
Abdel‑Tawab et al. 
Egyptian Journal of Medical Human Genetics           (2023) 24:57  
https://doi.org/10.1186/s43042‑023‑00434‑w

RESEARCH

The role of miRNA‑29b1, MMP‑2, MMP‑9 
mRNAs, and proteins in early diagnosis of HCC
Marwa Sayed Abdel‑Tawab1*  , Hanan Fouad2,3, Doaa Mahmoud Khalil4, Saeed Shaaban5, Shaymaa Nafady6, 
Hanan Hosni Moawad7, Heba Ahmed Mostafa8, Soha Mahmoud Abdel‑Salam9, Naglaa Adly Abd Elazeem1 and 
Alaa A. Mohamed1,10 

Abstract 

Background Hepatocellular carcinoma (HCC) is a common, serious malignancy with a dismal prognosis. As HCC 
is frequently missed in its early stages, non‑invasive early detection is urgently needed. The purpose of this study 
was to evaluate the possible utility of circulating miRNA‑29b1, matrix metalloproteinases (MMPs)‑2 and ‑9 mRNAs, 
and proteins as diagnostic and predictive biomarkers for HCC.

Subjects and methods This study included 92 subjects, including 52 patients with HCC at various stages and grades 
and 40 healthy subjects as controls. RT‑PCR was used to detect circulating miRNA‑29b1, MMPs‑2, and 9 mRNAs, 
while ELISA was used to detect AFP, MMPs‑2, and 9 proteins in the participants’ blood.

Results When HCC patients were compared to controls, there were significant increases in the levels of MMPs‑
2, 9 mRNAs, and proteins, and a significant drop in the levels of miRNA‑29b1. There were no significant variations 
in the levels of miRNA‑29b1, mRNAs, and MMP‑2 and ‑9 proteins in advanced HCC. There were negative associations 
between miRNA‑29b1 and MMPs‑2, 9 mRNAs, and proteins, implying overlapping molecular microRNA‑mediated 
mechanisms that control MMPs that should be investigated further in the future. The levels of miRNA‑29b1, MMPs‑2, 9 
mRNAs, and proteins indicated significant sensitivity and specificity in the early identification of HCC.

Conclusion MMP‑2, 9 mRNAs, and proteins may be employed as diagnostic but not prognostic biomarkers in HCC. 
miRNA‑29b1 may play a protective role in HCC. An overlapping molecular microRNA‑29b1‑mediated pathway 
that may control MMPs‑2 and 9 requires further experimental investigation in the future.
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Introduction
Hepatocellular carcinoma (HCC) comprises 75–85% of 
cases of primary liver cancer worldwide, with [1] high 
morbidity and mortality, so it is one of the most severe 
cancers [2]. Over 700,000 deaths/year are due to HCC 
worldwide [3]. With a very poor prognosis, HCC can-
not be detected at an early stage. Early diagnosis of 
HCC can significantly improve the curative outcome, 
alleviating the patients’ suffering [2]. Clinical methods 
such as histopathology and imaging can detect HCC 
at a late stage [4]. Thus, it is urgently needed to detect 
new non-invasive methods for the early detection of 
HCC.

Alpha-fetoprotein (AFP) was first discovered as a 
serum biomarker of HCC in 1960 [5] and remains the 
most frequent HCC biomarker utilized globally. Even 
though AFP has a sixty percent sensitivity for diagnos-
ing HCC, its specificity is still poor [6]. Additionally, in 
15–30 percent of patients with advanced HCC, serum 
AFP is normal [7]. The AFP rise has also occurred in 
benign hepatic diseases such as cirrhosis and hepatitis 
[8]. As a result, the Practice Guidelines Committee of 
the American Association for the Study of Liver Diseases 
(AASLD) no longer recommends AFP for the early iden-
tification of HCC [9].

