
Intern J Appl Res Vet Med • Vol. 16, No. 1, 2018. 81

KEY WORDS: Dengue Fever, Diagnosis, 
miRNAs, Mosquito, RNAi, Treatment.

ABSTRACT
Systems biology has been emerged as an ex-
citing and rapidly growing area of research. 
Especially, microRNAs (miRNAs) can react 
as a particular regulated target for gene 
expression and different diseases pathway. 
So far, little is known the distinguished 
functions for miRNAs have been discovered 
in numerous dengue fever disease, miR-
NAs being considered the novel therapeutic 
targets it has the therapeutic capability to 
manipulate miRNA expression and functions 
through miRNA inhibitors in patients of 
dengue fever. This review article focused on 
the characterization of miRNAs and RNAi 

(RNA Interference) role regarding to dengue 
fever, discussing the available opportuni-
ties and complications related with this new 
therapeutic modality.

INTRODUCTION
Numerous viral pathogenic cycles among 
humans and insect vectors have been 
discovered recently. These viruses showed 
distinctive strategies of quick acclimatiza-
tion with several hosts abundantly available 
in the environments. Chang et al.1 recorded 
widespread infections of murine typhus, 
scrub typhus, Q fever and dengue fever in 
tropical and subtropical areas, which often 
present initially as acute febrile illnesses of 
unclear etiology. One of them is a Dengue 
disease which is excessively prevalent in the 
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developing countries at an alarming rate.2 
Until now, comprehensive knowledge about 
the human mosquito cycle on the basis of 
adaptation mechanism remained poorly 
elucidated.3 

Before 2013, dengue was rarely taken 
into interpretation in the health statistics and 
was not considered for prior notification in 
the surveillance system.4 The approval of a 
dependable and available express symptom-
atic test is basic for overseeing such intense 
febrile sickness in the tropics, and in addi-
tion to repaid explorers with its spread to 
the created world.5 Infection of dengue virus 
(DENV) is transmitted by mosquito vectors 
and more affects about 2.5 billion individu-
als in tropical and subtropical areas around 
the world.2,6,7 DENV is transmitted to people 
by tainted female of the genus Aedes (espe-
cially Aedes albopictus and Aedes aegypti). 
It belongs to flaviviridae family.8 DENV 
have four serotypes and causes severe 
dengue hemorrhagic fever, dengue shock 
syndrome and self-limiting dengue.9 Until 
now, there is no effective vaccine available 
against dengue infection, due to the multi-
strains of DENV.10 Recently, miRNAs was 
discussed as an effective targets to suppress 
DENV. 

The development of an effective, less 
toxic and efficient anti-dengue treatment 
against all serotypes of viruses needs more 
scientific knowledge and capital investment.7 
Recently, the efficacy of an improved vac-
cine against DENV has been initially evalu-
ated in Thailand.11 However, gene silenc-
ing is newly introduced technique, which 
include growing to tiny RNAs, which are 
responsible for the adjustment of proteins 
and DNA in heterochromatic duplication and 
transposable components through RNAi.12 
During the last decade, several studies have 
been conducted to assess the proficiency of 
siRNA for restraining the DENV replica-
tion.13 RNAi is a significant antiviral defense 
reaction among invertebrates and plants, the 
target of RNAi is caused down-regulation 
in mammalian cells as anti-DENV either 
familiar human miRNAs in response to viral 

