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ABSTRACT 

The co-evolution of host and virus has led to the emergence of an extensive repertoire of genes coding for 

viral evasion mechanisms. The I329L and the DP148R encoded proteins of African swine fever virus (ASFV) 

inhibit different steps in the induction and impact of interferon (IFN) signaling pathways. The objective of this 

work was to test the hypothesis that cells expressing these two proteins, having a diminished IFN response, 

would produce more virus and thus a potential practical application for more efficient production of virus 

vaccines would be proposed. Thus, the I329L and DP148R genes were cloned with lentivirus and then 

introduced into human foreskin fibroblasts (HFF) for transgenic expression. The lentivirus transduced cells 

were infected with human cytomegalovirus (HCMV)(MOI=1) and an ELISA and a plaque assay were 

performed, in order to measure secreted IFN-β and virus replication, respectively. Clear evidence was obtained 

showing a reduced IFN-β response and an increased virus concentration, in both I329L and DP148R 

transduced cells compared to control cells. Thus, cell lines with an inhibited IFN response is indeed a simple 

strategy to obtain higher virus concentrations yields and may have practical applications in commercial vaccine 

production. 
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INTRODUCTION 

In virus infections, a major goal of innate immunity is 

to keep the virus load low and to direct an appropriate 

adaptive immune response. The main characteristic 

of the innate immune response is that it lacks 

memory. The interferon (IFN) is one of the essential 

components of anti-virus innate immunity. Interferons 

are a family of cytokines secreted by cells, in 

response to the invasion of virus, microbes or even 

tumor cells. IFN inhibits intracellular propagation of 

virus as well as intercellular transmission, restricting 

further replication of the pathogen, since it allows 

cells to non-specifically inhibit viral growth. In 

addition, the IFN also has an immunomodulatory role 

of the adaptive immune system (Correia et al., 2013b; 

Fensterl and Sen, 2009; Moser and Leo, 2010). 

IFN-α and IFN-β are directly induced in response to 

viral infection, both activating a signal-transduction 

pathway that triggers the transcription of IFN-

stimulated genes (ISGs), that establish an antiviral 

response in both infected and neighboring cells 

(Randall and Goodbourn, 2008). 

The IFN system basically consists of two entirely 

different components: the induction IFN (an 

intracellular signaling cascade is activated that leads 

to transcription and consequent secretion of IFNs), 

and the impact of IFN (secreted IFN-α and IFN-β 

molecules bind to the receptors of the infected cell 

that secreted them and to the non-infected neighbor 

cells, activating another signaling cascade that 

upregulates ISGs) (Randall and Goodbourn, 2008). 
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Induction of IFN 

Upon viral infection, cells recognize pathogen-

associated molecular patterns (PAMPs) through 

pattern recognition receptors (PRRs), on the cell 

surface, in the cytoplasm or in endosomes. PAMPs 

are type I IFN-inducing molecules and usually have 

an essential function in the pathogen’s life cycle, such 

as viral nucleic acids or their synthetic analogs. In 

principle, the recognition of PAMPs could be a 

problem since viruses use host cell machinery for 

their replication. Thus, the host’s solution is to detect 

minor structural differences in nucleic acids and/or 

restrict the detection of PAMPs to subcellular 

compartments where the equivalent host cell 

structure cannot normally be found, for instance, 

DNA in the cytoplasm. According to the nature of 

PAMPs, different PRRs in different subcellular 

compartments are activated (Correia et al., 2013b; 

Fensterl and Sen, 2009). 

Regardless of the PAMP and the mean of detection 

there are important proteins that are common to most 

induction pathways of IFN: IRF-3, IRF-7 and NF-κB.  

IRF-3 is expressed constitutively but is only activated 

upon viral infection. After activation, IRF-3 is 

phosphorylated, causing a conformation change, 

leading to dimerization and translocation to the 

nucleus, where it stays until dephosphorylation 

occurs. In the nucleus, IRF-3 activates IFN-β 

promoter (Hwang et al., 2009; Randall and 

Goodbourn, 2008). 

NF-κB is a family of transcription factors. NF-κB 

subunits form homo or heterodimers. NF-κB dimers 

remain in the cytoplasm due to association with the 

inhibitor of NF-κB (IκB). Upon viral infection, IκB is 

phosphorylated and ubiquitinated, leading to its 

degradation by proteasomes and liberating the p65 

subunit. The nuclear-localization signal of the p65 

subunit now becomes exposed, resulting in the 

translocation of NF-κB to the nucleus (Randall and 

Goodbourn, 2008). 

