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A B S T R A C T   

Tumor microenvironment is an intricate web of stromal and immune cells creating an immune suppressive 
cordon around the tumor. In hepatocellular carcinoma (HCC), Tumor microenvironment is a formidable barrier 
towards novel immune therapeutic approaches recently evading the oncology field. In this study, the main aim 
was to identify the intricate immune evasion tactics mediated by HCC cells and to study the epigenetic modu
lation of the immune checkpoints; Programmed death-1 (PD-1)/ Programmed death-Ligand 1 (PD-L1) and T cell 
immunoreceptor with Ig and ITIM domains (TIGIT)/Cluster of Differentiation 155 (CD155) at the tumor-immune 
synapse. Thus, liver tissues, PBMCs and sera were collected from Hepatitis C Virus (HCV), HCC as well as healthy 
individuals. Screening was performed to PD-L1/PD-1 and CD155/TIGIT axes in HCC patients. PDL1, CD155, PD- 
1 and TIGIT were found to be significantly upregulated in liver tissues and peripheral blood mononuclear cells 
(PBMCs) of HCC patients. An array of long non-coding RNAs (lncRNAs) and microRNAs validated to regulate 
such immune checkpoints were screened. The lncRNAs; CCAT-1, H19, and MALAT-1 were all significantly 
upregulated in the sera, PBMCs, and tissues of HCC patients as compared to HCV patients and healthy controls. 
However, miR-944–5p, miR-105–5p, miR-486–5p, miR-506–5p, and miR-30a-5p were downregulated in the sera 
and liver tissues of HCC patients. On the tumor cell side, knocking down of lncRNAs—CCAT-1, MALAT-1, or 
H19—markedly repressed the co-expression of PD-L1 and CD155 and accordingly induced the cytotoxicity of co- 
cultured primary immune cells. On the immune side, ectopic expression of the under-expressed microRNAs; miR- 
486–5p, miR-506–5p, and miR-30a-5p significantly decreased the transcript levels of PD-1 in PBMCs with no 
effect on TIGIT. On the other hand, ectopic expression of miR-944–5p and miR-105–5p in PBMCs dramatically 
reduced the co-expression of PD-1 and TIGIT. Finally, all studied miRNAs enhanced the cytotoxic effects of 
PBMCs against Huh7 cells. However, miR-105–5p showed the highest augmentation for PBMCs cytotoxicity 
against HCC cells. In conclusion, this study highlights a novel co-targeting strategy using miR-105–5p mimics, 
MALAT-1, CCAT-1 and H19 siRNAs to efficiently hampers the immune checkpoints; PD-L1/PD-1 and CD155/ 
TIGIT immune evasion properties in HCC.  
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Introduction 

Hepatocellular carcinoma (HCC) represents a global health threat 
with escalating incidence rates [1]. HCC ranks as the 2nd most common 
cause of cancer-related mortalities with 5-year survival rate as only 18% 
[2]. Moreover, the estimated number of HCC cases in both genders and 
among all age groups is expected to increase from 841,080 in 2018 to 
1361,836 in 2040 [3]. HCC patients are commonly diagnosed at late 
stages of the disease, a status that hampers most of the conventional 
therapeutic approaches success rates [4,5]. 

Geographically North Africa and Middle East countries including 
Egypt, Hepatitis C virus (HCV) contributes for 44% of HCC-related cases 
[6]. Nonetheless, a recent study reported that increasing trends in HCC 
incidence across all etiology groups have been witnessed where 
HBV-related HCC incidence rates increased by 42% while HCV-related 
HCC incidence increased by 114% [7]. 

Harnessing the power of the immune system to treat malignancies 
have gained significant momentum in the last decade [8–11]. However, 
in context of HCC tumor microenvironment (TME) a lot of 
immune-related puzzling questions are unanswered [12]. Immune cells 
at the TME have a fundamental role in the development and progression 
of HCC [13]. Immune escape phenomena of HCC have recently been 
associated with a lot of obstacles and failures when it comes to the 
incorporation of the novel immune therapeutic approach in the treat
ment protocols of HCC patients [14]. Tumor cells dodge the normal 
immune screening and killing capacities through intricate genetic and 
epigenetic manipulations [15,16]. Moreover, tumor cells follow other 
tactics through the circulating tumor cells to directly repress the im
mune system activity inducing the initiation of immune suppression 
phenomena within the whole body [17]. 

Among the most imperative tactics tumor cells use to evade the 
immune system is the up-regulation of the immune checkpoints such as 
programmed cell death ligand 1 (PD-L1) and the up-regulation of 
poliovirus receptor (PVR, CD155), which has been recently reported in 
several malignancies [8,18,19]. Yet, its expression in HCC tumor cells is 
not well-investigated [20]. At the tumor-immune cell synapse in the 
TME, PD-L1 and CD155 act as ligands for programmed cell death re
ceptor 1 (PD-1) and T cell immune-receptor with Ig and ITIM domains 
(TIGIT), respectively. Upon the interaction between CD155/TIGIT and 
PD-L1/PD-1 abolishing of the cytotoxic potential of T cells and natural 
killer (NK) cells occurs [21,22]. 

