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Abstract: Dengue is one the most significant mosquito-borne viral diseases globally, with its 
prevalence extending across tropical and subtropical regions, exerting a considerable financial strain 
on health systems. Despite decades of research leading to the development of a vaccine implemented 
in endemic countries, its use remains restricted to a fraction of the population at risk of contracting 
dengue. Due to these limitations, there is a growing focus on research aimed at unraveling the cellular 
mechanisms crucial for Dengue virus (DENV) infection to pinpoint potential host targets. Multiple 
studies propose a pivotal role of cytoskeletal remodeling in DENV infection. Specifically, DENV 
alters the organization of actin to facilitate viral entry, replication, and release. In this study, we 
investigated the involvement of the protein c-Abl, a kinase crucial in actin dynamics, in the context 
of DENV infection. Our findings suggest that either silencing or pharmacological inhibition of the 
kinase c-Abl leads to accumulation of dengue ENV protein in vitro and associates with actin 
remodeling. These results illuminate cellular mechanisms that could serve as potential therapeutic 
alternatives for dengue management. 
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1. Introduction 
Dengue is among the most important mosquito-borne viral-disease worldwide [1–4]. Dengue is 

caused by four genetically related viruses, grouped in serotypes 1-4 [1,3]. Its prevalence spans across 
tropical and subtropical regions and imposes a financial burden to public health. Climate change, 
urbanization, and the lack of an effective control of the vector [5] have affected the distribution pattern 
of the main vector, Aedes aegypti, which also has led to changes in dengue incidence [6] and increase 
in the frequency of epidemics [7–10]. The approaches to control dengue have focused on the 
eradication of the vector and the development of a vaccine. In the Americas, eradication of the 
mosquito failed due to limitations in the implementation of the control regimes across countries, and 
the onset of mosquito resistance to insecticides [11]. Despite the efforts to develop an effective vaccine 
[12], there is only a single licensed vaccine implemented in multiple endemic countries, and its use is 
restricted only to individuals with a previous dengue virus infection [13]. Furthermore, the high 
genetic variability of DENV [14,15] and the circulation of multiple serotypes in endemic regions [16–
20], require vaccines to protect against the 4 serotypes.  

The limitations of vaccine development have opened new avenues to antiviral research focused 
on host targeted antiviral (HTA). HTA have shown promising results against molecular and cellular 
targets used by a broad range of viruses including Dengue virus (DENV) [21,22]; Hepatitis C virus 
(HCV) [23], West Nile (WNV) [21], SARS-CoV-2 [24–26], among others. Moreover, multiple studies 
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have elucidated key cellular mechanisms for dengue virus replication, which can potentially be used 
for cell-based therapies [22,27–33]. ABL-family proteins are non-receptor tyrosine kinase proteins and 
comprises one of the best conserved branches of the tyrosine kinases. Each ABL protein contains an 
SH3-SH2-TK (Src homology 3-Src homology 2-tyrosine kinase) domain cassette, which autoregulates 
kinase activity. This cassette is coupled to an actin-binding and bundling domain, which makes ABL 
proteins capable of connecting phosphorylation with actin-filament reorganization [34]. ABL protein 
is encoded by the ABL1 gene which is activated by growth factors, cytokines, and other signals. Its 
activation stimulates cell proliferation, differentiation, survival, cell death, retraction or migration, 
and actin reorganization through its C-terminal actin-binding domain (ABD), which specifies 
location to F-actin. The large C-terminal region of the mammalian ABL protein contains three 
functional nuclear localization signals (NLS) that drive the nuclear entry of ABL and DNA interaction 
[34–36]. 