The double stranded RNA ((ds)RNA) of viral origin is 

detected by TLR3. In most cells TLR3 is localized in 

the endosomes. Following its interaction with 

(ds)RNA, the dimerization of this protein leads to the 

recruitment of TRIF (TIR domain-containing adaptor 

inducing IFN-β) cytoplasmic protein and the 

subsequent activation of both the IRF-3 and the NF-

κB pathways. TLR7 is expressed exclusively in 

endosomes and its ligands include (ss)RNA 

molecules. When TLR7 is activated, it recruits an 

adaptor protein called MyD88, which in turn recruits 

TRAF6. From this point on, both the NF-κB and the 

IRF-7 pathways can be induced. TLR9 senses 

unmethylated CpG-rich DNA in the endosomal 

membrane. TLR9 also signals through the protein 

MyD88, which activates IRF-7 and NF-κB, which lead 

to the transcription of type I IFNs and 

proinflammatory cytokines (Christensen and 

Paludan, 2017; Fensterl and Sen, 2009; Randall and 

Goodbourn, 2008). 

There are two main cytoplasmic protein sensors of 

RNA: RIG-I (retinoic acid-induced gene I) and MDA-

5 (melanoma differentiation-associated gene 5). RIG-

I and MDA-5 are widely expressed RNA sensors. The 

majority of viral RNAs, and their replicative 

intermediates, have a tri-phosphate or a di-

phosphate at the end of a dsRNA strand that is 

recognized by RIG-I and MDA5. Both RIG-I and 

MDA-5 utilize MAVS (mitochondrial activator of virus 

signaling) as signaling cascades initiator. The 

recruitment of MAVS can lead to signaling to both 

NF-κB and IRF-3 pathways (Fensterl and Sen, 2009; 

García-Sastre, 2017; Randall and Goodbourn, 2008). 

There are also cytosolic PRRs that sense DNA such 

as Absent in Melanoma (AIM2), gamma-Interferon-

Inducible protein (IFI16) and cyclic GMP-AMP 

synthase (cGAS) (Christensen and Paludan, 2017). 

Several viral envelopes, particles, and viral proteins 

can induce IFN-α and IFN-β through TLR4 and TLR2. 

TLR4 can activate both IRF-3 and NF-κB pathways. 
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TLR4 recruits MyD88 and it recruits TRIF (Randall 

and Goodbourn, 2008; Reis, 2008). 

Impact of IFN 

Secreted IFNs bind to specific ubiquitously 

expressed cell-surface receptors of infected and 

adjacent cells. This binding allows cells to sense the 

IFN external signal and transform it into an internal 

signal that will cause the cell to express the many 

ISGs. STAT proteins are Signal Transducers and 

Activators of Transcription, part of a family of 

transcription factors that are phosphorylated by JAKs 

(tyrosine kinase proteins) and bind to DNA. After 

binding to their receptor, STAT proteins move to the 

nucleus where they trigger the transcription of ISGs 

(Correia et al., 2013b; De Andrea et al., 2002; 

Randall and Goodbourn, 2008). 

With the quick and efficient activation of the JAK-

STAT pathways, it is possible to induce an antiviral 

state in the host cell since it leads to the expression 

of proteins encoded by ISGs. This limits virus 

replication and its spread to adjacent cells (Correia et 

al., 2013b). 

There are over 300 antiviral ISG’s that inhibit several 

steps of the viral cycle. ISGs usually don’t have virus-

specificity. So different viruses can be inhibited by the 

same ISG, or often, with the same combination of 

ISGs (Correia et al., 2013b; Fensterl and Sen, 2009). 

Evasion of the IFN response 

The co-evolution of hosts and pathogens have led to 

(1) the host development of the innate and adaptive 

immune system that recognize the virus and respond 

accordingly, interfering with viral replication and 

destroying virus-infected cells and (2) to virus 

evolution as well, caused by the selective pressure 

imposed by host defenses, originating mechanisms 

to evade, manipulate and subvert host immunity. 

