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Introduction
The Zika virus (ZIKV), a member of the virus family Flaviviridae 

and genus Flavivirus, is related to dengue, yellow fever, Japanese 
encephalitis, West Nile and Spondweni virus.1,2 It is primarily 
transmitted by female Aedes aegypti mosquitoes.3 Initially identified 
in Uganda,4–7 the ZIKV is rapidly spreading around the globe8–14 
and is declared as a global public emergency by the World Health 
Organization (WHO report, 5 February, 2016). The flu-like symptoms 
are largely minor in most individuals and include fever, rash, arthralgia 
and conjunctivitis. However, in pregnant women the Zika virus 
disease (ZVD) is a cause for major concern as it is strongly suspected 
to be associated with the neurological disorders Guillain-Barré 
syndrome and microcephaly.15–19 While a strong causal link between 
the ZIKV and these disorders is yet to be established, a recent case 
controlled study provides a first evidence for association of the ZIKV 
with Guillain-Barré syndrome.20 Possible links to other neurological 
disorders are beginning to emerge.21 Further, the detection of the 
ZIKV in diverse body fluids including amniotic fluid,22 breast milk23 
and semen24,25 increases the risk of transmission. 

Currently, no treatment or diagnosis for ZVD is available. 
Relatively few publications exist on ZIKV and most of them revolved 
around case studies.26 The molecular cloning of the ZIKV and protein 
motifs and domains characterization,27 can facilitate rapid diagnostics 
and therapeutics based on the viral targets. As an obvious approach, 

vaccines are being explored around the globe. However, additional 
therapeutic approaches including repurposing/rescheduling of drugs 
are needed to combat this global emergency.

Chemoinformatics is emerging to be a powerful approach to 
harness the target protein structures into chemical leads.28 The protein 
3 D structures can be subjected to ligand-based druggability analysis 
and bioactive hit compounds can be identified from the chEMBL 
repository.29 The hit compounds can be subjected to Pfizer’s Rule of 
Five (RO5) to identify drug-like orally bioavailable small molecular 
weight lead compounds with no toxicophores.30–32 The lead compounds 
can be rapidly tested in cell culture models, enabling accelerated drug 
discovery. Utilizing such an approach, recently lead compounds for 
Ebola virus, were discovered.33,34

A recently described database of ZIKV related genes35,36 were 
subjected to chemoinformatics analysis using the canSAR integrated 
protein annotation tool.37 Using ligand-based druggability analysis 
scores, RO5 compliant active hit compounds (IC50<100nM) for 35 
ZIKV targets were identified. For 9 of these targets encompassing 
enzymes, cytokines, cytokine/ kinase receptors and phosphoprotein, 
toxicophore negative lead compounds emerged. The chEMBL 
compounds with unique target specificity were also identified for 
eight target proteins (AXL, CCL2, CCR5, CASP1, CTSS, CXCL8, 
NPM1 and TYRO3) encompassing enzymes, kinase receptors, 
phosphoproteins, cytokines and cytokine receptors. The drug-like 
compounds discovered in the study provide a rationale for verification 
in ZIKV assay systems for therapeutic leads discovery.

Methods
The bioinformatics and proteomics tools used in the study have been 

described in detail.33,35,38 The protein annotation and chemoinformatics 
analysis of the ZIKV-related genes was performed using the canSAR 
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Abstract

The Zika virus disease (ZVD) currently spreading around the globe has no known treatment 
available. A database of Zika-related genes (N=69) was subjected to chemoinformatics 
approaches using the canSAR protein annotation tool. Ligand-based druggability analysis 
of the database of genes identified thirty-five druggable targets encompassing adhesion 
molecules, cytokines, enzymes, growth factors and receptors. Eight of these proteins 
(CCR5, HLA-DRB1, IL6, LTA, PLAT, PPIB, TNF and VEGFA) are current drug targets. 
Active (IC50<100nM) Rule of Five (RO5) compliant and toxicophore negative CHEMBL 
compounds were identified for nine of these Zika virus lead targets (AXL, CASP1, CCL2, 
CCR5, CTSS, CXCL8, EIF2AK2, NPM1 and TYRO3). The AXL lead gene is a target 
for an FDA approved antineoplastic kinase inhibitor (Crizotinib/Xalkor). Another FDA 
approved kinase inhibitor for neoplasms; (Gefitinib) targets the EIF2AK2 lead protein. The 
protein targets (AXL, CASP1, CCR5, CTSS and RAF1) had highly bioactive compounds 
available (IC50<1nM). CHEMBL compounds with unique protein target specificity were 
identified for AXL, CCL2, CCR5, CASP1, CTSS, CXCL8/IL8, NPM1/ALK and TYRO3. 
The RO5 compliant and toxicophore-negative lead compounds identified in the study offer 
a rationale for rapid verification in Zika virus cell culture models for drug discovery. 
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2.0 integrated knowledgebase, a publically available database.37 The 
Browse canSAR analysis tool was used and the ZIKV- associated 
proteins were batch analyzed for protein annotations, 3D structures, 
compounds and bioactivity-related information. The Swiss Protein 
Database was used to obtain protein 3D structure template models 
related information.39 The chemical structures were obtained from the 
chEMBL database.29 Comprehensive gene annotation and phenotype 
analysis for the ZIKV-associated genes was established using the 
GeneCards Suite comprising the GeneALaCart, GeneAnaytics and 
the VarElect tools,40 the UniProt database41 and The Drug Bank.42 
Protein expression was verified using the Human Protein Map,43 the 
Human Protein Atlas,44 Proteomics DB45 and the Multi Omics Protein 
Expression Database.46 

The hit compounds were subjected to diverse filters from the 
canSAR bioactivity analysis tool such as activity and assay types, 
concentrations, molecular weight, RO5 violations, prediction of oral 
bioavailability and toxicophores. Putative drug hits were filtered from 
the canSAR datasets for the ZIKV-associated genes using Lipinski’s 
rule of five (also known as Pfizer’s rule of five), RO5. The RO5 is a 
rule of thumb to evaluate druggableness and to determine whether 
a compound with a certain pharmacological or biological activity 
possesses properties that would make it a likely orally active drug 
in humans.30,31 For lead identification, highest stringency was chosen 
for the RO5 violation (value=0). Drugs with IC50 values, inhibitory 
activities and Ki values are chosen for the canSAR output. Toxicophore 
negative output was chosen to filter the hits for toxicity associated 
compound structures and was verified from the chEMBL database.47