Matrix metalloproteinases (MMPs) are zinc-depend-
ent proteases, classified according to their activity into 
gelatinases, collagenases, matrilysins, and stromelysins 
[10]. MMP-2, a collagenase IV with a molecular mass 
of 72 kDa, is involved in tissue remodeling and embry-
onic development [11], whereas MMP-9, a collagenase 
IV with a molecular mass of 92 kDa, is involved in devel-
oping malignancies and enhances tumor angiogenesis, 
progression, invasion, and metastasis [11, 12]. MMP-9 
activation occurs mainly via MMP-2. Some studies 
reported a common mechanism of trans-activation for 
both [13, 14]. Diminished MMP-9/-2 enzymatic activity 
is associated with enhanced chemotherapy’s anti-prolif-
eration and pro-apoptotic activity in human HCC [15]. 
The critical role of MMPs in cancer is implicated in the 
degradation of the extracellular matrix (ECM), enhanc-
ing cell invasion and metastasis [10, 16, 17]. An accumu-
lating body of publications revealed a potent correlation 
between the disrupted expressions of MMPs at the RNA 
or protein level in many cancers and the poor prognosis 
of the malignancy [12, 15]. MMP-2 and -9 were directly 
related to downregulated miRNAs [18]. Phosphatidylin-
ositide-3 (PI3) kinase, MMPs-2 and -9, and other genes 
associated with cell proliferation and migration were dis-
covered to be downregulated in cancer cells, while other 
microRNAs were found to be upregulated in the same 
cancer cells, pointing to the microRNA’s indirect regula-
tory role in modulating MMPs-2 and -9 [19].

Several micro-RNAs (miRNAs) have been related 
to cancer [20]. The results suggest that miRNA’s role 
in cancer is enhanced by the presence of about 50% of 
miRNA genes in genomic regions associated with can-
cer [21]. Many miRNAs have been involved in the regu-
lation of the MMPs by disrupting the distinct functions 
of MMPs, such as remodeling of the ECM, angiogen-
esis, and the transition of epithelial to mesenchymal 
tissues [22]. The microRNA processing impairment 
increased the expression of MMPs-2 and -9, enhanc-
ing the proliferation and cell invasion of cancer cells 
[23]. In the human miRNA-29 (mir-29) family, the 
precursors’ locations are chromosome region 7q32 for 
miR-29a/miR-29b-1 and chromosome region 1q32 for 
miR-29b-2/miR-29c, but both miR-29b-1 and miR-
29b-2 form identical mature miR-29b [24]. MiR-29b 
directly inhibits MMP-2 expression in  vitro, impair-
ing Vascular Endothelial Growth Factor receptor-2 
(VEGFR-2) signaling in endothelial cells. Its upregu-
lation suppresses angiogenesis and carcinogenesis 
in vivo. It decreased the ability of HCC cells to enhance 
the formation of capillary tube endothelial cells [25]. 
MiR-29b was reported to be downregulated in many 
cancers, such as breast cancer, endometrial carcinoma, 
pancreatic ductal adenocarcinoma, and HCC [26–28]. 
miR-29b administration in mouse xenograft tumor 
models inhibited cell proliferation, tumor vasculariza-
tion, invasion, and migration [29]. Furthermore, the 
induced upregulation of miR-29b-1 in human osteo-
sarcoma cells was associated with a decrease in cell 
invasion and proliferation [30]. On the contrary, it was 
reported that miR-29b-knockdown blocked the growth 
of the bladder cancer cell line [31]. Furthermore, 
miRNA-29 was considered a crucial gene implicated in 
the progression of breast cancer (BC). It was reported 
to be a possible non-invasive biomarker for the detec-
tion of BC [32].

This work aimed to compare circulating miRNA-29b1, 
MMPs-2, and -9 mRNAs and proteins to AFP, the most 
common biomarker in HCC, and to assess their potential 
utility as diagnostic and prognostic biomarkers of HCC. 
To our knowledge, no previous studies have assessed 
these circulating parameters in HCC.

Subjects and methods
Ethical approval
According to Helsinki Declaration guidelines [33], the 
study was carried out. Before registration for the study, 
written consents were obtained from all subjects. The 
research was approved by the Research Ethical Com-
mittee, Faculty of Medicine, Beni-Suef University, with 
approval number FMBSUREC/12022023/Ammar.
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Study design
This case–control study was conducted from February 
2023 to June 2023 in the biochemistry and molecular 
biology department, Faculty of Medicine, Beni-Suef 
University. Whole blood samples were collected from 
92 subjects, including 52 patients with HCC who were 
attendants of the Tropical Hepato-Gastroenterology 
Department and Oncology Department at Beni-Suef 
University Hospital and 40 healthy subjects that served 
as controls.

