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Abstract
BACKGROUND 
Anti-programmed death therapy has thrust immunotherapy into the spotlight. 
However, such therapy has a modest response in hepatocellular carcinoma 
(HCC). Epigenetic immunomodulation is a suggestive combinatorial therapy with 
immune checkpoint blockade. Non-coding ribonucleic acid (ncRNA) driven 
regulation is a major mechanism of epigenetic modulation. Given the wide range 
of ncRNAs that co-opt in programmed cell-death protein 1 (PD-1)/programmed 
death ligand 1 (PD-L1) regulation, and based on the literature, we hypothesized 
that miR-155-5p, miR-194-5p and long non-coding RNAs (lncRNAs) X-inactive 
specific transcript (XIST) and MALAT-1 are involved in a regulatory upstream 
pathway for PD-1/PD-L1. Recently, nutraceutical therapeutics in cancers have 
received increasing attention. Thus, it is interesting to study the impact of 
oleuropein on the respective study key players.
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AIM 
To explore potential upstream regulatory ncRNAs for the immune checkpoint PD-
1/PD-L1.

METHODS 
Bioinformatics tools including microrna.org and lnCeDB software were adopted 
to detect targeting of miR-155-5p, miR-194-5p and lncRNAs XIST and MALAT-1 
to PD-L1 mRNA, respectively. In addition, Diana tool was used to predict 
targeting of both aforementioned miRNAs to lncRNAs XIST and MALAT-1. HCC 
and normal tissue samples were collected for scanning of PD-L1, XIST and 
MALAT-1 expression. To study the interaction among miR-155-5p, miR-194-5p, 
lncRNAs XIST and MALAT-1, as well as PD-L1 mRNA, a series of transfections of 
the Huh-7 cell line was carried out.

RESULTS 
Bioinformatics software predicted that miR-155-5p and miR-194-5p can target PD-
L1, MALAT-1 and XIST. MALAT-1 and XIST were predicted to target PD-L1 
mRNA. PD-L1 and XIST were significantly upregulated in 23 HCC biopsies 
compared to healthy controls; however, MALAT-1 was barely detected. MiR-194 
induced expression elevated the expression of PD-L1, XIST and MALAT-1. 
However, overexpression of miR-155-5p induced the upregulation of PD-L1 and 
XIST, while it had a negative impact on MALAT-1 expression. Knockdown of 
XIST did have an impact on PD-L1 expression; however, following knockdown of 
the negative regulator of X-inactive specific transcript (TSIX), PD-L1 expression 
was elevated, and abolished MALAT-1 activity. Upon co-transfection of miR-194-
5p with siMALAT-1, PD-L1 expression was elevated. Co-transfection of miR-194-
5p with siXIST did not have an impact on PD-L1 expression. Upon co-transfection 
of miR-194 with siTSIX, PD-L1 expression was upregulated. Interestingly, the 
same PD-L1 expression pattern was observed following miR-155-5p co-
transfections. Oleuropein treatment of Huh-7 cells reduced the expression profile 
of PD-L1, XIST, and miR-155-5p, upregulated the expression of miR-194-5p and 
had no significant impact on the MALAT-1 expression profile.

CONCLUSION 
This study reported a novel finding revealing that opposing acting miRNAs in 
HCC, have the same impact on PD-1/PD-L1 immune checkpoint by sharing a 
common signaling pathway.

Key Words: Hepatocellular carcinoma; X-inactive specific transcript; MiR-155-5p; MiR-
194-5p; Programmed cell-death protein 1/Programmed death ligand 1; Immune checkpoint

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Due to the immune rich milieu of hepatocellular carcinoma (HCC), it is a 
good candidate for immune-based therapies. In this study, our aim was to identify 
potential upstream epigenetic regulators of immune checkpoint programmed cell-death 
protein 1/programmed death ligand 1 in HCC which could be regarded as therapeutic 
targets. The findings of this study revealed the re-questioning of the role of certain non-
coding ribonucleic acids in HCC. Here we deduced a novel shared upstream regulatory 
signaling pathway for programmed cell-death protein 1/programmed death ligand 1 
immune checkpoint between paradoxically acting tumor suppressor miR-194-5p and 
onco-miR-155-5p, in HCC through X-inactive specific transcript expression 
modulation.
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INTRODUCTION
Hepatocellular carcinoma (HCC) constitutes a global burden and is one of the leading 
causes of cancer mortality[1]. A myriad of therapeutic modalities is available for HCC 
including tumor resection or ablation, transarterial chemoembolization, liver 
transplantation and treatment with tyrosine kinase inhibitors[2]. Nevertheless, HCC is a 
highly therapy resistant disease and is frequently diagnosed at an advanced stage; 
thus, the identification of a novel therapeutic modality is essential[3].

Recently, tumour immunotherapy has been thrust into the spotlight to inhibit 
tumour progression, relapse and metastasis. Immunotherapeutic techniques comprise 
both activation of tumour specific immune responses as well as enhancement of 
cellular or humoral immunity thus causing disruption of immune tolerance[4]. HCC 
immunotherapy has greatly changed due to extensive ongoing immunological studies 
which have incorporated immunotherapy into the HCC treatment armamentarium[5]. 
The rationale behind such a revolutionary therapeutic technique is the fact that HCC 
develops in an inflammatory milieu brimming with tumour infiltrating lymphocytes 
boosting HCC immunogenicity[6].

Immune checkpoint inhibitors have been featured as a sensational paradigm shift in 
cancer immunotherapy[7]. Physiologically, immune checkpoints are co-inhibitory 
molecules that act as “brakes” in the immune system to avoid an exaggerated response 
and restore its activity to a normal level[8,9]. Programmed cell-death protein 1 (PD-1) is 
one of the highly expressed immune checkpoints on T-cells in most solid tumours[10]. 
PD-1 was originally described by Ishida et al[11] in 1992 as a cell death inducer, a 
discovery that paved the way for Noble prize winning immune checkpoint inhibitor 
studies in 2018. Tumour immune surveillance evasion can then occur upon 
engagement of PD-1 with its ligand, Programmed death ligand 1 (PD-L1), expressed 
on tumour cells leading to effector T-cell exhaustion and dysfunction[12,13]. PD-1/PD-L1 
immune checkpoint blockade has shown considerable survival benefits in patients 
with different metastatic tumours[14-17]. In 2017, the Food and Drug Administration 
approved Nivolumab, a human immunoglobulin G monoclonal antibody against PD-
1, for patients with advanced HCC, due to durable responses observed in these 
patients[18].