Results
Chemoinformatics analysis of the ZIKV-associated 
genes

Relatively little information is available for the molecular targets 
involved in the ZIKV infection. Two recent reports have identified 
putative candidate genes in the host cell genome for the ZIKV. In 
one study using bioinformatics approaches, 55 host cell targets were 
identified for the Zika-related viruses.35 Based on these targets, a 
pipeline of 79 FDA approved drugs was predicted for therapeutic 
use in the ZVD. Another study, using a ZIKV infected cell culture 
model, additional ZIKV-associated genes were described.36 In an 
effort to establish druggableness of these genes, a working database 
of 69 genes was generated and was subjected to protein annotation 
analysis from the canSAR bioinformatics tool (Figure 1A). Major 
classes of druggable proteins identified included 1) enzymes 
encompassing deaminase (APOBEC3), helicases (DDX42, DDX58, 
IFIH1), peptidases (CASP1, CTSS, FURIN, PLAT), oligo adenylate 
synthases (OAS1, OAS2, OAS3), GTPase (KRAS), phosphorylase 
(PPIB), protein kinases (EIF2AK2, RAF1, TYRO3), synthase (PTS); 
2) secreted proteins including cytokines (IL1B, IL6, IL8, IL11, LTA, 
TNF), chemokines (CCL2, CCL5, CXCL10, CXCL11), CD antigens 
(CD40LG, CD209), enzyme (OAS1), clotting-related (PLAT, 
THPO), growth factors (THPO, VEGFA), Mannose-binding (MBL2) 
and Ubiquitin-like protein (ISG15); 3) receptors including tyrosine 
kinase (AXL, TYRO3), phosphatase (PTPN11), chemokine (CCR5), 
toll like (TLR3), hepatitis A virus (HAVCR1) and immunoglobulin 
(FCGR2A) , 4) adhesion molecule (VCAM1) and 5) interferon-
related (AIM2, EIF2AK2, IFIH1, IFITM1, IFITM2, IFITM3, IRF7, 
ISG20, MX1,TMEM173). Other classes of the proteins included 
adhesion molecule (VCAM1), antiviral signaling (MAVS), cell 
cycle-associated (CAPRIN1), immunoglobulin receptor (FCGR2A), 
lympohtoxin (LTA), major histocompatibility complex (HLA-A, 

HLA-DRB, MICB), neurological atrophy-related (ATN1), nucleotide 
binding (ABCB7, CREB3L1, MX1), receptor antagonist (IL1RN) 
and virus receptors (HAVCR2, IVNS1ABP). Eight of the ZIKV-
associated proteins are current drug targets (CCR5, HLA-DRB1, IL6, 
LTA, PLAT, PPIB, TNF and VEGFA).

Figure 1 Ligand-based druggability analysis of the ZIKV candidate genes. 

The canSAR protein annotation tool was batch analyzed using the list of 69 
ZIKV associated genes. Major classes of the protein families are shown. Ligand-
based druggability prediction (>60% and >90% confidence scores) is shown. 
Genes with active compounds and RO5 compliant compounds are shown. The 
numbers above the bars indicate the number of genes under each category.

The presence of druggable proteins such as enzymes, cytokines/
chemokines and receptors among the ZIKV-associated proteins 
raises the possibility of small molecular weight ligands discovery. 
Hence, the ZIKV database of genes was subjected to ligand-based 
druggability analysis using the canSAR tool (Figure 1B). Among the 
69 ZIKV-associated genes, 31 proteins had 3D structures with ligands 
information available. Using a ligand-based druggability score cutoff 
(>60%), 35 ZIKV-associated genes were predicted to be druggable. 
Eight of the ZIKV-associated proteins including an adhesion molecule 
(VCAM1), enzymes (CASP1, CTSS, RAF1 and TYRO3), a chemokine 
(CCR5), thrombin (THBD), and a proteoglycan (CSPG5) had a very 
high reliability score (>90%) for ligand-based druggableness. This 
makes them ideal candidates for drug discovery efforts.

These proteins provided an initial working database of ZIKV-
associated proteins for lead drug discovery. The complete canSAR 
output is shown in Supplemental Tables S1 & S2. A comprehensive 
bioinformatics analysis of the ZIKV-associated database of 69 genes 
is shown in Supplemental Tables S3. Bioactive hit compounds 
(<100nM) were identified for 17/69 ZIKV-associated genes. Fourteen 
of these proteins had RO5 compliant (small molecular weight and 
oral bioavailability) active hit compounds (<100nM). These hits 
provided a framework for lead compounds discovery for the ZIKV 
drug discovery efforts.

ZIKV lead compounds discovery

Among the database of ZIKV-associated 69 genes, 17 genes for 
which active hit compounds (<100nM) were available provided a 
basis for lead compound discovery. These genes included an adhesion 
molecule (VCAM1), enzymes (CASP1, CTSS, EIF2AK2, FURIN, 
PPIB, RAF1 and TYRO3), growth factor (VEGFA), chemokines 
(CCL2, CCL5), receptors (AXL, CCR5), cytokines (CXCL8, TNF), a 
phosphoprotein (NPM1) and a thrombin (PLAT). The RO5 compliant 
bioactive hit compounds for the 14 ZIKV-associated proteins were 
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further characterized to identify the most active compounds (Figure 
2) (Supplemental Tables S4). Bioactive compounds (<1nM) were 
identified for three enzymes (CASP1, CTSS, RAF1), a chemokine 
receptor (CCR5) and a tyrosine kinase receptor (AXL). Further, a 
set of the most potent lead compounds (<0.1nM) were also identified 
from the canSAR library of compounds for the CCR5 (receptor) and 
CTSS (enzyme) target genes.

Figure 2 ZIKV active RO5 compliant lead compounds. 

From the RO5 compliant active lead compounds for the ZIKV associated 
genes identified using the canSAR bioactivity profiling tool, the output was 
filtered using RO5 value (zero), molecular weight (<500), alogP (<5) and 
activity (IC50/inhibition). The number of compounds identified for each gene 
is shown. Based on the potency of compounds, the numbers are color-coded.

