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ABSTRACT

Introduction: Dengue Virus (DENV) is the pathogen for human dengue fever and is responsible for 390 million
infections per year. The viral genome produces about 10 viral protein products, one of them being NS1. The NS1
protein plays a key role in viral replication and stimulation of humoral immune cells, thus being the perfect
candidate to create an effective antiviral drug or vaccine for dengue

Methods: Dengue Virus (DENV) is the pathogen for human dengue fever and is responsible for 390 million
infections per year. The viral genome produces about 10 viral protein products, one of them being NS1. The NS1
protein plays a key role in viral replication and stimulation of humoral immune cells, thus being the perfect
candidate to create an effective antiviral drug or vaccine for dengue

Conclusion: The review established promising results of using peptide-based intervention on NS1. Further in vivo
and randomized controlled trials are advised to solidify the applicability and biosafety of the intervention
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Introduction

Dengue Virus (DENV) is a single stranded RNA flavivirus and a major causative agent of dengue fever,
West Nile, and yellow fever.[*l DENV is transmitted via mosquito (aedes aegypti and aedes albopictus) saliva
to humans. Throughout history, DENV is responsible for 390 million infections per year with 96 million
among them showing clinical symptoms and 2.5% mortality rate each year. 2l DENV infections are more
common in tropical countries as in Indonesia, the prevalence of DENV infections are 77.96 cases per 100,000
person-years in 2016. [

Dengue was a global health issue that endemic in around 100 countries, mostly tropical and subtropical.
Over the last decade, Dengue issues have increased quickly. WHO states that dengue infects about 390 million
and causes up to 100 million cases every year. WHO proposed a new dengue classification based on the
severity because of changes in epidemiology and incidence rates. ! Indonesia is one of endemic countries
and the epidemiology of dengue fever often shows as a case series. Indonesia has the second largest dengue
fever cases among 30 other endemic countries and the most prevalent in Java, particularly West, Central, and
East Java.[l?]

DENV has 4 different serotypes: DENV-1, DENV-2, DENV-3, and DENV-4. [31 The DENV RNA strain
contains 10 viral protein products that can be classified into 3 structural proteins and 7 non-structural proteins.
The 3 structural protein classes are Envelope (E), Capsid (C), and pre-Membrane (prM).[1 The other 7 non-
structural (NS) proteins are NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5.[5-2%1 NS1 is a major protein in
DENV viral replication™% NS1 is sequenced by 352 amino acid residue and has 70% similarity to other
DENV serotype.[ Other roles of NS1 include stimulating immune cell to release vasoactive cytokines which
lead to vascular leakage.[*'% NS1 protein has 3 important domains: the hydrophobic B-roll as a domain for
dimerization process (located on 1-29 residue), the wing as a connector subdomain (located on residue
number 30—37 and 152—180, the a/p subdomain and residues number 38—151), and -ladder (residue number
181-352) visible in Figure 1. Which play a vital role in NS1 physiology. ™ 2 This type of protein has been
considered as a potential vaccine of dengue due to its pathological roles. NS1 can be soluble in host plasma
and bind to prothrombin, then alter its function. Also, NS1 can bind to TLR4, TLR2, and TLR6 Receptor
which induce proinflammatory cytokines release, leading to vascular leakage. The anti-NS1 vaccines act as
an antagonist of this NS1 protein to inhibit its pathological roles. Also, anti-NS1 can induce antibodies and
complement-dependent mechanism to lysis the DENV-infected cells. (6]

Many researches have been conducted to search for DENV vaccines or drugs. [1*-16] Nevertheless, there
are still no effective and specific vaccines or drugs to treat DENV infection, implied by the ever-increasing
prevalence of DENV worldwide and also in Indonesia. 2113161 On the other hand, data shows that dengue

fever prevalence is very high and keeps rising especially in Asia. [?! Treatment for dengue fever and severe

Publisher: Faculty of Medicine Universitas Muslim Indonesia 2



Green Medical Journal Vol.3 Issue: 1 (April, 2021)
e-ISSN: 2686-6668

dengue fever are focused on maintaining and controlling patient body fluid. 2*"1 Therefore, to control and
prevent DENV infection more effectively, research for DENV vaccines or drugs is still one of major focus.
Understanding which type of vaccines and the mechanism of action remained a big hurdle for scientists.
In this literature review, we focused on reviewing the action mechanism of NS1 and DENV outcome if the
NS1 protein is inhibited. Despite much research, there is still no exact mechanism of NS1 in viral replication.
Although a study suggests that NS1 plays a role in formation and stabilization of viral membrane organelles.
[26-81 By understanding these NS1 mechanisms, scientists have found some potential candidates for vaccines.
Therefore, these vaccines still need to be investigated to improve it is efficacy and safety. [ Hence, by
considering the minimal and slow process in DENV vaccine development, peptide-based inhibition of NS1
protein could play a major role in decreasing DENV numbers significantly. Thus, we conducted this literature
review based on that purpose in mind and to contribute towards the World Health Organization’s sustainable
development goals (SDG) number 3, which is good health and wellbeing. Especially two of its targets to
reduce mortality of communicable disease and cure all preventable causes of deaths in under 5 years old
children as in Indonesia itself, 18.01% dengue cases had been reported with death proportion of 38.89%

among all ages per December 2020.1*%!