Accumulating evidence has shown that PD-1/PD-L1 immune checkpoint is 
epigenetically regulated through immunomodulatory non-coding ribonucleic acids 
(ncRNAs) as microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) in several 
cancers including colorectal cancer[19], lung cancer[20] and pancreatic cancer[21]. 
Furthermore, our research group demonstrated the epigenetic regulation of PD-1/PD-
L1 in breast cancer[22]. Nevertheless, such immunomodulatory loops orchestrating PD-
1/PD-L1 expression and activity are still under investigation in HCC.

Due to the breakthrough established in next generation sequencing which enabled 
the profiling of the whole transcriptomic expression at the molecular level, our 
understanding of biological systems has improved[23]. Such studies have revealed the 
expression deregulation of a multitude of ncRNAs[24].

Based on bioinformatics analysis, the miRNAs, oncomiR and miR-155-5p, and 
tumor suppressor miR-194-5p were predicted to target PD-L1 transcriptome as well as 
the candidate lncRNAs, X-inactive specific transcript (XIST) and MALAT-1. Moreover, 
lncRNAs XIST and MALAT-1 were predicted to target PD-L1 transcript where both 
lncRNAs have demonstrated their role in HCC pathogenesis in several studies.

Therefore, it is interesting to study the expression profile of PD-L1 in Huh-7 cells 
relative to the expression manipulation of candidate ncRNAs in order to explore novel 
potential upstream regulatory ncRNAs for PD-L1 in HCC and the capacity of these 
ncRNAs as therapeutic targets. In addition, it is of value to determine the clinical 
relevance of the proposed regulatory signaling pathways for PD-L1 in HCC patients 
by assessing the expression pattern of PD-L1 as well as the lncRNAs XIST and 
MALAT-1 in HCC tissues.

The trend towards integrating phytochemicals in cancer therapy is being 
augmented worldwide, especially with increased tolerance and resistance to 
traditional cancer therapeutic modalities. The olive tree (Olea europaea L.) which 
belongs to the Oleacaea family is native to tropical and warm temperate regions[25]. 
Several studies have postulated that the olive plant has anti-inflammatory[26] and anti-
cancer activities[27]. Such activities are mainly attributed to the unique polyphenolic 
content of the olive plant.

Oleuropein is one of the highly abundant phenolic compounds in olive leaves[28]. It 
is reported to have a plethora of beneficial health benefits that are attributed to a 
compilation of pharmacological action including anti-oxidant[29], anti-inflammatory[30], 
and anti-angiogenic[31] activities which pave the way for its interesting anticancer 
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activity[32]. Oleuropein has been demonstrated to have an anti-inflammatory and 
immunomodulatory effect via down-regulation of MAPKs and NF-κB signaling 
pathways as well as controlling the production of inflammatory mediators such as IL-6 
and TNF-α cytokines, MMP-1 and MMP-3 levels[33]. Interestingly, Ruzzolini et al[34] 
revealed the promising potential of oleuropein as an adjuvant therapy against BRAF 
melanoma, by manipulating the pAKT/pS6 pathway. Moreover, a recent study 
demonstrated the potential indirect modulatory impact of oleuropein on PD-L1 in 
esophageal cancer, by manipulating the expression of hypoxia-inducible factor-1[35]. 
Nevertheless, to the best of our knowledge, the immunomodulatory impact of 
oleuropein on HCC has not been extensively studied. Hence, the impact of this 
promising compound on our study key players was determined.

MATERIALS AND METHODS
Bioinformatics analysis
To detect possible microRNAs targeting 3’UTR of PD-L1 mRNA, microrna.org 
(www.microrna.org) bioinformatics target prediction software was used. Based on the 
binding scores and number of hits, miRNAs with good scores were chosen. Diana 
tools software (http://carolina.imis.athena-innovation.gr) was used to analyze 
potential binding of miR-194 and miR-155 to the 3’UTR region of lncRNAs XIST and 
MALAT1. The lnCeDB (Database of Human Long Noncoding RNA Acting as 
Competing Endogenous RNA) prediction software algorithm (http://gyanxet-
beta.com/lncedb/) was used to analyze potential binding of lncRNA XIST and 
MALAT-1 to PD-L1.

Patients and tissue samples
The present study included 23 patients with HCC, who underwent liver transplant 
surgery in the Kasr El Einy Hospital (Cairo University, Cairo, Egypt). Four samples of 
cirrhotic tissues were taken from a subset of these patients with focal HCC lesions. As 
per the pathology report of these patients, summarized in Table 1, almost 70% of 
patients had > 1 focal lesion. Ten liver biopsies were obtained from healthy donors. 
Ethical approval for this study was issued by the Institutional Review Board of Cairo 
University. In addition, all participants provided written informed consent. The 
institutional ethics committees approving this research comply with the principles set 
forth in the international reports and guidelines of the Helsinki Declaration and the 
International Ethical Guidelines for Biomedical Research Involving Human Subjects, 
issued by the Council for International Organizations of Medical Sciences.

Cell culture
Huh-7 cells were purchased from Vacsera Egypt. They were maintained in Dulbecco's 
modified Eagle's medium (DMEM, Lonza, Germany, cat. no. 12-604F), supplemented 
with 4.5 g/L glucose, 4 mmol/L L-glutamine, 10% fetal bovine serum (Applied 
Biosystems; Thermo Fisher Scientific Inc., cat. no. 10270098) and Mycozap (1:500; 
Lonza, cat. no. LT07-818) at 37°C in a 5% carbon dioxide atmosphere.