Recently, we and others have unraveled a novel potential role of non- 
coding RNAs (ncRNAs) in re-sensitizing the immune system to eradicate 
tumor cells [23–26]. This is mainly performed by re-tweaking the im
mune suppressive tactics and altered expression of immune checkpoints 
employed by tumor cells through immunomodulatory ncRNAs [11,27]. 
Several ncRNAs including microRNAs (miRNAs) and long non-coding 
RNAs (lncRNAs) have recently been implicated in the 
epigenetic-mediated regulation of the immune checkpoints PD-1/PD-L1 
and TIGIT/CD155 in several malignancies, including hepatoma and 
pancreatic cancer [28,29]. 

For instance, MALAT-1 has recently been reported to act as an 
immunomodulatory lncRNA in several malignancies that have the 
ability to modulate the expression of PD-L1 and other tumor-secreted 
immune suppressive cytokines such as IL-10 and TNF-α [30]. Nonethe
less, MALAT-1 has been directly linked to tumor growth and suggested 
to act as a new predictor of tumor recurrence following liver trans
plantation and a promising therapeutic target [31]. However, the 
immunomodulatory role of MALAT-1 in HCC has not been extensively 
investigated. 

LncRNA H19 is another lncRNA that has been recently added to the 
list of emerging immunomodulatory lncRNAs through manipulating the 
expression profile of NK activating ligands on tumor cells and CD155 
expression in several malignancies [11,30,32-35]. Furthermore, H19 
has also been linked to tumor cell development, hypoxic stress, macro
phage activation, chemotaxis, and differentiation [36,37]. It also serves 

as a diagnostic and prognostic biomarker for HCC [36]. Yet, its 
immune-oncological role in HCC remains debatable [38,39]. 

CCAT-1 is a recent under-investigated lncRNA [40]. However, our 
research group has recently reported its fundamental role in modulating 
PD-L1 expression in triple negative breast cancer patients [41]. CCAT-1 
has been previously linked to HCC tumor growth, proliferation, and 
invasion and characterized as an oncogenic mediator in HCC, through 
modulating an array of oncogenic signaling pathways in HCC cell lines 
[42,43]. Yet, the CCAT-1 immuno-oncological role in HCC patients and 
cell lines has been scarcely discussed. 

Similar to lncRNAs, miRNAs have been reported to act as functional 
players in the immunoregulatory portrait of tumor cells [16,26,44-46]. 
Specifically, miR-506–5p [47], miR-486–5p [48], miR-30a-5p [49], 
miR-944–5p [50] and miR-105–5p [51] are considered immune regu
latory miRNAs with a fundamental role in tumor progression and 
metastasis in several solid malignancies. However, their immune 
modulatory role in HCC patients and cell lines remains to be elucidated. 
Therefore, this study aimed to investigate an array of ncRNAs that could 
function as upstream modulators of the immune checkpoints axes 
CD155/TIGIT and PD-1/PD-L1 at the tumor-immune synapse in HCC 
patients and cell lines. 

Participants and methods 

Study participants 

The current study involved 45 HCC patients with a male-to-female 
ratio of 4:1, 35 hepatitis C virus (HCV) patients with a male-to-female 
ratio of 3:2, and 30 healthy controls with a male-to-female ratio of 
3:2. Whole blood, sera, and liver tissues were collected from the 
involved participants. However, due to the scarcity of normal liver tis
sues, only 13 normal liver biopsies were collected from healthy donors 
during the liver transplantation procedures. All patients with HCC and 
HCV, as well as healthy controls, were age matched. All patients with 
HCC were virologically and serologically positive for HCV. All subjects 
were negative for HIV and HBV. Healthy controls were non-diabetic, 
non-hypertensive, and not suffering from any chronic or autoimmune 
diseases. All subjects gave their written informed consent before the 
collection of the samples. All the experiments were carried out in 
compliance with the guidelines set forth by the declaration of Helsinki. 
The study has been approved by the Institutional Review Board of Ain- 
Shams University, National Liver Instiute, the German University in 
Cairo (Ethical Approval Number: HCC-RA-2016-04) and the German 
International University (Ethical Approval Number: BIOT-HCC- 
01–2023). 

PBMCs isolation and serum collection 

Approximately, 8–10 ml of peripheral venous blood were withdrawn 
from each participant for PBMCs isolation, while another 4 ml periph
eral venous blood samples were collected from the participants for 
serum separation. Within 4–6 hrs of sample collection, PBMCs were 
isolated using the Ficoll-density gradient centrifugation method. Briefly, 
peripheral venous blood was diluted in an equal volume of wash mix 
(Roswell Park Memorial Institute (RPMI) 94%, fetal bovine serum (FBS) 
5%, penicillin/ streptomycin 1%). Diluted blood, approximately 6 ml, 
was carefully layered on a 3 ml Ficoll reagent, followed by 30 min of 
centrifugation at 1000 rpm. The buffy layer containing the PBMCs was 
collected and washed twice with the wash mix. The PBMCs of each 
sample were cryopreserved and stored in a − 80 ◦C freezer for later use as 
previously described [15,17]. Serum separation was done by centri
fuging at 1500 rcf for 10 min, followed by the collection of the upper 
serum phase that was stored at − 80 ◦C until further use. 
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Culturing of PBMCs and Huh7 cells 

Primary PBMCs were cultured in RPMI media whereas Huh7 cells 
were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) media, 
all supplemented with L-glutamine, 10% FBS, 100 mg/ml of strepto
mycin, and 100 IU/ml of penicillin (Lonza, Basel, Switzerland). The cells 
were incubated at 37 ◦C in 5% CO2 as previously described [52,53]. 

