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Abstract. Hepatocellular carcinoma (HCC) is one of the 
most aggressive types of cancer and is among the leading 
causes of cancer-related mortality worldwide. Although the 
dysregulation of microRNAs (miRNAs or miRs) has often 
been reported in HCC, the precise molecular mechanisms by 
which miRNAs modulate the process of tumorigenesis and the 
behavior of cancer cells are not yet clearly understood. In this 
study, we identified a novel three‑miRNA signature, including 
miR‑371-5p, miR‑373 and miR‑543, that appears to orches-
trate programmed cell necrosis in HCC by directly targeting 
the caspase‑8 gene (Casp‑8). Our results demonstrated that 
miR‑371-5p, miR‑373 and miR‑543 were overexpressed in 
HCC tissues compared with paired adjacent normal tissues. 
The upregulation of these miRNAs specifically and markedly 
downregulated the expression of Casp‑8, as well as signifi-
cantly enhanced the Z-VAD/TNF‑α-induced necroptosis of 
HCC cells. By contrast, the selective knockdown of miRNA 
expression led to a significant increase in Casp‑8 levels and a 
marked reduction in programmed cell necrosis. Intriguingly, 
the sustained overexpression of Casp‑8 reversed the 
pro‑necroptotic effects exerted by miRNA mimics. Finally, 
a strong inverse association between the level of miR‑223 
and the expression levels of nucleotide-binding oligomeriza-
tion domain-like receptor family, pyrin domain-containing-3 
inflammasome was observed in our HCC specimens. On the 
whole, the present study revealed a molecular link between 
the three‑miRNA signature, comprising miR‑371-5p, miR‑373 
and miR‑543, and the negative necroptotic regulator Casp‑8, 

and presents evidence for its employment as a novel potential 
diagnostic, prognostic and therapeutic target in HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most aggres-
sive malignant tumors with respect to the disease course 
and mortality rate  (1) Although numerous therapeutic 
strategies have been introduced, the prognosis of patients 
with HCC remains poor due to the frequent metastasis and 
recurrence (2,3). Therefore, it is crucial to identify specific 
molecular targets and provide the basis for early diagnosis 
of HCC and targeted therapy, in order to achieve optimal 
outcomes and improve the quality of life and life expectancy 
of HCC patients.

MicroRNAs (miRNAs or miRs) are small, non‑coding, 
single-stranded RNAs that regulate key cell processes, such 
as proliferation, differentiation and apoptosis (4-9), and exert 
major functional effects on various disorders, including 
numerous, if not all, cancers (10-13). Abnormalities in miRNA 
expression profiles may be caused by different mechanisms, 
such as amplifications, deletions, or sequence changes in the 
miRNA loci, epigenetic silencing and the dysregulation of 
transcription factors targeting specific miRNAs (14). Over 
the past decades, miRNAs have provided a powerful tool for 
health care intervention in a variety of tumor types (10-13). 
Increasing interest in the development of miRNAs as novel 
therapeutic biomarkers stems from the ability to interfere 
with miRNA levels through selective miRNA mimics or 
anti‑miRs (15).

Recently, a number of miRNAs have been implicated as 
modulators of cell necroptosis  (16,17), a newly discovered 
pathway of regulated cell necrosis governed by receptor-
interacting protein (RIP)1, RIP3 and mixed lineage kinase 
domain-like (MLKL) protein, which constitutes a critical 
cell‑killing mechanism in response to severe stress, 
chemotherapy or inflammatory factors (18). Previous studies 
have demonstrated that necroptosis is associated with cancer 
initiation and progression, playing a dual and opposing 
role. Accordingly, while enhanced necroptosis concurs with 
cancer cell death, extensive cell death also increases the 
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risk of proliferation and the metastasis of surviving cells by 
promoting the formation of reactive oxygen species, triggering 
the inf lammatory process and inhibiting the immune 
response (19). In this regard, emphasis has been placed on 
the crucial role of certain miRNAs in the transcriptional 
regulation of the nucleotide-binding oligomerization 
domain-like receptor family, pyrin domain-containing-3 
(NRLP3) inflammasome, an intracellular multiprotein 
complex that contributes to necroptosis upon the production 
of pro‑inflammatory cytokines (20), with activity involved in 
the pathogenesis and progression of several cancers, including 
HCC (21,22). In this context, recent investigations revealed 
that the caspase‑8 gene (Casp‑8) is a key controller of NLRP3 
activation (23-26); however, the mechanisms underlying this 
process have not yet been fully elucidated.