Considering this, the pathogens can be a source of 

new approaches for the control of diseases, since 

they provide “ready-made tools” for gene 

manipulation. Unassigned viral genes can be a 

repository of available host evasion strategies 

(Correia et al., 2013b). 

The open reading frame (ORF) DP148R of ASFV, 

coding for the protein MGF360-18R, is responsible 

for one of the ASFV evasion mechanisms. MGF360-

18R manipulates the polyubiquitination system to 

induce the degradation of STAT1 (Correia et al., 

2013a). The protein coded from the DP148R gene 

was shown to also interfere in the induction of the 

IFN, not only its impact, through MAVS (Correia, 

unpublished). 

The I329L gene of ASFV encodes for a glycosylated, 

transmembrane protein that inhibits TLR3 mediated 

induction of IFN-β and activation of NF-κB. I329L 

interferes with TLR3 signaling through the TRIF 

protein, inhibiting the downstream activation of the 

transcription factors IRF-3, IRF-7 and NF-κB (Correia 

et al., 2013b; de Oliveira et al., 2011). Recent studies 

have shown that the I329L protein inhibits not only 

TLR3 but other TLRs as well by interfering with 

ligand-TLR interaction (Correia, unpublished). 

Vaccines 

Infectious diseases are responsible for a great 

number of deaths in the world. Prevention of these 

diseases through vaccination is the best course of 

action to combat them (Rueckert and Guzmán, 

2012). Vaccination is based on the reality of immune 

memory. The ideal vaccine represents a non-virulent, 

innocuous form of a given pathogen that it is still able 

to induce a strong and adequate serological and 

cellular immune response to the living organism 

(Moser and Leo, 2010). The principal concept of a 

vaccine is to mimic the naturally occurring immune 

response against a given pathogen, without inducing 

the disease, inducing in this way protective immunity 

against that given pathogen (Zepp, 2010). 

Aim of studies 

In summary, in this work it was hypothesized that 

cells constitutively expressing viral genes coding for 

IFN evasion mechanisms, and thus with a diminished 
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IFN response, will produce more virus. If proven, this 

strategy may have a practical application for more 

efficient production of virus vaccines. The approach 

used in this thesis was to transduce mammalian cell 

lines with virus evasion mechanisms genes, targeting 

different steps in the IFN intracellular signaling 

pathway through recombinant lentivirus infection. 

The resulting transformed cell lines will be infected 

with HCMV. A decreased production of IFN together 

with an increased virus yield would confirm the 

hypothesis. 

MATERIALS AND METHODS 

Cell culture and virus 

Human embryonic kidney 293T (HEK 293T) cells and 

human foreskin fibroblasts (HFF) cells were 

maintained in Dulbecco’s modified Eagle’s medium 

(DMEM) (BioWest) supplemented with 10% fetal 

bovine serum (FBS) (Gibco) and 1% of Pen Strep 

(Gibco), in a controlled environment with 5% CO2, at 

37 °C. The HCMV laboratory strain AD169 was 

maintained with infection of HFF cells, cultured as 

described above.  

Plasmids 

The African swine fever virus (ASFV) open reading 

frames DP148R and I329L were available in the 

pcDNA3 expressing vector in frame with a 

haemagglutinin (HA) tag. Lentivirus plasmids (vector 

pSIN-BX-IR/EMW – referred to as pSIN -, the 

envelope VSVG and packaging p8.9) were available. 

The empty plasmid pcDNA3 was available. 

Cloning: The DP148R gene was excised from the 

pcDNA3-DP148R plasmid by BamHI/XhoI (both from 

Thermo Fisher Scientific) digestion and cloned into 

the pSIN vector that had been digested with 

BamHI/XhoI as well. Ligation with T4 DNA ligase 

(Fermentas), 1 h at 22 °C was performed to obtain a 

pSIN-HA-DP148R plasmid. Regarding the I329L 

gene; firstly, the vector plasmid pSIN was digested 

with BamHI and the pcDNA3-I329L-HA plasmid was 

digested with KpnI (Promega). After these ends were 

blunted, both plasmids were digested with XhoI. 

Ligation with T4 DNA ligase at 16 °C, overnight was 

performed to obtain a pSIN-I329L plasmid.  

