week 16, P= 0.0095; week 20, P= 0.0037; week 24, P= 0.0027 and weeks 28‑52,
P<0.0001). LDL at weeks 4, 8, 12, 16, 20 and 24 after treatment was significantly lower than LDL after the end of treatment (weeks 28, 36 and 52; week 4 vs. 28,
P= 0.0004; week 4 vs. 36‑52, P<0.0001; week 8 vs. 28, P= 0.0007; week 8 vs. 36‑53, P<0.0001; week 12 vs. 28, P= 0.0006, week 12 vs. week 36‑53, P= 0.0001;
week 16 vs. week 28, P<0.0001; week 16 vs. week 36, P= 0.0001; week 16 vs. week 52, P= 0.0004; week 20 vs. 28‑36; P<0.0001; week 20 vs. week 52, P= 0.0008;
week 24 vs. 28‑36, P<0.0001; week 24 vs. 52, P= 0.0002). LDL at week 36 after treatment was higher than LDL at week 52 (P= 0.0464). (B) Trends of LDL
concentration in the ‘no change’ and ‘upregulation’ groups. In the upregulation group: LDL at week 0 was lower than that at all other time points (weeks 4, 8,
16, 28, 36 and 52, P<0.0001; week 12, P= 0.0003; week 20 and 24, P= 0.0002); LDL at week 4 was lower than that at weeks 28 (P= 0.0454) and 52 (P= 0.0373);
and LDL at weeks 8, 12, 16, 20 and 24 was lower than that after the end of treatment (weeks 28, 36, and 52; week 8 vs. 28, P= 0.0291, week 8 vs. 36, P= 0.0149;
week 8 vs. 52, P= 0.0134, week 12 vs. 28, P= 0.0291, week 12 vs. 36, P= 0.0149; week 12 vs. 52, P= 0.0061, week 16 vs. 28, P= 0.0212; week 16 vs. 36, P= 0.0162;
week 16 vs. 52, P= 0.0170, week 20 vs. 28, P= 0.0010, week 20 vs. 36, P= 0.0396; week 20 vs. 52, P= 0.0338; week 24 vs. 28, P= 0.0013; week 24 vs. 36, P= 0.0111,
week 24 vs. 52, P= 0.0308). In the no change group: LDL at week 0 was lower than that at weeks 28‑52 (week 28, P= 0.0067; week 36, P= 0.0001 and week 52,
P<0.0001); LDL at weeks 4‑24 was lower than that at weeks 28, 36 and 52 (week 4 vs. 28, P= 0.0030, week 4 vs. 36, P= 0.0002, week 4 vs. 52, P<0.0001; week 8
vs. 24, P= 0.0117, week 8 vs. 36, P= 0.0002, week 8 vs. 52, P<0.0001, week 12 vs. 28, P= 0.0006; week 12 vs. 36, P= 0.0016; week 12 vs. 52, P= 0.0018; week 16
vs. 28, P= 0.0005; week 16 vs. 36, P= 0.0019, week 16 vs. 52, P= 0.0065; week 20 vs. 28, P= 0.0033, week 20 vs. 36, P= 0.0006; week 20 vs. 52, P= 0.0132;
week 24 vs. 28, P= 0.0018; week 24 vs. 36, P= 0.0012; week 24 vs. 52; P= 0.0031); and LDL at week 36 was lower than that at week 52 (P= 0.0279). (C) Trends of
HDL concentration in all patients. No significant differences were identified at any time points. (D) Trends of TG concentration in all patients. No significant
differences were identified at any time points. (E) BMI and (F) HOMA‑IR were compared at weeks 0 and 52. No significant differences were identified at
any time points. (G) Hemoglobin A1c was compared at weeks 0, 36 and 52. No significant differences were identified at any time points. DAA, direct acting
anti‑virals; HDL, high‑density lipoprotein; LDL, low‑density lipoprotein; TG, triglyceride; BMI, body mass index; HOMA‑IR, homeostasis model assessment
of insulin resistance; HbA1c, hemoglobin A1c.

