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INTRODUCTION

Non-alcoholic fatty liver 
disease (NAFLD) is a frequent 
cause of chronic liver disease. 
It affects 24% of the global 
population and is frequently 
associated with obesity and 
type 2 diabetes (T2D) [1-3]. The 
histological spectrum of NAFLD 
varies from simple steatosis, or 
non-alcoholic fatty liver (NAFL), 
to non-alcoholic steatohepatitis 
(NASH),  characterized by 
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ABSTRACT

Background & Aims: Non-alcoholic fatty liver disease (NAFLD) is a common hepatic condition that can 
progress to hepatocellular carcinoma (HCC) in non-cirrhotic livers. To better understand the development 
of NAFLD-associated HCC, we performed an integrated morphological and molecular analysis to identify 
new insights that can improve the follow-up of NAFLD patients. 
Methods: Our study included a cohort of 14 NAFLD-associated HCC and 41 NAFLD patients. We analyzed 
clinical parameters, a four-microRNA (miRNA) panel (miR-21-5p, miR-34a-5p, miR-130a-3p, and miR-155-
3p) panel and their relationship with p53 and β-catenin expression.
Results: In the study cohort, the NAFLD-associated HCC patients were predominantly male, older, had 
significantly altered hepatic function, and a higher incidence of hypertension, type 2 diabetes, and dyslipidemia. 
Morphologically, the NAFLD-HCC group had substantially higher steatosis, ballooning, and fibrosis grades 
than the NAFLD group. The β-catenin expression was higher in both adjacent non-tumoral liver tissue (ANT) 
from NAFLD-associated HCC patients and in HCC tissue com-pared with NAFLD samples. The 4 miRNAs 
panel showed a dysregulated expression profile between NAFLD, ANT and HCC samples. 
Conclusions: This study provides important insights regarding the molecular mechanisms underlying HCC 
progression in NAFLD patients, allowing for the development of better screening strategies for the early 
detection of NAFLD-associated HCC.
 
Key words: non-alcoholic fatty liver disease − NAFLD - hepatocellular carcinoma − HCC − microRNAs – 
miRNAs − cancer progression − biomarkers.

Abbreviations: ALF: alkaline phosphatase; ALT: alanine aminotransferase; ANT: adjacent non-tumoral 
liver tissue; AST: aspartate aminotransferase; EMT: epithelial-mesenchymal transition; FFPE: formalin-
fixed paraffin-embedded; GGT: gamma-glutamyl transferase; HCC: hepatocellular carcinoma; IHC: 
immunohistochemistry; INR: international normalized ratio; microRNA: miRNA; NAFLD: non-alcoholic 
fatty liver disease; NASH: non-alcoholic steatohepatitis; ncRNA: non-coding RNA; NLR: neutrophil-to-
lymphocyte ratio; T2D: type 2 diabetes; TBIL: total bilirubin.

lobular inflammation and hepatocellular ballooning, with 
or without fibrosis. Non-alcoholic fatty liver disease is the 
hepatic manifestation of different metabolic disorders; 50% of 
the individuals with T2D and 90% of the morbidly obese have 
NAFLD. This hepatic condition is the most prevalent cause of 
chronic liver disease, affects over 25% of the general population 
in industrialized nations, and is also the leading cause of HCC 
development in non-cirrhotic liver disease [4]. 

The global incidence of HCC increased by 75%, becoming 
the second leading cause of years of cancer loss [4, 5]. Almost 
50% of patients with NAFLD-associated HCC had no evidence 
of cirrhosis [4, 6]. Although viral hepatitis remains the primary 
cause for about 60-85% of the worldwide HCC cases, it is 
estimated that NAFLD accounts for 30-40% of these scenarios 
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[7, 8]. Non-alcoholic fatty liver disease associated HCC cases 
are usually clinically silent during the early stages [9, 10] and 
has a less aggressive phenotype, so it can be easily missed on 
routine scans [11, 12]. 