Lentivirus production 

Lentiviruses were produced by transient transfection 

of HEK 293T cells. Cells were seeded on four 10 cm 

plates (0,8x106 HEK 293T cells/plate). The next day, 

cells were transfected with a weight ratio of 1,5:1:1 of 

vector to packaging to envelope plasmids. 

The transfection was done with Fugene 6 (Promega), 

following the manufacturer’s instructions. Cells were 

left incubating for 24 h at 37 °C. The medium of the 

plates was changed, and the cells were returned to 

the incubator. Supernatants of transfected cells were 

collected at 48 h and 72 h post-transfection and, after 

a pre-clearing by low-speed centrifugation and 

filtration (0,45 µm pore), the lentiviruses were 

collected by ultracentrifugation at 25000 rpm for 3 h 

at 4 °C. Lentiviruses pellets were resuspended in 

culture medium and frozen at -80 °C. 

Lentivirus Transduction of cells 

HFF cells were seeded in 12-well plate, with fresh 

medium and incubated at 37 °C. When 80% 

confluent, cells were infected with lentivirus. Cells 

were incubated for 24 h at 37 °C. Media was renewed 

and cells were returned to incubation. Cells were then 

passaged and expanded every 3-4 days. Expression 

of the transduced viral protein was confirmed by 

Western blot. 

Cell lysis: The cells were scraped from wells 48 h 

post-transfection and centrifuged for 5 minutes, 1800 

rpm, at 4 °C. PBS was added to the pellet. A new 

centrifugation was performed (same conditions). The 

supernatant was discarded, and the cells were 

resuspended in 30 µL of lysis buffer (for I329L, cell 

lysis buffer, Cell Signaling, supplemented with 

protease inhibitors, Sigma, diluted 1:100; for 

DP148R, 15 mM Tris-HCl pH 7,4, 120 mM NaCl, 2 

mM EDTA, 2mM EGTA, 0,1 mM dithiothreitol (DTT), 
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25 mM KCl, 1% Triton X-100 and protease inhibitor 

cocktail, Sigma, diluted 1:100). The cells were 

incubated on ice for 30 minutes and then were 

centrifuged for 5 minutes, at 4 °C (for I329L, 13200 

rpm; for DP148R, 3000 rpm). 

Western blot: 6 x concentrated SDS Loading Buffer 

(0,35 M tris-HCl pH 6,8, 10,28% (w/v) SDS, 36% (v/v) 

glycerol, 0,6 M DTT, 0,012% (w/v) bromophenol 

blue) was added to total lysates and incubated at 100 

°C for 5 minutes. The lysates were loaded onto a 12 

% sodium dodecyl sulfate-polyacrylamide gel (SDS-

PAGE), for SDS-PAGE electrophoresis. The 

separated proteins were transferred to a 

polyvinylidene difluoride (PVDF) membrane (Bio-

Rad) and blocked with 5 % non-fat milk for 1 hour at 

RT. The membrane was probed with an anti-HA-HRP 

conjugated antibody (Anti-HA-Peroxidase high 

affinity antibody, Roche), at 4 °C overnight. 

Immunoblots were developed by enhanced 

chemiluminescence detection according to the 

manufacturer’s instructions (ECL, GE Healthcare and 

Luminata Forte, Millipore). 

Infection of cells with HCMV 

HFF cells, previously infected with lentivirus, were 

seeded in 12-well plates and incubated at 37 °C. 

When 80% confluent, cells were infected with HCMV 

with a MOI of 1. Cells were rocked for 90 minutes at 

RT. Medium was changed, determining the start of 

the infection time. Cells were incubated for 120 hours 

at 37 °C. 200 µL of supernatant was collected at 6, 

32 and 90 h and stored at -80 °C. 

ELISA for IFN-β: The stored samples of cultured 

supernatants were thawed and the concentration of 

secreted IFN was determined by ELISA following the 

manufacturer’s protocol (Human IFN-β 

bioluminescent ELISA kit, InvivoGen). Plates were 

analyzed using a microplate reader and the 

concentration of IFN-β was determined by 

comparison to a standard curve. 