weeks 0 and 4 to week 52 was also associated with relative
miR122 at week 52, which was indicated to be significant for
LDL/HDL increase between weeks 4 and 52 (Fig. 2C and D,
and Table III). Relative miR122 at week 52 was not associated
with increased HDL, TG or total cholesterol (Table III).
Finally, the variation of serum PCSK9 in 30 patients
was measured from the start of DAA treatment to 52 weeks
thereafter (Fig. 3). The lower detection limit of PCSK9‑A was
32 ng/ml, and therefore concentrations under the detection

limit were considered as 32 ng/ml. The most noticeable feature
was the variation of PCSK9 at week 4. At week 4, PCSK9‑A
was lower than that at any other period (Fig. 3A), and PCSK9‑I
was the highest (Fig. 3C). In 10 patients, PCSK9‑A at week 4
was below the lower detection limit. PCSK9‑A at week 52
was higher than that during the treatment period (Fig. 3A),
but PCSK9‑I at week 52 did not markedly differ from the
other time points, with the exception of the level at week 4
(Fig. 3C). At the start of treatment, PCSK9‑A was higher in
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Table II. Changes in metabolic markers from the beginning of direct acting anti‑virals treatment (week 0), to 12 weeks after the
end of treatment (week 36) and 26 weeks after the end of treatment (week 52).
Marker
BMI (kg/m/m)
Insulin (µIU/ml)
C‑peptide (ng/ml)
FPG (mg/dl)
HOMA‑IR
HOMA‑β
CPI
HbA1c (%)
TC (mg/dl)
LDL (mg/dl)
HDL (mg/dl)
Triglyceride (mg/dl)
TG/HDL
LDL/HDL

Week 0 (SD)

Week 36 (SD)

Week 52 (SD)

P‑value

22.95 (4.907)
10.99 (5.359)
2.39 (0.787)
103.12 (16.930)
2.87 (1.659)
106.6 (53.340)
2.316 (0.835)
5.536 (0.510)
178.8 (33.811)
101.1 (24.912)
56.71 (17.623)
110.5 (48.710)
2.279 (1.578)
1.934 (0.723)

NT
NT
NT
NT
NT
NT
NT
5.624 (0.463)
216.9 (42.673)
129.3 (35.253)
58.89 (15.170)
114.1 (56.672)
2.192 (1.422)
2.375 (0.967)

22.9 (5.221)
10.1 (3.941)
2.197 (0.745)
104.82 (14.832)
2.658 (1.215)
93.08 (53.350)
2.094 (0.708)
5.597 (0.468)
208.1 (34.780)
126.1 (27.781)
59.89 (17.331)
119.0 (57.651)
2.344 (1.736)
2.305 (0.911)

0.9765
0.2038
0.4162
0.2803
0.2704
0.0501
0,2987
0.1664
<0.0001
<0.0001
0.3466
0.3625
0.7965
0.1150

The data described the mean (SD). All metabolic markers were evaluated following overnight fasting. Measurement techniques for total
cholesterol, HOMA‑IR, HOMA‑β and CPI are described in the methods. Laboratory result variables were compared using Student's‑test (BMI,
insulin, C‑peptide, FPG, HOMA‑IR, HOMA‑β and CPI) and one‑way ANOVA (HbA1c, total cholesterol, LDL, HDL, triglyceride TG/HDL
and LDL/HDL). P‑values presented are the overall P‑values; multiple comparisons were not performed in the ANOVA. BMI, body mass index;
CPI, C‑peptide index; FBG, fasting plasma glucose; HbA1c, hemoglobin A1c; TG, triglyceride; TC, total cholesterol; HDL, high‑density
lipoprotein; LDL, low‑density lipoprotein; HOMA‑IR, homeostasis model assessment of insulin resistance; HOMA‑β, homeostasis model
assessment of insulin secretion; ANOVA, analysis of variance; NT, not tested; SD, standard devation.

Table III. Association between relative microRNA122 at
week 52 and increased lipids.
Increase rate of PCSK9‑A
Week 4‑52
LDL
HDL
TG
TC
LDL/HDL
Week 0‑52
LDL
HDL
TG
TC
LDL/HDL

R

P‑value

0.339
‑0.208
‑0.091
0.172
0.547

0.0723
0.2243
0.7817
0.4325
0.0021

0.082
‑0.267
0.284
0.026
0.325

0.7521
0.3321
0.3081
0.7568
0.0923

Correlation was evaluated by Pearson's correlation coefficient (R).
HDL, high‑density lipoprotein; LDL, low‑density lipoprotein; TG,
triglycerides; TC, total cholesterol.

the upregulation group than that in the no change group, and at
week 36, PCSK9‑A was moderately higher in the upregulation
group than that in the no change group (Fig. 3B). Meanwhile,
PCSK9‑I at each time point did not differ between the groups
(Fig. 3D). An association between PCSK9‑A and lipids over
weeks 0 and 52 was not detected (Table IV).