Studies of the interactions of various pathogens with the cellular machinery have identified the 
involvement of ABL during infections at the intracellular level, playing different roles during 
infectious processes of bacteria and viruses, with a crucial impact on antiviral immunity [37], viral 
replication [38], microbial invasion by endocytosis and membrane-fusion [39], release from host cells, 
actin-based motility [40], pedestal formation, as well as cell-cell dissociation involved in epithelial 
barrier disruption and other responses [41–43]. Interestingly, c-Abl participates in different viral 
infections through the regulation of cytoskeletal dynamics and cellular trafficking [44–47] or by direct 
interaction with viral proteins [48,49]. Specifically, c-Abl regulates attachment of polyomavirus, entry 
and genome release of HIV and coxsackievirus [46,47,50] and actin tail formation and virion budding 
of Vaccinia virus [44,45]. In the case of DENV virus, c-Abl associates with post-entry events [51], 
however the mechanism remains unknown.  

Increasing evidence shows that infection by DENV virus remodels actin filaments, microtubules 
and vimentin to promote viral entry, replication and budding [52–57]. Particularly, actin dynamics is 
critical for viral entry, synthesis of viral structural proteins, and viral release [56,57]. Here, we show 
that either silencing or pharmacological inhibition of c-Abl during DENV infection leads to 
accumulation of the envelope protein (ENV) at the intracellular level through a mechanism involving 
actin remodeling. These findings shed light on key cellular mechanisms for DENV infection, that can 
be targeted for cell-based treatments.  

2. Materials and Methods 
2.1. Chemicals and Antibodies 

Imatinib mesylate inhibitor (STI571) was purchased from Selleck Chemicals, USA and was 
dissolved in DMSO at 1mM and stored as a stock solution at -20°C. Primary α-Envelope antibody (α-
ENV) and anti Phospho Crk II were purchased from MERCK Millipore. Primary anti c-ABL antibody 
was purchased from Santa Cruz Biotechnology. Secondary Alexa Fluor 594 antibody and phalloidin-
594 were purchased from Molecular Probes. Hoechst 33258 was purchased from Invitrogen. L-15 
medium and Dulbecco’s Modified Eagle’s Medium (DMEM), were supplied by Merck. Fetal bovine 
serum (FBS) and tissue culture antibiotic cocktail Penicillin/Streptomycin (PS) were provided by 
Invitrogen.  

2.2. Cell Lines and Virus 
Dengue virus serotype 2 New Guinea strain (DENV-2 NGS) was provided by María Elena 

Peñaranda and Eva Harris (Sustainable Sciences Institute and the University of California, Berkeley. 
U.S.A). Vero cells (ATCC CCL-81) was used for all experiments and was maintained in DMEM 
(GIBCO) and supplemented with fetal bovine serum (FBS), 10% for maintenance or 2% for infection 
experiments, with penicillin (100U/mL)-streptomycin (100ug/mL) and incubated at 37 °C with 5% 
CO2. C6/36 HT cells were grown in L-15 medium supplemented with 10% FBS and penicillin 
(100U/mL)-streptomycin (100ug/mL) at 34°C to grow DENV-2 NGS. For viral propagation C6/36 HT 
cells were infected at MOI 0.01 for seven days, and the supernatant was collected and frozen at -80°C 
to further viral titration in Vero cells. 
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2.3. Plasmids, Transfection and RNAi 
ABL1 gene silencing was achieved using plasmid-based artificial microRNA (miRNA) 

expression vectors that co-express a GFP reporter [58]. Specifically, artificial miRNAs harboring small 
interfering RNAs targeting ABL1 (miABL1) or scrambled control sequence (miScrambled) were 
cloned into the expression plasmid pFBAAVmU6mcs-CMVeGFP SV40pA, which is available from 
the Viral Vector Core at Carver College of Medicine (University of Iowa, USA). Plasmid transfections 
were done with the Lipofectamine 2000 kit (Thermo Fisher Scientific, USA) following manufacturer´s 
instructions. 

The transfection efficiency of the plasmids pFBAAVmU6miABL1-CMVeGFP SV40pA (miABL1) 
and pFBAAVmU6miScramble-CMVeGFPSV40pA (scrambled version) was confirmed through the 
expression of the GFP reporter [58,59]. 