A growing body of evidence confirms the regulatory role 
of small non-coding RNAs (ncRNAs) on the expression of 
TP53 and the synthesis of β-catenin during HCC pathogenesis. 
Consequently, novel HCC biomarkers were discovered, 
including a vast repertoire of ncRNAs [13-16]. Dysregulation of 
these short non-coding transcripts was associated with several 
hallmarks of HCC, such as proliferation, apoptosis, invasion, 
metastasis, epithelial-mesenchymal transition (EMT), 
angiogenesis, drug resistance and autophagy, so they hold 
great promise for enabling a better overview of the molecular 
mechanisms underlying HCC progression [17, 18]. During 
the last decade, a growing body of evidence started to back 
up the role of miRNAs as pivotal players in the non-cirrhotic 
NAFLD-HCC [19-21]. 

While most published articles focus on HCC alone, more 
data is needed to evaluate the miRNA profile dynamics between 
the healthy liver, NAFLD and NAFLD-associated HCC [22, 
23]. Based on this literature gap we identified a panel of four 
miRNAs, miR-21-5p, miR-34a-5p, miR-130a-3p and miR-155-
3p and analyzed their expression and association with NAFLD 
progression towards HCC. 

METHODS

Patient Information
A retrospective cohort of 14 NAFLD associated-HCCs 

and 41 NAFLD formalin-fixed paraffin-embedded (FFPE) 
samples from Prof. Dr Octavian Fodor Regional Institute 
of Gastroenterology-Hepatology, Cluj-Napoca, Romania, 
diagnosed between January 2012 and March 2021, was 
included in the present study. This study was approved 
by the Ethics Committees of the Prof. Dr Octavian Fodor 
Regional Institute of Gastroenterology-Hepatology, Cluj-
Napoca, Romania (1241/27.01.2021) and the Iuliu Hatieganu 
University of Medicine and Pharmacy, Cluj-Napoca, Romania 
(382/23.12.2020). Patients with alcoholic liver injury, 
autoimmune hepatitis, and other liver disease superimposed 
to NAFLD and cirrhosis were excluded. All NAFLD patients 
included in the study were HBV- and HCV-negative. All 
patients included in the study signed the informed consent. 

Data Collection
Clinical and laboratory data were obtained through a 

retrospective review of patients‘ files. Baseline clinical data were 
collected at the index date, including sex, age, medical history 
(T2D, obesity, dyslipidemia, and hypertension) and blood 
parameters: international normalized ratio (INR), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
total bilirubin (TBIL), gamma-glutamyl transferase (GGT), 
alkaline phosphatase (ALF) and neutrophil-to-lymphocyte 
ratio (NLR). 

Morphological Characterization
Histological examination of the specimen was done on 

hematoxylin-eosin slides aided by special stain trichrome 

Masson. Sections from each specimen were examined by 
two pathologists (I.R and R.P.). For all NAFLD specimens, 
the Brunt scoring system was used to determine the grade 
of inflammation, steatosis, ballooning, and stage of fibrosis 
[24]. For NAFLD-associated HCC cases, the staging was 
done according to the WHO Classification of Tumors 2019. 
Parameters analyzed for HCC cases were grading, stage and 
presence of lymphovascular invasion. 

Immunohistochemistry
Immunohistochemistry (IHC) staining was performed 

using a fully automated slide preparation system (Leica 
automatic Bond-Max system). IHC staining was performed 
for the proteins of β-catenin (Abcam, 17C2 clone) and p53 
(Abcam, DO-7 clone). β-catenin staining (nuclear and/or 
cytoplasmic) was scored according to intensity (0–no staining, 
1–weak, 2–moderate, and 3–strong), both in NAFLD tissue 
and HCC tissue. Nuclear p53 expression was interpreted as 
negative when heterogenous staining was seen (score 0) and as 
positive when a diffuse overexpression was seen (score 1) [25].