Figure 2. Relative serum miR122 is marginally associated with an increase in
LDL. The serum miR122 in 30 of the 39 patients was examined at weeks 0, 4,
24, 36 and 52. (A) Relative miR122 at each point fluctuated during the observation period but the differences were not significant. (B) Relative miR122 at
week 52 had a positive but non‑significant correlation with increased LDL at
weeks 4‑52. Rate of increase (y‑axis) was calculated by the following ratio:
LDL at week 52/LDL at week 4. (C and D) Relative miR122 at week 52
had some positive correlation with an increase in LDL/HDL (LH) rate at
weeks (C) 0‑52 and (D) 4‑52. LH rate was calculated by the following ratio:
LDL/HDL at the indicated time. miR122, microRNA122; LDL, low‑density
lipoprotein; HDL, high‑density lipoprotein; DAA, direct acting anti‑virals.

Relative miR122 was positively correlated with an increase
of PCSK9‑A over several time frames (Table V). Relative
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Table IV. Association between PCSK9 and lipids.

Figure 3. Serum PCSK9 is associated with upregulation of LDL at 52 weeks
after treatment. Serum PCSK9 was examined in 30 of 39 patients at 0, 4,
24, 36 and 52 weeks. The y‑axis is the mean PCSK9 concentration (ng/ml),
and the x‑axis is the time after the start of treatment. Error bars represent
the standard deviation. (A and B) The trends of PCSK9‑A; (C and D) the
trends of PCSK9‑I. (A) Compared with other time points, PCSK9‑A at week
4 was significantly lower (week 0, P= 0.0492; week 24, P= 0.046; week 36,
P= 0.046 and week 52, P= 0.0111). PCSK9‑A at week 52 was higher than that
at weeks 0 (P= 0.0184), 4 (P= 0.0009) and 24 (P= 0.0038); these differences
were also statistically significant. (B) In the upregulation group, PCSK9‑A
at week 4 was lower than that at week 0 (P= 0.0725), week 36 (P= 0.046), and
week 52 (P= 0.0111); additionally, PCSK9‑A at week 24 was lower than that at
weeks 36 (P= 0.0488) and 52 (P= 0.0457). In the no change group, PCSK9‑A
at week 52 was higher than that at weeks 0 (P= 0.0725), 4 (P= 0.0399) and 24
(P= 0.0457). PCSK9‑A at week 0 in the upregulation group was higher than
that in the no change group (#P= 0.0413), and PCSK9‑A at week 36 in the
upregulation group was higher than that in the no change group (##P= 0.0697).
(C) PCSK9‑I at week 4 was higher than that at weeks 0 (P= 0.0055), 24
(P= 0.0073) and 36 (P= 0.0099); these values were statistically significant.
(D) In the upregulation group, PCSK9‑I at week 4 was higher than that
at weeks 0 (P= 0.09), 24 (P= 0.0568) and 52 (P= 0.0962). In the no change
group, PCSK9‑I at week 4 was higher than that at weeks 0 (P= 0.0159), 24
(P= 0.0557), 36 (P= 0.031) and 52 (P= 0.0962). At each time point, PCSK9‑I
was not significantly altered between the no change and upregulation groups.
PCSK9‑A/I, protein convertase subtilisin/kexin 9‑active/inactive; LDL,
low‑density lipoprotein. DAA, direct acting anti‑virals.

miR122 at week 4 was associated with an increase in PCSK9‑A
over 0‑36 and 0‑52 weeks from the start of treatment (R=0.426,
P= 0.0112 and R= 0.544, P= 0.0025, respectively). Relative
miR122 at week 52 was also positively correlated with an
increase in PCSK9‑A from week 0 to 4 (R=0.396, P=0.04).
Discussion
In the present study, LDL in patients with HCV1b was elevated
by DAA treatment from 4 weeks after the start of treatment
to 6 months after the end of treatment. Body weight, HDL,
TG and insulin resistance were not altered during the 1‑year
period including DAA treatment. HCV modulates cellular
lipid metabolism to enhance self‑replication (4). HCV infection
has also been associated with reduced serum cholesterol and
β‑lipoprotein levels; upon successful antiviral IFN treatment,
cholesterol and β‑lipoprotein levels were restored to normal,
which suggested that HCV gene expression was responsible
for the alteration (24). DAA treatment, but not IFN‑based
treatment, may also cause elevation of LDL in HCV1b‑cleared
patients (9,10). A previous study (7) reported that HCV