2.4. Imatinib Cytotoxicity and Inhibition Treatments 
Cytotoxicity was assessed using the MTT (3- (4,5-Dimethylthiazol-2-yl) -2,5-

Diphenyltetrazolium bromide) assay. IC50 was determined in Vero cells following a previously 
standardized protocol for DENV infection. Briefly, Vero cells were seeded at 80% confluence in 96-
well plates and incubated with serial dilutions of imatinib ranging between 0,078 nM to 160 μM for 
either 24 h or 6 days at 37°C and 5% CO2. After each time point, the medium was replaced with 50 
µL of MTT followed by 2.5 h at 37°C. Isopropanol was added to dissolve the formazan crystals to 
further measure absorbance by spectrometry (Benchmark reader (Bio-Rad Laboratories, Hercules, 
CA). IC50 values were obtained using a linear regression model. 

2.5. Virus Binding, Entry and Post-Entry Assays 
To determine the effect of imatinib in the different steps of DENV-2 infection, Vero cells were 

used at a confluency of 80% in 24-well culture plates (2.5 × 104 cells per well). For viral attachment, 
Vero cells were incubated at 4°C for 1 hour, followed by infection with DENV-2 (MOI 0.01) in the 
presence of imatinib (1.25 µM to 10 µM) or without treatment (mock) for 1 h at 4°C. To evaluate viral 
entry, Vero cells were treated with imatinib (1.25 µM to 10 µM) for 1 h and 24 h at 37°C and 5% CO2 
followed by DENV-2 infection (MOI 1). To evaluate post-entry steps, Vero cells were infected with 
DENV-2 (MOI 1) for 2 h at 37°C and 5% CO2, and further incubated with the overlay media containing 
imatinib (1.25 µM to 10 µM) or without treatment (mock). After each treatment condition, an overlay 
of 1.5% carboxymethylcellulose (CMC) was added to the cells. Infected cells were incubated for 6 
days at 37°C and CO2 at 5%, and subsequently fixed and stained with 2.5% crystal violet for plaque 
counting. Plaque forming units (PFU) were counted from three 3 independent experiments. 

2.6. Evaluation of Imatinib in c-Crk Phosphorylation 
To evaluate the effect of imatinib in c-Abl kinase inhibition, the c-CrkII adapter protein was used 

as a read-out molecule, given its phosphorylation depends directly on c-Abl kinase activity. c-Crk II 
phosphorylation at tyrosine 221 was quantified in Vero cells (2.5 × 104 Vero cells per glass coverslips) 
and treated with imatinib for 24 hours, then the cells were washed with 1X PBS, fixed with 4% 
paraformaldehyde (PFA) and permeabilized with triton X-100. Next, the cells were incubated with 
anti Phospho-Crk II and Alexa fluor 594 for cytometry detection (BD Facs Canto II, Becton Dickinson). 
The Analysis was done using FlowJo software from 3 independent experiments. 

2.8. c-abl Silencing and Its Downstream Effect on c-CrkII Phosphorylation 
c-Abl and phospho c-CrkII expression was measured at 24, 36, 48 and 72 h post-transfection to 

determine silencing efficiency. Vero cells were transfected with pFBAAVmU6miABL1-CMVeGFP 
SV40pA (amiABL1) or pFBAAVmU6miScramble-CMVeGFPSV40pA (scrambled) in triplicate and the 
expression of c-Abl and phospho c-CrkII was measured at 24, 36, 48 and 72 h post-transfection in 96-
well culture plates by In-Cell Western (LICOR Biosciences). Cells were fixed with 4% PFA, 
permeabilized with triton X-100 and immuno-labelled with anti c-Abl or anti Phospho Crk II and 
detected with IRDye 680LT (LI-COR Biosciences). Actin was used as loading control and detected 
with IRDye 800CW (LI-COR Biosciences). In addition, the expression of c-Abl and phospho c-CrkII 
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was evaluated at 48 and 72 h post-transfection by cytometry. Cytometry results were analyzed with 
FlowJo software form three independent experiments. 