Plaque assay for HCMV: After 120h of cell culture 

incubation, the supernatants were collected. Since 

each type of cultured cells had triplicate wells, a mix 

with all the supernatants of the same cell type was 

done. With each mix an individual plaque assay was 

performed. HFF cells were cultured with 500 μL of 10-

fold dilutions of virus suspension and allowed to 

absorb for 90 minutes. Cells were then cultured with 

medium supplemented with 10% 

carboxymethylcellulose for 10-15 days. Cellular 

monolayers were fixed in 4% paraformaldehyde for 

20 minutes and stained with 0,1 % toluidine blue 

solution. The number of formed plaques was 

determined by counting the plaques present in the 

plates using a microscope. The HCMV titer was 

determined using equation (1).  

𝑻𝒊𝒕𝒆𝒓 [𝑷𝑭𝑼/𝒎𝑳] =

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒇𝒐𝒓𝒎𝒆𝒅 𝒑𝒍𝒂𝒒𝒖𝒆𝒔 × 𝑫𝒊𝒍𝒖𝒕𝒊𝒐𝒏 × 𝟐  (1) 

RESULTS 

After production of the control and the recombinant 

lentiviruses, HFF cells were transduced by infection 

with either the control lentivirus (empty plasmid 

pSIN), the recombinant lentivirus with I329L or the 

recombinant lentivirus with DP148R. The 

experiment’s objective was to insert the desired 

genes into the HFF cells genome, allowing the cells 

to constitutively express these genes. 

After infection with lentiviruses and some cell 

passages, the transduced HFF cells were submitted 

to a western blot to determine if they were expressing 

the predicted proteins. The western blot was 

performed using an antibody that recognizes the HA 

“immunotag”, fused to both I329L and to DP148R. 

The results are in Figure 1.  

On the online database UniProt, the I329L protein of 

ASFV is described as having 38,5 kDa and the 

DP148R protein, MGF360-18R, of the same 

organism is 17,2 kDa (Uniprot - I329L; Uniprot - 

MGF360-18R). The principal band on the HFF-I329L 

lane is approximately 50 kDa, larger than the 
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predicted molecular weight of 38,5, due to its eight 

glycosylation sites (de Oliveira et al., 2011; Uniprot - 

I329L). The two additional bands (with a molecular 

weight of 30 and 17 kDa) may be the result of 

proteolytic degradation of I329L or a non-specific, 

cross-reacting antibody recognition. Therefore, one 

may conclude that the cells transduced with I329L 

and DP148R, HFF-I329L and HFF-DP148R 

respectively, are expressing the predicted proteins 

and thus the lentiviral transduction was successful 

(the genes were inserted into the HFF cells' genome). 

An assay was performed to determine both (1) if the 

IFN response of the transduced cells is diminished 

and (2) if the virus yield is increased, when comparing 

to the controls. Transduced cells (HFF-I329L and 

HFF-DP148R) were infected with HCMV. A positive 

and a negative control were used. The positive 

control consisted of HFF cells transduced with the 

empty/control lentivirus (HFF-pSIN) infected with 

HCMV. The negative control consisted of mock-

infected HFF cells. 

 

Figure 1 - Western blot results of the transduced HFF cells. a) The lysate of HFF cells transduced with the control 

lentivirus is in the first lane (HFF-pSIN) and the lysate of HFF cells transduced with the recombinant lentivirus with DP148R 

is in the second lane (HFF-DP148R). b) The lysate of HFF cells transduced with the control lentivirus is in the first lane 

(HFF-pSIN) and the lysate of HFF cells transduced with the recombinant lentivirus with I329L is in the second lane (HFF-

I329L). 

In order to determine IFN-β concentration in this 

assay, an ELISA was performed. At several time-

points (6h, 32h and 90h), aliquots of the culture 

supernatants were collected. The results are in 

Figure 2. The results clearly demonstrate the 

inhibitory impact of the viral transgenes on the 

production of IFN-β. At all time-points, the IFN 

concentration in the supernatant of the mock-

infected HFF cells is lower than all the other 

samples. The positive control (HFF cells 

transduced with the empty lentivirus) shows the 

highest concentration. In contrast, the HFF cells 

expressing the viral genes (I329L and DP148R) 

consistently secreted reduced levels of IFN-β at all 

time-points. 

In order to determine virus yield in this assay, a 

plaque assay was performed 5 days post-infection. 

The supernatants of the transduced cultures were 

collected to perform a plaque assay to determine 

virus titers and the results are presented in Figure 

3. In the plaque assay several dilutions of the 

culture supernatants were used. The results here 
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presented correspond to the values of the most 

representative dilution. 

