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Background: Treatment response to antiviral drugs is a challenging issue in patients with
chronic hepatitis C virus (HCV) infection. Although microRNA-122 represents the majority
of the microRNA content in hepatic tissues, few studies have evaluated its role in the
treatment response, so we aimed to study its role in chronic HCV patients and in predicting
the treatment response to direct-acting antivirals (DAAs).

Methods: The study included 125 chronic HCV patients (89 naive and 36 with a prior failed
peginterferon/ribavirin response) and 50 apparently healthy subjects. Complete blood count,
liver function, o-fetoprotein, lipid profiles, serum creatinine, abdominal ultrasound, and
FibroScan® were assessed. Viral markers, HCV antibodies, and hepatitis B surface antigen
were measured by enzyme-linked fluorescent immunoassay, with quantitative estimation of
HCV RNA and microRNA-122 levels by real-time PCR.

Results: The microRNA-122 level in HCV patients (those with a sustained virologic
response 12 weeks after finishing therapy [SVR12] and non-responders) was significantly
increased compared with controls and expressed more in non-responders versus SVR12
(»p=0.042). ROC curve analysis of microRNA-122 for differentiating HCV patients from
healthy controls revealed that a cut-off point of >1.45 had a sensitivity of 67.20%, specificity
of 94.0%, AUC=0.861, and p<0.001; and for predicting response to treatment a cut-off point
<5.66 could significantly (p=0.022) predict the occurrence of SVR, with a sensitivity of
60.34%, specificity of 66.67%, and AUC=0.729. Logistic regression analysis showed sig-
nificant values for microRNA-122 in multivariate and univariate analysis for the prediction
of response to DAAs.

Conclusion: The results demonstrated the possible function of microRNA-122 as an
indicative tool for distinguishing chronic HCV patients from controls and in the assessment
of the therapeutic reaction to DAAs.

Keywords: CHC, FibroScan, microRNA-122, DAAs

Introduction

Globally, viral hepatitis has been assessed to be the seventh most common cause of
mortality." Nearly half of this mortality is identified with hepatitis C virus (HCV),
the main reason for liver cirrhosis and hepatocellular carcinoma.? HCV is the most
prevalent etiology of chronic liver diseases in Egypt. The ongoing advances in oral

direct-acting antivirals (DAAs) provide opportunities to limit HCV illness and its
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forward transmission.® Although the use of DAAs is effec-
tive, not all patients effectively clear the virus.*

HCYV belongs to the family Flaviviridae, and is a small,
enveloped, positive-sense, single-stranded RNA virus. The
viral genome is 9.6 kb long, with flanking 5'- and 3'-
untranslated regions (UTRs), and contains a single open
reading frame (ORF) that encodes a 3000-amino-acid
polypeptide, which is cut by host and viral proteases into
basic and non-basic proteins.’

MicroRNAs are small, non-coding RNA molecules
(18-24 nucleotides). They participate in organizing cell
proliferation, differentiation, and apoptosis.®’ This role is
related to the capacity of microRNAs to attach to certain
destinations of target mRNAs at the 3’-UTR that, in turn,
may produce translational constraints and/or mRNA
degradation.® Furthermore, the host microRNAs can like-
wise attach to the mRNAs of attacking microbes such as
viruses.” There are practical relationships between cellular
microRNAs and viruses. MicroRNAs probably have basic
functions in viral pathogenesis as well as in regulating
viral replication, either advancing or restricting it."

A model in this setting is the integral base pairing of
microRNA-122 (the liver-specific human microRNA) to
HCV genomic RNA at the 5'-UTR, which is reported to
encourage viral replication inside liver cells and to stimu-
late viral protein translation, in addition to protecting the
uncapped HCV RNA from degradation.'" Consequently,
microRNA-122 has attracted considerable interest regard-
ing its potential as a therapeutic target.

In this study, we aimed to appraise the role of
microRNA-122  as
C (CHC) genotype 4 infection and as an indicator of the

a marker for chronic hepatitis
response to DAA therapy, as well as its considerable
correlations with clinical and radiological parameters.

Subjects

This prospective study was conducted in the Tropical
Medicine Department, in collaboration with the Medical
Biochemistry and Molecular Biology, Clinical Pathology,
Medical
Radiology, Clinical Pharmacology, and Internal Medicine

Microbiology and Immunology, Diagnostic
Departments, at the Faculty of Medicine, Menoufia
University, Egypt. Participants were selected from patients
attending the Tropical Medicine Department between
June 2017 and October 2018. In total, 175 participants
were included in the study: 125 CHC cases (89 naive to
treatment and 36 with a prior failed response to peginter-
feron and ribavirin [peglFN/RBYV; treatment-experienced]),

and 50 HCV-negative, seemingly healthy controls matched
for age and gender. The sample size was calculated by
a continuous response variable from independent control
and experimental subjects, with 0.5 controls per experimen-
tal subject.'” Subjects were analyzed by identifying HCV
antibodies, then confirmed by real-time PCR. HCV patients
received treatment in the form of sofosbuvir 400 mg/day
and daclatasvir 60 mg/day with or without ribavirin
(weight-based ribavirin 1200 or 1000 mg/day if >75 or
<75 kg body weight, respectively) for 12 weeks, according
to the accepted treatment recommendation from the
European Association for the Study of the Liver (EASL)"?
and national guidelines.

Patients with these criteria were incorporated in this
research: age more than 18 years, positive HCV antibo-
dies that were confirmed by PCR for HCV-RNA and
HCV genotype 4, treatment-naive or prior failed respon-
ders to peglFN/RBV (treatment-experienced), and
patients with Child—Pugh score <8. Patients with renal
illness, hepatocellular carcinoma, or any extrahepatic
malignancy, hepatitis B virus (HBV) or HIV coinfection,
and pregnant females, were excluded from this
investigation.