The aim of the present study was to identify potential 
interactions between a panel of miRNAs predicted by compu-
tational scoring as necroptotic pathway regulators and Casp‑8 
in HCC specimens and cell lines. We identified three miRNAs, 
namely miR‑371-5p, miR‑373 and miR‑543, which were upreg-
ulated in HCC tissues compared with adjacent non‑cancerous 
tissues. These miRNAs have the ability to bind to their target 
Casp‑8 mRNA transcript in order to facilitate the necroptosis 
of HCC cells. Additionally, the data presented herein confirm 
the well-known association between miR‑223 and NLRP3, as 
already reported in different disease contexts (27-31).

The findings of this study identified a key piece in the 
complex molecular puzzle of HCC, thereby providing new 
insight for a better understanding of the pathogenic mecha-
nisms of this type of tumor. The assessment of the necroptotic 
pathway regulation by miRNAs depicts the starting point for 
a novel miRNA-based diagnostic, prognostic and therapeutic 
approach in HCC.

Materials and methods

Patient selection. This a retrospective study of tumor tissues 
from 38 patients with HCC treated by surgical resection at 
the University Hospital of Messina between 2011 and 2015. 
This study was approved by the local Institutional Review 
Board (IRB) of the University Hospital of Messina, Messina, 
Italy. The study protocol conforms to the ethical guidelines of 
the 1975 Declaration of Helsinki. Written informed consent 
was obtained from all subjects at the moment of the surgical 
procedures. For research purposes, no consent for retrospec-
tive de-identified data analysis was required as deemed by the 
IRB.

No patients received neoadjuvant therapy (radiotherapy 
and/or chemotherapy). The diagnosis of HCC was based on 
explant evaluation according to the revised WHO classifica-
tion tumors (32). The clinical characteristics of the patients are 
presented in Table I.

Tissue samples. HCC tissues and their normal liver counter-
parts were frozen immediately after surgery and stored at 
-80˚C for biomolecular analyses.

Cells and cell culture. The Hep3B-hCG cells were purchased 
from Sigma-Aldrich Italy (Milan, Italy) and maintained in 
Dulbecco's modified Eagle's medium (DMEM) with high 

glucose (HyClone, Logan, UT, USA) supplemented with 
10% FBS. The hNHeps™ (human normal hepatocytes) cells 
were purchased from Lonza (Lonza, Walkersville, MD, USA) 
and maintained in hepatocyte culture medium (Lonza).

RNA extraction, cDNA synthesis and reverse transcription-
quantitative polymerase chain reaction (RT-qPCR). Total 
RNA was extracted from the HCC tissues and cell cultures 
using TRIzol reagent (Invitrogen/Thermo Fisher Scientific, 
Inc., Waltham, MA USA), according to the manufacturer's 
instructions. Total RNA concentration and integrity were 
examined using an Agilent Bioanalyzer (Agilent Technologies, 
Inc., Santa Clara, CA, USA). Subsequently, 300 ng of total 
mRNA per sample was reverse transcribed into cDNA using 
the High Capacity cDNA Reverse Transcription kit (Applied 
Biosystems/Thermo Fisher Scientific, Inc.).

RT-qPCR for Casp‑8 and NLRP3 expression was 
performed using a standard TaqMan PCR kit procedure on an 
AB-7300 RT-PCR system (Applied Biosystems/Thermo Fisher 
Scientific, Inc.) The reaction was performed with one cycle 
of 95˚C for 5 min followed by 40 cycles at 95˚C for 15 sec, 
52˚C for 20 sec and 72˚C for 30 sec. The mRNA levels of 
Casp‑8 and NLRP3 were normalized to endogenous β-actin 
(Applied Biosystems). Primers and probes were as previously 
reported (33,34).