When analysing the results of the performed 

plaque assays, as shown in Figure 3, it is possible 

to conclude that the virus yields of the I329L and 

DP148R transduced cells are increased when 

compared to the control (HFF-pSIN). 

 

Figure 2 - Transgenic expression of virus IFN evasion genes reduces the HCMV stimulated IFN response. HFF 

cells transduced with empty (pSIN), I329L and DP148R lentiviruses were infected with HCMV and the cultures 

supernatants were collected at 6, 32 and 90 hours post-infection. HFF cells were simultaneously mock infected and the 

culture supernatants were collected at the same time points. The error bars correspond to the standard error. Details in 

Materials and Methods. 

DISCUSSION 

This work has tested and proved the hypothesis that 

cell lines expressing defined virus genes, I329L and 

DP148R, both inhibiting the IFN response will (1) 

secrete less IFN and (2) permit an increased yield of 

virus. Thus, cell lines expressing the two genes 

inhibiting the IFN response were infected with the 

human herpesvirus HCMV. The secretion of IFN and 

the yield of HCMV was then assayed. 

Herpesviruses have been reported to activate TLRs, 

RLRs and DNA sensors. TLR2 senses glycoproteins 

of the viral envelope, upon viral entry. During the 

replication of herpesvirus, there is an accumulation of 

intracellular (ds)RNA that activates TLR3. β-

herpesviruses particles contain viral mRNAs. Both 

these viral mRNAs and replication intermediates are 

agonists of TLR7. Intracellular RNA can also be 

recognized by RLRs, such as RIG-I and MDA-5. As 

a DNA virus, herpesviruses reportedly activate DAI, 

AIM2, IFI16 and other DNA sensors. Several reports 

show TLR2, DAI (in fibroblasts) and IFI16 activation 

upon HCMV (a β-herpesvirus) infection (Paludan et 

al., 2011). In human fibroblasts, it was shown that the 

IFI16-STING pathway is activated by HCMV. DAI and 

cGAS were also shown to be involved in the detection 

of HCMV DNA, upon infection, in human fibroblasts 

(Kim et al., 2017; Paijo et al., 2016). However, TLR-

induced pathways have been shown to have more 

importance in innate immune cells and not in 

fibroblasts (DeFilippis et al., 2010). 

The I329L protein is a typical type I transmembrane 

protein, which inhibits an important arm of the innate 

anti-virus immune response, the activation of TLR3 

by viral (ds)RNA, and thus the production of type I 

IFN. The inhibition is achieved by two separate 
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mechanisms: the extracellular domain inhibits 

interactions between TLR3 and its (ds)RNA ligand 

and the intracellular domain inhibits through direct 

interaction with the intracellular signaling 

intermediate TRIF  (Correia, unpublished; Correia et 

al., 2013b). Since HCMV activates TLRs upon 

infection, it is anticipated that the insertion of the 

I329L gene into the HFF cells' genome will inhibit the 

TLR signaling pathways activated by HCMV, leading 

to a decrease in the level of induction and expression 

of IFN. The results are consistent with what was 

expected. 

 

Figure 3 – Transgenic expression of virus IFN evasion genes increases the yield of HCMV. HFF cells transduced 

with empty (pSIN), I329L and DP148R lentiviruses were infected with HCMV. Culture supernatants were submitted to a 

plaque assay 120 hours post-infection. Details in Materials and Methods. 

The DP148R protein interferes both in the induction 

of the IFN and in its impact. The induction pathway is 

inhibited by DP148R protein through MAVS (Correia, 

unpublished). The HCMV infection may activate the 

RIG-I and MDA-5 cytosolic receptors during viral 

replication, due to replication intermediate RNA 

nucleic acids present in the cytoplasm. Since both 

RIG-I and MDA-5 signal through MAVS, it is 

anticipated that the insertion of the DP148R gene into 

the HFF cells’ genome will inhibit the MAVS signaling 

pathways (through IRF-3 and NF-κB) activated by 

HCMV, thereby provoking a decrease in the induction 

and expression of IFN. The DP148R protein also 

manipulates the polyubiquitination system in order to 

induce degradation of STAT1, and thus inhibit 

signaling via both the type I and II IFN receptors 

(Correia et al., 2013a). Furthermore, fibroblasts 

mainly rely on autocrine feedback for an efficient IFN 

response, for example, when IFN interacts with cells, 

IRF-7 is expressed, which leads to a positive 

feedback loop that results in additional amplification 

of IFN-β (Hwang et al., 2009). Taking these facts into 

consideration, it is also expected that the insertion of 

the DP148R gene into the HFF cells’ genome will 

also inhibit the impact of IFN-β, which will reduce the 

expression of IRF-7 and consequently decrease the 

induction of IFN-β, resulting in lower expression of 

IFN-β and more efficient virus replication in these 

cells. The results are consistent with what was 

expected. 