Drug leads for the ZIKV assays

Compounds with toxicophores offer a poor rationale for 
drug development. Potential ZIKV clinical trial patients would 
encompass pregnant women for whom toxic side effects would be 
a major challenge. For an effective ZIKV therapeutics, the toxicity 
should be minimal. This can be accomplished by eliminating the 
hits containing toxicophores. The canSAR database has filters 
to eliminate toxicophores for the hit compounds. Use of these 
filters helped to reduce the RO5 compliant hits to 26 putative lead 
compounds for testing in the laboratory (Table I). Nine lead genes 
were identified which included CASP1, CTSS, EIF2AK2 (enzymes), 
CCL2 (chemokine), CXCL8 (cytokine), CCR5 (chemokine receptor), 
NPM1 (phosphoprotein), AXL (tyrosine kinase receptor) and TYRO3 
(protein kinase receptor). CHEMBL compounds with unique protein 
target specificity were identified for the proteins AXL, CCL2, 
CCR5, CASP1, CTSS, CXCL8/IL8, NPM1/ALK and TYRO3. A 
lead compound that targets the AXL, receptor tyrosine kinase gene 
(CHEMBL 601789) is an FDA approved drug (Crizotinib/Xalkori) 
for neoplasms. Additional highly selective chEMBL compounds 
(CHEMBL2023349, CHEMBL3545236) for the AXL protein are 
also available and are in clinical trials for AML and non-small cell 
lung cancer.48 Another anticancer FDA approved kinase inhibitor 
(Gefitinib) targets the EIF2AK2 lead protein (CHEMBL939). 

(Table 1) also shows the protein expression data for the ZIKV lead 
genes in the Zika target tissues, the dermal fibroblasts, keratinocytes 
and immature dendritic cells. Target gene expression was seen in 
keratinocytes (AXL, CXCL8, EIF2AK2, NPM1, TYRO3); fibroblasts 
(AXL, CASP1, CXCL8, NPM1, CCL2) and immature dendritic 
cells (CCR5, CCL2). As these tissues, in particular the dermal 
keratinocytes and fibroblasts, provide the first line of defense against 
ZIKV infection, drugs targeting these nine proteins offer a therapeutic 
potential.

Implication of the ZIKV lead genes in other disorders

ZIKV is related to other flaviviruses and ZVD is suspected 
to be associated with two neurological disorders, Guillain-Barré 
syndrome and microcephaly. Hence, the VarElect bioinformatics tool 
from the GeneCards Suite was used to analyze the nine ZIKV lead 
genes with active compounds and a phenotype association analysis 
was performed (Supplemental Tables S5). The ZIKV lead genes 
were found to be associated with dengue (CASP1, CCL2, CXCL8, 
EIF2AK2), Japanese encephalitis (EIF2AK2, NPM1), West Nile 
(CCR5, EIF2AK2) and yellow fever (CCR5) viruses. In addition, 
association was seen for microcephaly (EIF2AK2) and Guillain-
Barré syndrome (CCR5). Further, the lead genes were implicated 
with virus attachment (AXL, CASP1, CCL2, CCR5, CTSS, CXCL8, 
EIF2AK2, NPM1, TYRO3), RNA virus infection (CASP1, CCL2), 
virus replication (CASP1, CXCL8, EIF2AK2, NPM1) and antiviral 
effects (CASP1, CCL2, CCR5, CXCL8, EIF2AK2, NPM1). These 
results suggest that the lead drugs from the study can be tested against 
multiple Zika-related viruses.

Discussion
ZIKV infection is a global healthcare emergency. Currently, no 

treatment is available for the disease. Various options are available 
to explore for the therapeutics of ZVD, such as targeting the ZIKV 
specific genes, development of neutralizing antibodies, vaccines and 
targeting host specific genes whose function may be required for virus 
entry, adsorption or replication. Efforts are underway for vaccines 
development around the globe. If the ZIKV acquires mutations, the 
efficacy of the vaccines may be compromised. Alternative therapeutic 
approaches are needed to address ZVD. Repurposing and rescheduling 
of current drugs is an effective approach.49,50

Until recently, ZIKV infection has been a largely neglected tropical 
disease and publications on the molecular target(s) of the ZIKV have 
been nonexistent. However, recently efforts to identify host cell targets 
as well as to develop a rationale for repurposed drugs are beginning to 
shed light. Using bioinformatics approaches and the protein sequence 
homology across diverse flaviviruses, a database of candidate ZIKV- 
related genes and a pipeline of FDA approved drugs were developed.35 
In another study, Hamel et al. showed that human dermal fibroblasts, 
epidermal keratinocytes and immature dendritic cells are permissive 
to the most recent ZIKV isolate, responsible for the epidemic in 
French Polynesia.36 This study also identified several entry and/
or adhesion molecules including DC-SIGN, AXL and TYRO3 
permitted ZIKV entry. Blocking of AXL gene expression, either using 
neutralizing antibodies or siRNA, abrogated the ZIKV infection, 
which suggested a drug therapy potential for the AXL gene. The list 
of genes from these two studies provided a framework for exploring 
druggableness of the ZIKV associated genes in the human genome. 
From a database of 69 ZIKV-related genes, nine genes (AXL, CASP1, 
CCL2, CCR5, CTSS, CXCL8, EIF2AK2, NPM1 and TYRO3) were 
identified with active drug-like compounds (low molecular weight, 
orally bioavailable, no toxicophore, RO 5 compliant). The genes AXL 
Receptor Tyrosine Kinase|AXL and Eukaryotic Translation Initiation 
Factor 2-Alpha Kinase 2|EIF2AK2 are targets for the FDA approved 
drugs Crizotinib/Xalkor and Gefitinib respectively.48,51–53 In view of 
the knockout results on the AXL gene in the abrogation of ZIKV 
infection it is tempting to postulate a therapeutic usefulness of the 
Crizotinib/Xalkor drug for ZVD. 