Bioinformatics Analysis
To better understand the regulatory network of the four 

miRNAs panel (miR-21-5p, miR-34a-5p, miR-130a-3p, and 
miR-155-3p) and HCC, we used miRNET to generate and 
analyze miRNA-gene interaction (https://www.mirnet.ca/
miRNet/faces/home.xhtml). Additionally, we developed a 
heatmap for the 4-miRNA panel to assess their expression 
across various cancers and metabolic processes [26]. The 
expression of 4 miRNAs in HCC vs normal tissue and their 
impact on patient survival was bioinformatically assessed 
using the data from The Cancer Genome Atlas (TCGA) and 
the Starbase online tool [27]. 

RNA Extraction 
RNA was extracted from FFPE tissue using the automated 

Maxwell® RSC RNA FFPE Kit (Cat. No. AS1440) based on the 
instructions furnished by the manufacturer’s protocol. To better 
understand the progressive changes in miRNA expression, we 
extracted RNA from three different sample types: 41 NAFLD 
samples, 14 adjacent non-tumoral tissue from NAFLD-
associated HCC patients (ANT) and 14 tumoral samples from 
NAFLD-associated HCC patients. The total RNA extracted from 
the FFPE Tissue Sections was quantitatively and qualitatively 
measured with a NanoDrop-1000 spectrophotometer (Thermo 
Scientific, Waltham, MA, USA).

cDNA and qRT-PCR
The cDNA synthesis was done using 100 ng of total RNA 

extracted from FFPE tissue. Based on the recommended 
protocol, the cDNA synthesis was realised using 100 ng of 
total RNA extracted from FFPE tissue, using the miScript 
HiSpec Buffer in a 20 μL and the following program: 37°C 
for 60 minutes and then at 95°C for 5 minutes. The cDNA 
was then diluted for a PCR array based on a SybrGreen 
protocol. The miRNA expression level was evaluated using 
a TaqMan Based protocol and TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems). For the amplification, 
we used TaqMan Fast Advanced Master Mix (Applied 
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Biosystems) and TaqMan™ MicroRNA Assay: RNU48 (Cat. 
No. 4427975); U6 (Cat. No. 4427975); miR-21-5p (Cat. No. 
4427975); miR-155-5p (Cat. No. 4427975); miR-34a-3p (Cat. 
No. 4427975); miR-130a-3p (Cat. No. 4427975) on the same 
instrument. Mature sequences of the miRNA and normalizers 
are presented in Table I. 

Statistical Analysis
The qRT-PCR data analysis was achieved using the 

ΔΔCt method, as previously described by Berindan-
Neagoe et al. [28]. Statistical data analysis was performed 
with Prism software version 8.0. The t-test was used to 
compare the differential expressions of miRNAs between 
tumor tissue, NAFLD tissue and adjacent normal tissue. 
To compare differences between the morphological and 
immunohistochemical characteristics, the chi-squared test 
and Fisher’s exact test were used. A p-value lower than 0.05 
was considered statistically significant.

RESULTS

Patients’ Cohort Clinical Characteristics
From January 2012 to March 2021, 14 patients with HCC 

developed in a background of non-cirrhotic NAFLD who 
underwent hepatectomy, and 41 specimens from patients with 
NAFLD from non-HCC patients, biopsy-proven, were included 
in our cohort. The baseline characteristics, sex distribution and 
associated comorbidities of the patient groups, and an analysis 
of the associated differences are summarized in Table II.

There was a difference in gender distribution in our study 
cohort, as the patients with NAFLD who progressed towards 
HCC were all male. The mean age difference between the two 
groups was statistically significant with a positive 17-year 
difference (50.7 vs 68.7) for the NAFLD-associated HCC group. 
Hepatic function was significantly altered in the NAFLD-
associated HCC groups with significant differences compared 
with NAFLD patients for the levels of ALT (p=0,042) and 
bilirubin (p=0,027). 

The existing comorbidities in the two groups varied 
significantly, with HTA being present in 78.5% of NAFLD-
HCC (11/14) compared with 41.4% in the NAFLD group 
(17/41) (p=0.028). T2D and dyslipidemia were present in all 
14 patients with NAFLD-HCC. NAFLD patients presented 
T2D in 39% of cases (16/41) and dyslipidemia in 56% (23/41). 
There were no significant differences regarding obesity between 
the two groups. 