2.9. Effect of c-abl Silencing on DENV-2 Infection 
The effect of c-Abl silencing on DENV-2 infection was determined through the quantification of 

DENV envelope (ENV) protein at 1h.p.i and 22 h.p.i by cytometry (FACS Canto) and fluorescence 
microscopy (Carl Zeiss, Axio Observer Z1). For ENV detection at 1h.p.i, cells were transfected for 46 
hours, then were infected with MOI 5 for 1h at 4°C and 1h at 37°C with 5% CO2. For detection at 22 
h.p.i, cells were transfected for 24 hours, then were infected with MOI 5 for 1h at 4°C and 22h at 37°C 
with 5 % CO2. At the end of the infection, Vero cells were washed with 1X PBS, trypsinized, fixed with 
4% PFA in cytoskeletal buffer, blocked with 3% Bovine Serum Albumin, permeabilized with Triton 
X-100, and immunolabelled with primary α-Envelope antibody (α-ENV) and detected with alexa 
Fluor 594. Data was analyzed from three independent experiments. 

3. Statistical Analysis 
Analyses show the mean and standard error of the mean (SEM) from three independent 

experiments. p values were determined by two tailed unpaired Student´s t test (***, p < 0.001; **, 0.001 
< p < 0.01; *, 0.01 < p < 0.05) using SPSS v.20 software and Graphpad Prism 5. Microscopy fluorescence 
images were analyzed with Image J software. 

4. Results 
4.1. Inhibition of c-Abl Kinase with Imatinib Reduces Binding, Entry and Post-Entry Events during DENV-
2 Infection 

We used the inhibitor imatinib (STI571) to determine the role of c-Abl kinase activity during 
DENV-2 infection. We first evaluated the cytotoxicity of imatinib in Vero cells and determined the 
inhibitory concentration 50 (IC50) to establish a concentration range below the IC50 for further 
experiments. We determined an IC50 of 32.15 µM in cells treated with imatinib for 24 h and IC50 of 
13.69 µM in cells treated for 6 days (Figure 1A,B). We next evaluated the effect of 1.25 µM to 10 µM 
of imatinib in viral attachment, entry, and post-entry steps.  

For binding assays, the quantification of PFU showed a significant reduction at concentrations 
of 1.25 µM, 2.5 µM and 5 µM, with a reduction of 4.6 folds at 5 µM compared to DMSO control (** 
P=0.01) (Figure 1C). 

During viral entry, a consistent decline in titer was observed in cells incubated during 1h and 24 
h in the presence of imatinib, being 10 µM the concentration that showed the highest reduction in 
viral entry. Interestingly, the incubation with imatinib during 24 h, revealed that 2.5 and 5 µM of 
imatinib led to a PFU reduction, closer to that obtained with 10 µM (Figure 1D). 

During post-entry events, a significant inhibition of DENV-2 PFUs was observed when imatinib 
was used at 2.5 µM and 5 µM (Figure 1E). 

To confirm the effect of imatinib on c-Abl kinase inhibition, c-Crk II phosphorylation at tyrosine 
221 was quantified in Vero cells treated with imatinib for 24 h. c-Crk II phosphorylation was 
significantly reduced at 5uM of imatinib compared with untreated cells (Figure 1F). 