For all participants, history taking, clinical evaluation,
and laboratory investigations were conducted. Imaging
evaluation was performed for all participants, including
abdominal ultrasound and transient elastography
(FibroScan®). Aspartate aminotransferase (AST)-to-
platelet ratio index (APRI) and Fibrosis-4 (FIB-4) scores
were estimated for all participants. The APRI was esti-
mated by the following formula: (AST/upper limit of
normal)/platelet count (platelets x10%/L) x 100,'* and the
FIB-4 score was estimated by the formula: Age (years) X
AST (IU/L)/(platelet count (x10°/L) xVALT (IU/L))."

During antiviral treatment, follow-up was conducted
by clinical assessment and re-evaluation of laboratory
tests (complete blood count [CBC], liver and kidney func-
tion tests) at weeks 4, 8, and 12 of treatment. At the end of
treatment, RT-PCR was used to determine the response to
treatment, together with transient elastography. Then all of
the above-mentioned clinical, laboratory, and imaging
investigations were performed for all patients 12 weeks
after stopping treatment, including RT-PCR to determine
the sustained virologic response 12 weeks after finishing
therapy (SVR12) and microRNA-122.

According to their response to HCV treatment, patients
were divided into two groups. Group I (GI) comprised 116

patients who achieved SVR12, defined as undetectable
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HCV-RNA 12 weeks after finishing therapy; it included 83
(71.55%) treatment-naive patients and 33 (28.45%) with
a prior failed response to peglFN/RBV (treatment-
experienced). Group II (GII) comprised nine patients not
achieving SVRI12 (non-responders); it included six
(66.67%) treatment-naive and three (33.33%) treatment-
experienced patients. In addition, Group III (GIII) com-
prised 50 HCV antibody-negative apparently healthy par-
ticipants of matched age and gender as a control group.

This investigation was conducted in accordance with
the Declaration of Helsinki. Notified assent guaranteed by
the ethical board of the Faculty of Medicine, Menoufia
University, was acquired from all contributors, and all
participants provided informed consent.

Methods

Blood Sampling

Venous blood samples (10 mL) were drawn from all
subjects. Serum was separated from 5 mL of blood in
a plain tube, left for 30 min to coagulate, and then
centrifuged at 4000 rpm for 10 min; further colorimetric
estimation of creatinine was performed utilizing
a Diamond Diagnostics Kit (Germany), serum ALT,
AST, and alkaline phosphatase (ALP) by the kinetic
UV-optimized method IFCC LTEC Kit (UK), serum
albumin by enhanced specificity of bromocresol green
using a Diamond Diagnostics Kit (Germany), and total
and direct bilirubin using a Diamond Diagnostics Kit
(Germany). The colorimetric determination of serum
total cholesterol (TC) and triglyceride (TG) levels was
carried out using the Spinreact kit (Spain), and serum
high-density lipoprotein cholesterol (HDLc) level was
assayed using a human kit (Germany). Low-density
lipoprotein cholesterol (LDLc) values were estimated
by the equation (LDLc) = TC — (TG/5 + HDLc), as
TG levels did not exceed 400 mg/dL. Serological mar-
kers of HCV antibodies and hepatitis B virus surface
antigen (HBsAg) were detected by enzyme-linked fluor-
escent immunoassay (ELIFA) utilizing MINI VIDAS
systems (bioMerieux, Marcy I’Etoile, France); positive
tests were confirmed by real-time PCR with a threshold
of detection level of 15 IU/mL and HCV genotyping.
Fresh blood (2 mL) was collected in tubes containing
ethylenediamine tetra-acetic acid (EDTA) and was used
for a complete blood count (CBC) by Sysmex XN-1000
(Japan; BM Egypt Company). In addition, 1 mL of fresh
blood was taken in a citrate tube for measurement of
prothrombin time (PT) and international normalized

ratio (INR) (LIQUIPLASTIN diagnostic kit, Biomed,
Germany), and 2 mL of fresh blood was collected in
EDTA-containing tubes and used for microRNA extrac-
tion and quantification by real-time PCR.

Estimation of MicroRNA-122 Levels

MicroRNA was extracted from whole blood using
a Direct-zol™ RNA MiniPrep kit (Zymo Research) and
stored at —80°C. With the aid of the TagMan® MicroRNA
Reverse Transcription Kits (Applied Biosystems), reverse
transcription (RT) was performed on the extracted
microRNA to synthesize single-stranded cDNA. The
looped-primer RT-PCR TagMan
MicroRNA assays can precisely identify mature
microRNA. The total volume of 15 pL RT contains: 3
pL of RT primer, 5 pL miRNA, and 7 pL RT master
mix, containing (10x Reverse Transcription Buffer, 100
mM dNTPs [with dTTP], RNase inhibitor 20 U/uL,
MultiScribe™ Reverse Transcriptase 50 U/pL, and nucle-
ase-free water). The 2720 Thermal Cycler (Applied
Biosystems, Singapore) was programmed at 16°C for 30
min, 42°C for 30 min, 85°C for 5 min, and 4°C for oo for
one cycle, and the RT product was preserved at —20°C.

supplied in the

The microRNA-122 primers and TagMan probes were
designed by Applied Biosystems (Foster City, CA, USA)
Life Technologies. The total 20 uL of PCR master mix
comprised 10 pL 2x TagMan Universal Master mix, 7 uL
RNase-free water, 1.0 uL 20x TagMan MicroRNA Primer
Assay mix, and 2 pL of RT product, and RNU48 was
utilized as an internal control. The 7500 Thermal Cycler
(Applied Biosystems, Foster City, CA, USA) was set up as
follows: first PCR initial activation step at 50°C for 2 min
hold and 95°C for 10 min hold, then two-step cycling of
denaturation at 95°C for 15 s and annealing/extension at
60°C for 1 min, for 40 cycles. The comparative AACt
method was applied for data analysis to calculate the
relative quantification (RQ), where microRNA-122 in the
samples was normalized to a housekeeping gene (RNU4S)

and relative to a control (Figure 1A).