The control was represented by hNHeps™ cells (described 
above) whose expression was considered as equal to  1. 
Relative fold expression and changes were calculated using the 
2-∆∆Cq method (35).

miRNA isolation, cDNA synthesis and qPCR analysis. 
miRNAs were extracted from the HCC tissues and cells using 
the miRVana Isolation kit (Ambion/Thermo Fisher Scientific, 
Inc.), following the manufacturer's instructions. The enriched 
miRNA fraction was converted in cDNA using the TaqMan 
MicroRNA Reverse Transcriptase kit (Applied Biosystems/
Thermo Fisher Scientific, Inc.). hsa‑miR‑137, hsa‑miR‑223, 
hsa‑miR‑324, hsa‑miR‑371-5p, hsa‑miR‑372, hsa‑miR‑373, 
hsa‑miR‑455, hsa‑miR‑543, hsa‑miR‑595, and hsa- miR‑661 
were predicted by computational scoring as necroptotic 
pathway regulators (36,37).

For miRNA quantification, 2 µl of cDNA was used for 
each specific miRNA TaqMan Small RNA assay (Applied 
Biosystems/Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. All reverse transcription reac-
tions, including no-template controls and reverse transcription 
controls, were performed in triplicate. RNU6 small nuclear 
RNA was used to normalize miRNA expression levels owing 
to its claimed expression stability and its wide use as loading 
control in several published miRNA expression studies (38,39). 
Relative fold expression and changes were calculated using the 
2-ΔΔCq method (35).

Target prediction tools. miRNA/Casp‑8 mRNA interactions 
were identified by means of bioinformatics algorithms that 
predict miRNA target sites (40). Specifically, three online 
databases, microRNA.org (www.microrna.org), miRDB 
(http://mirdb.org/miRDB/), and TargetScan (www.targetscan.
org), were used.
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Oligonucleotide transfection. hsa‑miR‑371-5p, hsa‑miR‑373 
and hsa‑miR‑543 mimics/inhibitors (Qiagen, Milan, Italy) 
were transfected into the Hep3B-hCG cells using HiPerFect 
according to the manufacturer's instructions (Qiagen). The 
cells were transfected twice with 100 pmol of oligonucleotide 
per well (0.5x106 cells) at 24-h intervals. The transfected cells 
were assayed 48 h after the second transfection.

Plasmid constructs and transient transfection. The plasmid 
containing the full-length Casp‑8 cDNA was obtained as 
previously described  (33). The 3'-UTR of Casp‑8 and the 
mutation sequences were amplified by PCR using the primers 
with a BglII restriction site on each 5' or 3' strand. The PCR 
products were inserted into the BglII sites of the pGL3-control 
vector (Promega, Madison, WI, USA) and identified by DNA 
sequencing.

The wild-type plasmids were created containing the 3'UTR 
of Casp‑8 with the complementary sequence of miR‑371-5p 
(pGL3-Casp‑8-3'UTR wild 1), miR‑373 (pGL3-Casp‑8-3'UTR 
wild 2) and miR‑543 (pGL3-Casp‑8-3'UTR wild 3). Three 
mutant plasmids were generated without the complemen-
tary sequence of miR‑371-5p (pGL3-Casp‑8-3'UTR mut 1), 
miR‑373 (pGL3-Casp‑8-3'UTR mut 2) and miR‑543 (pGL3-
Casp‑8-3'UTR mut 3).

For the luciferase reporter assay, the cells were seeded on 
24-well plates and co-transfected using Lipofectamine 2000 
(Invitrogen/Thermo Fisher Scientific, Inc.) with 100 ng per 
well of the resulting luciferase UTR-report vector, 2 ng per 
well of pRLCMV vector (internal control, Promega), and 
20 ng per well of miR‑371-5p, miR‑373 and miR‑543 mimics or 
inhibitors following the manufacturer's instructions (Qiagen). 
After 24 h, the cells were lysed, and the relative luciferase 
activity was assessed with the Dual-Luciferase Assay Reporter 
System (Promega).