2 ‘ 4
p-roll p-ladder

Figure 1. NS-1 Protein Structure [
Content
Search Strategy

This literature review was assembled by searching, compiling, and analyzing various studies that
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investigated the role of non-structural protein 1 (NS1) in viral replication and the potential use of peptide-
based treatment that inhibits the protein. Search terms used included ("Peptide” OR "Peptide drug™) AND
("Nonstructural protein 1" OR "NS1") AND ("Dengue™) AND ("Inhibit" OR "Reduce"). The sources were
cited from Pubmed/Medline, Science Direct, Proquest, Wiley Online Library, Directory of Open Access
Journal (DOAJ), and Cochrane library. From the databases, 11 studies were included in this review in which
9 assessed the potential of NS1 as a target and 2 studies assessed the potential usage of peptide-based
interventions to inhibit DENV replication. Variables mentioned and analyzed from the 9 included studies for
NS1 targeting includes the mechanism and the advantages if compared to the current and other alternative
interventions. Furthermore, analysis of the 2 included studies for DENV inhibition will focus on the efficacy

of the said treatment on in vitro and in vivo situations. Additional materials collected via individual searching

from the said databases was also conducted when necessary, to supplement this review

Figure 2. Provides a visual representation of the literature search strategy
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Figure 2. Flowchart of the Literature Search Strategy

Current State of Dengue

The graph below (Figure 3) shows the Incidence Rate of Dengue per 100.000 populations in Indonesia
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Papua. The first case of dengue fever was in Jakarta, 1968. Since then, the Incidence Rate (IR) of dengue
fever shows an increasing trend. It increased from 0.05 - 35-40 per 100.000 population in 2013. Dengue
fever has infected all of 34 provinces and 80% of 497 cities in 2017. The spreading in the cities of Indonesia
can be looked at from the incidence rate per 100.000 population in the cities from each year, and it shows

positive trends. These are summarized on graph in Figure 4 that shows positive trends of incidence rate per

100.000 population from 1986-2016.1%°]
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Figure 3. Incidence Rate of Dengue in Indonesia by Province [*%)

Vaccine for dengue is still an issue to this day because there is no effective or commercial vaccine.*"]
The first dengue vaccine introduced is Dengvaxia developed by Sanofi Pasteur. The vaccine licensed in
December 2015 in Mexico for individuals between 9-45 years of age.[5®1 Many approaches have been used,
such as live attenuated, DNA Vaccine, subunit antigen, and other approaches, and several groups show good

progress and efforts in vaccine development. Currently, the strategy has each status and phase, as shown in

the table below.
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Figure 4. Incidence Rate of Dengue in Indonesia and Number of Cities Infected [*°]

The Importance of Non-Structural Protein 1 (NS1)

As mentioned before, no such anti-dengue drug or vaccine has been successfully synthesized and was
proven effective against the viral strain despite its increasing need and urgency. Connected to that concern,
increasing focus is needed to be put on modalities other than supportive care. Antiviral approaches have
been shown to target structural and non-structural proteins of DENV due to their pivotal role in viral
replication and transmission. Multiple candidate proteins have been identified with NS proteins being the
majority, especially the NS1 protein.[®-22l The DENV NS1 protein is a glycoprotein translated by the viral
genome in different structural forms (Figure 1.) depending on its location. The NS1 protein is expressed in
the form of a monomer but transforms into a membrane-bound dimer on the cell surface of the host cell.
Moreover, the protein is secreted in the form of a hexamer (open barrel structure with three dimers forming
a hydrophobic region) that cycles in the patient’s circulatory system.??%l Functionality wise, the protein
plays an essential role in viral replication but the exact mechanism is still unknown. Study conducted by
Plaszczyca et al managed to clarify this question by demonstrating different domains of the protein being
required for the synthesis of membrane organelles of DENV.[3?4l This output provides useful information in
designing and determining peptide interventions with the property to bind on these domains to inhibit viral
replication as a whole. Thus, via binding of those domains, the synthesis of DENV essential proteins is
inhibited hence disrupting the required ecosystem for the virus to replicate effectively. Moreover, akin to
the mechanism of an enzyme, the individualized peptide made for this intervention is not easily degradable