Delivery of oligonucleotides into primary PBMCs and Huh7 cells 

Primary PBMCs isolated from HCC patients or healthy controls and 
Huh7 cells were transfected with miR-486–5p, miR-506–3p, miR-30a- 
5p, miR-944–5p and miR-105–5p mimics (Qiagen, Germany). CCAT-1, 
H19, and MALAT-1 siRNAs were also used for the transfection experi
ments (Qiagen, Germany). A day before transfection, 6 × 104 PBMCs or 
3 × 105 Huh7 cells were seeded in a 96-well plate or a 24-well plate, 
respectively. All transfection experiments were carried out in triplicates 
using HiPerfect Transfection Reagent (Qiagen, Germany) according to 
the manufacturer’s protocol, and experiments were repeated at least 
three times as previously described [10,11,48,54]. Mock cells were only 
exposed to transfection reagent while cells transfected with scrambled 
miRNAs or scrambled siRNAs were designated as Scr-miRNAs or 
Scr-siRNAs, respectively. Co-culturing experiments or RNA extraction 
were performed 48 hr post-transfection. 

Total RNA and miRNA extraction 

mRNAs and miRNAs were extracted from sera and PBMCs of HCC 
patients and healthy controls using Qiazol RNA extraction according to 
the manufacturer’s protocol. RNA isolation was performed from liver 
tissues and Huh7 cells using Biozol (BIOR, China) as previously 
described [54–57]. 

mRNA and miRNA quantification 

The extracted miRNAs were reverse transcribed into single-stranded 
complementary DNA (cDNA) using TaqMan MicroRNA Reverse Tran
scription Kit (Applied Biosystems, Foster City, CA, USA) and specific 
primers for hsa-miR-486–5p, hsa-miR-506–5p, hsa-miR-30a-5p, hsa- 
miR-944–5p, hsa-miR-105–5p, and RNU6B. PD-1, PD-L1, TIGIT, CD155, 
CCAT-1, H19, and MALAT-1 and β-actin were reverse transcribed into 
cDNA using the High-Capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA) according to the manufacturer’s in
structions. Relative expression of miRNAs of choice and RNU6B, as well 
as PD-1, PD-L1, TIGIT, CD155, CCAT-1, H19, MALAT-1, and β-actin 
were quantified using TaqMan real-time qPCR using Step One System 
(Applied Biosystems, Foster City, CA, USA). Normalization of miRNAs 
expression was done using RNU6B, while normalization of mRNA and 
lncRNA expression was done using β-actin. Relative expression was 
calculated using the 2− ΔΔCt method as previously described in [55,58]. 
All qPCR reactions including controls were run in triplicate reactions. 

Co-culturing of Huh7 cells and PBMCs isolated from HCC patients 

Huh7 cells were seeded 2 hrs prior to co-culturing in a flat-bottomed 
96-well plate. Transfected primary PBMCs isolated from HCC patients or 
healthy controls were incubated with target Huh7 cells at different 
effector-to-target (E:T) ratios for 6–8 hrs at 37 ◦C and 5% CO2. Upon 
optimization, the E:T ratio 5:1 was chosen, where 15 × 103 Huh7 cells/ 
well were cocultured with 75 × 103 primary PBMCs/well as previously 
described in [59]. 

Lactate dehydrogenase (LDH) cytotoxicity assay 

In vitro cytolytic activity of PBMCs of HCC patients and healthy 
controls against their target Huh7 cells was assessed using the Lactate 

Dehydrogenase (LDH) Activity Assay kit (Lactate dehydrogenase (LDH)- 
Liquizyme (4+1) E.C.1.1.1.27., Spectrum, Egypt) according to the 
manufacturer’s instructions. Briefly, centrifugation at 2500 rpm for 15 
min at room temperature was performed, and the supernatant was 
collected for LDH measurement. Maximum release was determined by 
complete lysis of non-co-cultured target cells. The LDH activity was 
measured and then the percentage of lysis was calculated as follows: 
percentage (%) cytotoxicity=(target maximum release- maximum 
release experimental release)/(target maximum release) x 100 as pre
viously described in [60]. All experiments were done in triplicates and 
repeated at least three times. 

Preparation of siRNAs oligonucleotide liposomal formulations 

DSPC, DSPE, MPEG-2000-DSPE, and cholesterol were obtained from 
Corden Pharma (Plankstdt, Germany). HPLC-grade acetonitrile and 
dichloromethane (DCM) were purchased from Sigma-Aldrich 
(Hamburg, Germany). Liposomes composed of DSPC/DSPE/MPEG- 
2000-DSPE/cholesterol in a molar ratio of 1:0.1:0.1:0.8 were fabri
cated using the thin-film hydration approach as previously detailed with 
some modifications [61]. Briefly, 0.0412 mmol lipids and cholesterol 
were dissolved in dichloromethane in a round bottom flask. Then the 
organic solvent was evaporated under vacuum in a rotary evaporator 
operating at 130 rpm at 55 ◦C (the transition temperature of the lipids), 
forming a thin lipid film. This film was rehydrated using 3 mL of PBS of 
pH 7.4 at the same temperature for 1 hour. The obtained suspension was 
extruded for 10 cycles (at 55 ◦C) utilizing 0.1 µm polycarbonate mem
branes fixed in an Avanti Mini extruder (Avanti polar lipids Inc., Ala
bama, AL, USA) to generate uni-lamellar liposomes with a narrow 
polydispersity index. The liposomal formulations were stored at 4 ◦C 
until use. The oligonucleotide (3 siRNAs) liposomal formulation was 
designed by the dropwise addition of siRNAs to liposomal suspension at 
4 ◦C while stirring. Then, the mixture was kept under stirring for 4 hr at 
4 ◦C. 

