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RELAZIONE: 

Background: Cancer immunotherapy is emerging as a very promising therapeutic strategy and recently 

various clinical trials exploring the effect of blockade of programmed cell death protein 1 (PD-1) and 

programmed cell death-1 ligand (PD-L1) in different types of human cancer, including melanoma. Indeed, 

the immunological interaction between PD-1, on lymphocyte surface, and its ligand PD-L1, on the tumor 

cells, contrast the immune response against cancer cells promoting tumour progression. Therefore, different 

strategies to interfere PD-1/PD-L1 interaction are being investigated [1]. 

MiRNAs are small, non-coding, single-stranded RNAs involved in numerous processes including 

proliferation, differentiation, and apoptosis by regulating gene expression and their altered expression have 

been linked to the development and progression of various types of cancers [2]. Some miRNAs, able to 

target immune checkpoints, has been identified and they could be new potential agents or targets for 

immunotherapy [3]. 

The miRNA-based therapy is founded on two different approaches: the replacement of depleted miRNAs 

with exogenous miRNAs (mimics), and the use of oligonucleotides (antagomirs) or small molecule as 

antagonists. Antagomirs present a favourable pharmacokinetic profile while several different approaches has 

been developed to improve pharmacokinetic profile and stability of mimics [4]. To improve miRNA 
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delivery, different types of viral vectors has been developed and their safety profile improved. Recent 

clinical studies indicate that these optimized approaches can be used in a safe manner to achieve a clinical 

benefit [5]. Modified Vaccinia Virus Ankara (MVA) is a replication-deficient viral vector assessed in clinical 

trials against infectious diseases and as therapeutic cancer vaccines and with promising safety profile. MVA 

is a highly attenuated derivate of vaccinia virus and it is unable to replicate in humans and most mammalian 

cell lines [6–8]. Therefore, MVA has a great potential as viral vector for miRNA delivery. 

Aim: This study aims to set-up a potential strategy to deliver miRNAs by using a new viral platform. 

Methods: Two different cell lines expressing high levels of PD-L1 have been used as in vitro model: 

B16.OVA, a mouse melanoma cell line expressing chicken ovalbumin (OVA), and 4T1, a mouse breast cell 

line. MVA has been produced and amplificated in BHK-21 cells and purified in according to Pavon and 

colleagues [9]. From literature five different miRNAs, able to directly target PD-L1, has been selected [10–

14]. 

The expression levels of miRNAs and PD-1 have been evaluated by real-time PCR and flow cytometry 

analysis, respectively. The effect of transfection with lipofectamine has been used as control. Flow cytometry 

data were analysed by FlowJo Software v 10.5 (FlowJo LLC, Ashland, Oregon, USA). Statistical analysis 

was performed using Graphpad Prism 6.0 software (Graphpad Software Inc., La Jolla, CA USA). 

Results: 

MVA delivered miRNA into the infected cells 

Previously set-up experiments have been conduced to create a virus-miRNA complex able to delivery 

miRNA. To assess the ability of virus platform to delivery miRNAs (viRNA) into the cells, we performed 

real-time PCR experiments. The B16.OVA cells were infected with virus-miRNA complex by using three 

different protocol and the mimic expression was detected after 12 hours of infection (#1, #2 and #3 in Fig 1). 

Non infected cells were used as control. 

 

Figure 1. miRNA mimic expression levels after 12 hours of infection. #1, #2 and #3 are different condition of miRNA + virus 

platform preparation. Data were presented as mean ± SD of three independent experiments performed in triplicate. One-way 

ANOVA followed by Dunnett’s multiple comparisons test. *** p-value < 0.001 compared to control.  
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The protocol #3 induced the most significant over-expression of tested miRNA compared to control into the 

cells (p-value <001). This protocol has been selected and used in following experiments. 

miR-138-5p and miR-193a-3p significantly down-regulated PD-L1 in mouse cell lines 

We analysed the ability of each single miRNA to down regulate the PD-L1 expression. In detail, 4T1 and 

B16.OVA cell lines were transfected with 50 nM of miRNA mimic by lipofectamine and the PD-L1 

expression has been analysed by flow cytometry after 48 hours from transfection. Cells transfected with 

siRNA scramble has been used as control. 

