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ABSTRACT

Background: Hepatocellular carcinoma (HCC) is a major type of liver tumor. It represents up
to 90% of all liver malignancies. There are currently no reliable tumor markers or imaging
technologies that can accurately diagnose early HCC. The use of circulating micro-RNAs
(miRNAs or miR) as a potential tool for early detection of HCC has become an emerging area
of study. Objectives: This study aimed to evaluate the role of miR-23b and miR-331 as bio-
markers in HCC and chronic hepatitis C (CHC) patients. 
Patients and Methods: This study included 100 subjects,  selected from outpatient clinics
of Damanhur Oncology Center from 1/1/2020 to 19/12/2021, they were classified into three
groups. Group 1 included 40 patients with HCC, group 2 included 40 patients with chronic
hepatitis C infection (CHC), and group 3 included 20 healthy control subjects. Complete
blood count (CBC), liver function tests, Alfa fetoprotein (AFP) in addition to miR-23b and
miR-331 was estimated in the serum of each studied groups.
Results: miRNA-23b gene expression level was significantly decreased in the HCC group
when compared to the HCV and control groups. On the other hand, miRNA-331 gene 
expression level showed significantly higher expression level in the HCC group when 
compared to the HCV and control groups. The miRNA-23b gene expression level showed
significantly decreased level associated with increased BCLC stage, increased tumor size,
multiplicity. While higher miRNA-331 gene expression level was significantly associated with
higher BCLC stage, larger tumor size, multiple lesions.
Conclusion: Serum miR-331 and miR-23b are suggested to be predictors for development
and complications of HCC.
Key words: HCC, Hepatitis C, miR-23b, miR-331, AFP

BACKGROUNDBACKGROUND

Hepatocellular carcinoma (HCC) is a primary tumor of the liver. It occurs in
approximately 85% of patients diagnosed with cirrhosis. HCC is now the fifth
most common cause of cancer worldwide. The second leading cause of cancer
death after lung cancer in men is HCC. The five-year survival of HCC is 18% and 
second to pancreatic cancer. The annual incidence of HCC in patients with 
cirrhosis is 2-4% (1).
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Non-alcoholic fatty liver disease (NAFLD) is now a
leading cause of HCC worldwide, especially in western
countries. In Egypt, it represents the fourth common
cancer (2). There are many risk factors that play an
important role in the development of HCC: Both 
hepatitis B virus (HBV) and hepatitis C virus (HCV) 
infection increase HCC risk by 20-fold (3). Non-cirrhotic
related HCC may be asymptomatic in the early stage of
the disease. Cirrhotic-related HCC patients may present
with symptoms of decompensated liver failure. The
most common extra hepatic metastasis of HCC is to the
lung, intra-abdominal lymph node, bone, and adrenal,
respectively (4).

HCC may be diagnosed on ultrasound, computed
tomography (CT), or magnetic resonance imaging (MRI)
(5). Liver biopsy is not routinely performed for HCC (6).
Patients with Barcelona- clinic liver cancer (BCLC) 
classification of very early (0) and early-stage (A) are
ideal candidates for surgical resection (7). Patients with
Child–Turcotte–Pugh A and without clinically significant
portal hypertension have favorable surgical resection
outcomes (8). Liver transplantation is associated with
the removal of tumors and the potential for cure (9).
Patients with BCLC classification of very early (0) and
early-stage (A) who do not meet surgical resection 
criteria are appropriate for ablation (10). Tumor-node-
metastasis (TNM) does not account for the degree of
performance status and liver dysfunction. The most
widely used staging system is the Barcelona clinic liver
cancer (BCLC), which offers the most prognostic 
information. The system stratifies patients with HCC 
in one of five stages. Substrata of 0, A, B, C, and D 
providing treatment (11).