Patients’ selection
According to the American Association for the Study 
of Liver Diseases radiographic criteria for HCC [34], 
all HCC patients were diagnosed by findings of HCC 
criteria at least 2 radiological techniques, including 
abdominal ultrasound, magnetic resonance imag-
ing, contrast-enhanced dynamic computed tomogra-
phy, hepatic angiography, and/or alpha-fetoprotein 
(AFP) ≥ 200 μg/mL. Specific features of HCC, such 
as the number of nodules and size, stage, grade, and 
metastasis, were obtained to assess their relations and 
correlations with the studied markers. The exclusion 
criteria for patients who had secondary or recurrent 
tumors, a history of HCV infection, HBV infection, 
other malignant tumors, or were being treated with 
chemotherapy or radiotherapy were excluded from this 
study.

Samples collection
There are two aliquots: whole blood for mRNA and 
serum for circulating miRNA and ELISA. Three milli-
liters of whole blood were collected in an EDETA tube 
from each subject for mRNA extraction. Another three 
milliliters of whole blood were collected in a plain tube 
from each subject. After coagulation, they were centri-
fuged for 10 min at 4000 rpm, then 100 μL of the fresh 
serum was used for miRNA extraction, and the rest was 
preserved at − 80  °C to measure AFP, MMPs-2, and -9 
proteins by ELISA.

Assay of serum protein levels of AFP, MMP‑2, and MMP‑9
AFP, MMP-2, and MMP-9 proteins were assessed in the 
serum according to the manufacturer’s recommenda-
tions of the commercial ELISA kits [Human MMP-2 
ELISA Kit (Catalogue No. 201-12-0905, Sunred, China) 
and Human MMP-9 ELISA Kit (Catalogue No. 201-12-
0937B, Sunred, China)].

Isolation of mRNA
According to the manufacturer’s recommendations, 
FavorPrep Blood/Cultured Cell, Total RNA Mini Kit 

(Cat. No.: FABRK 001-1, FAVORGEN, Taiwan) was 
used to isolate mRNAs from whole blood samples.

Isolation of miRNA
According to the manufacturer’s recommendations, iso-
lated total RNA, including miRNA from the serum sam-
ples, was purified using the miRNeasy Mini Kit (cat. no. 
217004, QIAGEN, Germany). By spectrophotometry 
(JENWAY, USA), the extracted RNA was quantified at 
260 nm.

Reverse transcription of isolated mRNA
According to the manufacturer’s instructions, the iso-
lated mRNA was reverse transcribed into cDNA, using 
TOPscript™ RT DryMIX (dT18/dN6 plus) kit (Cat. No.: 
RT220, economics, Life Technologies, India) by adding 
100 ng of isolated mRNA to the dissolved pellet of the 
strips, and then the mixture was incubated at 42  °C for 
5 min.

Reverse transcription of isolated total RNA, 
including miRNA
The isolated total RNA, including miRNA, was reverse 
transcribed into cDNA using the miScript II RT Kit (cat. 
no. 218161, Qiagen, Valencia, CA). Twenty microliter RT 
reactions were prepared after adding 1 μg of total RNA. 
According to the manufacturer’s instructions, incubation 
was at 37 °C for 60 min and at 95 °C for 5 min.

Real‑time quantitative PCR using SYBR Green
According to the manufacturer’s recommendations, 
cDNA prepared from mRNA in a reverse transcription 
reaction, primers of MMPs-2 and MMPs-9, and GAPDH 
(a housekeeping gene expression) were added to the con-
tents of the Maxima SYBR Green/ROX qPCR Master 
Mix (2X) kit (Catalog number: K0221, Thermo Scien-
tific™, Lithuania), while cDNA prepared from miRNA 
in a reverse transcription reaction using miScript HiFlex 
Buffer served as the template for real-time PCR analysis, 
which was done using a miScript Precursor Assay which 
consists of a specific forward and reverse primers for the 
precursor-miRNA targeting its stem-loop sequence and 
then added to the contents of the miScript SYBR Green 
PCR Kit (Cat. No. 218073, Qiagen) with the RNU6, 
which was used as the reference miRNA.