PCSK9‑A at week 0
LDL
HDL
TG
LDL/HDL
PCSK9‑A at week 52
LDL
HDL
TG
LDL/HDL
PCSK9‑A increase rate over weeks 0‑52
LDL
HDL
TG
LDL/HDL

R

P‑value

‑0.045
‑0.045
‑0.091
0.003

0.8193
0.6117
0.4769
0.9873

0.167
0.021
0.082
0.110

0.6724
0.6694
0.5480
0.5817

‑0.210
‑0.308
0.130
0.115

0.1367
0.1145
0.3332
0.4553

Correlation was evaluated by Pearson's correlation coefficient (R).
HDL, high‑density lipoprotein; LDL, low‑density lipoprotein; TG,
triglycerides; PCSK9‑A, protein convertase subtilisin/kexin 9‑active.

Table V. Association between relative miR122 and PCSK9‑A
levels.
Increase rate of 			
PCSK9‑A
Relative miR122
R
From week 0 to 52
4
24
0.239
36
0.216
52
0.126
From week 0 to 36
4
24
0.304
36
0.244
52
0.156
From week 0 to 24
4
24
0.355
36
0.244
52
0.036
From week 0 to 4
4
24	‑0.151
36
0.213
52
0.396

0.476
0.2327
0.2827
0.5362
0.544
0.1243
0.2242
0.4421
0.348
0.0693
0.2217
0.8584
0.159
0.4561
0.2895
0.0400

P‑value
0.0112

0.0028

0.0751

0.4333

Correlation was evaluated by Pearson's correlation coefficient. miR122,
microRNA122; PCSK9‑A, protein convertase subtilisin/kexin 9‑active.

genotype 1 patients with SVR receiving IFN‑based treatment
had elevated levels of TG, TC and LDL, but stable levels of
FPG, insulin and HOMA‑IR. In particular, HCV genotype 1
patients with SVR and no insulin resistance developed elevated
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TG and insulin resistance (7). In future, variations in the lipid
profile caused by IFN and DAA treatment should be evaluated
over long term follow‑up periods.
Several mechanisms associated with elevated LDL
and HCV clearance have been reported. HCV suppression
during sofosbuvir/ribavirin restored distal sterol metabolism,
which indicated viral interference with de novo lipogenesis
or selective retention by hepatocytes (8). The authors also
observed an increase in lanosterol sterol metabolite level in
HCV genotype 3 infection, but not genotype 2 infection, at
12 weeks after the start of treatment, which further supported
genotype‑specific regulation (8). In another study, clearance
of HCV using an IFN‑free antiviral regimen resulted in
rapid changes in peripheral and intrahepatic metabolic pathways, which implicated a direct effect of HCV replication
on lipid homeostasis (9). Hashimoto et al (10) reported that
the increased rate of LDL during the early period of sofosbuvir/ledipasvir treatment was associated with a decrease in
HCV core protein. Collectively these reports have indicated
that HCV inhibits production of cholesterol, and that clearance
of HCV may contribute to cholesterol re‑production. It may be
speculated that the elevation in LDL following DAA treatment
in the present cohort may also have been caused by the clearance of HCV. To examine the mechanism of this, miR122 and
PCSK9 were detected in serum.
Alterations in miR122 have been established to affect
important regulatory enzymes involved cholesterol biosynthesis
(3‑hydroxy‑3‑methylglutaryl‑CoA reductase), very‑LDL
secretion (microsomal triglyceride transfer protein) and fatty
acid synthesis (sterol regulatory element‑binding transcription
factor 1, fatty acid synthase, acetyl‑CoA‑carboxylase 1 and 2
and stearoyl‑CoA desaturase). As none of these enzymes
are believed to be direct targets of miR122, the mechanism
by which it affects lipid metabolism remain unknown (25).
Antagonism of miR122 in chimpanzees by miravirsen
(SPC3649) led to markedly lowered serum cholesterol in the
high‑dose group (26). Our previous report (27) revealed that
high expression of miR122 in liver at the start of interferon
treatment was associated SVR. Previous multivariate analysis
has indicated that miR122 is an independent predictor of
SVR (26). miR122 protects the 5' terminal viral sequences
from nucleolytic degradation or from inducing an innate
response to the RNA terminus (28), and also acts in an
unconventional fashion to stabilize HCV‑RNA and slow its
decay: an expansion of the usual repertoire of mechanisms by
which miRNAs modulate gene expression (29). In one study,
IFN‑β treatment for 30 min led to a significant reduction in
the expression of liver‑specific miR122 in HCV non‑infected
HuH‑7 cells (30); by contrast, treatment with polyethylene
glycolylated IFN‑α for 4 h in HCV infected patients did
not lead to a reduction in the expression of miR122 in liver
biopsy samples (31). Our group previously reported on a
significant positive correlation between the serum and hepatic
levels of miR122 (13). The current study did not determine
any significant differences in relative serum miR122 at each
time period; however increased LDL and relative miR122
levels were somewhat correlated. To our knowledge, it has not
been confirmed whether DAA treatments induce variations in
serum miR122 in SVR patients. Since antagonism of miR122
can induce the suppression of HCV replication and cholesterol