Morphologic Characteristics
HCC samples were classified based on their grade of 

differentiation in three groups. A graphic representation of the 
three differentiation stages is presented in Fig. 1. 

Data regarding the grade of steatosis, balonisation, fibrosis 
and abundance of associated inflammation present in the 
tissue of NAFLD and NAFLD-HCC patients are summarized 
in Table III.

Table II. Baseline characteristics and clinical parameters of the patient 
cohort

Parameter NAFLD NAFLD-related 
HCC

p

Gender

M
F

20
21

14
0

0.0004

Mean age, years, 
range

50.7 (23-67) 68.7 (57-77) <0.0001

INR 1.05 (0.84-1.6) 1.06 (0,98-1,23) 0.8262

AST (UI/ml) 73,92 (12-444) 30.35 (15-56) 0.0614

ALT (UI/ml) 111 (10-1288) 31.35 (9-75) 0.0427

TBIL (UI/ml) 1,47 (0,3-13,9) 0.81 (0.36-2.1) 0.0270

GGT (UI/ml) 170,09 (22-796) 62.57 (33-163) 0.0763

ALF (UI/ml) 265.63 (26-734) 252.07 (137-
511)

0.7013

NLR 2.32 (0,72-4,63) 2.91 (0,87-6,96) 0.0983

AST (UI/ml) 73.92 (12-444) 30.35 (15-56) 0.0614

HTA

Yes 17 11 0.0286

No 24 3

T2D

Yes 16 14 <0.0001

No 25 0

Dyslipidemia

Yes 23 14 0.0021

No 18 0

Obesity

Yes 15 3 0.3457

No 26 11

INR: international normalized ratio; ALT: alanine aminotransferase; AST: 
aspartate aminotransferase; TBIL: total bilirubin; GGT: gamma-glutamyl 
transferase; ALF: alkaline phosphatase; NLR: neutrophil-to-lymphocyte 
ratio; HTA: hypertension; T2D: type 2 diabetes.

Table I. Mature sequences of the normalizers and miRNA that were used in the study

miRNA Mature sequence

RNU48 GATGACCCCAGGTAACTCTGAGTGTGTCGCTGATGCCATCACCGCAGCGCTCTGACC

U6 GTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATACAG 
GAAGATTAGCATGGCCCCTGCGCAAGGATGACACGCAAATTCGTG 
AAGCGTTCCATATTTT

miR-21-5p UAGCUUAUCAGACUGAUGUUGA

miR-155-3p CUCCUACAUAUUAGCAUUAACA

miR-34a-5p UGGCAGUGUCUUAGCUGGUUGU

miR-130a-3p CAGUGCAAUGUUAAAAGGGCAU
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The two groups showed similar levels of inflammation in 
the liver tissue, with higher levels seen in the NAFLD patient 
cohort (Fig. 2). Steatosis was significantly more severe in the 
NAFLD group, with 33 patients in grade 2 or 3, NAFLD-HCC 
patients showed a lower level of steatosis with 10/14 showing 
a grade 1 steatosis (Fig. 3) (p=0.001).

Hepatocyte balonisation was significantly more pronounced 
in the NAFLD group with 40 (97%) of patients showing a grade 
1 or grade 2 (p<0.0001) and only 6 (42.8%) patients from 
the NAFLD-associated HCC showing a grade 1 balonisation 
of hepatocytes (p<0.0001). Fibrosis was significantly more 
pronounced in NAFLD-HCC samples. All patients showed at 
least a grade 2 level of fibrosis with 6 (42.8%) showing a grade 
3 level of fibrosis; in the NAFLD group 34 (82.9%) showed a 
low to moderate fibrosis level (p=0.012).