Colony Forming Assay 

Forty-Eight hourse post-transfection with CCAT-1, H19, and MALAT- 
1 siRNAs and miR-105-5p mimics, cells were counted and seeded in 6- 
well plate (1000 cells/well). Cells were incubated for 1-3 weeks under 
normal growth conditions (5% CO2, 37 οC). Then, fixation and staining 
of the colonies were performed using 6% Glutaraldehyde and 0.5% 
crystal violet, respectively. Then, colonies were manually counted. 

Transwell migration and invasion 

Transwell migration assay was performed in 24-well plate with 8 μm 
pore-size (cellQART®, Germany). Transwell invasion assay was per
formed using 8 μm pore-size coated with collagen. Transfected cells 
were seeded in upper chamber and suspended in 1% FBS media. The 
cells were allowed to migrate toward the lower chamber, where 10% 
FBS media was placed 24 hr. The migrated/invaded cells were then fixed 
using 6% glutaraldehyde and stained with 0.4% crystal violet solution, 
followed by capturing and counting migrated or invaded cells using an 
optical microscope. The cells were counted in five photographed fields 
[60]. 

Statistical analysis 

All data are presented as mean ± standard error of the mean (SEM). 
Statistical analysis was based on non-parametric unpaired Student’s t- 
test or one-way analysis of variance with post hoc analysis for multiple 
comparisons. The correlation analysis was performed by Spearman 
analysis. A p-value less than 0.05 was considered statistically significant. 
***p < 0.001, **p < 0.01, *p < 0.05 and ns (statistically not significant). 
All the data were statistically analyzed using GraphPad Prism version 
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5.0 software (La Jolla, CA, USA). 

Results 

Differential expression patterns of PD-1/PD-L1 and TIGIT/CD155 in 
PBMCs and liver tissues from HCV and HCC patients 

First, it was crucial to investigate the expression of immune check
point axes PD-1/PD-L1 and TIGIT/CD155 in PBMCs and liver tissues of 
HCV and HCC patients to identify the alterations upon tumor progres
sion. The PD-1 transcript level in PBMCs isolated from HCV patients was 
found to be down-regulated compared to normal individuals (p < 0.05). 
On the contrary, PBMCs isolated from HCC patients presented a signif
icant up-regulation in PD-1 expression (p < 0.001) (Fig. 1A). Similarly, 
TIGIT expression was found to be repressed in PBMCs isolated from HCV 
patients (p < 0.05), while its expression was significantly elevated in 
PBMCs isolated from HCC patients (p < 0.001) (Fig. 1B). Conversely, 
their respective ligands were probed in liver tissues of HCV and HCC 
patients. It was shown that there was no significant difference in the 
expression of PD-L1 and CD155 in the liver tissues of HCV patients. 
However, there was a highly significant up-regulation in PD-L1 
expression level in the liver tissues of HCC patients (p < 0.001, 
Fig. 2A). Likewise, CD155 was found to be significantly up-regulated in 
the liver tissues of HCC patients (p < 0.001, Fig. 2B). 

Differential expression patterns of CCAT-1, H19, and MALAT-1 lncRNAs 
in HCV and HCC sera, PBMCs, and tissues 

Next, it was interesting to explore the expression of the lncRNAs 
validated to regulate immune checkpoints axes of interest in serum, 
PBMCs, and liver tissues of HCV and HCC patients. As shown in Fig. 3A, 
CCAT-1 expression was higher in the serum, PBMCs, and liver tissues of 
HCV patients (p < 0.05, p < 0.05, and p < 0.001, respectively) with a 
further increase in the serum, PBMCs, and liver tissue of HCC patients (p 
< 0.01, p < 0.001 and p < 0.001, respectively). Serum and liver tissues 
of HCV patients revealed a high expression of H19 (p < 0.01); however, 
PBMCs of HCV patients only showed a slight increase in H19 expression 
that was not significant. In HCC patients’ serum, PBMCs, and liver tis
sues showed elevated levels of H19 expression (p < 0.001, p < 0.05, p <
0.001, respectively) with the highest expression profile being in HCC 
liver tissues (Fig. 3B). Looking at MALAT-1 expression, only the serum of 
HCV patients showed a significant increase in its expression compared to 
healthy controls (p < 0.05). While HCC patients showed a robust sig
nificant elevation in MALAT-1 expression in their sera (p < 0.001), 
PBMCs (p < 0.01), and liver tissues (p < 0.001) (Fig. 3C). 

Distinct expression signatures of selected miRNAs in HCV and HCC sera, 
PBMCs, and tissues 