Taken together, these results show that a concentration of 5 µM imatinib inhibits DENV-2 
infection in Vero cells through inhibition of kinase activity. 
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Figure 1. Inhibition of c-Abl kinase with imatinib reduces DENV-2 infection during binding, entry 
and post-entry events. The cytotoxicity assay of imatinib in Vero cells determined the inhibitory 
concentration 50 (IC50) at 32.15 µM in cells treated for 24 h and IC50 of 13.69 µM in cells treated for 6 
days (1A, 1B). Binding assays: PFU showed a significant reduction with 1.25 µM, 2.5 µM and 5 µM, 
with a reduction of 4.6 folds at 5 µM compared to DMSO control (0.001 < P < 0.01) (1C). Viral entry: a 
decline in PFU was observed in cells incubated during 1h and 24 h with imatinib, with the highest 
reduction using 10 µM. When imatinib was used during 24 h, 2.5 and 5 µM of imatinib led to a PFU 
reduction closer to obtained with 10 µM (1D). Post-entry events: a significant inhibition of PFUs was 
observed with 2.5 uM, 5 uM and 10 uM (1E). c-Crk II phosphorylation at tyrosine 221 was significantly 
reduced using imatinib at 5µM compared with untreated cells (1F). Each bar represents the mean and 
SEM relative to DMSO control from three independent experiments. p values were determined by 
two tailed unpaired Student´s t test (*: P<0.05, **: P<0.01). 

4.2. c-Abl Decrease through ABL1 Knockdown Leads to DENV-2 Envelope Protein Accumulation on Infected 
Cells 

We used a plasmid-based artificial miABL1 to knockdown ABL1 expression. This expression 
vector co-expresses a GFP reporter and we determined the efficiency of transfection measuring the 
percentage of GFP+ cells at 48 h post-transfection. We found a 95% efficiency of transfection in cells 
transfected with miABL1 or miScrambled control plasmids (Figure 2A). 

c-Abl expression was measured at 24, 36, 48 and 72 h post-transfection by In Cell Western (ICW) 
(Figure 2B) and at 48 and 72 h post-transfection by flow cytometry (Figure 2C). c-Abl abundance was 
significantly decreased at 48 h and 72 h post-transfection in miABL1 transfected cells compared with 
scrambled transfected cells, showing a 50% decline at 48 h post-transfection. Crk phosphorylation 
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was measured at 24, 36, 48 and 72 h post-transfection by ICW (Figure 2D) and at 48 and 72 h post-
transfection by flow cytometry (Figure 2E). Phospho Crk level at tyrosine 221 was significantly 
decreased at 48 h of post-transfection as observed by ICW and flow cytometry, compared to control 
without artificial miRNA treatment. 

To further analyze the role of c-Abl in viral entry and post-entry events, we quantified envelope 
(Env) protein during ABL1 silencing. Based on immunofluorescence assays, no statistically significant 
change was observed on ENV protein in Vero cells during viral entry in ABL1 knockdown compared 
to scrambled control (Figure 3A,B). In infection controls, either infection alone or under miScrambled 
transfection, ENV protein is distributed along the cell revealing either a punctate appearance or 
presenting as bigger blurred spots. Additionally, both in miABL- infected cells and imatinib-infected 
cells, we observed a decrease in the quantity of small spots or cumulus of Env protein and their 
distribution is near the periphery of the cell (Figure 2A). During post-entry events, ENV protein 
increased in miABL1-treated cells compared with miScrambled (Figure 3C,D). A pattern of blurred 
spots with a perinuclear distribution was observed, both in both ABL1 knockdown-infected cells and 
imatinib treated-infected cells. In addition, a decrease of ENV protein as spots or cumulus was 
detected in infection controls, either infection alone or under miScrambled transfection (Figure 3C). 
These findings suggest that c-Abl is required for DENV-2 post-entry events and release. 