Among the nine ZIKV lead proteins, the eukaryotic translation 
initiation factor 2 alpha kinase 2| EIF2AK2 gene was found to be 
associated with multiple variant phenotypes (RNA-helicase, Aedes 
mosquito, single strand RNA, dengue, Japanese encephalitis, West 
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Nile, yellow fever, microcephaly, virus attachment/replication and 
antiviral). This gene is an IFN-induced dsRNA-dependent serine/
threonine-protein kinase, which plays a key role in the innate immune 
response to viral infection and is also involved in the regulation of 
signal transduction, apoptosis, cell proliferation and differentiation.54 
It exerts its antiviral activity on a wide range of DNA and RNA 
viruses including hepatitis C virus (HCV), hepatitis B virus (HBV), 
measles virus (MV) and herpes simplex virus 1 (HHV-1). The first 
FDA approved selective inhibitor of the EGFR tyrosine kinase 
for neoplasms, (Gefitinib /EGFR inhibitor) targets the EIF2AK2 
protein CHEMBL939.55 This drug offers an additional potential for 
therapeutic evaluation against the ZIKV infection. Another interesting 
target emerging from this study is the protein Tyrosine Kinase| 
TYRO3. This gene acts as a receptor for lassa virus and lymphocytic 
choriomeningitis virus, possibly through Growth Arrest-Specific 
6|GAS6 binding to phosphatidyl-serine at the surface of the virion 
envelope.56–58 TYRO3 also acts as a receptor for ebola virus, possibly 
through GAS6 binding to phosphatidyl-serine at the surface of the 
virion envelope.59 

Hammel et al.,36 have recently showed that the ZIKV entry is 
mediated by CD209, AXL, Tyro3 proteins and to a lesser extent, 
by TIM-1. They hypothesized that a cooperative interaction exists 
between both AXL and TIM-1 receptors. The TIM-1 acting as an 
attachment factor binds to ZIKV and transfers them to AXL, which 
internalizes in the ZIKV. The availability of lead compounds for AXL 
and TYRO3 from the current study allows verification of this premise. 
The chemokine co-receptor CCR5 is required for HIV and West Nile 
viruses to enter the host cells.60,61 Thus, it is reasonable to hypothesize 
that the lead compound against the CCR5 identified in the study 
might prevent ZIKV entry into the susceptible cells. Furthermore, the 
infection of skin fibroblasts by ZIKV resulted in the upregulation of 
the inflammatory chemokine CCL2 expression.36 The inflammation, 
which often accompanies the ZVD could be targeted by the CCL2 lead 
compound. The flaviviruses, such as West Nile and Dengue, infect the 
skin keratinocytes.62,63 The ZIKV and Dengue virus infection induce 
the appearance of apoptotic cells in the epidermis of infected human 
skin explants.36,64 Thus, inhibitors of apoptosis such as the CASP1 lead 
compound identified in the study could offer a therapeutic advantage 
against the flaviviruses. The neurological disorders such as Guillain-
Barré syndrome and microcephaly have a complex etiology and their 
precise molecular targets are unknown. Currently, model systems 
are not available for either of these disorders. Verification of the lead 
compounds discovered in this study awaits future development of 
such a model system. 

The database of ZIKV-related genes and the list of hit compounds 
generated in this study provide a starting point for accelerated drug 
discovery for ZVD. Efforts are underway to develop mouse models 
for the ZIKV infection.65 However the cell culture model described by 
Hamel et al.,36 provides an in vitro model system to rapidly verify these 
compounds. A major challenge facing ZIKV therapeutics is that the 
main cohort of ZVD patients involves pregnant women. The toxicity 
and side effects of any therapeutics including the vaccines need to be 
evaluated carefully during pregnancy. Specific guidelines are available 
for testing clinical candidate drugs in pregnant women.66,67 Antiviral, 
antidiabetic and anticancer drugs are being used during pregnancy.68–70

Conclusion
A database of 69 ZIKV-related genes provided a starting point 

for ZIKV drug discovery. A pipeline of 26 ZIKV therapeutic 
drug-like RO5 compliant, toxicophore negative lead compounds 

targeting nine ZIKV-related host cell proteins were discovered using 
chemoinformatics approaches. Two of the lead compounds for the 
targets AXL and EIF2AK2 are FDA approved drugs for cancer. 
The AXL lead compound can be tested in the cell culture model of 
Hamel et al.,36 to verify the abrogation of ZIKV infection by knockout 
experiments with the AXL gene. The drug-like compounds discovered 
in the study provide a rationale for rapid testing in a ZIKV infected 
cell culture model and for investigation of the structure-activity 
relationship for lead verification and optimization. 

Acknowledgements
This work was supported in part by the Genomics of Cancer Fund, 

Florida Atlantic University Foundation. I thank the canSAR database 
for data access and Jeanine Narayanan for editorial assistance.

Conflict of interest
The author declares no conflict of interest.

References
1. Grard G, Moureau G, Charrel RN, et al. Genomics and evolution of 

Aedes–borne flaviviruses. J Gen Virol. 2010;91(Pt 1):87–94.

2. Faye O, Freire CC, Iamarino A, et al. Molecular evolution of Zika 
virus during its emergence in the 20th century. PLoS Negl Trop Dis. 
2014;8(1):e2636.

3. Hayes EB. Zika virus outside Africa. Emerg Infect Dis. 2009;15(9):1347–
1350.

4. Simpson DI. Zika Virus Infection in Man. Trans R Soc Trop Med Hyg. 
1964;58(4):335–338.

5. Haddow AJ, Williams MC, Woodall JP, et al. Twelve Isolations of Zika 
Virus from Aedes (Stegomyia) Africanus (Theobald) Taken in and above 
a Uganda Forest. Bull World Health Organ. 1964;31:57–69.

6. Fagbami AH. Zika virus infections in Nigeria: virological and 
seroepidemiological investigations in Oyo State. J Hyg (Lond). 
1979;83(2):213–219.

7. Monlun E, Zeller H, Le Guenno B, et al. [Surveillance of the circulation 
of arbovirus of medical interest in the region of eastern Senegal]. Bull 
Soc Pathol Exot. 1993;86(1):21–28.

8. Fauci AS, Morens DM. Zika Virus in the Americas–Yet Another 
Arbovirus Threat. N Engl J Med. 2016;374 (7):601–604.

9. Olson JG, Ksiazek TG, Suhandiman, et al. Zika virus, a cause of fever 
in Central Java, Indonesia. Trans R Soc Trop Med Hyg. 1981;75(3):389–
393.

10. Haddow AD, Schuh AJ, Yasuda CY, et al. Genetic characterization of 
Zika virus strains: geographic expansion of the Asian lineage. PLoS Negl 
Trop Dis. 2012;6(2):e1477.

11. Duffy MR, Chen TH, Hancock WT, et al. Zika virus outbreak 
on Yap Island, Federated States of Micronesia. N Engl J Med. 
2009;360(24):2536–2543.

12. Zanluca C, de Melo VC, Mosimann AL, et al. First report of 
autochthonous transmission of Zika virus in Brazil. Mem Inst Oswaldo 
Cruz. 2015;110(4):569–572.