Immunohistochemistry Characterization
β-catenin and p53 IHC expression were assessed in the two 

patient cohorts (Table IV). β-catenin showed low expression 
(score 0 and 1) in 39 (95.1%) of NAFLD samples. Higher 
expression was seen in both ANT and NAFLD-associated HCC 
samples, with 11 (78.6%) (cases in both ANT and NAFLD-

associated HCC samples) showing a moderate to intense 
score of β-catenin, the difference being statistically significant 
between the two cohorts (p<0.0001) (Fig. 4, A-G). p53 IHC 
expression assessment showed significant profile changes 
between the cohorts with p53 being negative, non-mutated in 
all NAFLD and ANT samples and showing a positive expression 
in 9 (64.3%) of NAFLD-associated HCC cases (Fig. 5).

Bioinformatics Analysis of the Four-miRNA Panel
A heatmap was generated using the Starbase V.8 online 

software to analyze the expression level of the 4-miRNA panel 
in cancer and cancer-related metabolic processes (Fig. 6). 
Three miRNAs from our panel (miR-21-5p, miR-130a-3p and 
miR-34a-5p) are overexpressed in p53 signaling pathway, in 
proteoglycans processing pathway in cancer and in hepatitis B. 
Three miRNA, miR-21-5p, miR-130a-3p and miR-34a-5p are 
involved in fatty acids metabolism and cell cycle progression. 
Additionally, miR-34a-5p and miR-130a-3p are overexpressed 
in multiple solid malignancies and in oncogenic pathways.

Expression Level Analysis of the Four-miRNA Panel
The expression of the 4-miRNA panel was assessed on 

the TCGA database HCC samples. miR-21-5p and miR-34a-
5p were overexpressed in HCC tissue samples compared 
with normal control samples (p<0.0001). MiR-130a-3p was 
downregulated in HCC samples compared with normal 
controls (p<0.0001) and for miR-155-3p no statistically 
significant differences between HCC samples and controls 
were seen (p=0.86) (Fig. 7).

Fig. 1. Hepatocellular carcinoma degree of differentiation in NAFLD progressed HCC. A) Grade III poorly differentiated HCC 
with solid masses of cancer cells, disorganized architecture, and high cellular polymorphism, HE 200x magnification; B) Grade I 
well-differentiated HCC with the majority of cells resembling adjacent liver tissue, HE 200x magnification; C)  Grade II moderately 
differentiated HCC with tumor cells still having the liver-like organization, with zones of solid architecture, HE 200x magnification.

Table III. Morphological characterization of the histological parameters 
between the two groups

Parameter NAFLD NAFLD-related HCC p

Steatosis 0.0012

1 8 10

2 15 3

3 18 1

Balonisation <0.0001

0 1 8

1 30 6

2 10 0

Fibrosis 0.0124

1 16 0

2 18 8

3 7 8

Inflammation 0.7015

1 31 7

2 10 3

Table IV. β-catenin and p53 IHC analysis in NAFLD and NAFLD-
associated HCC samples

IHC Marker NAFLD ANT NAFLD-
associated 

HCC

p

β-catenin <0.0001

0
1

34
5

0
2

0
3

2 1 7 9

3 1 4 2

p53 <0.0001

0 41 14 5

1 0 0 9
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Expression Level of the Selected MiRNA Panel Using 
qRT-PCR Expression Analysis
We aimed to analyze the miRNAs expression dynamics 

during NAFLD progression towards HCC. The differential 
expression analysis revealed statistically significant up-
regulation of miR-21-5p and miR-34a-5p in peritumoral tissues 
(ANT) compared with an even higher statistically significant 
up-regulation in tumor tissues when compared with ANT and 
NAFLD samples. This expression profile highlights a steady 
progression in the expression levels of these two miRNAs from 

NAFLD to ANT and NAFLD-associated HCC (Fig. 8 A and 
D). The miR-155-3p expression was also statistically significant 
up-regulated in the ANT and HCC samples compared to the 
NAFLD samples (Fig. 8 B). Still, there was no statistically 
significant difference in its expression level when miR-155-
3p was compared between the ANT and HCC samples. The 
expression of miR-130a-3p was significantly up regulated in the 
ANT samples compared to NAFLD and HCC tissues (Fig. 8 C). 
There was no statistically significant difference in miR-130a-3p 
expression compared to NAFLD and HCC samples (Fig. 8 C).