Necroptosis assay. The Hep3B-hCG cells (2x103 cells/well) 
were pre-treated with the pan-caspase inhibitor, Z-VAD 
(10 µM), for 1 h in order to induce RIPK3-dependent necrop-
tosis, in the presence or absence of miRNA mimics and 
inhibitors. Tumor necrosis factor (TNF)-α (50 ng/ml) was 
then added and the cells were incubated for an additional 

72 h. Cell viability was assessed by MTT assay. In brief, 
20 µl of 5 mg/ml stock solution of 3-(4,5-dimetylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (Sigma-Aldrich) was added 
to each well, and the cells were incubated for 1 h at 37˚C in 
a humidified atmosphere of 5% CO2. The supernatants were 
carefully removed, and 100 µl of DMSO (vehicle) was added 
to each well. The plates were subsequently shaken for 20 min 
at room temperature, and the absorbance of the solution was 
measured at 570 nm. The absorbance of the untreated cells was 
set as 100% and cell survival was expressed as a percentage 
of this value.

Statistical analysis. Statistical analysis was performed 
using INSTAT, version 3.0 and PRISM version 4.0 software 
(GraphPad, San Diego, CA, USA). One-way analysis of vari-
ance (ANOVA), followed by a pair-wise multiple comparison 
test (Bonferroni correction), was performed to identify the 
differences among the groups. The association between 
Casp‑8 mRNA expression levels and clinicopathological 
characteristics was evaluated using Pearson's Chi-square test. 
Pearson's correlation analysis was used to estimate the correla-
tion between the Casp‑8 mRNA levels and the miR‑371-5p, 
miR‑373 and miR‑543 expression profiles, as well as between 
NLRP3 abundance and miR‑223 expression. A value of P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of Casp‑8 in HCC samples. Casp‑8 is a cysteine 
protease that is a key regulator of cell apoptosis; however, its 
functional significance as a negative regulator of programmed 
cell necrosis has attracted growing attention over the 
years (41-43). Since different programmed cell death pathways, 
including necroptosis, have been recently implicated in hepa-
tocarcinogenesis (44), in this study, we addressed the question 
of whether Casp‑8 plays a role in the programmed necrotic 
death of HCC cells. The values for Casp‑8 mRNA levels were 
first determined in the normal liver (NL) samples in order to 
determine the cut-off point for Casp‑8 expression levels in 
the HCC samples. Casp‑8 expression levels (as defined by the 
ratio between the values measured in NL samples over those of 
hNHeps™ cells) were between 0.95 and 1.6 (mean, 1.29±0.16). 
Values ≤0.81 (determined as the mean minus 3  s.d.) were 
considered to represent the underexpression of Casp‑8. As 
shown in Fig. 1A, a marked decrease in the Casp‑8 mRNA 
level was found in 34/38 (89.5%) HCC samples. Box plots 
showing the individual means and scores of Casp‑8 mRNA 
expression in the NL and HCC specimens are presented 
in Fig. 2B. Likewise, a marked decrease in Casp‑8 expres-
sion levels was observed in the HCC cell line, Hep3B-hCG, 
compared with the normal hepatocyte cell line, hNHeps™ 
(Fig. 1C). In addition, in order to gain insight into the role of 
Casp‑8 in HCC, we analyzed the association between Casp‑8 
expression and various patient characteristics, including 
gender, age, Child‑Pugh grade and stage (Table II). No signifi-
cant association was observed between Casp‑8 expression and 
the clinical variables considered (P>0.05).

Prediction of miRNAs regulating necroptotic cell death 
that target Casp‑8. To identify the potential upstream 

Table I. Clinical characteristics of the patients with HCC.

Sex (male/female)  	 27/11
Mean age (range, years) 	 68±11
HBsAg/Anti-HCV/NBNC 	 8/13/17
Child-Pugh grading (A/B/C) 	 21/17/0
Stage (I/II/IIIA/IIIB/IIIC/IV) 	
0/26/12/0/0/0
Total bilirubin (mg/dl) 	 44±10
Albumin (g/dl) 	 3.5± 0.4
PT (INR) 	 4±0.8
Ascites (-/+) 	 20/18