infection.14 RNAi go about as make prepa-
rations for moving toward infection and 
regulating cellular genes expression. Several 
studies have proposed RNAi as a favorable 
candidate for curing flavivirus infections 
in the harbor host and to control flavivi-
rus transmission by mosquito vector.13,15 
Moreover, it is additionally of significance 
that by demonstrating the viral replication 
remained generally unaltered after miRNA 
and siRNA generation was all around 
withdrawn through thumping down. Dicer16 
found that numerous infections are persis-
tent to miRNA or little snooping siRNA 
tweak in host cells. This review will explore 
the recent trends on the function of miRNAs 
to innate immune responses, and suppress 
the replication of dengue virus implications 
for dengue fever diseases.
Therapy for Dengue Virus
Until now, it has been cloudy how dengue 
viremia levels contribute to the severity of 
the disease, after reducing viremia by antivi-
ral drugs to reduce the symptoms of DENV. 
Several clinical trials were conducted to treat 
DENV infection and reduce its symptoms, 
but no licensed medicine could deal with 
DF so far. However, supportive care with a 
sedative, the replacement of fluids, and bed 
rest are recommended in some cases.17 Pan-
dejpong et al.18 recommended that a dosage 
of 1 g Acetaminophen every 8 h for 3 days 
might be useful against DENV infection, 
while Loratadine (LRD,  ethyl4-(8-chlo-
ro-5,6-dihydro-11H-benzo, cyclohepta1,2-b 
pyridin-11-ylidene)-1-iperidinecarboxylate) 
is an orally effective medicine19 that could 
be used to treat antihistamine and relieve 
other allergy symptoms.20 ReDuNing (RDN) 
is a patented traditional antipyretic-detox-
icate Chinese injection medicine that has 
been widely used as an anti-inflammatory 
and anti-infectious drug in Chinese clin-
ics21 Dealing with that severity of dengue 
demands taking caution toward bodily fluids 
exchanges, while using proactive therapy for 
bleeding22 Liu, et al.23 reported that RDN is 
composed of three herbs, Artemisiae annuae 
L. (Asteraceae), Gardenia jasminoides J. 
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Ellis (Rubiaceae), and Lonicera japonica 
Thunb. (Caprifoliaceae). In addition to the 
aforementioned actions, RDN injection ex-
hibits promising effects against enterovirus 
71 in Vero monkey cells.24 

Recently, miRNAs have received a 
great attention as diagnostic and thera-
peutic signatures for DF.25. miRNAs are 
small (18 –25 base long) noncoding RNAs, 
which  were identified as vital ingredients 
of immune precision and other biological 
processes, such as development infection 
and inflammation.26 Indeed, miRNAs have a 
primary function in the early differentiation 
of B-cells and maintaining the regulatory T-
cell lineage. Additionally, they regulate the 
differentiation of dendritic cells and mac-
rophages via toll-like receptors.27 However, 
arguments for  the possibility of a major 
function of miRNAs in controlling target 
genes of dengue fever were increased in 
recent years.28

Diagnostic Findings of miRNA in Fever
Many human diseases (such as cancer, 
cardiovascular or neurological disorders) 
are induced due to ectopic expressions of 
miRNA.29 Recently, a number of studies 
confirmed the vibrant role of miRNAs in 
successful regulation of diverse biologi-
cal processes through synergistic effects of 
multiple miRNAs network in an integrated 
manner to control an individual gene.30 
Moreover, several other physiological 
functions (such as development, infection, 
immune response, inflammation, tumor 
genesis, and regulating of bone mass) have 
been suggested to be controlled by miRNAs. 
Recently, it has been reported that miRNAs 
are able to regulate the gene expression at 
post transcriptional level of more than 50% 
of protein coding genes in humans.26 

Looking at the synergism of miRNAs is 
a huge tread for  deciding miRNA capacities 
at a system-wide level. On the others hand, 
miRNA defenses against hepatitis C virus 
RNA and decrease replication and infec-
tion.31  miRNAs have founded to play roles 
in both aiding viruses and defending against 
them. Mammalian miRNA genes often exist 