13. Zammarchi L, Tappe D, Fortuna C, et al. Zika virus infection in a 
traveller returning to Europe from Brazil, March 2015. Euro Surveill. 
2015;20(23):pii:21153.

14. Hennessey M, Fischer M, Staples JE. Zika Virus Spreads to New Areas–
Region of the Americas, May 2015–January 2016. MMWR Morb Mortal 
Wkly Rep. 2016;65(3):55–58.

https://doi.org/10.15406/mojpb.2016.03.00088
http://www.ncbi.nlm.nih.gov/pubmed/19741066
http://www.ncbi.nlm.nih.gov/pubmed/19741066
http://www.ncbi.nlm.nih.gov/pubmed/24421913
http://www.ncbi.nlm.nih.gov/pubmed/24421913
http://www.ncbi.nlm.nih.gov/pubmed/24421913
http://wwwnc.cdc.gov/eid/article/15/9/09-0442_article
http://wwwnc.cdc.gov/eid/article/15/9/09-0442_article
http://www.sciencedirect.com/science/article/pii/0035920364902007
http://www.sciencedirect.com/science/article/pii/0035920364902007
http://www.ncbi.nlm.nih.gov/pubmed/14230895
http://www.ncbi.nlm.nih.gov/pubmed/14230895
http://www.ncbi.nlm.nih.gov/pubmed/14230895
http://www.ncbi.nlm.nih.gov/pubmed/489960
http://www.ncbi.nlm.nih.gov/pubmed/489960
http://www.ncbi.nlm.nih.gov/pubmed/489960
http://www.ncbi.nlm.nih.gov/pubmed/8099299
http://www.ncbi.nlm.nih.gov/pubmed/8099299
http://www.ncbi.nlm.nih.gov/pubmed/8099299
http://www.ncbi.nlm.nih.gov/pubmed/26761185
http://www.ncbi.nlm.nih.gov/pubmed/26761185
http://www.ncbi.nlm.nih.gov/pubmed/6275577
http://www.ncbi.nlm.nih.gov/pubmed/6275577
http://www.ncbi.nlm.nih.gov/pubmed/6275577
http://www.ncbi.nlm.nih.gov/pubmed/22389730
http://www.ncbi.nlm.nih.gov/pubmed/22389730
http://www.ncbi.nlm.nih.gov/pubmed/22389730
http://www.ncbi.nlm.nih.gov/pubmed/19516034
http://www.ncbi.nlm.nih.gov/pubmed/19516034
http://www.ncbi.nlm.nih.gov/pubmed/19516034
http://www.ncbi.nlm.nih.gov/pubmed/26061233
http://www.ncbi.nlm.nih.gov/pubmed/26061233
http://www.ncbi.nlm.nih.gov/pubmed/26061233
http://www.ncbi.nlm.nih.gov/pubmed/26084316
http://www.ncbi.nlm.nih.gov/pubmed/26084316
http://www.ncbi.nlm.nih.gov/pubmed/26084316
http://www.ncbi.nlm.nih.gov/pubmed/26820163
http://www.ncbi.nlm.nih.gov/pubmed/26820163
http://www.ncbi.nlm.nih.gov/pubmed/26820163


Zika virus therapeutic lead compounds discovery using chemoinformatics approaches 72
Copyright:

©2016 Narayanan

Citation: Narayanan R. Zika virus therapeutic lead compounds discovery using chemoinformatics approaches. MOJ Proteomics Bioinform. 2016;3(3):68‒73. 
DOI: 10.15406/mojpb.2016.03.00088

15. Oliveira Melo AS, Malinger G, Ximenes R, et al. Zika virus intrauterine 
infection causes fetal brain abnormality and microcephaly:tip of the 
iceberg? Ultrasound Obstet Gynecol. 2016;47(1):6–7.

16. Mlakar J, Korva M, Tul N, et al. Zika Virus Associated with Microcephaly. 
N Engl J Med. 2016;374(10):951–958.

17. Schuler–Faccini L, Ribeiro EM, Feitosa IM, et al. Possible Association 
Between Zika Virus Infection and Microcephaly – Brazil, 2015. MMWR 
Morb Mortal Wkly Rep. 2016;65(3):59–62.

18. Oehler E, Watrin L, Larre P, et al. Zika virus infection complicated by 
Guillain–Barre syndrome–case report, French Polynesia, December 
2013. Euro Surveill. 2014;19(9):20720.

19. Cauchemez S, Besnard M, Bompard P, et al. Association between Zika 
virus and microcephaly in French Polynesia, 2013&–2015:a retrospective 
study. The Lancet. 2016;S0140–6736(16): 00651–00656.

20. Cao–Lormeau V–M, Blake A, Mons S, et al. Guillain–Barre Syndrome 
outbreak associated with Zika virus infection in French Polynesia:a 
case–control study. The Lancet. 2016;S0140–6736 (16)00562–00566.

21. Solomon T, Baylis M, Brown D. Zika virus and neurological 
diseases approaches to the unknown. Lancet Infect Dis. 2014;S1473–
3099(16):00125–001250.

22. Calvet G, Aguiar RS, Melo ASO, et al. Detection and sequencing of Zika 
virus from amniotic fluid of fetuses with microcephaly in Brazil:a case 
study. The Lancet Infectious Diseases. 2016;S1473–3099(16):00095–
000955.

23. Dupont RM, Biron A, O’Connor O, et al. Infectious Zika viral particles 
in breastmilk. Lancet. 2016;387(10023):1051.

24. Mansuy JM, Dutertre M, Mengelle C, et al. Zika virus: high infectious 
viral load in semen, a new sexually transmitted pathogen? Lancet Infect 
Dis. 2016;S1473–3099(16):00074–00078.

25. Musso D, Roche C, Robin E, et al. Potential sexual transmission of Zika 
virus. Emerg Infect Dis. 2015;21(2):359–361.

26. Martinez DF, Acevedo–Mendoza WF, Cardona–Ospina JA, et al. A 
bibliometric analysis of global Zika research. Travel Med Infect Dis. 
2016;14(1):55–57.

27. Kuno G, Chang GJ. Full–length sequencing and genomic characterization 
of Bagaza, Kedougou, and Zika viruses. Arch Virol. 2007;152(4):687–
696.

28. Begam BF, Kumar JS. A Study on Cheminformatics and its Applications 
on Modern Drug Discovery. Procedia Engineering. 2012;38:1264–1275.