All primer sequences were designed from GenBank 
RNA sequences with Tm: 60–65 °C as shown in Table 1, 
and they were provided by Qiagen, Germany. Before 
assay preparation, cDNA was diluted 1:5 with nuclease-
free H2O in a net volume of 25 μL. Samples were ana-
lyzed by the Applied Biosystems StepOne™ Real-Time 
PCR System (software V.2.0.1) with optimum conditions: 
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a 15-min initial phase at 95  °C, then three stages of 40 
cycles for 15 s. at 94 °C, 30 s. at 55 °C, and 30 s. at 70 °C.

Calculation of relative quantification (RQ) (relative 
expression):
The relative expression levels of mRNA and miRNA 
were measured by the comparative cycle threshold (Ct) 
method relative to GAPDH and RNU6 snRNA expres-
sions. mRNA and miRNA expression fold changes were 
calculated using the  2−ΔΔCT method [35].

Statistical analysis
Statistical analysis was done using SPSS version 23 (SPSS 
Inc., Chicago, IL, USA). The description of the data was 
expressed as the Mean ± SD. Post hoc testing was done 
with the Tukey test to compare the groups’ differences. 
Linear relations between the studied genes were obtained 
using simple linear correlation (Pearson correlation coef-
ficient test) (r). A P value < 0.05 is considered significant. 
Receiver operating characteristics curves (ROC curves) 
were utilized to assess the diagnostic performance of all 
studied parameters and AFP.

Results
Demographic and clinicopathological data of studied 
groups
Demographic and clinicopathological data of the studied 
groups, as shown in Table 2, did not show significant dif-
ferences between the studied groups or significant corre-
lations with the studied parameters.

The studied parameters in the control and HCC groups
Figure  1a reveals high significant (P < 0.001) increases 
in the mean levels of circulating MMP-2 protein 
(366.5 ± 101.5), MMP-9 protein (336 ± 79.5), and AFP 
(683 ± 1404), whereas Fig.  1b demonstrates high signifi-
cant (P <0.001) increases in the mean levels of MMP-2 

Table 1 PCR primers

Gene Sequence Gene bank 
accession 
number

MMP‑2 Forward primer.  5−CTC ATC GCA GAT GCC TGG AA‑3−

Reverse primer.  5−‑TTC AGG TAA TAG GCA CCC TTG AAG A‑3−
NM_001302510.1

MMP‑9 Forward primer. 5′‑ACG CAC GAC GTC TTC CAG TA‑3′
Reverse primer. 5′‑CCA CCT GGT TCA ACT CAC TCC‑3′

NG_011468.1

miRNA‑29b1 Forward primer. 5′‑‑GCT GGT TTC ATA TGG TGG ‑3′
Reverse primer. 5′‑GAA CAT GTC TGC GTA TCT C‑3′

NR_029517.1

GAPDH Forward primer 5′‑CCT GAG GGT TCT TTG TGC TGA‑3′
Reverse primer 5′‑AAA GGC TCA ACC TTC CCC AT‑3′

NG_007073.2

RNU6 snRNA Forward 5′‑CTC GCT TCG GCA GCA CAT ‑3′
Reverse 5′‑TTT GCG TGT CAT CCT TGC G‑3′