 
Figure 2. c-Abl Knockdown and phosphor-Crk inhibition using artificial miRNA silencing. 95% 
efficiency of transfection in Vero cells by GTP detection on miABL1 and scrambled version plasmids 
at 48 h post-transfection (A). c-Abl expression was measured at 24, 36, 48 and 72 h post-transfection 
by ICW (B) and at 48 and 72 h post-transfection by flow cytometry (C). c-Abl level was significantly 
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decreased at 48 h of post-transfection using miABL1 miRNA, compared to control (scrambled 
version). Crk phosphorylation was measured at 24, 36, 48 and 72 h post-transfection by ICW (D) and 
at 48 and 72 h post-transfection by flow cytometry (E). Phospho Crk level was significantly decreased 
at 48 h of post-transfection, compared to control without artificial miRNA treatment. Mean and SEM 
relative to control from three experiments are shown. p values were determined by two tailed 
unpaired t test (*: P<0.05). 

 

Figure 3. Abl silencing induces ENV Dengue protein accumulation on infected cells. (To evaluate 
viral entry and post-entry events during DENV infection, transfected Vero cells (24h post-
transfection) were infected at MOI= 5 for 1 h at 4°C and 1 h at 37°C for viral entry (A, B) and during 
22h at 37°C for post-entry events (C, D). A significant accumulation of ENV Dengue protein in amic-
Abl silenced cells compared to scrambled control in post-entry events. Each bar represents the mean 
and SEM relative to scrambled control from three independent experiments. p values were 
determined by two tailed unpaired Student´s t test (*: P<0.05). 

4.3. c-Abl Knockdown Produces Actin Reorganization on Late Events after DENV-2 Infection 
Previous studies have shown that DENV-2 infection remodels actin filaments [32,56,60,61] and 

due to the role of c-Abl in actin remodeling [62–65],we further analyzed the role of c-Abl in the state 
of F-actin during DENV-2 infection. When Vero cells were infected with DENV-2, we observed a 
reduction of actin filaments in miABL1-transfected cells compared to miScrambled-transfected cells. 
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During DENV-2 entry (1 h.p.i), we observed an increase in actin filaments at the cell membrane in 
miScrambled cells, which decreased during ABL1 silencing (Figure 4A). Similarly, at late stages of 
DENV-2 infection (22 h.p.i) we observed well-defined actin filaments in miScrambled cells, which 
decreased during ABL1 silencing and displayed a round-shaped phenotype (Figure 4C,D). 
Interestingly, the lack of defined actin filaments and the round-shaped phenotype has been 
previously observed in c-Abl knock out cells [65].These results suggest that c-Abl is required for actin 
remodeling during DENV-2 infection. 

 
Figure 4. c-abl knockdown produce actin reorganization on late events after DENV-2 infection. 
Actin labelling observed in transfected and infected-Vero cells (MOI 5) at 1h.p.i (A) and 22h.p.i (C) 
(representative images at 63X). At 1 h and 22 h.p.i, was observed a significant reduction of actin 
fluorescence in amic-Abl cells compared to amiScr and untransfected (-amiRNA) cells. Each bar 
represents the mean and SEM relative to scrambled control from three independent experiments. p 
values were determined by two tailed unpaired Student´s t test (***: P<0.001). 

5. Discussion 
The worldwide priority of Dengue infection is summarized in two main aspects: i) the 

progressive increase of reported cases annually and ii) lack of an effective treatment to control the 
infection. While the strategies used for years to combat and eradicate dengue have not been 
successful, new alternatives on antiviral research to develop treatment have focused on host-targeted 
antivirals (HTA).  

Among these, a great interest has focused in the study of the interactions between viruses and 
cellular proteins that participate in signaling pathways.  
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The modular structure of the non-receptor tyrosine kinase c-Abl, denoted by its different 
domains and sequences, explains the diversity of functions in which this kinase is involved either at 
the nucleus or cytoplasm [34–36,66]. Precisely, the binding domains to G and F-actin located at its c-
terminal, explains its importance in events of cytoskeletal reorganization, such as the formation of 
actin fibers, lamellipodia, filopodia, cell adhesion and migration [34,62–64,67–70]. 