Fig. 2. Morphological assessment of the study samples‘ degree of steatosis and inflammation. A) Steatosis grade 1: rare lipid inclusions 
of small and medium size, HE 200x magnification. B) Steatosis grade 2 with a more pronounced hepatocytes accumulation, HE 200x 
magnification. C) Steatosis grade 3 with multiple intracytoplasmic lipid inclusions affecting normal liver architecture. D) NAFLD 
liver tissue with several lymphocytes, inflammation score 1, HE 200x magnification. E) NAFLD with inflammation score 2.

Fig. 3. Evaluation of the balonisation and fibrosis grade in NAFLD and NAFLD-HCC samples on HE and Trichrome staining. A) 
Occasional ballooned hepatocytes (star) observed (grade 1) HE 200x; B) Many ballooned hepatocytes observed (grade 2) HE 200x; 
C) No ballooned hepatocytes observed (grade 0) HE 200x; D) Perisinusoidal fibrosis observed in zone 3 (stage 1)-Masson trichrome 
stain. E) Perisinusoidal and portal/periportal fibrosis, without evidence of bridging fibrosis (stage 2) Masson trichrome stain; F) 
Occasional septal fibrosis without evidence of cirrhosis (stage 3) Masson trichrome stain.
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DISCUSSION

This study investigates the changes in the expression profile 
of a four-miRNAs panel in NAFLD and NAFLD-associated 
HCC, focusing on clinical and genomic alterations to better 
understand the HCC tumorigenesis on the frames of a pre-
existing NAFLD. A significant difference was seen between the 
mean age at diagnosis between the two groups, with an 18-year 

difference in favor of the NAFLD-associated HCC, suggesting 
that the progression from NAFLD to HCC is a long process 
that could be prone to screening if adequate strategies are being 
implemented. Due to the relatively low incidence of malignant 
transformation and lack of clear guidelines, regular screenings 
by liver fibrosis assessment are not recommended in low-risk 
patients. Also, there need to be clear follow-up guidelines for 
medium and high-risk patients [29]. Thus, this surveillance 

Fig. 4. β-catenin IHC expression quantified on a three-level scale from 1 (low) to 3 (intense). In both NAFLD, ANT and HCC 
tissue. A-D) NAFLD samples, β-catenin staining, 200x. E-G) ANT samples, β-catenin staining, 200x. H-J) HCC samples, β-catenin 
staining, 200x.

Fig. 5. p53 IHC staining quantified on a dichotomic scale of negative and positive. A, B, 
C) p53 negative IHC staining in NAFLD, ANT and HCC samples, 200x. D) p53 positive 
staining in HCC samples, 200x.
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gap raises the requirement for more accurate, non-invasive, 
and low-cost screening methods to identify NAFLD‘s early 
progression towards HCC. 

In our study, parameters assessing liver function were 
significantly different between the two cohorts, with a lower 
level of AST, ALT, TBIL, GGT, and ALF in NAFLD-associated 
HCC patients, which was expected given the advanced stages 
of fibrosis in this cohort. Higher NLR levels were observed 
in patients with NAFLD-HCC related. The NLR, frequently 
used to assess inflammatory disorders, measures the absolute 
quantity of neutrophils in lymphocytes [30]. Our findings 
are in concordance with the evidence from a recent study by 
Thomas et al. [31], who showed that patients with NAFLD with 
higher NLR counts have a greater chance of developing HCC. 

We observed a statistically significant difference for HTA, 
T2D and dyslipidemia between the two cohorts, with these 
comorbidities being more prevalent in the NAFLD-associated 
HCC group. Morphologic assessment in hematoxylin-eosin 

staining showed differences in steatosis and hepatocyte 
balonisation grade. A lower grade of steatosis and balonisation 
in NAFLD-associated HCC is possible due to the affected 
liver function in the context of HCC. The level of fibrosis was 
more elevated in NAFLD-associated HCC, with all patients 
having at least a grade II level of fibrosis and 42% of them in 
the precirrhotic stage. Interestingly there were no significant 
differences regarding the level of associated inflammation 
between the two cohorts, suggesting that the tumorigenesis 
mechanisms in these patients are caused mostly by metabolic 
alterations and is not related to the inflammatory pathways as 
is seen in NASH or viral-associated HCC [32-34].