on non-coding region of genes, but they 
also occur both within exonic regions of 
protein-coding genes,16 and alternate exon 
splicing can also regulate the expression of 
interionic miRNA genes.32 Latsoudis et al.33 
reported miR-4520a as a valid target for 
Familial Mediterranean Fever  (FMF) with 
the relative expression levels. These results 
show a role of deregulated autophagy in the 
pathogenesis of FMF. In that context,  the 
up-regulation of hsa-miR-31  and down-
regulations of hsa-miR-493, hsamiR-889, 
hsa-miR-655, hsa-miR-656, hsa-miR-26a-1, 
hsa-miR-154, hsa-miR-335, hsa-miR-1197, 
and hsamiR-146a enhance the innate an-
tiviral responses in the cells infected with 
virus.34

miRNA and Dengue 
In this study, we efficiently have looked into 
the unthinking premise of miRNA capacities 
inside the structure of malady alteration and 
think about the parts of delegate miRNAs 
in dengue virus infection. On the premise of 
previously mentioned writing on this new 
research topic, it is theorized that miRNAs 
is one of potentially helpful focuses for 
the DENV issue and consider the difficul-
ties related with potential new therapeutic 
methodology. Numerous viral diseases are 
correlated with miRNA expression, which 
can provide necessary  data about how cel-
lular pathways respond to virus infection.34 
The principal miRNA was found by Victor 
Ambros and his partners Rosalind Lee and 
Rhonda Feinbaum in 1993 amid a hereditary 
screen in the roundworm (Caenorhabditis 
elegans).35 In general, miRNA impersonates 
can be used to actuate the statement of im-
portant miRNAs in infection position, while 
miRNA inhibitors can be conveyed to deny 
the activity of miRNAs that drive disease 
progression.36 Defense of the host against 
viral invasion require distinctive immune 
responses, and these responses must be 
tightly regulated to defend rapid and earlier 
against infection than the essential effect of 
the miRNA network and individual miRNA 
on cellular processes proceeds in the im-
mune system.37 Supplementary, the miRNAs 
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encoded by viruses themselves capable to 
up-regulate or down-regulate expression of 
miRNAs in host cells.38 Therefore, studies 
on joint activation and inhibition of endog-
enous miRNA fight against DF that includes 
synergistic and antagonistic effects of the 
initial cytokines, indeed miRNA have a key 
role in  regulating macrophages via toll-like 
receptors and regulating the differentiation 
of dendritic cells. Aadditionally,they play a 
role in the early differentiation of B cells and 
maintenance the regulatory T-cell lineage.37, 

39-42. Therefore. miRNAs were initially dis-
covered in the nematode C. elegans.29

RNA Interference and Inhibition of 
Viruses
Viruses often encode bi-cistronic and 
poly-cistronic transcripts to increase coding 
efficiency.43 RNAi is an energizing field of 
practical genomics that can silence viral 
genes, and found these antiviral mechanisms 
in many eukaryotes, a promising treatment 
for flavi virus’s infections in hosts. However, 
detailed knowledge for the potential role 
of RNAi against flaviviruses has obscured. 
siRNAs and dsRNAs that intercede pro-
ductive gene silencing in a sequence.44,45 
RNA silencing is a past eukaryotic process 
concerned in sequence-specific control of 
gene expression and plays an essential role 
in many biological processes of gene expres-
sion. Until now, it has undergone various 
studies to identify the RNAi mechanism.     

This was the ancient anti-virus techni-
cal discovery in Drosophila melanogaster, 
Caenorhabditis elegans, plants, and humans. 
Once the virus invades dsRNA as a notice 
signal and starts RNAi mechanism,it leads 
to the decay of the catalytic flexible target 
genes, thus silencing it’s the best expres-
sion.46 Procedure of RNAi techniques firstly 
is the conjunction of dsRNA in the cyto-
plasm of the cell as a starting point for a se-
ries of RNAi sequences. Then Dicer enzyme 
(DICER), cut dsRNA and create small RNA 
interference (RNA RNAs siRNAs ~ 21-23bp 
in length) pool. These RNAs were included 
siRNAs RNA in argon Experts containing 
complex silencing (RISC) resulting from 

RNA, now it is activated RISC. After that, 
RISC contain siRNA connects with a flex-
ible supplementary goal. 