Interestingly, increasing evidence shows how the role of c-Abl in actin remodeling is required 
for the replication of different pathogens, including viruses [44,46–51]. Previous studies have shown 
that DENV-2 infection remodels actin filaments [31,32,56] and while c-Abl participates in actin 
remodeling [34], its role over the state of F-actin during DENV-2 infection is yet to be determined. 
Here, we show evidence of the role of c-Abl in DENV-2 infection and actin remodeling. We observed 
a reduction in DENV-2 release under pharmacological inhibition of c-Abl or during ABL1 
knockdown. Moreover, we observed a reduction of F-actin filaments during ABL1 knockdown, 
suggesting that c-Abl might participate in DENV-2 infection through its role in actin remodelling. 

Previously, the screen of different kinase inhibitors during DENV infection, showed that 
imatinib acts in pre-infection steps, showing 50% of reduction in the number of fluorescently stained 
DENV-infected cells and a five-fold decrease in viral titer [71]. In a different study, imatinib showed 
inhibition of DENV-2 preferentially at post-entry events [51]. To confirm the results observed by 
imatinib inhibition, we analyzed DENV-2 entry and post-entry events during ABL1 silencing. We 
observed a significant accumulation of DENV-2 envelope protein at a late stage of infection and under 
ABL1 silencing, suggesting that c-Abl participates in DENV-2 release. Interestingly, Clark y cols., 
showed that c-Abl participates in DENV-2 NGC replication cycle using both c-Abl knockdown in 
Huh7 cells and c-Abl knockout in fibroblast murine cells [51]. Recently, results of our group showed 
the participation of c-Abl in DENV-induced endothelial dysfunction and during early steps of DENV 
infection, as well as actin cytoskeleton reorganization [33]. Together, our results suggest that c-Abl 
plays a crucial role in DENV-2 infection. 

Previous studies have shown that DENV-2 requires actin remodeling during the replication 
cycle [32,56,57,61,72–74]. As it is well documented that c-Abl plays a role in actin dynamics, we 
hypothesized that c-Abl participates in DENV-2 infection through its function on actin remodeling. 
Our findings showed a decrease of actin filaments and a round-shaped morphology in ABL1 silenced 
and DENV-2 infected epithelial cells, which has been previously observed in cells with impaired c-
Abl kinase [65]. 

A increasing set of evidence shows the requirement of filopodia and lamellipodia structures for 
viral entry and budding from infected cells [75–78].This specialized structure of actin facilitates virus 
spreading from cell-to-cell, and can minimize the appearance of virions in the extracellular space, 
which avoids recognition by the host immune response [76]. 

The results presented here shed light on how actin remodeling plays a critical role in DENV-2 
infection, through a mechanism involving c-Abl kinase activity. Moreover, elucidating cellular 
mechanisms involved in DENV-2 infection open new avenues for the treatment of Dengue based on 
cell-targets as an alternative therapeutic strategy. 

6. Conclusions 
Growing evidence supports research aimed at blocking cellular proteins used by intracellular 

pathogens to promote their infection processes. In the case of viral infections, the genetic variability 
and high mutation rates of genomes, mainly in viruses with RNA genome, make it difficult to identify 
therapeutic targets directed against viral proteins, which has favored the evaluation of HTA in viral 
infections. Robust evidence supports the participation of the actin cytoskeleton in several stages of 
DENV infection. Specifically, in the organization of actin to facilitate viral entry, replication, and 
release. In this study, we showed the involvement of the protein c-Abl kinase in the context of DENV 
infection by using silencing or pharmacological inhibition. We observed accumulation of dengue 
ENV protein and actin remodeling at late stages of infection. The use of kinase inhibitors has 
promising results in vitro [51]. Our results support the growing evidence of the participation of the 
kinase c-Abl in various steps of the DENV replication cycle, as well as its role in actin remodeling, a 
key aspect of DENV infection. These results inform about cellular mechanisms that could serve as 
potential therapeutic alternatives for Dengue management. 
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