29. Bento AP, Gaulton A, Hersey A, et al. The ChEMBL bioactivity 
database:an update. Nucleic Acids Res. 2014;42(Database issue):D1083–
D1090.

30. Lipinski CA. Lead– and drug–like compounds:the rule–of–five 
revolution. Drug Discov Today Technol. 2004;(4):337–341.

31. Lipinski CA, Lombardo F, Dominy BW, et al. Experimental and 
computational approaches to estimate solubility and permeability in drug 
discovery and development settings. Adv Drug Deliv Rev. 2001;46(1–
3):3–26.

32. Oprea TI, Davis AM, Teague SJ, et al. Is there a difference between 
leads and drugs? A historical perspective. J Chem Inf Comput Sci. 
2001;41(5):1308–1315.

33. Narayanan R. Druggableness of the Ebola Associated Genes in the 
Human Genome: Chemoinformatics Approach. MOJ Proteomics 
Bioinform. 2015;2(2):00038–00044.

34. Kouznetsova J, Sun W, Martinez–Romero C, et al. Identification of 53 
compounds that block Ebola virus–like particle entry via a repurposing 
screen of approved drugs. Emerg Microbes Infect. 2014;3(12):e84.

35. Narayanan R. Zeka virus Therapeutics: Drug Targets and Repurposing. 
MOJ Proteomics Bioinform. 2016;3(3):00084.

36. Hamel R, Dejarnac O, Wichit S, et al. Biology of Zika Virus Infection in 
Human Skin Cells. J virol. 2015;89(17):8880–8896.

37. Bulusu KC, Tym JE, Coker EA, et al. canSAR: updated cancer 
research and drug discovery knowledgebase. Nucleic acids research. 
2014;42(Database issue):D1040–D1047.

38. Narayanan R. Druggable Cancer Secretome: Neoplasm–associated 
Traits. Cancer genomics & proteomics. 2015;12(3):119–131.

39. Berman HM, Westbrook J, Feng Z, et al. The Protein Data Bank. Nucleic 
acids research. 2000;28(1):235–242.

40. Safran M, Dalah I, Alexander J, Rosen N, Iny Stein T, et al. GeneCards 
Version 3: the human gene integrator. Database. 2010;2010:baq020.

41. Magrane M, Consortium U. UniProt Knowledgebase: a hub of integrated 
protein data. Database. 2011;2011:bar009.

42. Wishart DS, Knox C, Guo AC, et al. DrugBank: a comprehensive 
resource for in silico drug discovery and exploration. Nucleic acids 
research. 2006;34(Database issue):D668–D672.

43. Kim MS, Pinto SM, Getnet D, et al. A draft map of the human proteome. 
Nature. 2014;509(7502):575–581.

44. Uhlen M, Fagerberg L, Hallstrom BM, et al. Proteomics. Tissue–based 
map of the human proteome. Science. 2015;347(6220):1260419.

45. Wilhelm M, Schlegl J, Hahne H, et al. Mass–spectrometry–based draft of 
the human proteome. Nature. 2014;509(7502):582–587.

46. Kolker E, Higdon R, Haynes W, et al. MOPED: Model Organism 
Protein Expression Database. Nucleic acids research. 2012;40(Database 
issue):D1093–D1099.

47. Williams DP, Naisbitt DJ. Toxicophores: groups and metabolic routes 
associated with increased safety risk. Curr Opin Drug Discov Devel. 
2002;5(1):104–115.

48. Holland SJ, Pan A, Franci C, et al. R428, a selective small molecule 
inhibitor of Axl kinase, blocks tumor spread and prolongs survival in 
models of metastatic breast cancer. Cancer research. 2010;70(4):1544–
1554.

49. Mullard A. Drug repurposing programmes get lift off. Nat Rev Drug 
Discov. 2012;11(7):505–506.

50. Shim JS, Liu JO. Recent advances in drug repositioning for the discovery 
of new anticancer drugs. Int J Biol Sci. 2014;10(7):654–663.

51. Timm A, Kolesar JM. Crizotinib for the treatment of non–small–cell lung 
cancer. Am J Health Syst Pharm. 2013;70(11):943–947.

52. Pao W, Miller V, Zakowski M, et al. EGF receptor gene mutations are 
common in lung cancers from “never smokers” and are associated with 
sensitivity of tumors to gefitinib and erlotinib. Proc Natl Acad Sci U S A. 
2004;101(36):13306–13311.

53. Sordella R, Bell DW, Haber DA, et al. Gefitinib–sensitizing EGFR 
mutations in lung cancer activate anti–apoptotic pathways. Science. 
2004;305(5687):1163–1167.

54. Boo KH, Yang JS. Intrinsic cellular defenses against virus infection by 
antiviral type I interferon. Yonsei Med J. 2010;51(1):9–17.

55. Emdad L, Lebedeva IV, Su ZZ, et al. Combinatorial treatment of 
non–small–cell lung cancers with gefitinib and Ad.mda–7 enhances 
apoptosis–induction and reverses resistance to a single therapy. J Cell 
Physiol. 2007;210(2):549–559.

56. Moller–Tank S, Maury W. Phosphatidylserine receptors:enhancers of 
enveloped virus entry and infection. Virology. 2014;470:565–580.