 

Figure 2. Effect of selected miRNA mimics on PD-L1 expression in 4T1 (A) and B16.OVA (B). After 48 hours from transfection, PD-

L1 protein expression levels has been analysed by flow cytometry. Data were presented as mean ± SD of three independent 

experiments performed in triplicate. One-way ANOVA followed by Dunnett’s multiple comparisons test. ** p-value < 0.01 compared 

to control; *** p-value < 0.001 compared to control.  

As shown in Fig. 2A, each miRNA presented a significant (p-value < 0.001) ability to down regulate the 

expression of PD-L1 in 4T1 cell line. Instead, miRNAs showed different efficiency to modulate PD-L1 

expression in B16.OVA cell line (Fig. 2B). In this model, miR-17-5p, miR-34a-5p and miR-200c-3p were 

not able to strongly decrease PD-L1 protein levels, as opposed to miR-138-5p and miR-193a-3p (p-value < 

0.001). Since miR-138-5p and miR-193a-3p induced a very significant down regulation of PD-L1 in both 

tested cell lines, they were selected for the further experiments. 

Virus-miRNA complex down regulate PD-L1 in mouse cell lines 

The two selected miRNAs were complexed with virus, “viR-138-5p” and “viR-193a-3p”, based on protocol 

#3 and, then, used to infect B16.OVA cells. After 48 hours of infection, flow cytometry was performed to 
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evaluate the expression levels of PD-L1. Infected cells with virus-scramble complex (viR-scramble) were 

used as control. 

 

Figure 3. PD-L1 expression in infected cells by virus-miRNA complex. After 48 hours of infection with virus–miRNA complex, PD-L1 

protein levels have been analysed by flow cytometry in 4T1 (A) and B16.OVA (B) cell lines. Data were presented as mean ± SD of 

three independent experiments performed in triplicate. One-way ANOVA followed by Dunnett’s multiple comparisons test. *** p-

value < 0.001 compared to viR-scramble; (NT, non treated cells). 

As shown in Fig. 3, both viR-138-5p and viR-193a-3p induced a significant down expression of PD-L1 

compared to control. Interestingly, the infection with viR-scramble not induce changes in PD-L1 expression 

compared to non-treated cells, suggesting that the effect observed in cells infected by viR-138-5p and viR-

193a-3p has been caused by delivered miRNAs and not by virus. 

Furthermore, the down-regulation of PD-L1 caused by viRNA system was comparable with those caused by 

transfection with lipofectamine in both cell lines. 

Virus-miRNA complex down regulated PD-L1 in human cell lines 

The ability of virus-miRNA complex has been tested also in SK-Mel-2, a human melanoma cell line to 

evaluate its efficiency in a human in vitro model. SK-Mel-2 were both transfected with 100 nM of miRNA 

mimic using lipofectamine (Fig. 4A) and infected by virus-miRNA complex (Fig. 4B), to compare method 

efficiency. 
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Figure 4..PD-L1 expression in SK-Mel2 cells after classical transfection by lipofectamine (A) and after infection by virus-miRNA 

complex (B). After 48 hours from treatment, PD-L1 protein levels have been analysed by flow cytometry. Data were presented as 

mean ± SD of three independent experiments performed in triplicate. One-way ANOVA followed by Dunnett’s multiple comparisons 

test. *** p-value < 0.001 compared to viR-scramble; (NT, non treated cells). 

After 48 hours, all treated cells were analysed by flow cytometry to evaluate the PD-L1 expression. The 

lipofectamine transfection confirm the ability of two selected miRNAs to down regulate PD-L1 (Fig. 4A) in 

melanoma cell lines. Furthermore, virus-miRNA system showed comparable ability to significantly modulate 

the expression of this protein (Fig. 4B). 

Conclusions 

The virus-miRNA system developed in this study is able to delivery miRNAs into the cells with efficiency 

comparable to classic in vitro transfection method (lipofectamine). Animal experiments to evaluate the 

system functionality in in vivo model are ongoing. 
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