thus enabling it to be used multiple times in succession.[24
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Akey et al. further expanded on this idea by identifying different potential binding domains in the various
structural forms of the protein, especially in its dimer form.!®! In Figure 1, the NS1 protein is presented in its
dimer form with its three binding domains: the hydrophobic B-roll (blue), the wing that consists of o/
subdomain (yellow), and the B-ladder domain (red). Despite the B-ladder having minimal structural
functionality, the hydrophobic B-roll plays an important role in the dimerization process of the protein while
the wing domain is responsible to connect all the domains together into an integral structure.l*®6€1 Hence, in
theory, there is a possibility to design certain peptides that are complementary to these domains with the
purpose in intercepting their physiology.[!! Similar methods have been implemented by Huang et al. in which
peptide-based antimicrobial agents are used on non-structural proteins. In this study, three major pathways
were tested: the inhibition of viral entry, immunomodulation of the viral strain, and the interception of detailed
steps on the viral replication cycle, with the latter being the most effective in reducing viral titre in the infected
cell.?% The strategies were implemented on nonstructural proteins that plays a role in viral replication such
as NS2B/NS3 (protease), NS5 (RNA-dependent RNA polymerase, RdRp), and NS3 (helicase) being the
prime targets. [*32]

Although NS1 proteins have yet to be targeted due to its enigmatic role in viral replication, there are a
few properties of the protein that alleviate its status as a therapeutic agent compared to current interventions.
Firstly, one of the biggest hurdles of vaccine development against dengue is due to the many serotypes of
DENV. This translates to multiple vaccines needing to be tailored for each serotype and thus slowing the
overall development. This is tackled by the housekeeping nature of NS1 protein, meaning that it exists in
every serotype of DENV. Thus, treatment made against NS1 in theory would be effective regarding the
DENYV serotype. Secondly, previous peptide-based treatment targets structural proteins of DENV such as the
envelope protein. These interventions named “neutralizing antibodies' 'block the attachment and entry of the
virus into host cells. Albeit it being successful in doing so, they impose the risk of antibody dependent
enhancement (ADE) in which viral infection is induced by antibody production of the host cell. This concern
is tackled by the non-structural nature of NS1. Instead, antibodies made against NS1 or anti-NS1 showed a
therapeutic effect in some studies, reducing viral replication by complementary binding to complement-
dependent cytotoxicity (CDC) of infected cells. 22251 Hence in short, the NS1 protein is a potent target for
intervention due to it being highly conserved among genomes of different DENV serotypes thus one
individualized peptide, in theory, should be effective in inhibiting viral replication albeit the DENV serotype.
And secondly, peptide-based intervention would not elicit ADE thus increasing its applicability biosafety

wise.

Peptide-Based Interventions on Viral Proteins of DENV

Antiviral peptides of DENV infection development focus on blocking virus entry of viral structural
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proteins function and enzymes. Furthermore, it blocks viral RNA processing host cells.®®! Peptides drugs roles
as inhibitors of viral replication, with the main targets being host cell receptors or attachment factors, viral
structural proteins, and viral non-structural proteins. The drugs will prevent the attachment and binding of the
viral proteins and subsequent entry of DENV. Furthermore, it will inhibit viral fusion and viral entry by
targeting viral structural proteins. Modified peptide drugs that direct non-structural proteins will restrain the
viral replication cycle.*?]

Antiviral peptides have several limitations. The major problems are the peptide’s instability and
bioavailability. In vivo activities shown as unmodified peptides in human serum degrade in a short time.
There are numerous chemical modifications for increasing the peptides’ stability and bioavailability by
controlling the physicochemical parts of peptides. There are various ways to enhance the peptides’ antiviral,
such as identifying vital amino acids for inhibition by mutagenesis assays and cell-penetrating peptides and
increasing cell permeability. To settle the oral bioavailability, it uses peptide sequence associated with cell-
penetrating peptides (CPP) to deliver antiviral peptides for inhibitory activity by crossing the permeability
barrier into the cell. Galactoside conjugated by tar protein can deliver the fusion protein to all the tissues in

mice without restrained. 23]

Efficacy Analysis of Peptide-Based NS1 Inhibitor from Current Studies

Limited studies were available that directly analyzed the efficacy of peptide-based drugs on NS1 protein
due to the only recent clarification of its function within the viral replication cycle. Despite that, there are two
studies conducted by Songprakhon et al and Chen et al that analyzed the protein via in vivo and in vitro
respectively. In Songprakhon et al, 11 potential peptides were identified using biopanning assays which were
then further screened in silico using molecular docking to yield 4 sequences. These 4 sequences were then
transferred into Huh7 cells that were infected by DENV-2 and viral production was then taken as a comparator
to establish the protein’s potential. Results were shown in Figure 5. With all potential peptides showing
significant reduction in viral production in comparison with the untreated control. Furthermore, increasing
the administration dose from 10 uM to 20 uM improves the reduction of viral production, concluding a dose-
dependent relation between inhibition of viral production and NS1 peptide concentration.?l. From Chen et
al., different in vivo studies of peptide-based intervention for the inhibition of NS1 protein were evaluated.
Most studies yielded positive results with the outcome being improved survivability of the infected mice with
DENV. Moreover, the peptide-based intervention also prevented hemorrhage due to severe DENV and

reduced viremia within the mice.[2%
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Figure 5. Viral Production Values after Peptide Intervention 2%