MicroRNAs are small non-coding RNAs (12).
Although some extracellular miRNAs are regarded as
by-products of cellular activities, such as cell injury or
death, increasing evidence suggests that the release of
extracellular miRNAs is a regulated process (13).
miRNAs modulate the expression of approximately 
30% of all human genes, many of which are tumor-
associated or are in regions of instability in the genome.
There is clear evidence of key roles for miRNAs in
human carcinogenesis (14).

Various miRNAs, such as miR-122 and miR-132, play
pivotal roles in the innate and adaptive immunity
involved in hepatic inflammation. miR-122 is the most
representative miRNA in the liver, and its loss results in
inflammation, fibrosis, and HCC, indicating that 
miR-122 modulates anti-inflammatory effects (15).
Various HCC-associated miRNAs, including miR-21, 
miR-221, and miR-222, are increased in HCC, whereas

others, such as miR-122a, miR-145, miR-199a, and 
miR-223, are decreased in this disease. Several 
HCC-specific miRNAs have recently been classified;
miRNA profiles differed between hepatocytes and HCC
cells (16).

Recent studies have demonstrated that miRNAs,
including miR-92a, miR-221, miR-487a, and miR-1468,
have the potential to serve as prognostic biomarkers
(17). The miR-23b and miR-331 have been evaluated in
previous studies in HCC Chinese population (18). The
aim of this study is to evaluate the role of miR-23b and
miR-331 as biomarkers in HCV-Related HCC and 
chronic hepatitis C (CHC) in Egyptian patients.

PATIENTS AND METHODSPATIENTS AND METHODS

The current study aimed to evaluate the role of
miR-23b and miR-331 as biomarkers in HCC and
chronic hepatitis C (CHC) Egyptian patients. This study
is a comparative case-control study. This study 
was carried out on 100 individuals selected from out-
patient clinics of Damanhur Oncology Center from
10/1/2020 to 15/12/2021. They were classified into
three groups. Group 1 included 40 patients diagnosed
as HCC, group 2 included 40 patients diagnosed as
chronic hepatitis C virus infection (CHCV), and group 3
included 20 healthy subjects taken as control group.
This study was approved by the Ethical committee 
of the Faculty of Pharmacy, Damanhur University 
(reference no. 420PB18). An informed written consent
was obtained from all participants prior to enrollment
in the study. Regarding HCC cases, the mean age was
59.3 years, there were 85% males and 15% females.
While the mean age of CHCV positive cases was 46.9
years, they were 65 % males and 35% females. Twenty
healthy control subjects were recruited to the study as
a control group. They were matched with HCC and
CHCV groups regarding age and gender. All patients
were subjected to the following: patients assessment,
name, age, history of blood transfusion, history of 
previous operations; full history, history of jaundice,
history of abdominal distension or weight loss or night
sweating, history of hematemesis or bleeding per 
rectum, history of hepatic coma or encephalopathy;
family history of hepatitis C infection or hepatocellular
carcinoma; drug history, complete clinical examina-
tion, laboratory assessment to verify the diagnosis
and patient general conditions, which included CBC,
liver function tests, INR, AFP. Moreover, all subjects
(HCC group) underwent Triphasic CT of the abdomen
to assess the diagnosis and complications.
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Extraction of miR331 and miR23b from serum 
samples: miRNeasy mini kit (Geneaid, Taiwan, Catalog
no. 217004). miR-331 and miR-23b Amplification and
quantification was done using Quantitative Real Time
PCR By using SYBR Green PCR Kit: (QIAGEN Germany,
Catalog no 218073, 218075, 218076). The master mix
was aliquoted into separate 0.2 ml PCR tubes before
adding the DNA template, mixed gently and centrifuged.
Briefly, the cycling conditions were stage 1, 95°C for 15
min, stage 2, 94°C for 30 sec and 55°C for 60 and 70°C
for 60 sec. Stage 2 was repeated for 39 cycles. Reactions
were added and incubated into qPCR thermocycler,
during the last stage, SYBR Green intercalates with the
amplicon to generate a fluorescent signal which is
detected by PCR instrument. Once the reaction is 
complete Ct value data were analyzed for gene 
expression. After the end of the program, the 
expression of miR-331and miR- 23b levels in each 
sample were finally determined after correction with
Housekeeping gene expression level. Controls were
chosen as the reference samples, and fold changes in
the levels of miR-331and miR- 23b were determined by
2-ΔΔCT (cycle threshold) method and expressed as fold
change (FC) using Step One software (Applied
Biosystems, USA).