NC_000001.11

Table 2 Demographic and clinicopathological data of studied 
groups

N; number of cases, %; frequency percent

Group Parameter n/%

Control Group
n = 40

Age
≤ 55 years old 23/57.5

≥ 55 years old 17/42.5

Gender
Male 24/60

Female 16/40

HCC Group
n = 52

Age
≤ 55 years old 30/57.7

≥ 55 years old 22/42.3

Gender
Male 39/ 75

Female 13/ 25

Tumor nodules
Single ≤ 5 cm 27/51.9

Single ≥ 5cm 2/3.8

Multiple ≤ 5 cm 22/42.3

Multiple ≥ 5 cm 1/1.1

Tumor differentiation grades 
(I–II–III–IV)
II 28/53.8

III 24/46.2

TNM staging (I–II–III–IV)
IB 4/7.7

II 24/46.2

IIIA 18/34.6

IIIB 6/ 11.5

Metastasis
One organ 33/63.5

> one organ 19/36.5
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gene expression (2.2 ± 0.46), and MMP-9 gene expres-
sion (1.3 ± 0.25) in HCC patients than their correspond-
ing levels in the healthy subjects (231.8 ± 41, 168.9 ± 43.5, 
33 ± 12, 1.18 ± 0.42, and 0.94 ± 0.05, respectively). On the 
contrary, the mean levels of circulating miRNA-29b1 
were significantly (P < 0.001) lower in the HCC patient’s 
serum (0.78 ± 0.05) than in healthy subjects’ serum 
(0.93 ± 0.040), as shown in Fig. 1b.

The relations between the studied parameters 
and the signs of cancer progression
As shown in Table  3, the mean levels of miRNA-29b1, 
AFP, MMPs-2, and 9 gene expressions and proteins 
showed no significant differences in different grades, 
stages, and metastasis degrees of HCC.

The correlations between the studied parameters
As shown in Table  4, there were significant (P < 0.001) 
positive correlations between MMPs-2, 9 gene expres-
sions, and proteins. On the contrary, there were sig-
nificant (P < 0.001) negative correlations between 
miRNA-29b1, MMPs-2, and 9 gene expressions and 
proteins. Furthermore, Table  4 shows a significant (P 
< 0.001) positive correlation between AFP levels and 
MMP-2 protein.

Fig. 1 The mean levels of the studied parameters in the studied 
groups; a the mean levels of MMP‑2, MMP‑9 proteins, and AFP 
in the studied groups, b the mean levels of MMP‑2, MMP‑9 gene 
expressions, and miRNA 29b1 in the studied groups, **high 
significant differences in HCC group than control group

Table 3 The relations between the studied parameters and the signs of cancer progression

P ˃ 0.05; insignificant difference

MMP‑2 Protein 
ng/mL
M ± SD

MMP‑2 gene 
expression
M ± SD

MMP‑9 Protein 
ng/Ml
M ± SD

MMP‑9 gene expression
M ± SD

miRNA‑29b1 
expression
M ± SD

AFP 
ng/mL
Median

Tumor nodules

Single ≤ 5cm (n = 27) 354 ± 70 2.025 ± .45 326 ± 80 1.31 ± .23 0.77 ± .05 203

Single ≥ 5cm (n = 2) 478 ± 12 2.35 ± .35 426 ± 74 1.13 ± .042 0.83 ± .063 286

Multiple ≤ 5 cm (n = 22) 374 ± 130 2.32 ± .41 339 ± 78 1.37 ± .27 0.78 ± .033 v

Multiple ≥ 5 cm (n = 1) 278 ± 00
P ˃ 0.05

2.7 ± .00
P ˃ 0.05

326 ± 00
P ˃ 0.05

1.2 ± 00
P ˃ 0.05

0.74 ± 00
P ˃ 0.05

400
P ˃ 0.05

Tumor grade (I–II–III–IV)

II (n = 28) 365 ± 85 2.065 ± . 314 ± 8 1.2 ± .24 0.76 ± .036 210

III (n = 24) 368 ± 119
P ˃ 0.05

382.30 ± .50
P ˃ 0.05

3360 ± 67
P ˃ 0.05

1.4 ± .23P ˃ 0.05 0.76 ± .10
P ˃ 0.05

201
P ˃ 0.05

TNM staging (I–II–III–IV)

IB (n = 4) 433.7 ± 51 1.62 ± .323 372 ± 36 1.34 ± .36 0.74 ± .043 505

II (n = 24) 353.1 ± 85 2.1 ± .34 305 ± 85 1.25 ± .22 0.78 ± .058 168

IIIA (n = 18) 358 ± 131 2.37 ± .44 366 ± 73 1.35 ± .21 0.77 ± .055 188

IIIB (n = 6) 397 ± 67
P ˃ 0.05

2.00 ± .65
P ˃ 0.05

343 ± 44
P ˃ 0.05

1.5 ± .25
P ˃ 0.05

0.80 ± .057
P ˃ 0.05

204
P ˃ 0.05

Metastasis

One organ 364 ± 83 2.1 ± .41 323 ± 81 1.28 ± .22 0.78 ± .059 210

˃ one organ 370 ± .129
P ˃ 0.05

2.22 ± .52
P ˃ 0.05

358 ± 71
P ˃ 0.05

1.41 ± .26
P ˃ 0.05

0.78 ± .052
P ˃ 0.05

200
P ˃ 0.05
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ROC curve analysis of the studied parameters 
in the prediction of the presence of HCC
As shown in Fig.  2a, MMP-2 protein levels showed 
AUC = 0.927, 82.7% sensitivity, and 87.5% specificity at 