https://doi.org/10.15406/mojpb.2016.03.00088
http://www.ncbi.nlm.nih.gov/pubmed/26731034
http://www.ncbi.nlm.nih.gov/pubmed/26731034
http://www.ncbi.nlm.nih.gov/pubmed/26731034
http://www.ncbi.nlm.nih.gov/pubmed/26862926
http://www.ncbi.nlm.nih.gov/pubmed/26862926
http://www.ncbi.nlm.nih.gov/pubmed/26820244
http://www.ncbi.nlm.nih.gov/pubmed/26820244
http://www.ncbi.nlm.nih.gov/pubmed/26820244
http://www.ncbi.nlm.nih.gov/pubmed/24626205
http://www.ncbi.nlm.nih.gov/pubmed/24626205
http://www.ncbi.nlm.nih.gov/pubmed/24626205
http://www.ncbi.nlm.nih.gov/pubmed/26993883
http://www.ncbi.nlm.nih.gov/pubmed/26993883
http://www.ncbi.nlm.nih.gov/pubmed/26993883
http://www.ncbi.nlm.nih.gov/pubmed/26948433
http://www.ncbi.nlm.nih.gov/pubmed/26948433
http://www.ncbi.nlm.nih.gov/pubmed/26948433
http://www.ncbi.nlm.nih.gov/pubmed/26923117
http://www.ncbi.nlm.nih.gov/pubmed/26923117
http://www.ncbi.nlm.nih.gov/pubmed/26923117
http://www.ncbi.nlm.nih.gov/pubmed/26897108
http://www.ncbi.nlm.nih.gov/pubmed/26897108
http://www.ncbi.nlm.nih.gov/pubmed/26897108
http://www.ncbi.nlm.nih.gov/pubmed/26897108
http://www.ncbi.nlm.nih.gov/pubmed/26944028
http://www.ncbi.nlm.nih.gov/pubmed/26944028
http://www.ncbi.nlm.nih.gov/pubmed/26949027
http://www.ncbi.nlm.nih.gov/pubmed/26949027
http://www.ncbi.nlm.nih.gov/pubmed/26949027
http://www.ncbi.nlm.nih.gov/pubmed/25625872
http://www.ncbi.nlm.nih.gov/pubmed/25625872
http://www.ncbi.nlm.nih.gov/pubmed/26257029
http://www.ncbi.nlm.nih.gov/pubmed/26257029
http://www.ncbi.nlm.nih.gov/pubmed/26257029
http://www.ncbi.nlm.nih.gov/pubmed/17195954
http://www.ncbi.nlm.nih.gov/pubmed/17195954
http://www.ncbi.nlm.nih.gov/pubmed/17195954
http://www.sciencedirect.com/science/article/pii/S1877705812020693
http://www.sciencedirect.com/science/article/pii/S1877705812020693
http://www.ncbi.nlm.nih.gov/pubmed/24214965
http://www.ncbi.nlm.nih.gov/pubmed/24214965
http://www.ncbi.nlm.nih.gov/pubmed/24214965
http://www.ncbi.nlm.nih.gov/pubmed/24981612
http://www.ncbi.nlm.nih.gov/pubmed/24981612
http://www.ncbi.nlm.nih.gov/pubmed/11259830
http://www.ncbi.nlm.nih.gov/pubmed/11259830
http://www.ncbi.nlm.nih.gov/pubmed/11259830
http://www.ncbi.nlm.nih.gov/pubmed/11259830
http://www.ncbi.nlm.nih.gov/pubmed/11604031
http://www.ncbi.nlm.nih.gov/pubmed/11604031
http://www.ncbi.nlm.nih.gov/pubmed/11604031
http://medcraveonline.com/MOJPB/MOJPB-02-00038.pdf
http://medcraveonline.com/MOJPB/MOJPB-02-00038.pdf
http://medcraveonline.com/MOJPB/MOJPB-02-00038.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26038505
http://www.ncbi.nlm.nih.gov/pubmed/26038505
http://www.ncbi.nlm.nih.gov/pubmed/26038505
http://medcraveonline.com/MOJPB/MOJPB-03-00084.pdf
http://medcraveonline.com/MOJPB/MOJPB-03-00084.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26085147
http://www.ncbi.nlm.nih.gov/pubmed/26085147
http://www.ncbi.nlm.nih.gov/pubmed/24304894
http://www.ncbi.nlm.nih.gov/pubmed/24304894
http://www.ncbi.nlm.nih.gov/pubmed/24304894
http://www.ncbi.nlm.nih.gov/pubmed/25977171
http://www.ncbi.nlm.nih.gov/pubmed/25977171
http://nar.oxfordjournals.org/content/28/1/235.full
http://nar.oxfordjournals.org/content/28/1/235.full
http://www.ncbi.nlm.nih.gov/pubmed/20689021
http://www.ncbi.nlm.nih.gov/pubmed/20689021
http://www.ncbi.nlm.nih.gov/pubmed/21447597
http://www.ncbi.nlm.nih.gov/pubmed/21447597
http://www.ncbi.nlm.nih.gov/pubmed/16381955
http://www.ncbi.nlm.nih.gov/pubmed/16381955
http://www.ncbi.nlm.nih.gov/pubmed/16381955
http://www.ncbi.nlm.nih.gov/pubmed/24870542
http://www.ncbi.nlm.nih.gov/pubmed/24870542
http://www.ncbi.nlm.nih.gov/pubmed/25613900
http://www.ncbi.nlm.nih.gov/pubmed/25613900
http://www.ncbi.nlm.nih.gov/pubmed/24870543
http://www.ncbi.nlm.nih.gov/pubmed/24870543
http://www.ncbi.nlm.nih.gov/pubmed/22139914
http://www.ncbi.nlm.nih.gov/pubmed/22139914
http://www.ncbi.nlm.nih.gov/pubmed/22139914
http://www.ncbi.nlm.nih.gov/pubmed/11865664
http://www.ncbi.nlm.nih.gov/pubmed/11865664
http://www.ncbi.nlm.nih.gov/pubmed/11865664
http://www.ncbi.nlm.nih.gov/pubmed/20145120
http://www.ncbi.nlm.nih.gov/pubmed/20145120
http://www.ncbi.nlm.nih.gov/pubmed/20145120
http://www.ncbi.nlm.nih.gov/pubmed/20145120
http://www.ncbi.nlm.nih.gov/pubmed/22743966
http://www.ncbi.nlm.nih.gov/pubmed/22743966
http://www.pubfacts.com/detail/25013375/Recent-advances-in-drug-repositioning-for-the-discovery-of-new-anticancer-drugs
http://www.pubfacts.com/detail/25013375/Recent-advances-in-drug-repositioning-for-the-discovery-of-new-anticancer-drugs
http://www.ncbi.nlm.nih.gov/pubmed/23686600
http://www.ncbi.nlm.nih.gov/pubmed/23686600
http://www.ncbi.nlm.nih.gov/pubmed/15329413
http://www.ncbi.nlm.nih.gov/pubmed/15329413
http://www.ncbi.nlm.nih.gov/pubmed/15329413
http://www.ncbi.nlm.nih.gov/pubmed/15329413
http://www.ncbi.nlm.nih.gov/pubmed/15284455
http://www.ncbi.nlm.nih.gov/pubmed/15284455
http://www.ncbi.nlm.nih.gov/pubmed/15284455
http://www.ncbi.nlm.nih.gov/pubmed/20046508
http://www.ncbi.nlm.nih.gov/pubmed/20046508
http://www.ncbi.nlm.nih.gov/pubmed/17111370
http://www.ncbi.nlm.nih.gov/pubmed/17111370
http://www.ncbi.nlm.nih.gov/pubmed/17111370
http://www.ncbi.nlm.nih.gov/pubmed/17111370
http://www.ncbi.nlm.nih.gov/pubmed/25277499
http://www.ncbi.nlm.nih.gov/pubmed/25277499


Zika virus therapeutic lead compounds discovery using chemoinformatics approaches 73
Copyright:

©2016 Narayanan

Citation: Narayanan R. Zika virus therapeutic lead compounds discovery using chemoinformatics approaches. MOJ Proteomics Bioinform. 2016;3(3):68‒73. 
DOI: 10.15406/mojpb.2016.03.00088

57. Shimojima M, Stroher U, Ebihara H, et al. Identification of cell surface 
molecules involved in dystroglycan–independent Lassa virus cell entry. 
J virol. 2012;86(4):2067–2078.