Transfection of miR and siRNAs oligonucleotides 
Twenty-four hours prior to transfection, 1-5 × 104 or 2-8 × 104 Huh-7 cells (40%-80% 
confluency) per well were seeded in a 96-well plate or 24-well plate, respectively. The 
cells were incubated under normal growth conditions (37°C and 5% carbon dioxide). 
The Huh-7 cell line was transfected with miScript™ miRNA mimics/inhibitors of miR-
155-5p (Syn-hsa-miR-155-5p miScript miRNA Mimic, Qiagen, cat. no. MSY0000646 and 
Anti-hsa-miR-155-5p miScript miRNA Inhibitor, Qiagen, cat. no. MIN0000646) and 
miR-194 (Syn-hsa-miR-194-5p miScript miRNA Mimic, Qiagen, cat. no. MSY0000460 
and Anti-hsa-miR-194-5p miScript miRNA Inhibitor, Qiagen, cat. no. MIN0000460). 
Transfections with siRNAs for each of XIST (Hs_XIST_3 FlexiTube siRNA, Qiagen 
Germany, cat. no. SI03654483), the negative regulator of X-inactive specific transcript 
(TSIX), (Hs_TSIX_7 FlexiTube siRNA, Qiagen Germany, cat. no. SI04708795) and 
MALAT-1 (Hs_MALAT1_1 FlexiTube siRNA, Qiagen Germany, cat. no. SI03670541) 
were also carried out. Co-transfections of each of the miR-155 and miR194 mimics 
were carried out with the siRNAs of each of the three lncRNAs MALAT-1, XIST and 
TSIX, respectively. All transfection experiments were performed in triplicate using 
HiPerfect Transfection Reagent (Qiagen Germany, cat. no. 301705) according to the 
manufacturer's instructions, and experiments were repeated three times. Cells that 

http://carolina.imis.athena-innovation.gr
https://bigd.big.ac.cn/databasecommons/database/id/1123
https://bigd.big.ac.cn/databasecommons/database/id/1123
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Table 1 Clinical assessment of 23 patients with hepatocellular carcinoma

Parameter Value

Age (yr) 49 ± 13.5

Aspartate aminotransferase (U/L) 100.5 ± 65.8

Alanine aminotransferase (U/L) 85.6 ± 95.6

Alkaline phosphatase (U/L) 110.2 ± 60.7

Serum albumin (g/dL) 4.6 ± 1.5

Serum α fetoprotein (ng/mL) 155.7 ± 22.3

Data are presented as the mean ± SD. Male: Female = 2:1. All patients were positive for hepatitis C virus antibody.

were exposed only to the transfection reagent were designated mock cells; cells 
transfected with miR-155 or miR-194 mimics were designated miR-155 cells and miR-
194 cells, respectively; cells transfected with the miR-155 or miR-194 inhibitors were 
designated as anti-miR-155 cells and anti-miR-194 cells, respectively; cells transfected 
with XIST siRNAs were designated as XIST siRNA cells; cells transfected with 
MALAT-1 siRNAs were designated as MALAT-1 siRNA cells; cells transfected with 
TSIX siRNAs were designated as TSIX siRNA cells; cells co-transfected with miR-155 
and XIST siRNA were designated as miR-155/siXIST; cells co-transfected with miR-
155 and MALAT-1siRNA were designated as miR-155/siMALAT-1; cells co-
transfected with miR-155 and TSIX siRNA were designated as miR-155/siTSIX; cells 
co-transfected with miR-194 and XIST siRNA were designated as miR-194/siXIST; 
cells co-transfected with miR-194 and MALAT-1 siRNA were designated as miR-
194/siMALAT-1; cells co-transfected with miR-194 and TSIX siRNA were designated 
as miR-194/siTSIX; Cells were lysed 48 h post-transfection and total RNA was 
extracted for further analysis.

Plant material and fractionation
Olive leaves were collected from northern Sinai, Egypt and authenticated by Mrs. 
Therasa Labib, Taxonomist, Orman Botanical Garden, Egypt. Voucher specimen 
number (00396) was deposited at the Herbarium of the Pharmaceutical Biology 
Department, Faculty of Pharmacy and Biotechnology, German University in Cairo. 
Exhaustive extraction of olive leaves was carried out using 70% aqueous-ethanol, 
followed by re-suspension of the residue in H2O and fractionation against petroleum 
ether, chloroform and ethyl acetate to yield 17 g, 6.5 g and 4.5, g respectively. The ethyl 
acetate polar fraction was applied over an open column (64 cm L × 5.5 cm ID) packed 
with silica (250 g) as stationary phase. A CHCl3:CH3OH:H2O gradient was used for the 
elution process to ensure purification of the sub-fractions.

Isolation of oleuropein
The sub-fraction of interest (30 mg) was obtained using CHCl3:CH3OH:H2O in a ratio 
of 3:4:3, then injected into a preparative high performance liquid chromatograph 
(Waters 600 E multisolvent delivery system, Waters 600 E pump and Waters 2998 
PDA) which was employed using Lichrospher 100 RP-18 (250 mm × 10 mm i.d.; 10 
µm) (Merck KGaA, Darmstadt, Germany). The mobile phase used was composed of 
0.2% H3PO4 (v/v), methanol and acetonitrile in a ratio of 96:2:2. NMR spectra were 
obtained using a Bruker Avance 500 spectrometer (Bremen, Germany) 5 mm-Zgrad 
probe, operating at 500.13 MHz for 1H and 125.77 MHz for 13C. The purity of 
oleuropein was confirmed using analytical HPLC (Agilent Technologies, Waldbronn, 
Germany), equipped with a PDA detector G 1314 C (SL). Chromatographic separation 
was carried out on a Superspher 100 RP-18 (75 mm × 4 mm i.d.; 4 μm) column (Merck, 
Darmstadt, Germany) using mobile phases: (A) 2% acetic acid (pH 2.6) and (B) 80% 
methanol. A gradient starting from 5% B to 50% B was employed for the elution 
process with 100 μL/min flow rate at 30°C and compared vs standard material (Sigma 
Aldrich) using HPLC. Confirmation of oleuropein identity was carried out by 
comparing its spectral data to the obtained literature[36].