HBsAg, hepatitis B surface antigen; anti-HCV, antibodies against 
hepatitis C; NBNC, non‑B non‑C hepatitis.
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executioners of Casp‑8 signaling in necrotic cascades, we 
first explored the expression profiles of a panel of miRNAs 
predicted by computational scoring as necroptotic pathway 

regulators (36,37). Significantly higher levels of hsa‑miR‑137, 
hsa‑miR‑324, hsa‑miR‑371-5p, hsa‑miR‑372, hsa‑miR‑373, 
hsa‑miR‑455, hsa‑miR‑543, hsa‑miR‑595 and hsa- miR‑661, 
and lower levels of miR‑223, were observed in the HCC 
tissues compared with the NL specimens (Fig. 2A). A similar 
expression pattern of this miRNA panel was noted in the HCC 
cell line, Hep3B-hCG, compared with the normal hepatocyte 
cell line, hNHeps™ (Fig. 2B). Subsequently, among these 
miRNAs, we searched for those that may have seed regions 
able to bind to the 3'UTR of Casp‑8 by using predictive bioin-
formatics programs (microRNA.org, miRDB and TargetScan). 
We identified miR‑371-5p, miR‑373 and miR‑543 as potential 
putative Casp‑8-targeting miRNAs. Of note, Pearson's corre-
lation analysis revealed a strong negative correlation between 
the miR‑371-5p, miR‑373 and miR‑543 expression profiles 
and Casp‑8 mRNA levels in the paired HCC tumor tissues 
(r=-0.689 for miR‑371-5p; r=-0.611 for miR‑373; and r=-0.606 
for miR‑543).

miR‑371-5p, miR‑373 and miR‑543 participate in the regula‑
tion of Casp‑8 expression. To validate the direct interaction 
of miR‑371-5p, miR‑373 and miR‑543 with Casp‑8 mRNA 
(Fig. 3A), wild-type plasmids containing the 3'UTR of Casp‑8 
with complementary sequence of miR‑371-5p (pGL3-Casp‑8-
3'UTR wild 1), miR‑373 (pGL3-Casp‑8-3'UTR wild 2) and 
miR‑543 (pGL3-Casp‑8-3'UTR wild  3) and the mutant 

Figure 1. Expression levels of caspase‑8 (Casp‑8) in hepatocellular carcinoma (HCC) tissues and cells. (A) Total RNA, extracted from 38 HCC and paired 
normal liver (NL) tissues, was reverse-transcribed and analyzed by quantitative polymerase chain reaction (qPCR). The mRNA levels of Casp‑8 were normal-
ized to the housekeeping gene, β-actin, as an internal control. Data are presented as the means ± standard deviation of 3 independent experiments. *P<0.001, 
compared to NL specimens. (B) Box plots relative to Casp‑8 mRNA expression in HCC and NL tissues. (C) Total RNA, extracted from the human HCC cell 
line, Hep3B-hCG, and human normal hepatocytes (hNHeps™), was reverse transcribed and analyzed by qPCR. The mRNA levels of Casp‑8 were normalized 
by using the housekeeping gene β-actin as internal control. Data are presented as the means ± standard deviation of 3 independent experiments. *P<0.001, 
compared to the hNHeps™ cells.

Table II. Association between Casp‑8 expression and clinico-
pathological characteristics.

	 Casp‑8 mRNA expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low (n-34)	 High (n=4)	 P-value

Sex			   0.854
  Male	 24	 3
  Female	 10	 1
Age (years)			   0.911
  ≤60	 16	 2
  ≥60	 18	 2
Child-Pugh grading			   0.401
  A	 18	 3
  B	 16	 1
Stage			   0.765
  II	 23	 3
  IIIA	 11	 1
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Figure 2. Expression profiles of a panel of miRNAs implicated in programmed cell necrosis in hepatocellular carcinoma (HCC) tissues and cells. (A) Total 
RNA was extracted from 38 HCC and the paired normal liver (NL) tissues, reverse transcribed and analyzed by quantitative polymerase chain reaction (qPCR) 
to determine the amounts of miR‑137, miR‑223, miR‑324, miR‑371-5p, miR‑372, miR‑373, miR‑455, miR‑543, miR‑595 and miR‑661. Box plots showing 
means and scores of miRNA expression in NL and HCC specimens are shown. Data are representative of three independent experiments. (B) Total RNA, 
extracted from the human HCC cell line Hep3B-hCG and human normal hepatocytes (hNHeps™), was reverse transcribed and analyzed by qPCR to determine 
the relative amounts of miR‑137, miR‑223, miR‑324, miR‑371-5p, miR‑372, miR‑373, miR‑455, miR‑543, miR‑595 and miR‑661. Data are presented as the 
means ± standard deviation of 3 independent experiments. *P<0.001, compared to the hNHeps™ cells.
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plasmids without complementary sequence of miR‑371-5p 
(pGL3-Casp‑8-3'UTR mut 1), miR‑373 (pGL3-Casp‑8-
3'UTR mut 2) and miR‑543 (pGL3-Casp‑8-3'UTR mut 3) 
were co-transfected into the Hep3B-hCG cells together with 
specific mimics or inhibitors. We found that the enforced 
expression of miR‑371-5p, miR‑373 and miR‑543 induced 
a marked decrease in Casp‑8 expression (Fig. 3B), accom-