58. Shimojima M, Kawaoka Y. Cell surface molecules involved in infection 
mediated by lymphocytic choriomeningitis virus glycoprotein. J Vet Med 
Sci. 2012;74(10):1363–1366.

59. Shimojima M, Takada A, Ebihara H, et al. Tyro3 family–mediated cell 
entry of Ebola and Marburg viruses. J virol. 2006;80(20):10109–10116.

60. Tian Y, Zhang D, Zhan P, et al. Medicinal chemistry of small molecule 
CCR5 antagonists for blocking HIV–1 entry:a review of structural 
evolution. Curr Top Med Chem. 2014;14(13):1515–1538.

61. Lim JK, Glass WG, McDermott DH, et al. CCR5:no longer a “good for 
nothing” gene––chemokine control of West Nile virus infection. Trends 
Immunol. 2006;27(7):308–312.

62. Surasombatpattana P, Hamel R, Patramool S, et al. Dengue virus 
replication in infected human keratinocytes leads to activation of antiviral 
innate immune responses. Infect Genet Evol. 2011;11(7):1664–1673.

63. Lim PY, Behr MJ, Chadwick CM, et al. Keratinocytes are cell targets of 
West Nile virus in vivo. J Virol. 2011;85(10):5197–5201.

64. Limon–Flores AY, Perez–Tapia M, Estrada–Garcia I, et al. Dengue virus 
inoculation to human skin explants: an effective approach to assess in 
situ the early infection and the effects on cutaneous dendritic cells. Int J 
Exp Pathol. 2005;86(5):323–334.

65. Dowall SD, Graham VA, Rayner E, et al. A susceptible mouse model for 
Zika virus infection. 2016.

66. Foulkes MA, Grady C, Spong CY, et al. Clinical research enrolling 
pregnant women:a workshop summary. J Womens Health (Larchmt). 
2011;20(10):1429–1432.

67. Sheffield JS, Siegel D, Mirochnick M, et al. Designing Drug Trials: 
Considerations for Pregnant Women. Clin Infect Dis. 2014;59(suppl 
7):S437–S44.

68. Kang SH, Chua–Gocheco A, Bozzo P, et al. Safety of antiviral medication 
for the treatment of herpes during pregnancy. Can Fam Physician. 
2011;57(4):427–428.

69. Kavitha N, De S, Kanagasabai S. Oral Hypoglycemic Agents in 
pregnancy: An Update. J Obstet Gynaecol India. 2013;63(2):82–87.

70. Theriault RL, Litton JK. Pregnancy during or after breast cancer 
diagnosis: what do we know and what do we need to know? J Clin Oncol. 
2013;31(20):2521–2522.

https://doi.org/10.15406/mojpb.2016.03.00088
http://www.ncbi.nlm.nih.gov/pubmed/22156524http:/www.ncbi.nlm.nih.gov/pubmed/25277499
http://www.ncbi.nlm.nih.gov/pubmed/22156524http:/www.ncbi.nlm.nih.gov/pubmed/25277499
http://www.ncbi.nlm.nih.gov/pubmed/22156524http:/www.ncbi.nlm.nih.gov/pubmed/25277499
http://www.ncbi.nlm.nih.gov/pubmed/22673088
http://www.ncbi.nlm.nih.gov/pubmed/22673088
http://www.ncbi.nlm.nih.gov/pubmed/22673088
http://www.ncbi.nlm.nih.gov/pubmed/17005688
http://www.ncbi.nlm.nih.gov/pubmed/17005688
http://www.ncbi.nlm.nih.gov/pubmed/25159164
http://www.ncbi.nlm.nih.gov/pubmed/25159164
http://www.ncbi.nlm.nih.gov/pubmed/25159164
http://www.ncbi.nlm.nih.gov/pubmed/16753343
http://www.ncbi.nlm.nih.gov/pubmed/16753343
http://www.ncbi.nlm.nih.gov/pubmed/16753343
http://www.ncbi.nlm.nih.gov/pubmed/21722754
http://www.ncbi.nlm.nih.gov/pubmed/21722754
http://www.ncbi.nlm.nih.gov/pubmed/21722754
http://www.ncbi.nlm.nih.gov/pubmed/21367890
http://www.ncbi.nlm.nih.gov/pubmed/21367890
http://www.ncbi.nlm.nih.gov/pubmed/16191104
http://www.ncbi.nlm.nih.gov/pubmed/16191104
http://www.ncbi.nlm.nih.gov/pubmed/16191104
http://www.ncbi.nlm.nih.gov/pubmed/16191104
http://biorxiv.org/content/early/2016/03/04/042358
http://biorxiv.org/content/early/2016/03/04/042358
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3186443/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3186443/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3186443/
http://www.ncbi.nlm.nih.gov/pubmed/25425722
http://www.ncbi.nlm.nih.gov/pubmed/25425722
http://www.ncbi.nlm.nih.gov/pubmed/25425722
http://www.ncbi.nlm.nih.gov/pubmed/21490353
http://www.ncbi.nlm.nih.gov/pubmed/21490353
http://www.ncbi.nlm.nih.gov/pubmed/21490353
http://jco.ascopubs.org/content/31/20/2521.full
http://jco.ascopubs.org/content/31/20/2521.full
http://jco.ascopubs.org/content/31/20/2521.full

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methods
	Results
	Chemoinformatics analysis of the ZIKV-associated genes 
	ZIKV lead compounds discovery 
	Drug leads for the ZIKV assays 
	Implication of the ZIKV lead genes in other disorders 

	Discussion
	Conclusion
	Acknowledgements
	Conflict of interest 
	References
	Figure 1
	Figure 2