the optimum cutoff value ≥ 282.5, MMP-9 protein lev-
els showed AUC = 0.962, 92.3% sensitivity, and 97.5% 
specificity at the optimum cutoff value ≥ 231, MMP-2 
gene expression showed AUC = 0.938, 94.2% sensitivity, 
and 85% specificity at the optimum cutoff value ≥ 1.43, 
MMP-9 gene expression showed AUC = 0.983, 90.2% 
sensitivity, and 100% specificity at the optimum cut-
off value ≥ 1.05, and AFP showed AUC = 0.858, 82.7% 
sensitivity, and 82.5% specificity at the optimum cut-
off value ≥ 45. Also, Fig.  2a indicates that MMP-9 gene 
expression showed the highest AUC and specificity 
among other biomarkers. According to Fig.  2b, miRNA 
29b1 showed AUC = 0.962, 90.4% sensitivity, and 97.5% 
specificity at the optimum cutoff value ≤ 0.855.

Discussion
HCC is a vascularized tumor with increased active angio-
genesis and metastasis responsible for HCC recurrence 
and poor prognosis [36].

Dysregulation of miRNAs was known to be involved 
in uncontrolled cell proliferation and anti-apoptosis-
enhancing cancer development [20, 37].

Matrix metalloproteinases (MMPs) can degrade the 
ECM and enhance endothelial cell migration; MMPs are 
also involved in angiogenesis, tumor growth, invasion, 
and metastasis [10, 38].

The present study demonstrated significant increases in 
the mean levels of gene expression and protein levels of 
both MMP-2 and MMP-9 in HCC patients compared to 
their corresponding levels in the healthy subjects.

These findings concurred with Yeh et  al. [39], who 
observed higher MMP-9/MMP-2 ratios in patients with 
HCC than those with chronic liver diseases and controls. 
Kuyvenhoven et  al. [40] agreed with the current results 
regarding MMP-2 levels in patients with HCC which 

Table 4 The correlations between the studied parameters

P < 0.05; significant correlations, P < 0.001; high significant correlations, P > 0.05; insignificant correlations

MMP‑2 Protein ng/mL MMP‑2 gene 
expression

MMP‑9 Protein ng/mL MMP‑9 gene 
expression

miRNA‑29b1 AFP
ng/mL

MMP‑2 Protein ng/mL 1 r = 0.478
P < 0.001

r = 0.496
P < 0.001

r = 0.497
P < 0.001

r = − 0.458
P < 0.001

r = 0.503
P < 0.001

MMP‑2 gene expression r = 0.478
P < 0.001

1 r = 0.643
P < 0.001

r = 0.620
P < 0.001

r = − 0.563
P < 0.001

r = 0.016
P ˃0.05

MMP‑9 Protein ng/mL r = 0.496
P < 0.001

r = 0.643
P < 0.001

1 r = 0.624
P < 0.001

r = − 0.655
P < 0.001

r = 0.042
P ˃0.05

MMP‑9 gene expression r = 0.497
P < 0.001

r = 0.620
P < 0.001

r = 0.624
P < 0.001

1 r = − 0.494
P < 0.001

r = 0.068
P ˃0.05

miRNA‑29b1 r = − 0.458
P < 0.001

r = − 0.563
P < 0.001

r = − 0.655
P < 0.001

r = − 0.494
P < 0.001

1 r = − 0.028
P ˃ 0.05

AFP
ng/mL

r = 0.503
P < 0.001

r = 0.016
P ˃0.05

r = 0.042
P ˃0.05

r = 0.068
P ˃0.05

r = − 0.028
P ˃ 0.05

1

Fig. 2 ROC curve analysis of the studied parameters in the prediction 
of the presence of HCC. a ROC curve analysis of AFP, MMP‑2, MMP‑9 
genes expressions, and proteins in the prediction of the presence 
of HCC, b ROC curve analysis of miRNA‑29b1 in the prediction 
of the presence of HCC
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were higher than controls but comparable with chronic 
liver disease without HCC. However, they disagreed with 
the present findings regarding MMP-9 levels in patients 
with HCC, which were reported to have no significant 
differences between patients with or without HCC and 
controls.