Finally, the activity of RISC endo-
nuclease leads to almost split one site in the 
middle of the target mRNA region siRNA 
binding region. Thus, the mRNA is desta-
bilized and self-degrade through natural 
mechanisms.7 Discovered small RNA inter-
ference to suppress the gene by expelling the 
corresponding messenger RNA, therefore, 
anticipating protein combination. siRNAs 
regulate mRNA degradations of molecules 
indistinguishable in arrangement to that of 
corresponding siRNA, which prompted the 
silencing of the corresponding genes and 
shutting down protein amalgamation.47 

Finally, it can be concluded that the 
RNAi, discovered since 1998, has given new 
roads to medication revelation and biologi-
cal research. From that point forward, it has 
been developing as an intense apparatus 
to battle the most difficult infections, for 
example, tumor, hereditary scatters, and the 
clinical and viral targets. This new innova-
tion has numerous vital issues in the advance 
towards clinical trials on human. 
Role of RNAi in Dengue Fever Therapy 
Up to now, RNAi has been used against a 
few human pathogens including influenza 
virus, hepatitis C virus, hepatitis B virus, 
human immunodeficiency virus type 1, 
polio, and DENV. These viruses are charac-
terized by the presence of ssRNA genomes, 
which are potential targets for RNAi within 
the cytoplasm. This functional interaction 
took place during viral RNA un-coating and 
replication.48 Any changes in RNAi path-
way may clarify why a few mosquitoes are 
specific vector of arthropod-borne virus’s 
infections (arboviruses), however, rests are 
not. The first evidence is the interference 
Sindbis viruses expressing recombinant part 
of the RNA to not unrelated inconsequen-
tial (DENV-2), with DENV-2 replication in 
mosquitoes (Aedes egyptian) through a sys-
tem like the silencing mechanism in plants. 
The potential evidence include the second 
intervention C6/36 (dengue fever) infected 
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cells transport with dsRNA or siRNA de-
rived from the genome arbovirus like me to 
repeat with a virus.49 

Mammals have many thousands of 
Piwi-interaction RNAs genes from producer 
groups that are repeated units of several 
types of microRNAs regulation expression 
to control the various steps in the develop-
ment of cells and physiology. The important 
role of RNAi is the defense against viruses 
in the primary organisms, but in mammals, 
the mechanism of antiviral defense so far 
controversial. It is being now conserved 
mechanism of RNAi in mammals, where 
their siRNA introduction efficacy silent 
repetition of viruses.50 Currently RNAi tech-
nique is use widely in many areas and study 
genetic functions by reverse genetics.51 

CONCLUSION
DENV are the most important factors 
transmitted by mosquitoes worldwide caus-
ing, viral disease, almost 100 million cases 
of dangerous DENV each year, resulting 
in severe and life-threatening conditions. 
However, we have not completed a com-
prehensive outlook of all miRNAs expres-
sion regulation target genes through virus-
human interactions in patients of DENV. A 
few human miRNAs might show antiviral 
miRNAs. When some delusive antiviral 
miRNAs were blocked by locked nucleic 
acid-modified antisense oligoribonucleo-
tides, the hosts miss carriage to suppress 
viral replication. Schul et al.52 found that 
higher levels of viremia were linked with 
increased DENV intensity and proposed 
that lowering viremia may reduce morbidity 
and the risk of dengue hemorrhagic fever or 
dengue shock syndrome. Infected mice by 
dengue showed increased TNF-a, IFN-g and 
IL-6 levels, which were recognized as trig-
gers for DENV. We have found that reducing 
some immune parameters in blood through 
the use of antiviral treatment significantly 
decreases pro-inflammatory cytokine levels 
and increases the concentrations of co-
agulants factors in the blood of the treated 
patients. These results suggest that lower-
ing pro-inflammatory cytokine parameters 