Data were fed to the computer and analyzed using
IBM SPSS software package version 25.0. (Armonk, NY:
IBM Corp). Chi-square test was used for categorical 
variables, to compare between different groups; One
way ANOVA test was used for normally distributed
quantitative variables, to compare between more than
two groups, and Post Hoc test (Tukey) for pairwise 
comparisons; Mann Whitney test, was used for not 

normally distributed quantitative variables, to compare
between two studied groups; Kruskal Wallis test, for
not normally distributed quantitative variables, to 
compare between more than two studied groups, and
Post Hoc (Dunn's multiple comparisons test) for 
pairwise comparisons; Spearman coefficient was used
to correlate between two distributed abnormally 
quantitative variables; Receiver operating characteristic
curve (ROC) was generated by plotting sensitivity on Y
axis versus 1-specificity on X axis at different cut off 
values. The area under the ROC curve denotes the 
diagnostic performance of the test. An area of more
than 50% gives acceptable performance and an area
about 100% is the best performance for the test. The
ROC curve also allows a comparison of performance
between two tests. All tests were considered significant
if p value <0.05.

RESULTSRESULTS

The results showed a significant increase in AFP 
concentration in the HCC group when compared to
both CHCV and control groups. Regarding to miRNA-
23b gene expression level, the results showed 
significant decrease in miRNA-23b gene expression
level in the HCC group when compared to CHCV and
control groups. On the other hand, miRNA-331 gene
expression level showed significantly higher miRNA-331
gene expression level in the HCC group when compared
to CHCV and control groups. Table 1 and fig. 1 illustrate
these results.

Among all studied HCC cases, Nodal spread, and
extra hepatic metastases was present in 25%, while
Portal vein invasion was present in 30% of all studied
HCC cases, Child Pugh classes were assessed, 80% had
class A, 20% had class B. Performance status was 
evaluated for all HCC cases, 50% had status 0, 20% had
status 1, 25% had status 2, 5% had status 3. BCLC score
was calculated, 45% had stage A, 25% had stage B, and

Control (n = 20) CHCV (n = 40) HCC (n = 40) p

Median (IQR) Median (IQR) Median (IQR)

AFP (ng/ml) 2.54 5.45 282.0ab <0.001*
(1.84 – 3.43) (3.25 – 13.0) (54.50 – 558.3)

miRNA-23b 1.14 0.60 0.27ab 0.001*
(0.87 – 1.3) (0.34 – 0.85) (0.18 – 0.62)

miRNA-331 0.26 0.07 1.06ab <0.001*
(0.08 – 0.66) (0.03 – 0.26) (0.98 – 1.6)

IQR: Inter quartile range
p: p value for comparing between the studied groups, *: Statistically significant at p 0.05 
a: significant with Control; b: significant with HCV.

Table 1 - Comparison between the three studied groups according to AFP, miRNA-23b, and miRNA-331
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30% had stage C. Tumor size was <3 cm in 25%, from 3
to 5 cm in 35%, and more than 5 cm in 40%. Most
lesions were found in the right lobe (65%), while only
5% were found in the left lobe and 30% were found in
both lobes. The miRNA-23b gene expression level
showed significantly decreased level associated with
increased BCLC stage, increased tumor size, multiplicity.
While it did not differ significantly according to 
metastasis, PV invasion, Child Pugh classes, PS, lesion
side. On the other hand, higher miRNA-331 gene
expression level was significantly associated with 
higher BCLC stage, larger tumor size, and multiple
lesions. Otherwise, it did not differ significantly 
according to metastasis, PV invasion, Child Pugh classes,
PS, lesion side. Table 2 clarifies theses data.