Based on bioinformatics analysis and extensive literature review, the 
selected upstream miRNAs were screened. The selected miR-486–5p, 
miR-506–5p, miR-30a-5p, miR-944, and miR-105–5p demonstrated 
diverse patterns of expression in the different tissues investigated. For 
instance, miR-486–5p showed a significant reduction in its expression in 
the serum and liver tissues of HCC patients (p < 0.05, p < 0.001, 
respectively) but not in HCV patients, when compared to the control. Of 
note, the latter did not exhibit any statistical significance. On the con
trary, there was a significant increase in the expression of miR-486–5p in 
the PBMCs of HCV and HCC patients (p < 0.001, Fig. 4A). miR-506–5p 
expression was found to be reduced in the serum and liver tissues of HCC 
patients (p < 0.01, p < 0.001, respectively), whereas it was significantly 
increased in the PBMCs of HCC patients (p < 0.001, Fig. 4B). Similar to 
miR-486–5p, miR-30a-5p expression showed a significant reduction in 
the serum and liver tissues of HCC but not HCV patients (Fig. 4C). Only 
PBMCs of HCV patients showed a significant increase in miR-30a-5p 
expression (p < 0.05) with a further increase in the PBMCs of HCC pa
tients (p < 0.001).On the contrary, miR-944 did not show any difference 
in its expression in the serum of HCV and HCC patients. There was a 
significant reduction in the expression of miR-944 in HCC liver tissues 
compared to healthy controls (p < 0.05). Interestingly, miR-944 was 
found to be increased in the PBMCs of HCV patients (p < 0.01) with a 
further increase in PBMCs of HCC patients (p < 0.001) (Fig. 4D). Like 
miR-486–5p and miR-30a-5p, miR-105–5p showed a similar pattern of 
expression with a significant reduction noted in the serum and liver 
tissues of HCC patients only and not in HCV patients (p < 0.05, p < 0.01, 
respectively). The PBMCs of HCV and HCC patients showed a signifi
cantly high expression of miR-105–5p compared to healthy controls (p <
0.05, p < 0.01, respectively) (Fig. 4E). 

CCAT-1, H19, and MALAT-1 siRNAs repressed the co-expression of PD- 
L1 and CD155 in Huh-7 cells 

After the screening of PD-L1 and CD155 in liver tissues of HCV and 
HCC patients and their upstream lncRNAs, it was critical to investigate 
the effect of silencing of the candidate lncRNAs on the expression of PD- 
L1 and CD155 in Huh7 cell lines. As illustrated in Fig. 5A-C, upon the 
transfection of different siRNAs, expression of lncRNAs was found to 
show a significant reduction by more than 80% compared to mock and 
scrambled siRNAs transfected Huh-7 cells. Moreover, silencing of CCAT- 
1 led to a significant reduction in the expression of PD-L1 and CD155 
(Fig. 5D) (p < 0.01 and p < 0.05, respectively). Likewise, PD-L1 and 
CD155 expression level was significantly repressed upon silencing of 
H19 in Huh7 cell lines (Fig. 5E) (p < 0.05 and p < 0.01, respectively). 
Similarly, PD-L1 and CD155 expression were dramatically reduced upon 
silencing of MALAT-1 in Huh7 cell lines (p < 0.001 and p < 0.01, 

Fig. 1. PD-1 and TIGIT expression profile in peripheral blood mononuclear cells (PBMCs) of HCV and HCC patients. (A) PD-1 and (B) TIGIT expression was 
down-regulated in PBMCs of HCV patients, while their expression was up-regulated in HCC patients. *p < 0.05,***p < 0.001. 
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respectively) (Fig. 5F). 

PD-1 and TIGIT expression levels are differentially altered by miR- 
486–5p, miR-506–5p, miR-30a-5p, miR-944, and miR-105–5p in PBMCs 
isolated from HCC patients 

Next, it was important to explore the impact of the selected miRNAs 

on the expression of PD-1 and TIGIT in the PBMCs of HCC patients. First, 
the expression of miR-486–5p, miR-506–5p, miR-30a-5p, miR-944, and 
miR-105–5p was assessed after transfection of respective miRNA 
mimics, where the expression increased by more than 200-fold 
compared to mock cells and Scr-miRNAs transfected cells ensuring 
efficient transfection procedure (Fig. 6A-E). Ectopic expression of either 
miR-486–5p or miR-506–5p or miR-30a-5p led to a significant reduction 

Fig. 2. PD-L1 and CD155 expression profile in liver tissues of HCV and HCC patients. (A) PD-L1 and (B) CD155 expression were unaltered in liver tissues of HCV 
patients, while their expression was significantly up-regulated in HCC patients. ns=not significant, ***p < 0.001. 

Fig. 3. Expression Profile of CCAT-1, H19 and MALAT-1 in serum, PBMCs, and liver tissues of HCV and HCC patients. (A) CCAT-1, (B) H19, (C) MALAT-1 
expression was assessed using real-time qPCR in the serum, PBMCs, and liver tissues of HCV and HCC patients, and compared to healthy controls. ns=not signifi
cant, *p < 0.05, **p < 0.01, ***p < 0.001. 

Fig. 4. Selected miRNA expression in the serum, PBMCs, and liver tissues of HCV and HCC patients. The expression of (A) miR-486–5p, (B) miR-506–5p, (C) 
miR-30a-5p, (D) miR-944, (E) miR-105–5p was explored in the serum, PBMCs and liver tissues of HCV and HCC patients compared to healthy controls. ns=not 
significant, *p < 0.05, **p < 0.01, ***p < 0.001. 
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in PD-1 expression in primary PBMCs of HCC patients (p < 0.05, p <
0.001, and p < 0.05, respectively). However, induced-expression of 
these miRNAs did not affect TIGIT expression in PBMCs of HCC patients 
(Fig. 7A-C). On the other hand, transfection of miR-944 and miR-105–5p 
led to a significant decrease in PD-1 expression (p < 0.05 and p < 0.001, 
respectively) as well as TIGIT expression (p < 0.001) in the primary 
PBMCs of HCC patients (Fig. 7D-E). 