We witnessed significant differences in β-catenin 
expression between the study cohorts (NAFLD, ANT and 
NAFLD-associated HCC). As such, the overexpression of 
β-catenin in ANT and NAFLD-associated HCC cases suggests 
that one of the mechanisms involved in the progression 
of NAFLD towards HCC is the dysregulation of the WNT 

Fig. 6. Heatmap analysis of the expression levels of the 4-miRNA panel in different cancers and cancer-
associated metabolic processes according to the Starbase database. The two orange squares are highlighting 
the important pathways related to NAFLD in which the 4 miRNAs are involved: p53 signaling pathway 
and fatty acid related pathways.

Fig. 7. Expression level analysis, the four-miRNA panel in HCC tissue compared to normal liver tissue, 
according to the TCGA data analysis. ns – nonsignificant; **** p<0,0001.
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signaling pathway. Kim et al. [35] showed that β-catenin is a 
major oncogene in HCC development, with WNT pathway 
dysregulation being an important early genetic event during 
tumorigenesis. β-catenin mutations and alterations increase 
cytoplasmatic levels and nuclear accumulation, as shown by 
the IHC staining. In addition, Wong et al. [36] demonstrated 
a robust „field effect” in the livers of individuals with NAFLD 
and HCC, where activated β-catenin changed the immune 
microenvironment. This “field effect” in NAFLD patients can be 
easily highlighted with IHC staining.  Interestingly, β-catenin 
was elevated in ANT tissue at significantly higher levels than 
in NAFLD cases, with only 2 cases out of 41 (4.8%) in the 
NAFLD group showing a moderate or high expression. This 
result suggests that β-catenin may provide important insights 
of a possible cancerization effect in NAFLD that could identify 
patients at risk of further HCC development. 

P53 IHC was evaluated to assess the presence of TP53 
gene alterations, as it can be an accessible surrogate marker 
[37, 38]. Immunohistochemistry staining detected p53 
alterations only in NAFLD-associated HCC samples (62%). 
TP53 gene is an important tumor suppressor frequently 
mutated in HCC, its mutation allowing hepatic cells to escape 
the cell cycle surveillance and promote uncontrolled division 
and tumorigenesis [39]. TP53 gene activity can be indirectly 
dysregulated by miRNA modulations, as it can downregulate 
its expression, thus limiting its function [40, 41]. Also, miR-
21-5p, miR-34a-5p and miR-155-3p, part of our miRNA 
panel, regulate the p53 pathway [42, 43]. As p53 aberrant IHC 
expression was not detected in NAFLD samples, we further 
focused on evaluating the expression of miRNAs that can alter 
their expression early on in tumorigenesis and can provide an 
insight on malignant transformation.  

Based on the RT-PCR results (Fig. 8), miR-21-5p and miR-
34a-5p maintained an upregulated expression pattern in both 

peritumoral and tumoral non cirrhotic NAFLD-HCC when 
compared with the NAFLD samples. This confirms the findings 
obtained through our TCGA data analysis (Fig. 6). We also 
noticed a steady increase in the expression of both miR-21-
5p and miR-34a-5p when comparing the peritumoral tissue 
samples with the tumoral ones. Hence, the upregulation of these 
two miRNAs is directly correlated with tumor development in 
our non-cirrhotic NAFLD-HCC patient cohort. 