panied by a significant decrease in the luciferase activity of 
pGL3-Casp‑8-3'UTR wild-type plasmids (Fig. 3C; P<0.001), 
whereas the transcription of the pGL3-Casp‑8-3'UTR mut 
vectors was not affected (Fig. 3C). Upon blocking the expres-
sion of the three miRNAs with specific inhibitors, luciferase 
intensity markedly increased in cells transfected with the 
pGL3-Casp‑8-3'UTR wild-type vectors (P<0.001). No 
change was observed in the cells transfected with the pGL3-
Casp‑8-3'UTR mut plasmids (Fig. 3D). These results provide 
evidence of Casp‑8 as a target gene of miR‑371-5p, miR‑373 
and miR‑543 in our setting.

miR‑371-5p, miR‑373 and miR‑543 regulated necroptosis of 
HCC cells by targeting Casp‑8. Only a limited number of 
studies to date have reported the mechanisms through which 
miRNAs regulate necroptotic cell death  (16,17). Of note, 
miR‑874 has been shown to enhance necroptosis by targeting 
Casp‑8  (45). Hence, given the functional interaction of 

Figure 3. Caspase-8 (Casp‑8) is the direct target of miR‑371-5p, miR‑373 
and miR‑543. (A) Schematic representation of the predicted interaction of 
miR‑371-5p, miR‑373 and miR‑543 with Casp‑8 3'UTR. (B) The mRNA 
levels of Casp‑8 were normalized by using the housekeeping gene β-actin 
as internal control. Data are presented as the means ± standard deviation 
of 3 independent experiments. *P<0.001, compared to untransfected cells. 
(C) Luciferase reporter assay was performed to detect the effect of individual 
miRNA mimics on the luciferase intensity controlled by 3'UTR of Casp‑8. 
Data are presented as the means ± standard deviation of 3  independent 
experiments. *P<0.001, compared to cells transfected with the mimic control. 
(D) Luciferase reporter assay was performed to detect the effect of individual 
miRNA inhibitors on the luciferase intensity controlled by 3'UTR of Casp‑8. 
Data are presented as the means ± standard deviation of 3 independent exper-
iments. *P<0.001, compared to cells transfected with the inhibitor control. 
UTR, untranslated region.

Figure 4. miR‑371-5p, miR‑373, and miR‑543 regulated the necroptosis of 
hepatocellular carcinoma (HCC) cells by targeting caspase‑8 (Casp‑8). 
Hep3B-hCG cells were pre-treated with the pan-caspase inhibitor, zVAD 
(10 µM) for 1 h, then TNF‑α (50 ng/ml) was added followed by incubation 
for 72 h. Where indicated, the cells were transiently transfected with Casp‑8 
expression plasmid. Cell viability was assessed by MTT assay. *P<0.01 and 
**P<0.001, compared to zVAD/TNF‑treated cells.
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miR‑371-5p, miR‑373 and miR‑543 with Casp‑8, in this study, 
we attempted to elucidate whether these miRNAs play a role 
in the necrotic cascade orchestrated by Casp‑8. Hep3B-hCG 
cells were first pre-treated with the pan-caspase inhibitor, 
Z-VAD (10 µM), in the presence or absence of miRNA mimics 
and inhibitors, and then exposed to TNF‑α. The enforced 
expression of miR‑371-5p, miR‑373 and miR‑543 markedly 
increased Z-VAD/TNF‑α-induced cell necroptosis, whereas 
the knockdown of miR‑371-5p, miR‑373 and miR‑543 led to 
a marked reduction of programmed cell necrosis. Of note, the 
pro‑necroptotic effects exerted by the miRNA mimics were 
abolished when Casp‑8 was ectopically overexpressed, thus 
indicating that this three‑miRNA signature was able to regu-
late the necroptosis of Hep3B-hCG cells via targeting Casp‑8 
(Fig. 4).