CCAT-1, H19, and MALAT-1 lncRNAs modulate the immunogenic profile 
of Huh7 cells and induces the cytotoxic potential of primary PBMCs 
against transfected Huh7 cells 

As a consequence of the observed reduction in PD-L1 and CD155 
expression in Huh7 cells, it was essential to explore the net impact of 
silencing CCAT-1, H19, and MALAT-1 on the cytotoxic potential of 
primary PBMCs isolated from healthy controls. As shown in Fig. 8, 

Fig. 5. Impact of silencing of lncRNAs on PD-L1 and CD155 expression in Huh7 cell lines. Efficient knockdown of lncRNAs was evaluated, where (A) CCAT-1, 
(B) H19, and (C) MALAT-1 were markedly repressed in Huh7 cells transfected with respective lncRNA siRNA to ensure transfection efficiency. PD-L1 and CD155 was 
assessed upon knocking down of (D) CCAT-1, (E) H19, and (F) MALAT-1 in Huh7 cells compared to mock and scrambled mock cells. *p < 0.05, **p < 0.01, ***p 
< 0.001. 

Fig. 6. Transfection efficiency of miR-486–5p, miR-506–5p, miR-30a-5p, miR-944–5p and miR-105–5p mimics in PBMCs of HCC patients. (A) miR-486–5p, 
(B) miR-506–5p, (C) miR-30a-5p, (D) miR-944–5p, and (E) miR-105–5p expression was measured in primary PBMCs of HCC patients after transfection of the 
respective miRNA mimics, compared to mock cells and cells transfected with scrambled miRNAs. ***p < 0.001. 
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silencing of CCAT-1, H19, and MALAT-1 in Huh7 cells augmented the 
cytotoxic potential of primary healthy PBMCs. Furthermore, upon nano- 
encapsulation of the 3 siRNAs forming a triple cocktail of siRNAs in 
Huh7 target cells, there was a marked increase in the lytic activity of 
PBMCs compared to mock cells (p < 0.001). Also, it is worth mentioning, 
the transfection of the triple liposomal cocktail of siRNAs led to an in
crease in the lytic activity of PBMCs compared to the transfection of each 
of the siRNAs separately (p < 0.05). 

miR-944–5p and miR-105–5p showed the highest increase in the cytolytic 
potential of primary PBMCs isolated from HCC patients against Huh7 cells 

On another note, it was of great interest to investigate the cytotoxic 
potential of PBMCs ectopically expressing one of the candidate miRNAs 

selected in this study. As shown in Fig. 9A, PBMCs transfected with miR- 
486–5p, miR-506–5p, miR-30a-5p, miR-944, and miR-105–5p showed a 
significant increase in the cytolytic activity of primary PBMCs isolated 
from HCC patients against Huh7 cells compared to mock PBMCs (p <
0.001). However, miR-944–5p and miR-105–5p was shown to have the 
highest cytolytic activity compared to miR-486–5p, miR-506–5p, and 
miR-30a-5p (p < 0.01). Furthermore, double-handed transfection of 
primary PBMCs isolated from HCC patients with miR-105–5p and Huh7 
cells with the triple liposomal cocktail of siRNAs for CCAT-1, H19, and 
MALAT-1 led to a more than 100-fold increase in the lytic activity of 
PBMCs (p < 0.001) compared to mock PBMCs and Huh7 cells. 

CCAT-1, H19, and MALAT-1 siRNAs and miR-105–5p mimics abrogated 
the Huh7 colony forming ability, migration and invasion capacities 

To validate the therapeutic potential and the long term effects of of 

Fig. 7. Impact of overexpression of miRNAs on PD-1 and TIGIT expression in the PBMCs of HCC patients. PD-1 and TIGIT expression was assessed in the 
PBMCs of HCC patients after the transfection of mimics of the selected miRNAs: (A) miR-486–5p, (B) miR-506–5p, (C) miR-30a-5p, (D) miR-944, and (E) miR- 
105–5p, in comparison to mock cells and cells transfected with scrambled miRNAs. ns=not significant, *p < 0.05, ***p < 0.001. 

Fig. 8. Cytotoxicity of primary healthy PBMCs against CCAT-1, H19, and 
MALAT-1 silenced Huh7 cell lines. The cytolytic activity of PBMCs was 
investigated against Huh7 cells silenced with either CCAT-1 or H19 or MALAT- 
1 separately compared to mock cells. Also, Huh7 cells transfected by triple 
cocktail were more prone to the lytic potential of primary PBMCs. *p < 0.05, 
***p < 0.001. 

Fig. 9. Cytotoxicity of PBMCs transfected with the selected miRNAs 
against Huh7 cells. (A) Primary PBMCs isolated from HCC patients were 
transfected with miRNA mimics for each of the selected miRNAs: miR-486–5p, 
miR-506–5p, miR-30a-5p, miR-944, and miR-105–5p and used to assess for the 
cytotoxicity against Huh7 cell line.(B) Cytolytic activity was investigated in 
double-handed transfected primary PBMCs isolated from HCC patients using 
miR-944 mimics against Huh7 cells transfected using the triple cocktail (CCAT- 
1, H19, and MALAT-1 siRNAs) and showed a more than 100-fold increase 
compared to mock cells. *p < 0.05, **p < 0.01, ***p < 0.001. 
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CCAT-1, H19, MALAT-1 siRNAs and miR-105–5p mimics on tumor:im
mune synapse at HCC TME, it was elementary to investigate their impact 
on Huh7 colony forming ability, cellular migration, and cellular inva
sion capacities. Knock down of CCAT-1 (p = 0.024), H19 (p = 0.0152), 
and MALAT-1 (p = 0.0065) significantly decreased the number of col
onies in Huh7 cells. Similar results were observed when miR-105–5p 
was ectopically expressed in Huh7 cells (p = 0.0034; Fig. 10A). More
over, the cellular migration and invasion of Huh7 cells were signifi
cantly halted by siRNAs against CCAT-1 (p = 0.0006 and p = 0.0260, 
respectively), H19 (p = 0.0011 and p = 0.0223, respectively), and 
MALAT-1 (p = 0.0008 and p = 0.0282, respectively), and miR-105–5p 
mimics (p = 0.0008 and p = 0.0283, respectively; Fig. 10B–C). 