Receiver operating characteristic (ROC) curve was

conducted for discrimination of CHCV patients from
control subjects. Moderate accuracy AUCs were found
regarding AFP and miRNA-23b (AUC=0.74, 0.708
respectively).

While miRNA-331 showed low accuracy AUC
(AUC=0.635). Best cut off values and perform ace 
characteristics are shown in Combining different 
markers, increased AUC of miRNA-331 when combined
to AFP to 0.795 and when combined to miRNA-23b to
0.700; increased AUC of miRNA-23b when combined to
AFP to 0.765; increased AUC of AFP when combined 
to miRNA-331 to 0.795, and when combined to 
miRNA-23b to 0.765. In addition, ROC curve was 
conducted for discrimination of HCC patients from 
control subjects. High accuracy AUC was found 
regarding AFP (AUC=0.963). While miRNA-23b and
miRNA-331 showed moderate accuracy AUCs
(AUC=0.893, 0.865 respectively).

Best cut off values and performance characteristics
are shown in fig. 2. Combining markers led to increased
HCC diagnostic ability of miRNA-23b and miRNA-331.
Fig. 2 represents these results.

Regression analysis was conducted for prediction of
HCC susceptibility using, age, gender, AFP, miRNA-23b,
and miRNA-331 as covariates. Higher AFP, miRNA-331,
lower miRNA-23b were considered as predictors of HCC
susceptibility in uni- and multi-variable analyses as
showed in (table 3).

Moreover, regression analyses were conducted for
prediction of HCC complications. Higher AFP, miRNA-
331, lower miRNA-23b were considered as predictors of
HCC higher BCLC stage. Higher miRNA-331, lower
miRNA-23b was considered as predictors of HCC larger
tumor size. Lower miRNA-23b was considered as 
predictor of HCC multiplicity. None of the confounders
was considered as predictor of PV invasion. Table 4
demonstrated theses data.

DISCUSSIONDISCUSSION

Liver cancer remains a global health challenge, with
an estimated incidence of >1 million cases by 2025.
Infection by hepatitis B virus and hepatitis C virus are
the main risk factors for HCC development, although
non-alcoholic steatohepatitis associated with metabolic
syndrome or diabetes mellitus is becoming a more 
frequent risk factor in the West (19). Aberrant miRNA
expression has been identified in a variety of human
cancers including HCC. In addition to up- and down-
regulated miRNAs were reported in HCC tissues (20).

AFP concentration in the current study was 
significantly higher in HCC group when compared to

Figure 1 - Comparison between the three studied groups according 
to (a) AFP, (b) miRNA-23b, and (c) miRNA-331

a: Significant with Control b: Significant with HCV

a

b

c
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Table 2 - Association of miRNA-23b and miRNA-331 with different parameters in HCC group

HCC miRNA-23b p miRNA-331

N % Median (Min. – Max.) Median (Min. – Max.)

Nodal spread and extra hepatic metastases 10 25.0 0.17 (0.02 – 0.94) 0.266 1.04 (0.13 – 1.73) 0.445

Portal vein invasion 12 30.0 0.22 (0.02 – 0.97) 0.444 1.01 (0.12 – 2.41) 0.444

Child Pugh class
A 32 80.0 0.27 (0.14 – 0.94) 0.178 1.03 (0.12 – 2.85) 0.148
B 8 20.0 0.13 (0.02 – 0.97) 1.48 (1.07 – 2.41)