Inverse association between miR‑223 and NLRP3 in HCC 
samples. The miR‑223-dependent post-transcriptional regula-
tion of the NLRP3 inflammasome has been well validated in 
a variety of cell types (27,30); however, this functional link 
has not been established yet in HCC. Therefore, in this study, 
we proceeded to investigate whether an inverse correlation 
between miR‑223 abundance and NLRP3 mRNA expression 
also exists in HCC. A significant decrease in the miR‑223 level 
was accompanied by a corresponding increase in NLRP3 in the 
HCC samples compared with the NL specimens (r=-0.3455, 
P<0.01), supporting the hypothesis that miR‑223 likely also 
targets NLRP3 in HCC (Fig. 5).

Discussion

Necroptosis has recently attracted increasing attention as a 
newly identified type of programmed cell death that occurs 
when cells are subjected to severe stress or are exposed to 
chemotherapeutic agents or inflammatory factors  (46-49). 
This type of regulated necrosis has been implicated in the 
pathogenesis of a variety of human diseases, such as neuro-
degeneration, ischemic reperfusion injury, Gaucher's disease, 
progressive atherosclerotic lesions, TNF‑mediated hypo-
thermia and systemic inflammation (50). However, the role of 
necroptosis in cancer remains controversial, as some authors 

consider this phenomenon a double-edged sword (19). Indeed, 
although a number of studies have reported that necroptosis 
prevents the onset and progression of cancer and promotes 
its therapy by proving a plethora of cancer cell lines highly 
sensitive and responsive to necroptosis inducers (18), emerging 
data have revealed that necroptosis may in fact contribute to 
cancer development (51-53). The rapid and extensive release 
of damage-associated molecules [e.g., interleukin (IL)-1 
family cytokines] from necroptotic cancer cells may act as a 
potent inducer of inflammation (54), which in turn leads to 
tumorigenesis through the stimulation of angiogenesis and 
metastasis, as well as to the mitigation of the adaptive immune 
responses (55,56). miRNAs were recently identified as new 
participants in regulated necrosis (57); however, the underlying 
mechanisms have not yet been fully elucidated. The findings 
of the present study indicated that a novel three‑miRNA signa-
ture, including miR‑371-5p, miR‑373 and miR‑543, is critically 
involved in programmed necroptotic death of HCC cells. This 
assertion was strongly supported by functional experiments 
in which enforced expression of these miRNAs markedly 
increased Z-VAD/TNF‑α-induced necroptosis in Hep3B-hCG 
cells, whereas their specific knockdown was able to signifi-
cantly attenuate programmed necrosis (Fig. 4).

Indeed, among all the miRNAs initially predicted by 
computational scoring as necroptotic pathway regulators, we 
restricted our investigations to those targeting the necrop-
tosis inhibitor Casp‑8 gene, i.e., miR‑371-5p, miR‑373 and 
miR‑543. Consequently, since miR‑137, miR‑324, miR‑371-5p, 
miR‑372, miR‑373, miR‑455, miR‑543, miR‑595 and miR‑661 
did not present regions able to bind to the 3'UTR of Casp‑8 
according to the target prediction results, they were not 
included in our subsequent experimental analyses. However, 
these miRNAs will be the subject of our further (in-progress) 
studies aimed at defining other metabolic pathways involved 
in necroptosis.