Oleuropein treatment to HuH-7 cells
A stock solution of oleuropein 100 mmol/L was prepared by dissolving 0.108 g in 2 
mL of free DMEM. A solution of 80 µmol/L concentration that was previously 
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reported as LC50 on Huh-7 cells[37] was prepared using this stock.

RNA isolation from liver biopsies and Huh-7 cell line
RNA was isolated from Huh-7 cells and liver biopsies using the TRIzol™ LS Reagent 
(Applied Biosystems; Thermo Fisher Scientific Inc., cat. no. 10296010) extraction 
protocol.

Quantified real-time polymerase chain reaction
Total RNA extracted was reverse-transcribed into single-stranded complementary 
DNA (cDNA) using the high-capacity cDNA reverse transcription kit (Applied 
Biosystems; Thermo Fisher Scientific Inc., cat. no. 4368814). The relative expression of 
miR-155 as well as miR-194 to that of RNU6B (housekeeping gene), in addition to PD-
L1 mRNA, XIST and MALAT-1 lncRNAs to that of β-2-microglobulin (β2M; a 
housekeeping gene) were quantified with TaqMan RT-quantitative polymerase chain 
reaction [quantified real-time polymerase chain reaction (qRT-PCR); Applied 
Biosystems Assay IDs: 002287, 000493, 0001093, Hs01079824_m1, Hs00273907_ml and 
Hs00984230_m1 and Hs01060665_g1, respectively] using StepOne™ Systems (Applied 
Biosystems Life Technologies). The PCR for miR quantification included 1 µL TaqMan 
Small RNA Assay (20 X) specific for each of miR-155 or miR-194 or RNU6B and 1.33 
µL cDNA from each miR-155 or miR-194 or RNU6B RT reactions, respectively. 
Taqman target gene assay expression assay (1 µL) specific for each of PD-L1, XIST and 
MALAT-1 as well as 4 µL of the respective cDNA were used for quantification. The 
RT-qPCR run was performed in the standard mode, consisting of two stages: A first 10 
min stage at 95°C where the Taq-polymerase enzyme was activated, followed by a 
second stage of 40 amplification cycles (15 s at 95°C and 60 s at 60°C). Relative 
expression was calculated using the 2−ΔΔCq method. All PCR reactions, including 
controls, were run in triplicate.

Statistical analysis
All data were expressed in relative quantitation. For the purpose of comparison 
between two different studied groups, the Student's unpaired t-test was used. Data 
were expressed as mean ± SD error of the mean. A P value less than 0.05 was 
considered statistically significant. dP < 0.0001, cP < 0.001, bP < 0.01, aP < 0.05. Analysis 
was performed using GraphPad Prism 7.02.

RESULTS
In silico analysis 
According to miRANDA software and the miRDB database, a total of 146 miRNAs 
were predicted to target PD-L1 mRNA. Both miR-155 and miR-194 were predicted to 
bind to the 3’UTR region of PD-L1 mRNA using miRANDA software and Targetscan 
software, while binding of miR-194 and miR-155 to the 3’UTR region of lncRNAs XIST 
and MALAT1 was predicted using Diana tools software. MALAT1 and XIST were 
predicted to target PD-L1 mRNA according to LnCeDB software algorithms.

Expression profile of PD-L1 in liver tissues
The expression profile of PD-L1 was assessed in HCC patients, and adjacent cirrhotic 
biopsies in a subset of patients together with 10 donor healthy controls, using qRT-
PCR. PD-L1 was significantly elevated in both HCC biopsies (P = 0.0065) and cirrhotic 
biopsies (P = 0.0251) in comparison to healthy controls (Figure 1).

Expression profile of lncRNAs; XIST and MALAT-1 in HCC tissues
The expression profile of the endogenous lncRNAs XIST and MALAT-1 was examined 
in HCC patients and adjacent cirrhotic biopsies in a subset of patients together with 10 
healthy donors using qRT-PCR. HCC patients showed a significant upregulation of 
XIST expression (P = 0.048) compared to healthy controls. MALAT-1 expression in 
HCC patients was barely detected (P = 0.043) and a significant upregulation was 
found in the cirrhotic tissues (P = 0.0136) (Figure 2).

Manipulation of endogenous miR-194-5p and miR-155-5p expression in Huh-7 cells.
Transfection efficiency of miR-194-5p and miR-155-5p oligonucleotides: In order to 
manipulate the expression of miR-194-5p and miR-155-5p in Huh-7 cells, the cells were 
transfected with each of the respective miRNA mimics and antagomirs, respectively. 
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Figure 1 Relative expression level of programmed death ligand 1 in liver tissues. Endogenous programmed death ligand 1 expression profile was 
analyzed in hepatocellular carcinoma patients, cirrhotic and healthy controls using quantified real-time polymerase chain reaction and normalized to B2M as an 
internal control (housekeeping gene). Screening of programmed death ligand 1 showed that it was enhanced in cirrhotic biopsies (aP < 0.05) and hepatocellular 
carcinoma biopsies (bP < 0.01) compared to healthy controls. HCC: Hepatocellular carcinoma.

Figure 2 Expression profile of lnc-ribonucleic acid X-inactive specific transcript and MALAT-1 in hepatocellular carcinoma tissues. 
Endogenous X-inactive specific transcript and MALAT-1 lnc-ribonucleic acids expression profile was analyzed in hepatocellular carcinoma (HCC) patients and healthy 
controls using quantified real-time polymerase chain reaction and normalized to B2M as an endogenous control. A: X-inactive specific transcript lnc-ribonucleic acid 
showed a significant upregulation in HCC biopsies (P = 0.048); and B: MALAT-1 was significantly down regulated in HCC biopsies (P = 0.043); however, it showed 
elevated expression in cirrhotic biopsies (P = 0.0136). aP < 0.05. HCC: Hepatocellular carcinoma.