HCV Genotyping Using the Nested PCR/Ohno
Method

A Qiagen Viral RNA kit (Hilden, Germany) was applied to
separate RNA from serum. Ohno’s method was used for
genotyping; this involves nested PCR amplification of the
virus core gene using genotype-specific primers, as
described previously.'®
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Figure | (A) Detection and quantitation of microRNA-122 gene expression, (B) ultrasound and (C) FibroScan assessment of the liver, (D) correlation between microRNA-
122 and platelets in Group | pretreatment and (E) correlation between microRNA-122 and platelets in Group Il pretreatment.

Imaging

Ultrasound of the Abdomen

All patients underwent abdominal ultrasonography using
a 3.5-5 MHz probe. The liver was scanned in the axial
and longitudinal views while the patient was supine
(Figure 1B) and the patency and size of the portal vein
were assessed in left lateral decubitus. Patients were also
assessed in the supine and right lateral decubitus positions
for spleen size, measured as the bipolar diameter.

FibroScan Assessment

All patients were examined in the dorsal decubitus with
the right arm in maximal abduction, using a 5 MHz ultra-
sound transducer probe mounted on the axis of a vibrator
of the FibroScan machine (Echosens, Paris, France). The
transducer tip was covered with a drop of gel and mea-
surements were taken on the right lobe of the liver by
positioning the tip of the transducer perpendicularly in the
intercostal space. A cylinder of hepatic tissue measuring

about 1 cm in diameter and 24 cm in length was then
chosen, avoiding any large vascular structures within. This
was performed under ultrasound time—motion imaging
(Figure 1C).

Statistical Analysis

Data were fed into a computer and analyzed using the IBM
SPSS software package version 20.0 (IBM Corp, Armonk,
NY, USA). To verify the normality of the distribution of
variables, the Kolmogorov—Smirnov test was used.

Spearman  coefficients were used to  assess

correlations between quantitative variables. Receiver oper-
(ROC)
determine the diagnostic performance of microRNA-122.

ating characteristics curves were used to
For comparison between different periods, the paired #-test
was applied, while the Wilcoxon signed ranks test was
applied for comparison between different periods for

abnormally distributed quantitative variables. Regression
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analysis was used to detect the most independent factors
and those affecting mortality. The significance of the data
was assessed at the 5% level.

Results

This study was conducted on 125 CHC patients who had
received DAA treatment. They were 73 males (58.4%) and
52 females (41.6%), with a meantSD age of 47.3+12.2
years. According to the therapeutic response, patients were
classified into two groups. GI, patients who achieved
SVR12, included 116 patients (92.8%), 69 males (59.5%)
and 47 females (40.5%), with a mean age of 47.3+12.2
years; and GII, comprising patients who did not achieve
SVR12, included nine cases (7.2%), four males (44.4%)
and five females (55.6%), and their mean age was 47.4
+12.9 years. In addition, GIII included 50 apparently nor-
mal individuals.

We investigated the studied laboratory parameters
twice, before (pre) and after (post) the treatment regimen.
Data analysis was performed among the studied groups
and explored the following results. Age and gender were
matched among groups (p>0.05). Pre-treatment, platelets
were distinctly lower in patient groups than in controls
(»<0.001), with no critical distinction between GI and GII
(p=0.771), while hemoglobin (Hb) concentration and
white blood cells (WBCs) did not differ among groups
(»=0.135 and p=0.594, respectively). With respect to liver
function, total and direct bilirubin, ALT, AST (p<0.001),
and INR (p=0.007) were markedly higher, while albumin
(p=0.011) was lower in GI and GII than in GIII; moreover,
comparison between GI and GII revealed no significant
difference. We noticed lower values of TC, TG, LDLc, and
HDLc in patients compared to controls. MicroRNA-122
levels exhibited marked variations (p<0.001) among
groups, with distinctly higher levels in non-responders
than in SVR12 (p=0.042) and controls (p<0.001) and
higher levels in SVRI2 than in controls (p<0.001).
Regarding the of fibrosis in the
study  participants, FibroScan (p<0.001), FIB-4
(»<0.001), and APRI score (p<0.001) were higher in the
patient groups (GI and GII) than in normal participants,
but did not differ between GI and GII (Table 1).

Table 2 shows that portal vein diameter, spleen dia-

assessment

meter, and liver stiffness assessed by FibroScan did not
vary between patient groups before and after treatment.
Comparisons of the measured parameters pre- and
post-treatment in GI showed that platelets (p<0.001), TC
(»<0.001), LDLc (p<0.018), and HDLc (p<0.001) were

significantly increased in patients after reaching SVR12.
Moreover, ALT, AST, PT, INR (p<0.001), microRNA-122
(»<0.001), FibroScan (p<0.001), FIB-4 (p<0.011), and
APRI score (p<0.001) were diminished in SVR12 patients
after treatment. Hb (p=0.089), WBC (p=0.080), total bilir-
ubin (p=0.137), direct bilirubin (p=0.615), albumin
(»=0.092), and TG (p=0.059) were not significantly chan-
ged pre- and post-treatment. Furthermore, comparison of
the studied parameters pre- and post-treatment in GII
revealed that in non-responders there were some small
changes in laboratory and imaging findings that were not
statistically significant (Table 3).