Hepatic-enriched miR-21-5p plays multiple oncometabolite 
roles in the NAFLD-HCC progression [44-46]. Its upregulated 
expression pattern found in our peritumoral and tumoral 
tissue samples was an expected event that confirms its 
value as an important molecular biomarker. Moreover, the 
implications of miR-21 in lipid accumulation in NAFLD and 
progression towards HCC have been shown by Wu et al., 
which demonstrated a mechanism of lipid accumulation via 
modulation of the HBP1-p53-Srebp1c pathway. Higher levels of 
miR-21-5p promoted lipid accumulation via downregulation of 
Hbp1, a transcriptional activator of the TP53 gene. Knockdown 
of miR-21 in mice models led to lower lipid accumulation 
and higher levels of HBP1 and p53 proteins, highlighting the 
inhibitory effect of miR-21 over the p53 pathway [47]. 

Likewise, the conserved upregulated expression profile of 
miR-34a-5p, known for its tumor suppressive roles in HCC 
[48, 49], deserves further attention regarding its value as a 
molecular biomarker. The miR-34a-5p is a tumor suppressor 
miRNA, usually down regulated in early tumorigenesis and 
associated with an aggressive phenotype [50]. Its expression 
was found to be increased in NAFLD [49, 51], which also 
explains its upregulation in NAFLD-HCC patients. Thus, 
miR-34a-5p appears to be associated with tumor progression, 
metastasis, and a negative outcome in HCC patients [52-54]. 

The miR-130a-3p is downregulated in the TCGA HCC 
samples (Fig. 6), and a similar result was obtained in our 

Fig. 8. Differential expression analysis using qRT-PCR of the four-miRNA panel 
in NAFLD and NAFLD associated-HCC samples. NAFLD tissue; ANT: adjacent 
NAFLD non-tumoral tissue from NAFLD-associated HCC patients; HCC: tumor 
tissue from NAFLD - associated HCC patients.
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cohort when comparing ANT with HCC samples. Interestingly, 
when comparing NAFLD samples with ANT, we observed 
an upregulation of the miR-130a-3p, which is innovative and 
supports the presence of a molecularly altered cancerized 
field in cancer patients. Also, we observed no significant 
changes when comparing NAFLD samples with HCC (Fig. 
7 C). The miR-130a-3p modulates HCC proliferation and 
metastasis by targeting ZEB1/2 [55]. This miRNA was found 
to be downregulated in some studies on HCC and linked with 
prolonged overall survival. It is believed that miR-130a-3p may 
inhibit progression by downregulating ROCK2 [56]. Also, miR-
130a-3p has been shown to downregulate the expression of 
β-catenin by targeting the WNT pathway, limiting proliferation 
and EMT [57]. 

The miR-155-3p was upregulated in the HCC samples 
when comparing NAFLD samples; no statistically significant 
differences were seen between ANT and HCC samples, but 
between NAFLD and ANT samples, we noticed a significative 
upregulation. Our results suggest the importance of evaluating 
the molecular aspects of the NAFLD tissue as it can reveal 
early-step molecular alterations. miR-155-3p is an important 
hepatic oncomiR, with multiple studies showing a correlation 
between its overexpression and the malignant progression of 
HCC [58]. MiR-155-3p was involved in multiple hallmarks 
of HCC, including tumorigenesis, cell proliferation, invasion, 
anti-apoptosis, and metastasis [59-61]. Studies have shown 
that miR-155-3p can target and downregulate the expression 
of p53, leading to decreased apoptosis, increased proliferation, 
and chemotherapy resistance in cancer cells [62, 63]. 

CONCLUSIONS

Our findings revealed molecular alteration of the 
expression profile of miRNAs in NAFLD tissue, especially for 
miR-21-5p, miR-34a-5p, and miR-130a-5p; their upregulation 
in peritumoral and tumoral tissue samples was associated with 
the progression of HCC in NAFLD patients. 

In addition to their respective tumor suppressor and tumor-
promoting roles, these 4 miRNAs play important roles in the 
progression of NAFLD to HCC by regulating the expression of 
key signaling pathways such as WNT pathway and influencing 
the expression of β-catenin and p53. The extensive study of 
molecular events inside hepatocytes will help understand the 
mechanism contributing to the development of HCC on a 
background of non-cirrhotic NAFLD and design new strategies 
to prevent, detect earlier, and develop new treatments for the 
disease.
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