through timely antiviral drug treatment may 
improve the severity of DF symptoms and 
perhaps decrease the risk of progression
Antiviral RNAi was, for the first time, 
detailed in Drosophila cell culture.53 The 
treatment of dengue infection and differ-
ent sicknesses utilizing RNA therapeutic 
approach is cost-effective and hopeful. New 
techniques have been intended to advance 
the proficiency and diminish the off-target 
silencing by the sense strand are of signifi-
cance for clinical applications later on. The 
insusceptible reaction to novel RNA duplex 
caused substantially milder in the resistant 
reaction. 

However, the RNAi approache increases 
privacy at the expense of low efficiency of 
gene silencing. Recently, the strand selec-
tion theory has been intensively studied, and 
asymmetry  to reduce the thermal load of 
passengers strand through design algorithms 
is also seeking to reduce the off-target ef-
fects.54,55

ACKNOWLEDGEMENTS
All of the authors of the manuscript are 
immensely grateful to their respective 
universities and institutes for their techni-
cal assistance and valuable support in the 
completion of this research project. This 
work was supported by Grants from North-
west A & F University and National Natural 
Science Foundation of China (31170796 and 
81373892, respectively). It was also support-
ed in part by Grants from National Natural 
Science Foundation of China (31540008).

REFERENCES
1.  Chang K, Lee N-Y, Ko W-C, Tsai J-J, Lin W-R, 

Chen T-C, Lu P-L, Chen Y-H. 2014. Identification 
of factors for physicians to facilitate early differen-
tial diagnosis of scrub typhus, murine typhus, and 
Q fever from dengue fever in Taiwan. Journal of 
Microbiology, Immunology and Infection 

2.  Organization WH, Research SPf, Diseases TiT, 
Diseases WHODoCoNT, Epidemic WHO, Alert P. 
2009. Dengue: guidelines for diagnosis, treatment, 
prevention and control: World Health Organization

3.  Villordo SM, Filomatori CV, Sánchez-Vargas I, 
Blair CD, Gamarnik AV. 2015. Dengue virus RNA 
structure specialization facilitates host adaptation. 
PLoS Pathog 11: e1004604

4.  Milinovich GJ, Williams GM, Clements AC, Hu 
W. 2014. Internet-based surveillance systems for 



Intern J Appl Res Vet Med • Vol. 16, No. 1, 2018. 86

monitoring emerging infectious diseases. The 
Lancet infectious diseases 14: 160-8

5.  Ostrosky-Zeichner L. 2012. Invasive mycoses: 
diagnostic challenges. The American journal of 
medicine 125: S14-S24

6.  Guzman MG, Halstead SB, Artsob H, Buchy P, 
Farrar J, Gubler DJ, Hunsperger E, Kroeger A, 
Margolis HS, Martínez E. 2010. Dengue: a con-
tinuing global threat. Nature Reviews Microbiology 
8: S7-S16

7.  Idrees S, Ashfaq UA. 2013. RNAi: antiviral therapy 
against dengue virus. Asian Pacific journal of 
tropical biomedicine 3: 232-6

8.  Mayer SV, Tesh RB, Vasilakis N. 2017. The emer-
gence of arthropod-borne viral diseases: A global 
prospective on dengue, chikungunya and zika 
fevers. Acta Tropica 166: 155-63

9.  Qi Y, Li Y, Zhang L, Huang J. 2013. microRNA 
expression profiling and bioinformatic analysis of 
dengue virus-infected peripheral blood mononucle-
ar cells. Molecular medicine reports 7: 791-8

10.  Liu Y, Liu J, Cheng G. 2016. Vaccines and immuni-
zation strategies for dengue prevention. Emerging 
Microbes & Infections 5: e77

11.  Xi Z, Ramirez JL, Dimopoulos G. 2008. The Aedes 
aegypti toll pathway controls dengue virus infec-
tion. PLoS Pathog 4: e1000098