Table 4 presents the results of a correlation analysis
between microRNA-122 and the studied parameters prior
to treatment in GI and GII, where we observed meaningful
negative correlations between microRNA-122 and plate-
lets using the Spearman coefficient (=—0.265, p=0.004
and =—0.745, p=0.021, respectively) (Figure 1D and E),
and significant positive correlations with ALT (»=0.403,
»<0.001 and r=0.750, p=0.02, respectively) (Figure 2A
and B) and INR (r=0.215, p=0.021 and r=0.842,
p=0.004, respectively); however, no associations were
observed with other laboratory or imaging findings.

Table 5 shows the results of multivariate and univariate
regression analysis, which demonstrated that microRNA-
122 could be a significant independent biomarker for fore-
casting the reaction to DAA-based therapy in CHC
patients in both multivariate analysis (unstandardized coef-
ficient B=—1.026, p=0.024) and univariate analysis (B=
—0.954, p=0.031).

ROC curve analysis of microRNA-122 for distinguish-
ing patients with SVR12 from non-responders revealed
that a cut-off point of <5.66 significantly (p=0.022) and
early (before starting treatment) could predict the inci-
dence of SVR in CHC patients receiving DAA treatment,
with a sensitivity of 60.34%, specificity 66.67%, positive
predictive value (PPV) 95.90%, negative predictive value
(NPV) 11.50%, and area under the curve (AUC)=0.729
(Table 6, Figure 2C).

Moreover, ROC curve analysis of microRNA-122 for
differentiating HCV-positive patients from healthy partici-
pants revealed that a cut-off point of >1.45 had
a sensitivity of 67.20%, specificity 94.0%, PPV 96.60%,
NPV 53.40%, AUC=0.861, and p<0.001, providing addi-
tional evidence for the position of microRNA-122 as
a diagnostic biomarker for distinguishing CHC patients
from healthy individuals (Table 6, Figure 2D).

Hepatic Medicine: Evidence and Research 2021:13

submit your manuscript 13

Dove


http://www.dovepress.com
http://www.dovepress.com

Elabd et al

Dove

Table I Comparison Between the Three Studied Groups According to Demographic and Laboratory Data and Fibrosis Assessment

Before Treatment

Group Group Il Group Il Test of P Post Hoc Test
1 (n=116 =9 =50 Sig.

(n=116) (0=9) (n=30) '8 Ivsl | Tvsll | 1vs il
Age (years)
MeanSD 47.3%12.2 474129 47.1£10.3 F=0.007 0.993 - - -
Median (min.—max.) 47 (23-68) 46 (28-65) 46.5 (25-68)
Gender
Male 69 (59.5%) 4 (44.4%) 26 (52%) 2=1.364 0.506 - - -
Female 47 (40.5%) 5 (55.6%) 24 (48%)
Platelet count (pre)
(X 10%)
MeanSD 179.1£52.3 176.2+29.4 232+63.8 K=34.954 <0.001* | 0.771 | <0.001* | 0.013*
Median (min.—max.) 165 (120-365) 165 (143-230) 225.5 (152-395)
Hb (pre) (gm/dl)
Mean+SD 13.4£1.5 13.1£0.9 13.8£1.1 F=2.024 0.135 - - -
Median (min.—max.) 13.5 (10-15) 13.5 13.7 (12.5-16)

(11.8-14.5)
Creatinine (pre) (mg/
dl)
Mean+SD 0.9+0.1 0.9+0.2 0.9+0.1 F=0.070 0.932 - - -
Median (min.—max.) 1 (0.7-1.1) I (0.5-1.2) I (0.7-1.1)
WABCs (pre) (X 10%)
Mean+SD 6.6x1.8 6.2x1.7 6.5+1.9 K=1.042 0.594 - - -
Median (min.—max.) 6.6 (3.6-10.3) 5.2 (4.7-9.5) 5.4 (4.5-10)
Total bilirubin (pre)
(mg/dl)
Mean+SD 1+£0.4 1+£0.4 0.7+0.2 K=18.071 <0.001* | 0431 | <0.001* | 0.009*
Median (min.—max.) 0.8 (0.5-1.9) 0.9 (0.6-1.7) 0.7 (0.3-0.9)
Direct bilirubin (pre)
(mg/dl)
Mean+SD 0.4+0.2 0.3+0.1 0.2+0.1 K=44.021*% | <0.001* | 0.555 | <0.001* | 0.011I*
Median (min.—max.) 0.3 (0.2-0.7) 0.3 (0.2-0.6) 0.2 (0.1-0.3)
ALT (pre) (IU/L)
Mean+SD 92.8+106.8 73.4+23.8 20.2+6.9 K=103.170* | <0.001* | 0.677 | <0.001* | <0.001*
Median (min.—max.) 62 (31-528) 71 (45-120) 19 (12-35)
AST (pre) (IU/L)
Mean+SD 71.1£55.9 64.2+45.6 20.6+5 K=94.909 <0.001* | 0.788 | <0.001* | <0.001*
Median (min.—max.) 47.5 (23-222) 54 (35-180) 18.5 (12-32)
Albumin (pre) (gm/dl)
Mean+SD 4.4+0.6 4.3+0.7 4.6+0.4 F=4.591 0.011* | 0.931 0.011* 0.205
Median (min.—max.) 4.5 (3-5.4) 4.5 (2.9-5.3) 4.6 (4-5.4)
PT (pre)
Mean+SD 12.9+1.4 13.2+1.6 12.1+0.8 K=14.617* 0.001* | 0.614 | <0.001* | 0.028*
Median (min.—max.) 12.9 (10.7-16.2) 12.9 12.3 (10.6-12.9)
(11.2-16.5)
(Continued)
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Table | (Continued).

Group Group Il Group Il Test of P Post Hoc Test
I (n=116 =9 =50 Sig.