Finally, although genomic DNA is the principal trigger 

for the host innate immune response to herpes virus 

(Paludan et al., 2011), the RNA-mediated activation 

of the IFN signaling pathways, via both endosomal 

and cytosolic compartments, plays a bigger role in 

the  amplification of the IFN response (after viral 

replication is initiated and viral replication 

intermediates start to be produced).  
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Having confirmed that the IFN-β response of both 

HFF-I329L and HFF-DP148R transduced cells is 

inhibited, it was expected that HFF-pSIN culture 

supernatants would have lower virus concentrations 

when compared to the HFF-I329L and HFF-DP148R 

culture supernatants. The results were as expected 

and can also show that HCMV is clearly not able to 

evade IFN response completely, even though it has 

many genes coding for evasion mechanisms. 

IFN-β may be essential in triggering the production of 

type I IFNs in non-hematopoietic tissues, such as 

fibroblasts (Erlandsson et al., 1998). Thus, since the 

IFN-β response is impaired in these transduced cells, 

the IFN-α response is impaired as well, resulting in a 

diminished type I IFN response. Type I IFNs, through 

their impact signaling pathway, are responsible for 

triggering transcription of ISGs, establishing an 

antiviral state on the secreting and neighboring cells. 

Without IFN response, without ISGs expression and, 

consequently, without the antiviral state, the cells 

become more susceptible to the invading virus, 

having fewer countermeasures available. Cells with 

a diminished/deficient IFN response reportedly were 

more susceptible to viral infection, less capable of 

restricting virus spread and consequently led to 

higher viral titers (Hwang et al., 1995; Nice et al., 

2016; Stewart et al., 2014). Indeed the same 

happened in these experiments.  

CONCLUSION 

The main focus of this thesis was the utility of viral 

genes inhibiting the IFN response as tools to 

construct cell lines with a reduced IFN response as a 

means to increase virus vaccine yields. 

Viruses are obligate intracellular parasites and so 

they depend on host machinery for replication. The 

co-evolution of virus and host has led to the evolution 

of the immune system by the host and of evasion 

strategies by the virus. Several viruses, including 

ASFV and HCMV, have multiple evasion genes 

encoding for proteins that interfere with the immune 

system of the host, including some evasion genes 

directly inhibiting the induction and/or the impact of 

IFN. Based on this, the hypothesis that cells 

expressing viral evasion genes for inhibition of IFN 

signaling pathways, having a diminished IFN 

response, will produce more virus has been 

proposed. In practice, if the hypothesis is confirmed, 

this strategy can be used for more efficient viral 

vaccine production. 

In this project the proposed objective was 

accomplished; the hypothesis was tested using the 

described strategy. Additionally, the results 

supported the original hypothesis. The strategy 

employed in this project may have application in the 

production of live viral vaccines through higher yields 

of virus in such transgenic cell lines. 

Although this thesis focuses only on this strategy to 

more efficiently produce viral vaccines, there are 

other options. Live viral vaccines are not the 

cheapest to produce, they raise more safety 

concerns than other types of vaccines and some can 

revert to the pathogenic form. Moreover genetically 

engineering cell lines is time-consuming and its use 

may create regulatory problems for vaccine 

manufacturers (Stewart et al., 2014). 

In the future, the project will continue by testing other 

viral “anti-IFN” genes. In addition, it would be 

interesting to transduce a cell with more than one 

viral evasion gene to check if the IFN-β would be 

further inhibited and if the virus titer would further 

increase. Once the optimal viral evasion gene or 

combination of viral evasion genes were found, the 

assays could also be performed using attenuated 

viruses so that further increased virus titers can be 

checked and that a step is given in the direction of 

being closer to the intended practical application. 
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