The current findings corroborated with those of 
Murawaki et  al. [41], who reported that serum MMP-2 
was significantly increased in HCC patients compared to 
controls.

The present results showed that the mean levels of AFP, 
miRNA-29b1, MMPs-2, 9 mRNAs, and proteins did not 
significantly change between the various grades, stages, 
and degrees of metastasis in HCC.

However, Yeh et al. [39] agreed with the current find-
ings concerning AFP levels, as they reported that they 
were comparable between early and advanced HCC. In 
contrast, MMP-9/MMP-2 ratios were higher in advanced 
HCC than in those in naive HCC.

The current findings concurred with Hayasaka et  al. 
[42], who found that plasma MMP-9 levels in HCC 
patients were considerably higher than in controls. Still, 
they disputed the current findings, declaring that plasma 
MMP-9 levels were higher in HCC with metastasis than 
in situ.

In contrast to the current results, Arii et  al. [43] and 
Sakamoto et  al. [44] demonstrated positive correlations 
between both MMP-9 gene expressions and protein lev-
els and HCC progression signs.

On the other hand, Kuyvenhoven et al. [40] found that 
MMP-2 and, to a lesser extent, MMP-9 correlated with 
the severity of liver disease. However, they concluded 
that both could not be used as diagnostic biomarkers 
for HCC due to the significant overlap in patients with 
chronic liver disease with or without HCC.

The current findings revealed significant positive cor-
relations between MMPs-2, 9 gene expressions, and pro-
teins and between AFP and MMP-2, suggesting their 
complementary roles as biomarkers in HCC. However, 
further experimental research is required to fully explain 
these associations.

Coinciding with the current findings, Chung et  al. 
[45] demonstrated an association between AFP and 
the MMP-9/MMP-2 ratio in HCC. Also, Meng et  al. 
[46] reported that silencing of AFP expression led to 
decreased expression of MMP-2 and MMP-9, suggesting 
AFP’s regulatory role in angiogenesis and cell invasion in 
HCC.

The present ROC curve analysis of MMPs-2 and -9 
gene expressions and proteins showed higher significant 
sensitivity and specificity in predicting the presence of 
HCC than AFP.

The current results were consistent with those pub-
lished by Chen et al. [47], who found MMP-9 superior to 
MMP-2 in predicting tumor recurrence and survival in 
HCC.

Hayasaka et al. [42] performed similar work. They con-
cluded that the Roc curve analysis of plasma MMP-9 lev-
els had a sensitivity of 53% and a specificity of 89% for 
detecting HCC at a cutoff value of 60 ng/mL.

This study found that serum miRNA-29b1 levels in 
HCC patients were significantly lower than in healthy 
subjects. Furthermore, the current ROC curve analysis 
of miRNA-29b1 demonstrated higher significant sen-
sitivity and specificity than AFP in predicting the pres-
ence of HCC. Still, no significant associations were found 
between miRNA-29b1 and the severity of HCC. These 
findings pointed to miRNA-29b1’s protective role in 
HCC and its probable use as a diagnostic rather than a 
prognostic biomarker in HCC.

Except for Fang et  al. [25], who explored the role of 
miRNA-29b in HCC tissues, no previous research has 
evaluated the circulating miRNA-29b1 in HCC. They 
concurred with the current results suggesting that miR-
29b had an anti-oncogenic role in HCC using mouse 
model.

Also, miR-29b was considered a tumor suppressor in 
other malignancies like AML [48], multiple myeloma 
(MM) [49], and lung cancer [50]. Furthermore, it has 
been demonstrated that the miR-29b epigenetic effects 
contributed to its role in tumors [51].