synthesis (26), it may be speculated that upregulation of
miR122 in hepatocytes strengthens lipogenesis and thus
elevates levels of LDL in serum. However, the mechanism by
which HCV clearance increases miR122 is unknown.
Circulating mature PCSK9 (PCSK9‑A) has the ability
to degrade cell‑surface LDLR, which regulates the levels of
circulating LDL, while furin‑cleaved PCSK9 (PCSK9‑I) is the
inactive form (32). Here, DAA treatment decreased PCSK9‑A
at week 4, while causing an increase in PCSK9‑I. At the start
of treatment, PCSK9‑A in the LDL upregulation group was
higher than that in the no change group. Acute clearance of
HCV infection in the liver (at week 4) has been reported to
induce an increase in cholesterol synthesis, and PCSK9‑A was
downregulated to reduce LDL (33). However, it may be speculated that continuous elevated LDL (24, 26 and 52 weeks after
the start of DAA) induced recovery of PCSK9‑A. HCV downregulates PCSK9 at the protein level (16); therefore, PCSK9‑A
may be returned to normal levels by HCV clearance. Since
patients in the LDL upregulation group had a higher level of
PCSK9‑A at the start of DAA, it is likely that at 36 weeks
later, downregulated LDLR levels led to increased levels of
LDL. Increased PCSK9 levels are associated with metabolic
disease (34), atherosclerosis (35) and hepatic steatosis (36).
However, there appeared to be a lack of reports on the relationship between miR122 and PCSK9. In the current study,
relative miR122 at week 4 was associated with an increase
in PCSK9‑A at 0 to 36 weeks and 0 weeks to the end point.
Interestingly, changes in miR122 occurred prior to changes in
PCSK9‑A; future exploration of the associated mechanism in
hepatocytes would be of significance. Additionally, LDLRs are
the most effective components for LDL metabolism along with
PCSK9‑A (32,33). However, LDLR levels were not evaluated
in the current study. In future studies, LDLR expression should
be investigated for the evaluation of mechanisms resulting in
the elevation of LDL following DAA treatment.
In conclusion, DAA treatment for HCV resulted in elevated
LDL levels, but no changes in HDL, TG, insulin resistance
or body weight. Relative miR122 and PCSK9‑A in serum
appeared to have some association with the upregulation of
LDL. Since both miR122 and PCSK9 had association with
cholesterol mechanism and HCV replication, it was speculated
that clearance of HCV influenced the increase in LDL through
variations in miR122 and PCSK9‑A. Increased LDL/HDL
ratio (37) and PCSK9 (35) are established risk factors for
atherosclerosis. A previous report revealed that there are lower
levels of LDL‑cholesterol and a reduced intima‑media thickness (IMT) in HCV patients in comparison with a healthy
population (38). Thus, following SVR, it is possible that
elevated LDL‑cholesterol may increase the IMT. Additionally,
the known atherosclerotic markers of hepatic steatosis (39),
IMT (38,40) and small‑dense LDL (40) in patients with SVR
should also be evaluated in the future.
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