12.  Lippman Z, Martienssen R. 2004. The role of RNA 
interference in heterochromatic silencing. Nature 
431: 364-70

13.  Agrawal N, Dasaradhi P, Mohmmed A, Malhotra 
P, Bhatnagar RK, Mukherjee SK. 2003. RNA 
interference: biology, mechanism, and applications. 
Microbiology and molecular biology reviews 67: 
657-85

14.  Kakumani PK, Ponia SS, Sood V, Chinnappan 
M, Banerjea AC, Medigeshi GR, Malhotra P, 
Mukherjee SK, Bhatnagar RK. 2013. Role of RNA 
interference (RNAi) in dengue virus replication 
and identification of NS4B as an RNAi suppressor. 
Journal of virology 87: 8870-83

15.  Fire A. 1999. RNA-triggered gene silencing. Trends 
in Genetics 15: 358-63

16.  Bogerd HP, Skalsky RL, Kennedy EM, Furuse Y, 
Whisnant AW, Flores O, Schultz KL, Putnam N, 
Barrows NJ, Sherry B. 2014. Replication of many 
human viruses is refractory to inhibition by endog-
enous cellular microRNAs. Journal of virology 88: 
8065-76

17.  Maves RC, Oré RMC, Porter KR, Kochel TJ. 
2011. Immunogenicity and protective efficacy 
of a psoralen-inactivated dengue-1 virus vaccine 
candidate in Aotus nancymaae monkeys. Vaccine 
29: 2691-6

18.  Pandejpong D, Saengsuri P, Rattarittamrong R, Ru-
jipattanakul T, Chouriyagune C. 2015. Is excessive 
acetaminophen intake associated with transaminitis 
in adult patients with dengue fever? Internal medi-
cine journal 45: 653-8

19.  Beutler B, Eidenschenk C, Crozat K, Imler J-L, 
Takeuchi O, Hoffmann JA, Akira S. 2007. Genetic 
analysis of resistance to viral infection. Nature 

Reviews Immunology 7: 753-66
20.  Patel JZ, Ahenkorah S, Vaara M, Staszewski M, 

Adams Y, Laitinen T, Navia-Paldanius D, Parkkari 
T, Savinainen JR, Walczyński K. 2015. Loratadine 
analogues as MAGL inhibitors. Bioorganic & 
medicinal chemistry letters 25: 1436-42

21.  Wang F, Li C-y, Zheng Y-f, Li H-y, Xiao W, 
Peng G-p. 2016. Identification of the Allergenic 
Ingredients in Reduning Injection by Ultrafiltration 
and High-Performance Liquid Chromatography. 
Journal of immunology research 2016

22.  Tang L-P, Mao Z-F, Li X-X, Chen M, Li S-B, Tsoi 
B, Cao L-F, Li L, Zeng J-M, Wang Z-W. 2014. 
ReDuNing, a patented Chinese medicine, reduces 
the susceptibility to H1N1 influenza of mice loaded 
with restraint stress. European Journal of Integra-
tive Medicine 6: 637-45

23.  Liu J, Sun K, Zheng C, Chen X, Zhang W, Wang 
Z, Shar PA, Xiao W, Wang Y. 2015. Pathway as a 
pharmacological target for herbal medicines: an 
investigation from reduning injection. PloS one 10: 
e0123109

24.  Xu HM, Wang Y, Liu NF. 2009. Safety of an 
injection with a mixture of extracts from Herba 
Artemisiae annuae, Fructus Gardeniae and Flos 
Lonicerae. Pharmacy world & science 31: 458-63

25.  Vlachos IS, Paraskevopoulou MD, Karagkouni D, 
Georgakilas G, Vergoulis T, Kanellos I, Anastaso-
poulos I-L, Maniou S, Karathanou K, Kalfakakou 
D. 2015. DIANA-TarBase v7. 0: indexing more 
than half a million experimentally supported 
miRNA: mRNA interactions. Nucleic acids re-
search 43: D153-D9