Performance status
0 20 50.0 0.24 (0.14 – 0.97) 0.596 1.18 (0.12 – 2.85) 0.418
1 8 20.0 0.61 (0.18 – 0.88) 0.91 (0.21 – 1.22)
2 10 25.0 0.27 (0.11 – 0.94) 1.07 (1.04 – 2.11)
3 2 5.0 0.02(0.02-0.2) 1.73(1.73-1.73)

BCLC score Stage A 18 45.0 0.59 (0.27 – 0.74) 0.030* 1.01 (0.21 – 1.05) 0.026*
Stage B 10 25.0 0.22 (0.15 – 0.27) 1.07 (1.02 – 1.22)
Stage C 12 30.0 0.18 (0.14 – 0.19) 1.55 (1.22 –2.74)

Tumor size (cm) <3 10 25.0 0.29 (0.26 – 0.59) 0.019* 0.21 (0.13 – 0.80) 0.045*
3 – 5 14 35.0 0.27 (0.19 – 0.88) 1.05 (1.01 – 2.11)
>5 16 40.0 0.16 (0.13 – 0.40) 1.29 (1.15 – 2.24)

Site of focal lesions
Right lobe 26 65.0 0.22 (0.02 – 0.88) 0.210 1.22 (0.12 – 2.85) 0.416
Left lobe 2 5.0 0.94 (0.94-094) 1.23(1.23-1.23)

Both 12 30.0 0.45 (0.17 – 0.97) 0.98 (0.13 – 2.41)

Number of focal lesions Single 24 60.0 0.60 (0.27 – 0.81) 0.030* 1.03 (0.51 – 2.26) 0.036*
Multiple 16 40.0 0.16 (0.13 – 0.19) 1.22 (1.04 – 1.36)

p: p value for comparing between different categories *: statistically significant at p 0.05.

Table 3 - Regression analysis for prediction of HCC susceptibility

Univariable Multivariable

p OR (95% CI) p OR (95% CI)

AFP 0.003 1.06(1.02-1.102) 0.031 1.034(1.011-1.091)

miRNA-23b 0.005 0.21(0.07-0.629) 0.046 0.843(0.533-0.934)

miRNA-331 0.004 1.33(1.003-1.763) 0.017 1.24(1.011-1.688)

AFP: alfa fetoprotein; miRNA: micro RNA, OR: odds ratio; CI: confidence interval.
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CHCV and control groups, which was in same line with
previous studies, found that elevated AFP levels are
associated with higher pathological grade (21). AFP
measurements showed a statistically significant 
difference between the studied groups, which
increased in HCC in comparison to cirrhosis and the
control group (22). The present study revealed that 
significant decrease in miRNA-23b gene expression
level in HCC group when compared to CHCV and control
groups. On the other hand, higher miRNA-331 gene
expression level was found in HCC group when 
compared to CHCV and control groups. For discrimina-
tion of HCC patients from control subjects, ROC curve
was conducted. High accuracy AUC was found 
regarding AFP. In addition, miRNA-23b and miRNA-331
showed moderate accuracy AUCs. These results agreed
with Sun et al., 2019 who found that serum miR-331-3p

was significantly higher in early-stage HCC than 
that in chronic liver diseases (CLD) and HCV infection
respectively, and its level was decreased significantly
after surgery in early-stage HCC. Contrarily, serum 
miR-23b-3p was significantly lower in early-stage HCC
and increased significantly after surgery (23).

Furthermore, ROC demonstrated AUC for serum
miR-23b-3p in discriminating early-stage HCC from CLD
patients, higher than that for AFP. In discrimination
early-stage HCC from severe fibrosis/cirrhosis patients,
both miR-23b-3p and miR-331-3p had better diagnostic
performances than AFP. Serum miR-331-3p levels also
showed a significant correlation with BCLC stages of
HCC (23). Mohamed et al., 2017, found that serum
microRNA 23a level was significantly higher in the HCC
group in comparison to other groups (24).