Efficient transfection was assessed 48 h post-transfection using qRT-PCR, and both 
miR-194-5p (Figure 3A) and miR-155-5p (Figure 3B) were markedly increased in 
mimicked cells compared to mock cells, (P = 0.0026) and (P < 0.0001), respectively.

Impact of miR-194-5p and miR-155-5p on PD-L1 transcript expression in Huh-7 
cells: Mimicking of both miRNAs miR-155 and miR-194 in Huh-7 cells showed an up-
regulation of PD-L1 expression (P = 0.0219) (P = 0.0209), respectively, compared to the 
mock untransfected cells (Figure 4). However, antagonizing both miRNAs resulted in 
a significant downregulation of PD-L1 transcript expression compared to mock 
untransfected cells.

Impact of miR-155-5p and miR-194-5p on lncRNAs XIST and MALAT-1 expression 
in Huh7 cells: Following ectopic expression manipulation of each of the respective 
miRNAs in Huh-7 cells, the lncRNAs XIST and MALAT-1 expression profiles were 
assessed using qRT-PCR and normalized to B2M an endogenous housekeeping gene. 
(A) Mimicking of miR-194-5p and miR-155-5p resulted in an upregulated expression 
profile of XIST compared to the mock untransfected cells, (P = 0.0026, P = 0.0477), 
respectively, as shown in Figure 5A; (B) Meanwhile, as shown in Figure 5B, mimicking 
of miR-194-5p and miR-155-5p had a paradoxical impact on the MALAT-1 expression 
profile. Mimicking of miR-194-5p induced the expression of MALAT-1 (P = 0.0135) 
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Figure 3 Transfection efficiency in Huh-7 cells with miR194-5p and miR-155-5p oligonucleotides. Using quantified real-time-polymerase chain 
reaction, the transfection efficiency was determined in both mimicked and mock cells 48 h post-transfection for each of the respective mi-ribonucleic acids. MiR-194-
5p and miR-155-5p were normalized to RNU6B as an endogenous control. A: Mimicking of miR-194-5p; and B: miR-155-5p resulted in an increase in each of the 
respective miRNAs, (P = 0.0026) and (P < 0.0001), respectively. The expression levels were compared with the unpaired Student’s t-test. bP < 0.01 and cP < 0.001.

Figure 4 Impact of miR-194-5p and miR-155-5p on programmed death ligand 1 transcript expression in Huh-7 cells. Following ectopic 
expression manipulation of (A) miR-194-5p and (B) miR-155-5p in Huh-7 cells, programmed death ligand 1 (PD-L1) transcript expression was assessed using 
quantified real-time polymerase chain reaction and normalized to B2M as an endogenous control. Mimicking of each of the respective miRNAs resulted in significant 
upregulation of PD-L1 compared to mock untransfected cells (P = 0.0219) and (P = 0.0209), respectively. On the contrary, PD-L1 transcript expression was 
significantly downregulated by antagonizing each of the miRNAs in comparison with the mock untransfected cells. aP < 0.05.

compared to mock untransfected cells. On the other hand, mimicking of miR-155-5p 
induced the downregulation of MALAT-1 expression compared to mock untransfected 
cells (P = 0.0053).

Impact of knocking down the lncRNAs MALAT-1, XIST and TSIX on PD-L1 
expression in Huh-7 cells
Knockdown of MALAT-1 significantly down regulated PD-L1 expression (P = 0.001) 
compared to mock cells. On the other hand, transfection with siRNAs of TSIX induced 
the upregulation of PD-L1 expression (P = 0.0358) compared to mock cells. 
Knockdown of XIST resulted in an insignificant change in the PD-L1 expression profile 
compared to untransfected mock cells (Figure 6).

Net impact of combined ectopic expression of miR-194-5p and miR-155-5p together 
with siRNAs of lncRNAs XIST, TSIX and MALAT-1 on PD-L1 expression profile.
The expression profile of PD-L1 transcript was studied following co-transfection of 
Huh-7 cells with different combinations of each miRNA; miR-194-5p and miR-155-5p, 
respectively, with each of the siRNAs of lncRNAs; MALAT-1, XIST and TSIX. Values 
were normalized to the endogenous housekeeping gene B2M and compared to mock 
untransfected cells. Following transfection of miR-194-5p with siRNA of MALAT-1, 
PD-L1 expression was significantly induced (P = 0.0074). However, following 
knockdown of XIST, miR-194-5p did not have a significant impact on PD-L1 
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Figure 5 Impact of miR-155-5p and miR-194-5p on lnc-ribonucleic acids X-inactive specific transcript and MALAT-1 expression in Huh-7 
cells. Expression levels of lnc-ribonucleic acids X-inactive specific transcript and MALAT-1 were assessed following transfection of miR-194-5p and miR-155-5p 
oligomirs using quantified real-time polymerase chain reaction and normalized to the endogenous B2M as a housekeeping gene. A: Ectopic expression of both miR-
155 and mir-194 resulted in significant upregulation of X-inactive specific transcript expression, (P = 0.0477) and (P = 0.0026) respectively, compared to mock cells; 
and B: However, a paradoxical effect of mimicking miR-194-5p and miR-155-5p on MALAT-1 expression profile was observed, as miR-194-5p stimulated the 
upregulation of MALAT-1 expression (P = 0.0135), whereas mimicking miR-155-5p induced downregulation of MALAT-1 expression in comparison to mock cells (P = 
0.0053). aP < 0.05 and bP < 0.01.

expression compared to mock cells. However, co-transfection of miR-194-5p with 
siRNA TSIX, did have a positive impact on the PD-L1 expression profile compared to 
mock cells (P = 0.0067). Co-transfection of miR-155-5p siRNA MALAT-1 showed a 
significant upregulation of the PD-L1 transcript expression (P = 0.0060). However, 
miR-155-5P was unable to elevate PD-L1 expression following knockdown of XIST as 
there was no significant change in PD-L1 expression compared to mock cells. 
Knockdown of TSIX and co-transfection with miR-155-5P significantly induced the 
expression of PD-L1 (P = 0.0188) (Figure 7).