26.  An JH, Ohn JH, Song JA, Yang JY, Park H, Choi 
HJ, Kim SW, Kim SY, Park WY, Shin CS. 2014. 
Changes of MicroRNA Profile and MicroRNA-
mRNA Regulatory Network in Bones of Ovari-
ectomized Mice. Journal of Bone and Mineral 
Research 29: 644-56

27.  Marí-Alexandre J, Sánchez-Izquierdo D, Gilabert-
Estellés J, Barceló-Molina M, Braza-Boïls A, 
Sandoval J. 2016. miRNAs Regulation and Its Role 
as Biomarkers in Endometriosis. International 
journal of molecular sciences 17: 93

28.  Castillo JA, Castrillón JC, Diosa-Toro M, Betancur 
JG, St Laurent G, Smit JM, Urcuqui-Inchima S. 
2016. Complex interaction between dengue virus 
replication and expression of miRNA-133a. BMC 
infectious diseases 16: 29

29.  Friedman JM, Jones PA. 2009. MicroRNAs: criti-
cal mediators of differentiation, development and 
disease. Swiss medical weekly 139: 466

30.  Lashine Y, Salah S, Aboelenein H, Abdelaziz A. 
2014. Correcting the expression of miRNA-155 
represses PP2Ac and enhances the release of 
IL-2 in PBMCs of juvenile SLE patients. Lupus: 
0961203314552117

31.  Yee IPT, Poh CL. 2016. Development of Novel 
miRNA-based Vaccines and Antivirals against 
Enterovirus 71. Current Pharmaceutical Design 
22: 1-17

32. Melamed Ze, Levy A, Ashwal-Fluss R, Lev-Maor 



Intern J Appl Res Vet Med • Vol. 16, No. 1, 2018. 87

G, Mekahel K, Atias N, Gilad S, Sharan R, Levy 
C, Kadener S. 2013. Alternative splicing regulates 
biogenesis of miRNAs located across exon-intron 
junctions. Molecular cell 50: 869-81

33.  Latsoudis H, Mashreghi MF, Grün JR, Chang HD, 
Stuhlmüller B, Repa A, Gergiannaki I, Kabouraki 
E, Vlachos GS, Häupl T. 2016. Differential 
Expression of miR-4520a Associated With Pyrin 
Mutations in Familial Mediterranean Fever (FMF). 
Journal of Cellular Physiology 

34.  Demir ZC, Bastug A, Bodur H, Ergunay K, Ozkul 
A. 2017. MicroRNA expression profiles in patients 
with acute Crimean Congo hemorrhagic fever 
reveal possible adjustments to cellular pathways. 
Journal of medical virology 89: 417-22

35.  Mollaie HR, Monavari S, Arabzadeh S, Shamsi-
Shahrabadi M, Fazlalipour M, Afshar RM. 2013. 
RNAi and miRNA in viral infections and cancers. 
Asian Pac J Cancer Prev 14: 7045-56

36.  Stenvang J, Petri A, Lindow M, Obad S, Kaup-
pinen S. 2012. Inhibition of microRNA function by 
antimiR oligonucleotides. Silence 3: 1

37.  Lu LF, Liston A. 2009. MicroRNA in the immune 
system, microRNA as an immune system. Immu-
nology 127: 291-8

38.  Gottwein E, Cullen BR. 2008. Viral and cellular 
microRNAs as determinants of viral pathogenesis 
and immunity. Cell host & microbe 3: 375-87

39.  Pang T, Cardosa MJ, Guzman MG. 2006. Of 
cascades and perfect storms: the immunopatho-
genesis of dengue haemorrhagic fever-dengue 
shock syndrome (DHF/DSS). Immunology and cell 
biology 85: 43-5