The miRNA-23b gene expression level showed 
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Figure 2 - ROC curves for discrimination between HCC and CHCV cases regarding (a) AFP, (b) miRNA-23b, 
(c) miRNA-331, discrimination between HCC and controls regarding (d) AFP, (e) miRNA-23b, and (f) miRNA-331.

a b

c d

e f
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Table 4 - Regression analysis for prediction of HCC complications

higher stage larger tumor size multiplicity Portal vein invasion

Univariable Multivariable Univariable Multivariable Univariable* Univariable*

p P p p p p
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age 0.201 0.826 0.321 0.551
1.057(0. 822-1.093) 1.009(0.934-1.089) 1.047(0.956-1.147) 1.037(0.92-1.168)

Gender 0.151 0.724 0.797 0.987
2.245(0.996-5.061) 1.282(0.323-5.09) 1.231(0.252-6.009) 1.209(0.857-2.387)

AFP <0.001 <0.001 0.503 0.604 0.797
1.004(1.002-1.005) 1.003(1.002-1.005) 1.001(0.999-1.002) 1(0.999-1.002) 1.012(0.998-1.058)

miRNA-23b 0.005 0.037 0.041 0.018 0.029 0.106
0.252(0.097-0.655) 0.292(0.092-0.93) 0.501(0.095-0.941) 0.195(0.03-0.664) 0.418(0.101-0.73) 0.625(0.353-1.105)

miRNA-331 <0.001 0.019 0.007 0.004 0.875 0.543
2.293(1.461-3.6) 1.800(1.103-2.937) 3.435(1.395-8.455) 4.562(1.63-12.768) 0.94(0.436-2.029) 0.722(0.252-2.065)

AFP: alfa fetoprotein; miRNA: micro RNA; OR. odds ratio; CI: confidence interval. 
*, multivariable analysis was not conducted as less than two confounders was significant in univariable analysis.

significantly decreased level associated with increased
BCLC stage, increased tumor size, multiplicity, while
higher miRNA-331 gene expression level was 
significantly associated with higher BCLC stage, larger
tumor size, and multiple lesions. ROC curve was 
conducted for discrimination of HCV patients from 
control subjects. Moderate accuracy AUCs were found
regarding AFP and miRNA-23b, while miRNA-331
showed low accuracy AUC. The diagnostic sensitivities
and specificities of both miR-331-3p and miR-23b-3p
had been calculated using the ROC curves, it was shown
that miR-23b-3p had the best sensitivity (80%) and
specificity (74%), miR-23b-3p had better sensitivity
compared to miR-331-3p, but miR-331-3p showed the
highest specificity (25).

High accuracy AUC was found regarding AFP and
miRNA-331, while miRNA-23b showed moderate 
accuracy AUC in our study which is in agreement with
Wu et al. (26). On the other hand, serum miR-331-3p
was significantly increased in HCC compared to patients
with benign hepatic tumors and was associated with
poor HCC prognosis (27). Moreover, miR-23b-3p
showed a significant decrease in the plasma of patients
with early HCC compared to cirrhotic patients. (28)
These results are consistent with those results reported
previously by Cao et al. 2017 (29).

Higher AFP, miRNA-331, lower miRNA-23b were
considered as predictors of HCC susceptibility. Elgamal
et al., 2018 found that age greater than 58 years,
females, hypoalbuminemia, and AFP greater than 11.2
can predict 76.3% of HCC cases (30). We also suggested
that lower miRNA-23b may be considered as predictor
of HCC multiplicity, while none of the studied 

confounders was considered as predictor of PV 
invasion.

Limitation of the study was small sample size and
future studies should be done in large number of
patients to verify our results.

CONCLUSIONCONCLUSION

Serum miRNA-331 is a more effective predictor than
miRNA-23b and AFP for the development of HCC in 
cirrhotic HCV patients. Lower miRNA-23b and higher
miRNA-331 may be responsible for HCC development,
higher stage, larger tumor size and multiplicity.
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approved the final manuscript.
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