Impact of oleuropein on the study key players; PD-L1 transcript, miR-194-5p and 
miR-155-5p and lncRNAs MALAT-1 and XIST
Treatment of Huh-7 cells with pure isolated oleuropein showed surprising results 
(Figure 8). Oleuropein treatment significantly downregulated the expression of PD-L1 
(P = 0.0011), XIST (P = 0.0020) and miR-155 (P = 0.0001); however, MALAT-1 
expression profile was not affected following oleuropein treatment. The miR-194-5p 
expression pattern was upregulated following oleuropein treatment (P = 0.0022).

DISCUSSION
The high expression pattern of immune checkpoints is a major cause of inefficient anti-
tumor immunity. In this framework, immune checkpoint blockade has been 
revitalized to unleash the potential of anti-tumor immunity[38]. Nevertheless, 
immunotherapeutic approaches have modest responses in HCC. Thus, combinatorial 
therapeutic strategies including epigenetic modulation through ncRNAs and 
immunomodulation techniques are implemented to circumvent the limitation of 
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Figure 6 Impact of knockdown of long non-coding ribonucleic acids MALAT-1, X-inactive specific transcript and the negative regulator of 
X-inactive specific transcript on programmed death ligand 1 expression in Huh-7 cells. Using quantified real-time polymerase chain reaction, the 
expression profile of programmed death ligand 1 (PD-L1) transcript was determined following transfection of Huh-7 cells with each of the siRNAs for lncRNAs 
MALAT-1, X-inactive specific transcript and the negative regulator of X-inactive specific transcript. Values were normalized to an endogenous housekeeping gene 
B2M. PD-L1 expression was induced following knockdown of MALAT-1 (P = 0.0010) compared to mock cells. On the contrary, following down regulation of the 
negative regulator of X-inactive specific transcript, PD-L1 transcript expression was significantly induced (P = 0.0358) compared to mock cells. PD-L1 expression 
level was totally unaffected by knocking down MALAT-1 in comparison with mock cells. TSIX: The negative regulator of X-inactive specific transcript.

Figure 7 Net impact of ectopic miR-194-5p and miR-155-5p expression on programmed death ligand 1 expression in the presence of 
siRNA of lnc-ribonucleic acids X-inactive specific transcript, the negative regulator of X-inactive specific transcript and MALAT-1. The 
impact of both tumour suppressor miR-194-5p and oncogenic miR-155-5p on programmed death ligand 1 (PD-L1) expression in Huh7 cells in the presence of long 
non-coding ribonucleic acid X-inactive specific transcript (XIST), the negative regulator of X-inactive specific transcript and MALAT-1 siRNA was similar. Both miRNAs 
induced upregulation of PD-L1 expression when each was accompanied by MALAT-1 siRNA, while knockdown of the long non-coding ribonucleic acid the negative 
regulator of X-inactive specific transcript, i.e. upregulation of XIST expression, in the presence of miR-155-5p and miR-194-5p mimics down regulated PD-L1 
expression. Ectopic expression of each of the miRNAs with knockdown of XIST had no net impact on PD-L1 expression. aP < 0.05 and bP < 0.01. TSIX: The negative 
regulator of X-inactive specific transcript.

immunotherapeutic techniques[39]. Recently, a novel interaction circuit has been 
demonstrated in the competing endogenous RNA (ceRNAs) network, composed of 
three RNAs “lncRNA-miRNA-mRNA”. Here, we showed that PD-L1 in HCC is a 
member of a ceRNA network orchestrated by miR-155, miR-194 and lncRNA XIST.

Based on in-silico analysis, the oncogenic miR-155-5p and tumour suppressor miR-
194-5p were predicted to target PD-L1 mRNA. It has been postulated that miR-155 
promotes tumorigenic properties in HCC-derived cell lines and hence is an oncogenic 
miRNA in HCC pathogenesis[40-42]. On the other hand, miR-194 has tumour suppressor 
activity in HCC as it was downregulated in HCC biopsies[43-45]. Interestingly, a 
paradoxical function of the tumour suppressor miR-194-5p in HCC was revealed in 
this study, and was able to elevate the abundance of the oncogenic mediator, PD-L1. 
Similarly, another study demonstrated the contradictory role of the oncomiR miR-125b 
in hematological malignancies, in which its oncogenic activity could be overcome in 
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Figure 8 Impact of oleuropein on the expression profile of the study key players. The expression pattern of programmed death ligand 1 (PD-L1), 
micro ribonucleic acids 194-5p and 155-5p as well as long non-coding ribonucleic acids X-inactive specific transcript (XIST) and MALAT-1 were assessed following 
oleuropein treatment. Values for micro ribonucleic acids were normalized to RNU6B while that for PD-L1, XIST and MALAT-1 were normalized to B2M. Enhanced 
expression of miR-194-5p was observed following oleuropein treatment (P = 0.0022). However, PD-L1, XIST and miR-155-5p expression pattern were down 
regulated, (P = 0.0011), (P = 0.0020) and (P = 0.0001), respectively. Oleuropein did not show any significant impact on MALAT-1 expression profile. bP < 0.01 and cP 
< 0.001.

some instances in chronic lymphocytic leukemia to act as a tumour suppressor[46].
Inspired by the ceRNA regulatory network, we investigated the impact of the key 

miRNAs players on the proposed lncRNAs. Bioinformatics analysis was adopted to 
predict the potential lncRNAs targeted by miR-194-5p and miR-155-5p. Based on the 
literature, two lncRNAs were selected, XIST and MALAT-1. LncRNA XIST is reported 
to be an oncogenic RNA as it is associated with worsening of survival in HCC patients, 
in which its oncogenic activity is mediated by AKt signaling pathway activation 
through the miR-139-5p/PDK1 axis[47]. Nevertheless, overexpression of miR-194-5p 
and miR-155-5p induced an elevation in XIST. This finding also confirms the potential 
paradoxical role of miR-194-5p in HCC pathogenesis.