Moreover, some studies evaluated other members of 
the miRNA 29 family in HCC, such as Xiong et al. 2010 
[37]. Braconi et  al. 2011 [52] reported similar results as 
they concluded downregulation of miR-29a in HCC 
cells compared to non-tumorous-tissues. On the con-
trary, Zhou et al. [53], Lin et al. [54], and Zhu et al. [55] 
identified miR-29a, miR-29c as HCC diagnostic mark-
ers increased in the circulation of HBV-positive HCC 
patients. Moreover, Kong et  al. [56] demonstrated that 
miR-29a was upregulated in HCC, while miRNA-29c was 
reported as a tumor suppressor of HCC [57].

Other research contradicted the current findings, 
revealing that miR-29b had oncogenic effects in other 
cancers. Cheng et al. [58] considered miR-29b an onco-
gene in malignant hematopoiesis. In addition, Xu et  al. 
[31] reported that miR-29b1 levels were upregulated 
in bladder cancer more than controls. Moreover, they 
indicated that miR-29b1 knockdown inhibited bladder 
cancer growth, suggesting miR-29b1 oncogenicity. Fur-
thermore, Wang et  al. [59] observed that miR-29b was 
upregulated more in breast cancer with metastasis than 
in breast cancer with low metastasis, suggesting miR-29b 
as a prognostic biomarker.
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The present study demonstrated significant nega-
tive correlations between miRNA-29b1, MMP-2, and -9 
mRNAs and proteins, suggesting miRNA-29b1-mediated 
MMP-2 and MMP-9 regulation. Moreover, there were no 
significant correlations between miRNA-29b1 and the 
levels of AFP. However, AFP was considered a functional 
antagonist of miR-29, contributing to epigenetic altera-
tions and a poor prognosis in HCC [60].

This correlation result was consistent with Fang et  al. 
[25], who found that miRNA-29b inhibited angiogenesis 
in cancer cells by lowering MMP-2 expression. Com-
pared to the current findings, Abdallah et al. [61] found 
that overexpression of tumor suppressor microRNAs was 
associated with a decrease in MMP-9 in HCC. Han et al. 
[23] supported these results, as they found that micro-
RNA processing impairment increased the expression 
of MMP-2 and MMP-9, accelerating tumor growth. This 
finding suggested that MMP-2 and MMP-9 could be reg-
ulated by microRNAs.

Significant correlations between miRNA-29 b and 
MMP-2 were reported in other malignancies, as in pros-
tate cancer cells identifying miRNA-29 b as a biomarker 
with potential implications for invasion and metastasis 
[62]. These results were also demonstrated in breast can-
cer [63] and colorectal cancer [64].

Previous research has not investigated the relationship 
between MMP-9 and miRNA 29b1 in HCC. Still, simi-
lar correlations have been found between other microR-
NAs and MMP-9 regulation in liver cancer cells, where 
MMP-9 expression decreased in cancer cells transfected 
with pre-miR-338-3p and increased in cancer cells trans-
fected with anti-miR-338-3p [65].

Moreover, positive correlations were observed between 
the expression of the MMP-9 protein and an oncogenic 
miRNA in hepatoma cells, enhancing migration and 
invasion in cancer cells [66].

Conclusion
The current study concluded that increased levels of 
circulating mRNAs, proteins of MMP-2, and -9 in HCC 
patients, as well as the high significant sensitivity and 
specificity of their measurements in the early detec-
tion of the presence of HCC, suggested that they may 
be used as diagnostic biomarkers in HCC. MiRNA 
29b1 levels were lower in the serum of HCC patients, 
indicating that it may play a protective function in the 
disease. The significant negative correlations between 
miRNA 29b1 and both mRNAs, proteins of MMPs-2 
and -9 suggested overlapping molecular microRNA-
mediated mechanisms that control MMPs for further 
future experimental evaluation. The significant positive 
correlations between MMP-2 and AFP suggested their 
probable synergistic utility in HCC. The insignificant 

correlations between the studied parameters and the 
severity of HCC ruled out the possibility of their utility 
as prognostic biomarkers. The study has some limita-
tions, including the requirement for a larger sample size 
to assess more parameters to comprehend the molec-
ular mechanisms behind the interactions between 
miRNA-29b1, MMP-2, and MMP-9.
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