(n=116) (n=9) (n=30) ‘& Ivs il | Tvstll | sl
INR (pre)
Mean+SD 1.1+0.2 1.2+0.2 1+0 K=9.979 0.007* | 0.046* | 0.033* | 0.004*
Median (min.—max.) 1.1 (0.9-1.4) 1.1 (0.9-1.3) 1 (0.9-1)
TC (pre) (mg/dl)
Mean+SD 188.6+15.7 180.1+16.9 194.3£17.7 K=6.677* 0.035% | 0209 | 0.041* | 0.031*
Median (min.—max.) 188 (145-225) 185 (145-203) 195 (149-231)
TG (pre) (mg/dl)
Mean+SD 80+12 82.3+10.2 101.9+£23.3 K=30.740 | <0.001* | 0.605 | <0.001* | 0.036*
Median (min.—max.) 80 (60-99) 80 (65-98) 93 (75-148)
LDLc (pre) (mg/dl)
Mean+SD 122.3+14 122.1+16.9 132.5+184 K=19.942* | <0.001* | 0.508 | <0.001* | 0.009*
Median (min.—max.) 123 (94-171) 120 (107-164) 132 (99-158)
HDLc (pre) (mg/dl)
Mean+SD 52.8+6.6 50.3+4.1 56.1%6.1 F=6.015*% 0.003* | 0.488 | 0.007* | 0.033*
Median (min.—max.) 51 (40-70) 50 (45-57) 55.5 (45-71)
MicroRNA-122 (pre)
Mean+SD 16+55.1 34+60.3 0.4+0.8 K=59.723* | <0.001* | 0.042* | <0.001* | <0.001*
Median (min.—max.) 4.1 (0-309.1) 9.8 (1.8-188.9) 0.1 (04.2)
FibroScan (pre)
MeanSD 235+ 16 22.3%15.2 32108 K=106.678* | <0.001* | 0.992 | <0.001* | <0.001*
Median (min.—max.) 17 (6.7-65.4) 18 (6.7-55.4) 3.1 (2.3-5.2)
FIB-4 (pre)
Mean+SD 2.1%1.1 2+0.9 1+0.4 K=36.190* | <0.001* | 0.705 | <0.001* | 0.015*%
Median (min.—max.) 2.4 (0.34.3) 2.2 (0.6-3.1) | (0.3-1.7)
APRI score (pre)
Mean+SD I.1x1 0.9+0.5 0.3%0.1 K=82.959*% | <0.001* | 0.875 | <0.001* | <0.001*
Median (min.—max.) 0.7 (2-3.9) 0.8 (0.4-2) 0.2 (0.1-0.5)
Viral load (10°)
MeanSD 1133.4£1204.1 471.2+489.3 - U=386.50 0.195
median (min.—max.) 578.1 3373

(13—4163.4) (7-1464.4)

Notes: 5, Chi-squared test; F, F for ANOVA test, post hoc test (Tukey); K, K for Kruskal Wallis test, post hoc test (Dunn’s test for multiple comparisons); p, p value for

comparison between the different study groups. *Statistically significant at p<0.05.

Abbreviations: Hb, hemoglobin concentration; WBCs, white blood cells; ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalized
ratio; TC, total cholesterol; TG, triglycerides; LDLc, low-density lipoprotein cholesterol; HDLc, high-density lipoprotein cholesterol.

Discussion

Worldwide, HCV is a major disease burden; in 2015, the

prevalence was 1.0%.'” The control of chronic HCV infec-

tion has been improved with the introduction of DAAs.
In our study, 125 chronic HCV patients received DAA

therapy for 12 weeks, of whom 92.8% achieved SVRI2.

These results are near to those obtained by Ahmed et al,'®

who reported that SVR12 was achieved by 96% of a cohort
of Egyptian patients with chronic HCV genotype 4.

In the current study, we observed that achieving
SVR12 was associated with elevated platelet count and
lower ALT and AST levels; moreover, we found an impor-
tant reduction in liver stiffness on the FibroScan results.

Stasi et al also detected a reduction in liver stiffness and
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Table 2 Imaging Findings in Patient Groups (Pre and Post Treatment)

Group | (n=116) Group Il (n=9) Test of Sig. p
Portal vein diameter
Pre
MeanSD 11£l.5 10.811.6 U=473.0 0.634
Median (min.—max.) 10.5 (9.5-14.5) 10.5 (9.5-14)
Post
Mean+SD 10.9+1.1 10.6x1 U=405.0 0.252
Median (min.—max.) 10.5 (9.5-13.5) 10 (10-14)
Spleen diameter
Pre
MeantSD 12.2+2.3 12.842.6 t=0.803 0.424
Median (min.—max.) 12 (9.5-15.5) 13 (10-16.5)
Post
Mean+SD 12.1£1.9 12.7£2 t=0.980 0.329
Median (min.—max.) 12.3 (9.5-16.0) 12 (10.5-17)
FibroScan
Pre
MeanSD 23.5t16.0 22.3+15.2 U=520.5 0.989
Median (min.—max.) 17.0 (5.8-65.4) 18.0 (6.7-55.4)
EOT
MeantSD 19.8£14.5 22.7+17.0 U=453.0 0.509
Median (min.—max.) 14.0 (6.0-60.9) 16.0 (6.0-61.9)
Post
MeantSD 17.3£12.3 22.9+17.2 U=387.0 0.196
Median (min.—max.) 12.5 (5.4-49.6) 14.6 (7.1-61.6)

Notes: %, Chi-squared test; t, Student’s t-test; U, Mann—Whitney test; p, p value for comparison between the two study groups.
Abbreviations: Pre, before starting DAAS treatment; EOT, end of treatment; post, 3 months after stopping treatment; 4, chi-squared test; t, Student’s t-test; U, Mann—

Whitney test; p, p value for comparison between the two study groups.

hence the FibroScan results after DAA therapy."”
Similarly, our results showed a lowering of FIB-4 and
APRI scores, which agreed with previous reports. 22!