Several studies have shown upregulation of MALAT-1 in HCC biopsies[48,49]. 
However, one study reported that following MALAT-1 knockdown in a hepatoma cell 
line, no variations in the proliferation pattern, cell cycle progression or nuclear 
architecture were observed[50]. Surprisingly, overexpression of miR-194-5p induced the 
elevation of MALAT-1. In contrast, induced expression of miR-155-5p resulted in 
downregulation of MALAT-1. Taken together, these findings demonstrate the 
paradoxical functions of miRNAs in tumours, in which miR-194-5p expression 
induction elevated the expression of oncogenic members in the Huh-7 cell line. A 
plausible explanation for this anomaly is the fact that a single miRNA can target tens 
to hundreds of mRNAs, some of which are tumour suppressors and others are 
oncogenes. According to the balance in expression of the targeted mRNAs, a net effect 
of oncogenic or tumour suppressor activity can emerge[46].

Our study showed that knockdown of MALAT-1 using siMALAT-1 resulted in 
downregulation of PD-L1 transcript. On the other hand, following knockdown of XIST 
negative regulator, TSIX, PD-L1 transcript was significantly elevated. These findings 
are considered to be helpful in clarifying the interesting role of tumour-suppressor 
miR-194-5p in elevating PD-L1, an activity that could be mediated through XIST and 
MALAT-1. However, the role of MALAT-1 in PD-L1 transcript elevation in HCC is still 
questionable, as despite the downregulation of MALAT-1 upon miR-155-5p 
overexpression, PD-L1 transcript was found to be highly abundant.

In order to have a full understanding of the ceRNA network involved in PD-L1 
transcript level modulation in HCC, the combined effect of the respective miRNAs and 
lncRNAs on PD-L1 transcript abundance was studied. MiR-194-5p elevated PD-L1 
transcript abundance even in the absence of MALAT-1. However, when XIST was 
knocked down, miR-194-5p was unable solely to affect PD-L1 abundance level. 
Nevertheless, upon XIST upregulation together with mimicking of miR-194-5P, PD-L1 
transcript level was restored. These findings provide solid evidence of the pivotal role 
of XIST in increased PD-L1 transcript abundance. Surprisingly, similar findings were 
observed following co-transfection of miR-155-5p mimics with each of the siRNAs of 
the respective lncRNAs, comparable to their co-transfection with miR-194-5p. These 
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findings provide extra proof of the insignificant role of MALAT-1 in the PD-L1 
expression pattern in comparison with XIST and both respective miRNAs.

The in-vitro results of our study also demonstrated the dual activity of miR-194-5p. 
Based on the literature, miR-194-5p has tumour suppressor activity in HCC by 
exerting a negative impact on cell viability and proliferation[43]. However, our results 
indicated that overexpression of miR-194-5p increased the abundance of the two 
oncogenic HCC members PD-L1 and XIST similar to the impact of oncogenic miR-155-
5p. Hence, our next aim was to determine the results ex-vivo by screening HCC 
biopsies for PD-L1, XIST and MALAT-1 expression. An elevated expression of XIST in 
HCC biopsies was noted which was in accordance with several other studies that have 
reported the oncogenic role of XIST in HCC[47,51]. Also, PD-L1 was found to be 
significantly overexpressed in HCC biopsies compared to normal donor biopsies. This 
result is similar to that in other studies which reported the elevated expression of PD-
L1 in HCC and its mechanistic role in immune evasion[52]. To our surprise, MALAT-1 
was barely detected in HCC biopsies, in contrast to other studies that have reported 
the oncogenic role of MALAT-1 in HCC[53]. The interesting finding of downregulated 
MALAT-1 in HCC biopsies is in accordance with the in-vitro finding of the 
insignificant role of MALAT-1 in PD-L1 expression in HCC cells.

This study highlights the potential therapeutic targets in HCC including the 
members of the aforementioned upstream regulatory pathways of PD-L1. 
Nevertheless, the clinical application of ncRNAs as therapeutics is still limited and 
understudied. Thus, a trend towards using nutraceuticals in cancer therapy has 
developed due to the feasibility of their clinical application[54]. Phytochemicals did not 
only demonstrate epigenetic immunomodulation by targeting lncRNAs and miRNAs, 
but have also revealed their role in immune checkpoint modulation[55].

Due to the favorable role of polyphenolic nutraceuticals in epigenetic modulation, 
the nutraceutical oleuropein was selected for this study in order to determine its 
impact on the study key players, based on its aforementioned anti-inflammatory and 
immunomodulatory effects[33].

At 80 µmol/L[37], oleuropein significantly reduced the abundance of PD-L1 in Huh-7 
cells. When the abundance of potential upstream regulatory ncRNAs was measured, it 
was found that XIST expression was significantly down regulated. However, 
oleuropein did not have a significant impact on MALAT-1 expression. Measurement of 
the impact of oleuropein on miR-194-5p and miR-155-5p revealed that miR-194-5p 
expression was markedly upregulated. In contrast, miR-155-5p was significantly 
downregulated. This finding is in accordance with another study that reported the 
negative impact of oleuropein on miR-155 in a breast cancer cell line, which 
manifested anti-proliferative, apoptotic, and anti-metastatic effects in the breast cancer 
cell line[56]. Finally, the potential of oleuropein as a therapeutic agent in HCC requires 
further investigation in order to support these promising findings.

Some limitations must be acknowledged in this study. First, the limited number of 
patients and subsequently, number of tissue biopsies; however, statistically significant 
results were obtained. Further studies using a larger number of tissue biopsies should 
be performed to validate the proposed pathway in a larger cohort of patients. Second, 
a further robust study design is necessary to analyze the study key players in 
peripheral blood samples of advanced HCC patients and to investigate the impact of 
mimicking the miRNAs, miR-155-5p and miR-194-5p, on PD-L1 protein levels in HCC 
cell lines.