Biosafety of Peptide-based Intervention

Castanospermine, a natural alkaloid derived from Castanospermum Australae tree, has an ability to
inhibit a-glucosidase | and Il. These enzymes were important in N-glycosylated glycoprotein folding
mechanism.[?* Celgosivir, a prodrug from castanospermine has been tested in phase 1 and 2 clinical trials in
some HIV and HCV patients. However, there is no significant result in HIV and HCV cases yet having no
significant side effects.[?%1 Study regarding the celgosivir effect on another flavivirus, the DENV, has been
tested by Low JG, et al in 2014. The results in this double-blinded randomised clinical trial were similar in
HCV and HIV studies. Nevertheless, there are some mild-to-moderate diarrheas but no other severe effects

reported in this study which mean Celgosivir is barely safe to use.[®!

Strength and Limitations

The strength of this literature review lies on the positively significant result of peptide-based
interventions as a potential inhibitor of NS1 proteins. The values shown by Songprakhon et al were
significantly impressive in comparison to the control culture.?® In vivo wise, the study conducted by Chen et
al showed nearly all types of peptide approaches reaching a 100% survivability rate.?*> Moreover, data from
Table 1. shows the current vaccine update for DENV with most still being in phase 1.2% Hence, the urgency
for an alternative treatment for DENV persists until a fully developed vaccine is publicly announced.?’
However, due to the only recent understanding of the essentiality of NS1 protein, limited studies were
available that could be included within this discussion. Furthermore, despite the identification of the
essential role of NS1 protein, efficacy was only analysed via in vitro and in vivo. Hece, further clinical trials
should be initiated to establish the efficacy and the effectiveness of peptide-based interventions on human
subjects and control.
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Table 1. Current Vaccines for Dengue Status 2!

No  Strategy Developer Current status
1 Live attenuated yellow fever Sanofi-Pasteur Phase 3 trials with tetravalent
17D/DENV chimeric vaccine formulation in DENV endemic
countries
2 PDK cell-passaged live attenuated WRAIR/GSk Phase 2 trials with a tetravalent
vaccine formulation in endemic countries
3 Live attenuated DENV Delta-30 NIH/Johns Phase ¥ trials with monovalent
mutation and intertypic DENV chimeric  Hopkins formulations completed; tetravalent
vaccines
4 Dengue prM-E DNA vaccine NMRC Phase 1 initiated
5 Recombinant 80% subunit antigen Hawaii Phase 1 with monovalent vaccine
vaccine Biotech/Merck initiated
6 Purified inactivated vaccine Wrair Phase 1 with monovalent vaccine
initiated
7 Live attenuated chimeric DENV vaccine CDC Phase 1 with monovalent vaccine
initiated

Abbreviations: PDK, primary dog kidney cells, WRAIR, Walter Reed Army Institute of Research; GSK, GlaxoSmithKline
Biologicals; NIH. National Institute of Health; prM-E, pre-membrane-envelope; NMRC, Naval Medical Research Center;

CDC, Centers of Disease Control and Prevention

Conclusion

In conclusion, DENV has been a lingering problem globally especially in developing and tropical
countries. Despite having much focus being put on the disease beforehand, the possibility of developing a
vaccine has been futile due to the many serotypes of the virus. With the functional discovery of the NS1
protein, arose the possibility to implement peptide-based intervention that targets the protein. The protein
plays a major role in the viral replication cycle, hence by inhibiting its role, transmission of the virus could
be prohibited. In vitro and in vivo studies of the interventions yielded positive results in decreasing the viral
concentration and improving the survivability rate of the subjects. Although, further in vivo trials and
randomized controlled trials are recommended to ensure the optimal dose, administration method, and
efficacy of the peptide intervention. Moreover, proper cost-effectiveness analysis should be conducted on
the mass production of the peptide and a concrete plan of the public health intervention if deemed suited for
an Indonesian context. Hopefully, the implementation of this novel intervention could reduce the burden of
DENV as a neglected tropical disease thus contributing to the World Health Organization road map and
sustainable development goals (SDG) number 3, which is to ensure good health and wellbeing especially in
eradicating all infectious diseases by the year 2030.
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