In the normal liver parenchyma, microRNA-122 is
considered the most plentiful microRNA, accounting for
>70% of the total microRNA in hepatocytes and
a dominant actor in liver development, differentiation,
homeostasis, and metabolic functions.?? The attachment
of microRNA-122 to the 5'-UTR of HCV genomic RNA
is vital for HCV replication; it enhances viral protein
translation and safeguards the uncapped viral RNA from
degradation.?*-*

To our knowledge, this study is the first to investigate
the level of microRNA-122 in CHC genotype 4 patients
and its relationship with the reaction to DAA therapy.
Patients were classified following treatment into SVR12

and non-responder groups. We noticed a marked

elevation in microRNA-122 in both SVRI2 and non-
responder groups compared with healthy individuals in
the pretreatment stage, while in the post-treatment stage
microRNA-122 levels were markedly decreased in the
SVR12 group, reaching values close to those in healthy
individuals. The microRNA-122 levels in the non-
responder group remained high and did not differ signifi-
cantly from values in the pretreatment stage. ROC curve
analysis showed that microRNA-122 at a cut-off point of
<5.66 could precisely distinguish SVRI2 from non-
responder patients, with a sensitivity of 60.34% and spe-
cificity of 66.67%, suggesting the potential role of
microRNA-122 in evaluating and predicting the response
to therapy in CHC patients.

Previous reports support our findings. Waring et al®®
measured microRNA-122 expression levels in HCV geno-
type 1-3 patients who received IFN-free regimens, and
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Table 3 Comparison Between Pre and Post Treatment Results in Patient Groups According to Laboratory and Imaging Data

Group | Group Il
Pre Post Pre Post

Platelet count (x10 ®)
Mean+SD 179.1£52.3 183.7+42.6 176.2+29.4 182.4+25.9
Median (min.—max.) 165 (120-365) 176 (126-324) 165 (143-230) 176 (154-223)
Z (p) 3.589* (<0.001%) 1.682 (0.092)
Hb (gm/dl)
Mean+SD 13.4£1.5 13.3£1.4 13.1£0.9 13£0.8
Median (min.—max.) 13.5 (10-16) 13.7 (9.9-15.5) 13.5 (11.8-14.5) 13.2 (11.5-14)
t (p) 1.717 (0.089) 0.566 (0.587)
WABCs (pre) (X10%)
Mean+SD 6.6x1.8 6.8+1.2 6.2£1.7 5.3%1
Median (min.—max.) 6.6 (3.6-10.3) 6.6 (5.4-9.9) 5.2 (4.7-9.5) 5 (45-7)
Z (p) 1.748 (0.080) 1.899 (0.058)
Total bilirubin (mg/dl)
MeantSD 1£0.4 1£0.6 1£0.4 1.1£0.6
Median (min.—max.) 0.8 (0.5-1.9) 0.8 (0.5-3.5) 0.9 (0.6-1.7) 0.9 (0.6-2.4)
Z (p) 1.487 (0.137) 0.254 (0.799)
Direct bilirubin (mg/dl)
MeantSD 0.4£0.2 0.4£0.3 0.3£0.1 0.5£0.5
Median (min.—max.) 0.3 (0.2-0.9) 0.3 (0.2-1.7) 0.3 (0.2-0.6) 0.3 (0.2-1.3)
Z (p) 0.503 (0.615) 0.447 (0.655)
ALT (1U/L)
Mean+SD 92.8+106.8 51.7+38.1 73.4+23.8 78+29.4
Median (min.—max.) 62 (31-528) 45 (20-200) 71 (45-120) 70 (50-150)
Z (p) 8.185% (<0.001%) 1.014 (0.310)
AST (IU/L)
Mean+SD 71.1£55.9 52.1+36.4 64.2+45.6 63.7+49
Median (min.—max.) 475 (23-222) 40.5 (22-154) 54 (35-180) 50 (30-190)
Z (p) 7.231% (<0.001%) 0.280 (0.779)
Albumin (gm/dl)
Mean+SD 4.4+0.6 4.3+0.7 43207 3.9+0.9
Median (min.—max.) 4.6 (3-5.5) 4.5 (2.5-5.5) 4.5 (2.9-5.3) 4.3 (24-5)
t (p) 1.672 (0.097) 1.980 (0.083)
PT (pre)
MeantSD 12.9£1.4 12.5£1.6 13.2£1.6 1324222
Median (min.—max.) 12.9 (10.7-16.2) 12.2 (10.7-17.2) 12.9 (11.2-16.5) 12.3 (11.3-17.2)
Z (p) 4.700% (<0.001%) 0.350 (0.726)

(Continued)
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Table 3 (Continued).