Discussion 

HCC tumors have a unique nature of their TME, several convoluted 
tactics of immune escape phenomena orchestrated by the HCC tumor 
cells have been validated. In this study, the authors shed the light on the 
tumor-immune synapse at the TME of HCC patients to unravel the im
mune evasion tactics orchestrated by HCC tumor cells. In addition, we 
proposed an epigenetic-immune modulatory strategy to re-sensitize the 
immune cells to eradicate HCC tumor cells. 

Immune checkpoints such as PD-1 and TIGIT are co-inhibitory 
molecules expressed by effector immune cells to prevent their over
activation. HCC cancer cells exploit this physiological phenomenon to 
evade immune surveillance phenomena by expressing the corresponding 
ligands such as PDL1 and CD155 on tumor cells at the TME. Such im
mune checkpoints axes inhibit immune effector functions and lead to 
exhaustion of immune cells’ screening and killing capacities [62]. The 
results showed that PD-L1 and CD155 are highly upregulated in HCC 
tissues compared to normal tissues with more than 15 folds and 12 folds 
increase HCC tissues, respectively. This goes in line with a previous 
study highlighting the immune evasion properties of HCC patients 
through the induced expression of immune checkpoints ligands [63]. 
Another recent study reported that PD-L1 is highly upregulated in Chi
nese HBV-induced HCC patients [64] which underscores the importance 
of PD-L1 elevation in hampering the immune evasion status of HCC 
regardless the etiology of the disease. It is also worth mentioning that 
several studies predict PD-L1 over-expression as a poor prognostic factor 
for HCC patients [65,66]. 

On the other hand, CD155 over-expression has also been recently 
reported in several hematological and solid malignancies such as ma
lignant glioma, colorectal carcinoma, myeloid leukemias, and 

neuroblastoma, whereas its expression is low or absent in most healthy 
tissues [67–71]. Nonetheless, a study has recently unraveled the 
elevated expression of CD155 in the cancerous tissues of Chinese 
HBV-induced HCC patients compared to the adjacent healthy tissues 
[72]. However, to the best of our knowledge, this study is the first to 
unravel the expression of CD155 in liver tissues resected from Egyptian 
HCV-induced HCC patients. Previously, CD155 overexpression has been 
directly linked to induced tumor cell migration, invasion, and prolifer
ation capacities and was associated with a poor prognosis and enhanced 
tumor progression [73,74]. 

From the immune side, PD-1 and TIGIT were found to be signifi
cantly upregulated in HCC patients while being downregulated in HCV 
patients compared to healthy controls. This goes in line with a recent 
study reporting that the co-elevated expression of TIGIT and PD-1 on 
circulating immune cells is negatively correlated with immune cells 
exhaustion and reduced overall survival rate and progression-free sur
vival rates in patients with HBV-induced HCC patients [75]. A recent 
report suggested that a single CD-155/TIGIT or PD-1/PD-L1 blockade 
has limited anti-tumor efficacy [76]. Yet, pre-clinical studies indicate 
that co-blockade of CD-155/TIGIT and PD-1/PD-L1 pathway leads to 
efficient tumor immune eradication even in anti-PD-1 resistant tumor 
models [77,78]. This is mainly attributed to the unique consequences of 
TIGIT blockade as it does not only target anti-tumor effector T-cell re
sponses, but also an induction in NK-cell killing capacities and reduction 
in the suppressive capacity of regulatory T cells. For that reason, we 
ought to reveal the mechanism underpinning ncRNA-mediated immu
no-modulation of the PD-1/PD-L1 and TIGIT/CD-155 axes. In order to 
address both sides of the coin, we performed a detailed literature survey 
and bioinformatic analysis to choose an array of ncRNAs that can 
concurrently target PD-L1 and CD-155 on tumor cells and PD-1 and 
TIGIT on effect or immune cells. The lncRNAs expected to target PD-L1 
and CD-155 transcripts were CCAT-1, H19, and MALAT-1. Screening of 
CCAT-1, H19, and MALAT-1 were found to be significantly upregulated 
in the sera, PBMCs, and tissues of HCC patients compared to HCV pa
tients and healthy controls. Our screening results are consistent with 
other studies in which primary HCC tissues had significantly higher 
expression of CCAT1 than controls [43,79]. Same for MALAT-1 and H19 
expression levels, our results were in agreement with prior studies 
confirming the same screening profile in HCC patients [31,80]. 

In this study, the aim was extended to unravel the immunological 
role of MALAT-1, H19 and CCAT-1 lncRNAs in HCC cell lines. The results 
showed that knocking down of lncRNAs—CCAT-1, MALAT-1, or 
H19—markedly decreased the co-expression of PD-L1 and CD155. 