From the results obtained by the luciferase assay experi-
ments, we found that miR‑371-5p, miR‑373 and miR‑543 
suppressed the expression of Casp‑8 through direct interac-
tion with the 3'UTR of the target (Fig. 3). Of note, emerging 
evidence indicates that Casp‑8 is an important negative 
regulator of necroptosis  (43). Treatment with Z-VAD, a 
pan-caspase inhibitor, was found to promote necroptosis, 
since Casp‑8, when inactivated, cannot cleave the two key 
inducers of necroptosis, namely RIP1 and RIP3 (43,58,59). 
Moreover, the pharmacological inhibition of Casp‑8 induces 
the autocrine production of TNF, which triggers necrop-
tosis  (60). The results reported herein may shed new light 
into the mechanisms regulating programmed necrosis in 
HCC, revealing that the three miRNAs of interest induce 
necroptosis by suppressing Casp‑8. Accordingly, we observed 
that the pro‑necroptotic effects exerted by miRNA mimics 
were abolished when Casp‑8 was ectopically overexpressed 
(Fig. 4). Higher expression levels of miR‑371-5p, miR‑373 and 
miR‑543 were significantly associated with lower amounts of 
Casp‑8 mRNA in HCC tissues compared with paired normal 
tissues (Figs. 1 and 2), thereby supporting the key role of these 
miRNAs in controlling Casp‑8 expression.

Of note, miR‑373 has been previously implicated in 
several types of cancers as an oncomiR (61), with its down-
regulation resulting in the growth arrest and the apoptosis of 

Figure 5. Inverse correlation between NLRP3 abundance and miR‑223 
expression in hepatocellular carcinoma samples. Total RNA was extracted 
from 38 hepatocellular carcinomas, reverse transcribed and analyzed by 
qPCR to determine the relative amounts of NLRP3 and miR‑223. Data were 
analyzed using Pearson's correlation analysis.
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tumor cells (62). Moreover, the increased expression levels 
of miR‑371-5p have been associated with a shorter survival 
and a poor prognosis of patients with pancreatic cancer (63). 
Similarly, miR‑543 has been found to be closely associated 
with tumor size, TNM stage and metastasis, as well as with a 
poor overall and disease-free survival (64). In this context, our 
study may provide new insight into the necroptotic function 
of this three‑miRNA signature, further providing valuable 
insights into its role in HCC and its value as a potential 
predictor of poor prognosis. Indeed, the present findings are in 
line with those of a recent study reporting that pro‑necroptotic 
pathways promote inflammatory cytokine production, thereby 
sustaining tumor growth (51).

Another meaningful result of this study was the signifi-
cant inverse correlation between the expression pattern of 
miR‑223-3p and that of the NLRP3 inflammasome found in 
the resected tissue specimens from HCC patients (Fig. 5). 
Specifically, we demonstrated that the downregulation of 
miR‑223 was closely associated with increased NLRP3 
mRNA levels. This finding effectively supports the hypothesis 
that miR‑223 acts as a negative regulator of NLRP3 inflamma-
some activity, as it was already observed in other pathological 
conditions (27,29). It is well recognized that NLRP3 is an 
important mediator involved in cell necroptosis (30), and it 
has been suggested that its activation may be modulated by 
Casp‑8  (23,26). Of note, a recent study demonstrated that 
miR‑223-3p prevents the ischemia/reperfusion-induced cardiac 
necroptosis via targeting NLRP3 inflammasome signaling (17). 
Therefore, the data presented herein may uncover a novel role 
for miR‑223-3p and its target gene, NLRP3, in the context of 
HCC, strengthening the inextricable association between these 
molecular effectors involved in programmed cell necrosis. 
Defining the role of miR‑223-3p‑mediated NLRP3 signaling 
in these and other potential necroptotic models is mandatory 
for the better understanding the complex crosstalk regulating 
programmed cell death and for testing new disease-specific 
medical treatments.

In conclusion, the results from the present study may 
provide new insight into the complex miRNA-governed 
network of regulated necrosis, and suggest that the newly 
identified signature of necroptosis-regulating miRNAs may 
represent a promising diagnostic and prognostic biomarker as 
well an effective therapeutic target for HCC.

However, further studies are required to verify the inter-
play between these miRNAs, their target genes and HCC 
progression, and to validate our findings for applicability in 
the clinical setting.
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