Group | Group I
Pre Post Pre Post

INR
MeanSD 1.1£0.2 10.1 1.2+0.2 1.4+0.3
Median (min.—max.) 1.1 (0.9-1.4) 0.9 (0.8-1.8) 1.3 (0.9-1.3) 1.4 (0.9-1.8)
Z (p) 5.620* (<0.001%) 1.483 (0.138)
TC (mg/dl)
Mean+SD 188.6%15.7 205.6+25.7 180.1£16.9 189.7£16.4
Median (min.—max.) 188 (145-225) 207 (155-290) 185 (145-203) 198 (165-207)
Z (p) 7.248* (<0.001%) 1.126 (0.260)
TG (mg/dl)MeantSD 8012 87.4+23.5 82.3+10.2 96.2+22 .4
Median (min.—max.) 80 (60-99) 80 (51-170) 80 (65-98) 96 (69-147)
Z (p) 1.889 (0.059) 1.956 (0.051)
LDL (mg/dl)
MeanSD 122.3+14 128.9+21.3 122.1x16.9 117.6%15.6
Median (min.—max.) 123 (94-171) 129 (94-201) 120 (107—164) 120 (87-135)
Z (p) 2.375* (0.018%) 0.771 (0.441)
HDL (mg/dl)
MeanSD 52.8+6.6 64.1£10.5 50.3+4.1 59.1£14
Median (min.—max.) 51 (40-70) 63 (49-90) 50 (45-57) 55 (49-92)
t (p) 7.839* (<0.001%) 1.661 (0.097)
MicroRNA-122
MeanSD 16+55.1 2.847.6 34+60.3 33.74£59.8
Median (min.—max.) 4.1 (0-309.1) 1.2 (0-50.5) 9.8 (1.8-188.9) 9.7 (1.7-187.4)
Z (p) 9.348 (<0.001%) 1.482 (0.138)
PV diameter
Mean+SD 11£1.5 10.9£1.1 10.8+1.6 10.6£1
Median (min.—max.) 10.5 (9.5-15) 10.5 (9.5-13.5) 10.5 (9.5-15) 10 (10-13)
Z (p) 1.751 (0.080) 1.134 (0.257)
Spleen
Mean+SD 122423 12.1£1.9 12.8+2.6 12.7+2
Median (min.—max.) 12 (9.5-16.5) 12.3 (9.5-16.0) 13 (9.5-16.5) 12 (10.5-17)
t (p) 1.877 (0.063) 0.258 (0.803)
FibroScan
Mean+SD 23.5+16.0 17.3%£12.3 22.3+15.2 229+17.2
Median (min.—max.) 17.0 (6.7-65.4) 12.5 (5.4-49.6) 18.0 (6.7-55.4) 14.6 (7.1-61.6)
Z (p) 9.352* (<0.001%) 0.700 (0.484)

(Continued)
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Table 3 (Continued).
Group | Group Il
Pre Post Pre Post
FIB-4
Mean+SD 2111 1.9+0.9 240.9 1.6+0.6
Median (min.—max.) 2.4 (0.34.3) 2.2 (0.6-3.1) 1.6 (0.6-2.3) 1.6 (0.6-2.3)
Z (p) 2.533 (0.011%) 1.362 (0.173)
APRI score
MeanSD (NES 0.8+0.6 0.9+0.5 0.8+0.6
Median (min.—max.) 0.7 (0.2-3.9) 0.6 (0.2-2.6) 0.8 (0.4-2) 0.6 (0.3-2.1)
Z(p) 7.435 (<0.001%) 1.244 (0.214)

Notes: t, Paired t-test; Z, Wilcoxon signed ranks test. *Statistically significant at p<0.05.

Table 4 Correlations Between MicroRNA-122 (Pretreatment)
and Laboratory Findings (Pretreatment) in Patient Groups (Gl
and GlI)

MicroRNA-122 Pre
Group | Group Il
rs P rs P
Age —0.053 0.575 0.483 0.187
Platelets (-) —0.265 0.004* —0.745 0.021*
Hb 0.052 0.579 0.034 0.932
WBCs —0.026 0.779 —0.126 0.748
Total bilirubin —0.064 0.496 0.538 0.135
Direct bilirubin 0.022 0.816 0.132 0.735
ALT 0.403 <0.001* 0.750 0.020*
AST —0.125 0.182 —-0.250 0516
Albumin 0.009 0.927 —0.301 0.431
PT 0.024 0.800 0.705 0.034
INR 0.215 0.021* 0.842 0.004*
TC 0.064 0.495 0.100 0.797
TG 0.046 0.621 0.293 0.444
LDL 0.002 0.986 0.033 0.932
HDL 0.005 0.961 0.361 0.339
Viral load 0.020 0.833 —0.450 0.224
FibroScan -0.016 0.866 0.717 0.030*
FIB-4 —0.081 0.390 —0.183 0.637
APRI score —-0.118 0.206 —0.150 0.700

Notes: r,, Spearman coefficient. *Statistically significant at p<0.05.

found that microRNA-122 levels were diminished after
therapy in the SVR group and that microRNA-122 showed
steady alterations to the DAA regimen in genotype 1-3,
that did not change with RBV intake. Amr et al,’® in
a study using a sofosbuvir and peglFN/RBV regimen in
an Egyptian population, found that microRNA-122 was
higher in patients than in controls pretreatment, and mark-
edly down-regulated post-treatment.

We observed that microRNA-122 levels were increased
in the non-responder group compared to SVR12 patients.
However, it has previously been reported that pretreatment
circulating microRNA-122 levels were up-regulated more
in the SVR than in the NR group in HCV genotype 1 and
2- as well as genotype 4-infected Taiwanese and Egyptian
patients, respectively, and it was proved by regression
analysis that microRNA-122 was independently related
to the end of regimen response in the SVR.?"*® We sug-
gest that this inconsistency may be due to the different
treatment strategies used; in both of those studies treat-
ment was based on interferon, whereas in our study we
used DAA-based therapy.

The present results showed that a cut-off point of >1.45
can distinguish chronic HCV-positive cases from healthy
individuals with a sensitivity of 67.20%, specificity of
94.0%, and AUC=0.861. These results prove the potential
of microRNA-122 in the diagnosis of CHC.