40.  Taniguchi T, Takaoka A. 2001. A weak signal for 
strong responses: interferon-alpha/beta revisited. 
Nature Reviews Molecular Cell Biology 2: 378-86

41.  Honda K, Takaoka A, Taniguchi T. 2006. Type I in-
teferon gene induction by the interferon regulatory 
factor family of transcription factors. Immunity 25: 
349-60

42.  Litvak V, Ratushny AV, Lampano AE, Schmitz 
F, Huang AC, Raman A, Rust AG, Bergthaler 
A, Aitchison JD, Aderem A. 2012. A FOXO3-
IRF7 gene regulatory circuit limits inflammatory 
sequelae of antiviral responses. Nature 

43.  Ryabova LA, Pooggin MM, Hohn T. 2002. Viral 
strategies of translation initiation: ribosomal shunt 
and reinitiation. Progress in nucleic acid research 
and molecular biology 72: 1-39

44.  Lu X, Yang G, Zhang J, Fu H, Jin L, Wei M, Wang 
L, Lu Z. 2011. The sense strand pre-cleaved RNA 
duplex mediates an efficient RNA interference with 
less off-target and immune response effects. Ap-
plied microbiology and biotechnology 90: 583-9

45.  Elbashir SM, Harborth J, Lendeckel W, Yalcin A, 
Weber K, Tuschl T. 2001. Duplexes of 21-nucleo-
tide RNAs mediate RNA interference in cultured 
mammalian cells. nature 411: 494-8

46.  Sanchez-Vargas I, Travanty EA, Keene KM, Franz 
AW, Beaty BJ, Blair CD, Olson KE. 2004. RNA 
interference, arthropod-borne viruses, and mosqui-
toes. Virus research 102: 65-74

47.  Luo KQ, Chang DC. 2004. The gene-silencing 
efficiency of siRNA is strongly dependent on the 
local structure of mRNA at the targeted region. 
Biochemical and biophysical research communica-
tions 318: 303-10

48.  Uchil PD, Satchidanandam V. 2003. Architecture 
of the flaviviral replication complex protease, 
nuclease, and detergents reveal encasement within 
double-layered membrane compartments. Journal 
of Biological Chemistry 278: 24388-98

49.  Sánchez-Vargas I, Scott JC, Poole-Smith BK, Franz 
AW, Barbosa-Solomieu V, Wilusz J, Olson KE, 
Blair CD. 2009. Dengue virus type 2 infections of 
Aedes aegypti are modulated by the mosquito’s 
RNA interference pathway. PLoS pathogens 5: 
e1000299

50.  Jeang K-T. 2012. RNAi in the regulation of mam-
malian viral infections. BMC biology 10: 58

51.  Haasnoot J, Cupac D, Berkhout B. 2003. Inhibition 
of virus replication by RNA interference. Journal 
of biomedical science 10: 607-16

52.  Schul W, Liu W, Xu H-Y, Flamand M, Vasudevan 
SG. 2007. A dengue fever viremia model in mice 
shows reduction in viral replication and suppres-
sion of the inflammatory response after treatment 
with antiviral drugs. Journal of Infectious Diseases 
195: 665-74

53.  Merkling SH, van Rij RP. 2013. Beyond RNAi: 
antiviral defense strategies in Drosophila and mos-
quito. Journal of insect physiology 59: 159-70

54.  Sano M, Sierant M, Miyagishi M, Nakanishi M, 
Takagi Y, Sutou S. 2008. Effect of asymmetric 
terminal structures of short RNA duplexes on the 
RNA interference activity and strand selection. 
Nucleic acids research 36: 5812-21

55.  Vermeulen A, Behlen L, Reynolds A, Wolfson A, 
Marshall WS, Karpilow J, Khvorova A. 2005. The 
contributions of dsRNA structure to Dicer specific-
ity and efficiency. Rna 11: 674-82