CONCLUSION
In conclusion, this study reported the controversial role of miR-194-5p in HCC as it has 
the paradoxical function of being both a tumour suppressor and oncogenic activity in 
HCC, and had the same impact on upregulation of PD-L1 and XIST. Transfection of 
each of the siRNAs of the respective lncRNAs, showed that XIST and MALAT-1 can 
have a positive impact on PD-L1 transcript abundance. However, following a series of 
co-transfections, it was demonstrated that XIST is a cornerstone in PD-L1 expression, 
while MALAT-1 has no significant impact compared to the respective miRNAs and 
XIST. Thus, a novel shared upstream regulatory signaling pathway for PD-1/PD-L1 
immune checkpoint paradoxically acting on miR-194-5p and miR-155-5p occurs, 
through XIST expression modulation (Figure 9). Thus, the key regulators of the ceRNA 
circuit could be employed as therapeutic targets in HCC.
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Figure 9 Schematic representation of the shared pathway between miR-155-5p and miR-194-5p. This article highlights the novel shared upstream 
regulatory signaling pathways for programmed cell-death protein 1/programmed death ligand 1 immune checkpoint between paradoxically acting miR-194-5p and 
miR-155-5p, through lnc X-inactive specific transcript expression modulation. Mimicking of tumor suppressor miR-194-5p as well as oncomiR-155-5p in the Huh-7 cell 
line showed the same upregulation pattern of X-inactive specific transcript. X-inactive specific transcript was proposed then to be an intermediate player whose 
upregulation derived the increase in programmed death ligand 1 transcript abundance.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) develops in an inflammatory milieu containing 
tumor infiltrating lymphocytes, thus boosting tumor immunogenicity and provides an 
aspect for developing immunotherapies against HCC. However, immunotherapies 
have a modest response in HCC, accordingly combinatorial therapies with epigenetic 
immunomodulation may be a promising modality. Growing scientific evidence has 
suggested a modulatory role for miRNAs and long non-coding ribonucleic acids 
(lncRNAs) on programmed cell-death protein 1 (PD-1)/programmed death ligand 1 
(PD-L1) immune checkpoint in HCC.

Research motivation
HCC is considered a therapy-resistant disease, and is frequently diagnosed at an 
advanced stage. Thus, the development of a novel therapeutic modality is essential. It 
is noteworthy that immune checkpoint blockade therapy in HCC is gaining attention. 
Additionally, given the wide range of non-coding RNAs (ncRNAs) that orchestrate 
PD-1/PD-L1 immune checkpoint, we investigated how selected ncRNAs regulate PD-
1/PD-L1 immune checkpoint. Hence, the therapeutic potential of combining 
epigenetic immunomodulation through ncRNAs with immune checkpoint blockade 
was studied.

Research objectives
This study aimed at exploring potential upstream regulatory ncRNAs of immune 
checkpoint PD-1/PD-L1. Hence, the potential of combining immune checkpoint 
blockade with epigenetic immunomodulation was investigated.

Research methods
Based on bioinformatics software and the literature, ncRNAs including miR-155-5p 
and miR-194-5p as well as lncRNAs X-inactive specific transcript (XIST) and MALAT-1 
were selected. 23 HCC tissue biopsies and 10 healthy donor tissue biopsies were used 
to screen the expression of PD-L1 as well as lncRNAs XIST and MALAT-1. To study 
the interaction between miR-155-5p, miR-194-5p, lncRNAs XIST and MALAT-1, as 
well as PD-L1 mRNA, a series of transfections and co-transfections of the Huh-7 cell 
line was carried out. Quantified real-time polymerase chain reaction was then utilized 
to study the abundance of selected ncRNAs as well as PD-L1 transcripts in Huh-7 cells 
in the transfections experiments.

Research results
Based on bioinformatics software and the literature, we hypothesized that a potential 
upstream regulatory pathway to immune checkpoint PD-L1 is present in HCC, 
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composed of both miRNAs, tumor suppressor miR-194-5p and oncomiR-155-5p, as 
well as both lncRNAs XIST and MALAT-1. Following the screening of 23 HCC 
biopsies, PD-L1 and XIST were found to be significantly upregulated compared to 
healthy controls; however, MALAT-1 was barely detected. Induced expression of miR-
194-5p and miR-155-5p in the Huh-7 cell line showed the same pattern of upregulation 
of both PD-L1 transcript and XIST. However, ectopic expression of the respective 
miRNAs had a paradoxical impact on MALAT-1 abundance, i.e. miR-194-5p induced 
the upregulation of MALAT-1 while miR-155-5p downregulated the abundance of 
MALAT-1. Knockdown of XIST had no impact on PD-L1 expression; however, 
following knockdown of the negative regulator of X-inactive specific transcript (TSIX), 
PD-L1 expression was elevated, and MALAT-1 activity was abolished. Upon co-
transfection of miR-194-5p with siMALAT-1, PD-L1 expression was elevated. On the 
other hand, co-transfection of miR-194-5p with siXIST did not have an impact on PD-
L1 expression. Following co-transfection of miR-194 with siTSIX, PD-L1 expression 
was upregulated. Interestingly, the same PD-L1 expression pattern was revealed 
following the oncomiR-155-5p co-transfection series.

Research conclusions
In conclusion, this study reported the controversial role of miR-194-5p in HCC and 
despite its paradoxical function of a tumour suppressor and having oncogenic activity 
in HCC, both had the same impact on upregulation of XIST. LncXIST is thought to be 
an intermediate player whose upregulation increased PD-L1 transcript abundance.

Research perspectives
Although further investigations are needed, this study proposes a novel competing 
endogenous RNA circuit made up of both miR-155-5p and miR-194-5p as well as 
lncXIST and PD-L1 mRNA. This circuit could be regarded as a potential therapeutic 
target in HCC.
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