A meta-analysis carried by Zhou et al*’ demonstrated
that circulating microRNA-122 achieved a sensitivity of
0.92, specificity of 0.84, and AUC=0.93, denoting average
test performance for the diagnosis of chronic viral hepatitis
related to HBV and HCV, and concluded that serum
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Figure 2 (A) Correlation between microRNA-122 and ALT in Group | pretreatment, (B) correlation between microRNA-122 and ALT in Group Il pretreatment, (C) ROC
curve, agreement (sensitivity, specificity), for microRNA-122 to forecast SVR12 (SVR cases vs non-responders) and (D) ROC curve for microRNA-122 to forecast chronic

HCV infection (HCV cases vs control).

microRNA-122 has a comparatively high diagnostic value,
especially in CHC patients. Furthermore, Butt et al*
found that circulating microRNA-122 had a durable ability
to distinguish CHC patients from healthy subjects at a cut-
off value of 10.32, with 87.0% sensitivity and 96.7%
specificity. Another notable finding that they reported
was that microRNA-122 was elevated in CHC genotype
3 patients with either normal or elevated ALT levels com-
pared to controls, which could be indicative of liver
damage induced by chronic HCV infection rather than
ALT, which is supposed to rise with disease severity.
Moreover, it was previously shown that microRNA-122
in the blood increases earlier than ALT upon toxic liver
injury.31:32

The results of a correlation analysis of serum microRNA-
122 and ALT showed a clear significant relationship of
microRNA-122 with ALT in pretreatment SVR and non-
responder groups, indicating that serum microRNA-122

could reflect HCV-induced liver inflammation. These results
agree with Bihrer et al,”®> who reported a significant relation-
ship of microRNA-122 with increased ALT and inflammatory

122

scores, whereas Wang et al™ did not report any association of

serum microRNA-122 with the clinical data in CHC geno-
type 1.

We detected no significant relationship between
microRNA-122 and liver stiffness (FibroScan), FIB-4, or
APRI scores. Jopling et al'' found that plasma microRNA-
122 had a strong correlation with the degree of fibrosis by
liver biopsy (higher level of microRNA-122 in F3 and F4
than in F2) in HCV genotype-4 patients. In addition, they
documented no correlation between microRNA-122 and
APRI score. Wang et al found a reverse association
between microRNA-122 and fibrosis scores.”

The current study detected in multivariate and uni-
variate regression analysis that microRNA-122 could
be a significant independent biomarker for the initial
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Table 5 Multivariate Analysis for the Parameters Affecting Response to Treatment
Univariate Multivariate
B P OR 95% CI B p OR 95% CI
LL UL LL UL

Albumin —0.453 0.454 0.636 0.19 0.21

Platelets 0.001 0.870 1.001 0.99 1.0

Hb 0.121 0.596 1.128 0.72 1.76

WBCs 0.132 0.507 1.142 0.77 1.69

Total bilirubin -0.295 0.706 0.744 0.16 3.45

Direct bilirubin 2.077 0.403 7.982 0.06 1037.6

ALT 0.003 0.602 1.003 0.99 1.0

AST 0.003 0.716 1.003 0.99 1.0

PT -0.170 0.466 0.844 0.53 1.33

INR -3.335 0.119 0.036 0.001 2.35

TC 0.034 0.123 1.034 0.99 1.08

TG -0.017 0.566 0.983 0.93 1.04

LDL 0.001 0.973 1.001 0.95 1.05

FibroScan 0.005 0.823 1.005 0.96 1.05

HDL 0.071 0.260 1.074 0.95 1.22

MicroRNA-122 -1.026 0.024* 0.358 0.15 0.87 —-0.954 0.031* 0.385 0.16 0.92
PV diameter 0.071 0.778 1.074 0.66 1.76

Spleen diameter -0.118 0.423 0.888 0.66 I.19

FIB-4 0.126 0.695 1.134 0.60 2.13

APRI score 0.292 0.533 1.339 0.54 335

Notes: B, unstandardized coefficients. *Statistically significant at p<0.05.
Abbreviations: OR, odds ratio; Cl, confidence interval; LL, lower limit; UL, upper limit.

Table 6 Agreement (Sensitivity, Specificity) for MicroRNA-122 to Predict SVR12 (Cases vs Non-Responders) and to Predict Chronic

HCV Infection (HCV Cases vs Control)

Pre AUC p 95% CI Cut- | Sensitivity | Specificity | PPV | NPV
off

MicroRNA-122 to predict SVRI2 vs NR 0.729 | 0.022* | 0.58-0.88 | <5.66 60.34 66.67 95.9 1.5
MicroRNA-122 to predict chronic HCV patients vs 0.861 | <0.001* | 0.81-0.91 >1.45 67.20 94.0 96.6 | 534
control

Note: *Statistically significant at p<0.05.

Abbreviations: AUC, area under the curve; p, probability value; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value.
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forecast of treatment response in CHC disease. 3. Ayoub HH, Abu-Raddad LJ. Impact of treatment on hepatitis C virus
Waring et al?> confirmed this in a logistic regression transmission and incidence in Egypt: a case for treatment as

model, from which they found that in HCV genotypes
1-3, standardized microRNA-122 baseline values
could predict SVR status.

Remarkably, silencing of microRNA-122 that is markedly
expressed following HCV infection and forecasts the reaction
an IFN regimen''~* leads to suppression of the expression of
of cytokine signaling (SOCS3) by
promoter methylation, and eventually improves the activation

SUppressors

of signals of transduction and activators of transcription
(STAT3)™ to increase the efficacy of the IFN regimen.
Miravirsen (SPC3649) is an antisense oligonucleotide,
which, in a phase 2a study, demonstrated a distinguishable
extensively dose-dependent reduction in HCV RNA values

in CHC genotype 1.%

Conclusion

The results demonstrate the remarkable role of microRNA-
122 as a diagnostic biomarker for distinguishing patients
with chronic HCV from controls and in the prediction of the
treatment response to DA As. These findings may encourage
the future use of antisense oligonucleotide targeting
microRNA-122 in the control of HCV infection.
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