Fig. 10. CCAT-1, H19, and MALAT-1 siRNAs and miR-105–5p mimics attenuated the colony forming ability, cellular migration, and cellular invasion 
capacities in Huh7 cells. (A) Huh7 cells were transfected with CCAT-1, H19, MALAT-1 siRNAs and miR-105–5p to validating their impact on colony-forming ability. 
Knock down of CCAT-1, H19, and MALAT-1 significantly decreased the number of colonies in Huh7 cells. Similar results were observed when miR-105–5p was 
ectopically expressed in Huh7 cells. (B) Huh7 cells were transfected with CCAT-1, H19, MALAT-1 siRNAs and miR-105–5p to validating their impact on cellular 
migration. The cellular migration of Huh7 cells was significantly halted by siRNAs against CCAT-1, H19, and MALAT-1, and miR-105–5p mimics. (C) Huh7 cells were 
transfected with CCAT-1, H19, MALAT-1 siRNAs and miR-105–5p to validating their impact on cellular invasion. The cellular invasion of Huh7 cells was significantly 
halted by siRNAs against CCAT-1, H19, and MALAT-1, and miR-105–5p mimics. *p < 0.05, **p < 0.01, ***p < 0.001. 
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Moreover, this led in a significant increase in primary immune cells 
cytotoxicity upon co-culturing with transfected Huh7 cells. Our results 
were consistent with recent reports highlighting the immunomodulatory 
role of CCAT-1 [81], H19 [32] and MALAT-1 [49] in several solid 
malignancies. 

To modulate the immune side on the tumor-immune synapse, 
microRNAs; miR-944–5p, miR-105–5p, miR-486–5p, miR-506–5p, and 
miR-30a-5p were screened and probed for their regulatory role in 
modulating PD-1 and TIGIT on primary immune effector cells. It is 
interesting to note that in the sera and tissues of HCC patients, all five 
miRNAs showed a considerable down regulation. However, the candi
date miRNAs were found to be significantly upregulated in HCC patients 
similar to the pattern seen with PD-1 and TIGIT transcripts in the PBMCs 
in the same pool of patients. This goes in line with a previous study that 
reported elevated expression of miR-506–5p, PD-1, and TIGIT in the 
PBMCs of HCC patients [82]. However, to the best of our knowledge this 
could be the first study to screen those specific five miRNAs in sera, 
PBMCs and tissues correlated with PD-1 and TIGIT expression in the 
same pool of patients. 

Mechanistically, ectopic expression of miR-486–5p, miR-506–5p, 
and miR-30a-5p significantly decreased the transcript levels of PD-1 in 
PBMCs which is consistent with the aforementioned study reporting that 
miR-506–5p mimics led to more than 90% decrease in PD-1 expression 
in the PBMCs of HCC patients [82]. According to another study, the 
lncRNA KCNQ1OT1, which is produced from tumor exosomes, controls 
the ubiquitination of PD-L1 through miR-30a-5p/USP22 and inhibits the 
CD8+ T cell response, hence encouraging immunological escape and 
progression of colorectal cancer [83]. This draw attention to the possi
bility that miR-30a-5p could be used as a potential target to alleviate the 
immune suppression shown in HCC. On the other hand, our findings 
demonstrated that ectopic expression of miR-944–5p and miR-105–5p in 
PBMCs dramatically reduced the co-expression of PD-1 and TIGIT. Ac
cording to Miliotis and Slack, miR-105–5p binds to the 3′UTR of PD-L1 
and negatively correlates with its expression. This miRNA is dysregu
lated in several cancer types. It has also been demonstrated that 
miR-105–5p controls tumor immunogenicity in gastric cancer [84]. To 
our knowledge, this is the first investigation into how miR-944–5p and 
miR-486–5p affect PD-1 regulation. Functional analysis showed that all 
miRNAs under investigation enhanced the cytotoxic effects of PBMCs 
against Huh7 cells, possibly by targeting PD-1 and/or TIGIT and 
restricting the tumor cells from evading the immune system. Interest
ingly, transfection of miR-105–5p led to a more than 50% increase in the 
cytotoxic effects of PBMCs. This could be attributed to their combi
ned/synergistic effects on reducing PD-1 and TIGIT levels, which in turn 
causes to the release of their inhibitory effects on the immunological 
checkpoints PD-1/PD-L1 and TIGIT/CD155. Our results go in line with a 
very recent study that concluded that co-blockade of TGIT/PD1 im
proves functionality of CD8+ cells in HCC patients [85]. Furthermore, it 
was crucial to validate the anti-cancer properties of CCAT-1, MALAT-1, 
and H19 siRNAs and miR-105–5p mimics on Huh7 cells. Significant 
repression of cellular migration, cellular invasion, and colony forming 
abilities were observed in Huh7 cells. These findings validate the po
tential deployment of the lncRNAs CCAT-1, MALAT-1, and H19 and 
miR-105–5p be used as promising theranostic agents for HCC patients. 

Conclusion 

In this study, the authors shed the light on the tumor-immune syn
apse in the TME of HCC patients. Through examining an array of ncRNAs 
targeting PD-1 and TIGIT, PDL1 and CD155, an epigenetic-immune 
modulation strategy was proposed to re-sensitize the immune cells to 
kill HCC cells. LncRNAs; CCAT-1, H19, and MALAT-1 and microRNAs; 
miR-944–5p, miR-105–5p were found to dually target CD-155/TIGIT 
and PD-1/PD-L1 axes, unleashing the immune brakes employed by 
HCC cells to escape immune-surveillance. 
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