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ABSTRACT 
 

 Metallic nanoparticles (MNPs) have been used for 

diverse applications like sensing molecules, diagnosis of 

cancer, delivery of drugs and vaccines. Among the various 

MNPs, the gold nanorods (GNR) have been commonly 

used for such diagnosis and therapeutics usage. Also, the 

properties of these nanoparticles against bacterial and viral 

pathogens are gaining interest in recent times. However, 

there is no clear understanding of the mechanism of 

inhibition by these nanoparticles. There few studies of 

MNPs against respiratory viruses like Influenza virus, 

Parainfluenza virus and Adenovirus. Interestingly, 

Respiratory syncytial virus (RSV) a significant respiratory 

pathogen that causes pneumonia and bronchiolitis is 

minimally explored with respective to MNPs. RSV is a 

negative, single stranded RNA virus against which there is 

no effective vaccine or  treatment. Here, we show the 

inhibition of RSV with GNR in HEp-2 cell lines and 

investigate the anti-viral response mediated by the GNRs. 

At non-cytotoxic dose of 2.5 µg/mL of GNR, the plaque 

assay showed 82% inhibition of RSV.  The GNR exhibited 

innate anti-viral response to counter RSV by orchestrating 

Toll-like receptor (TLR), NOD-like receptor (NLR) and 

RIG-I-like receptor (RLR) signalling pathways. The anti-

viral response for untreated HEp-2 cells, RSV infected cells 

and GNR-RSV treated cells were studied using real-time 

PCR. GNR-RSV cells showed significant upregulation of 

TLR3, cathepsin (CTSS and CTSL) and IRF7 genes. 

Moreover, 2'-5'-oligoadenylate synthetase 2 gene was 

upregulated 14-folds, which is response for activation of 

RNase L that degrades viral RNA. Also, there was 

upregulation of cytokine gene like IL-8, CXCL-10 and 

CXCL-11. These anti-viral genes interplay led to RSV 

inhibition mediated by GNR. Our study shows that GNR 

inhibits RSV and illustrates the molecular events related to 

the inhibition for the potential anti-viral therapeutic 

applications. 
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1 INTRODUCTION 
 

Human respiratory syncytial virus (RSV) is a 

Paramyxovirus causing respiratory tract infections in  

infants, children, old adults and immunosuppressed 

individuals [1]. It is observed that almost every child below 

the age of 2 years would have had an RSV infection. RSV 

can lead to pneumonia and bronchiolitis in the pediatric and 

geriatric populations [2]. There is neither active vaccine 

against RSV nor any effective drug, except broad spectrum 

anti-viral drug ribavirin. Currently, ribavirin is the only 

clinically used drug against RSV [3]. Passive vaccination 

includes palivizumab administration for high risk 

individuals [4].  

Metallic nanoparticles have been used for various  

biomedical applications, including in the field of 

nanomedicine [5]. MNPs have been widely researched for 

diagnosis, treatment and theranostic applications [6, 7]. The 

ability of MNPs to stimulate innate immunity can be 

exploited for anti-bacterial and anti-viral therapeutics [8, 9]. 

Recent trends in nanomedicine have gained interest in this 

area.  Here, we investigate this idea as an alternative option 

against RSV. In this study we show that gold nanorods 

inhibit RSV and highlight the role of innate immune 

response to explain the mechanism of inhibition.  

 

2 MATERIALS AND METHODOLOGY 
 

2.1 Cell culture, RSV and GNR 

Human epithelial cell lines (HEp-2) (ATCC CCL-23) 

were cultured in minimal essential medium supplemented 

with 10% fetal bovine serum (FBS), 2 mM L-Glutamine 

and penicillin, kanamycin and streptomycin (PKS) (Sigma, 

USA). Respiratory Syncytial Virus (RSV) strain Long was 

obtained from ATCC and propagated as recommended. 

RSV inhibition studies were carried out in Dulbecco's 

Modified Eagle Medium (DMEM) with 2% FBS and 1% 

PKS. GNR (45 x 10 nm) dispensed in water were purchased 

from Nanopartz Inc., USA. 

 

2.2 Cytotoxicity assay 

HEp-2 cells (2x10
4
) were seeded into each well of 96 

well plate and incubated at 37°C (5% CO2) for 24 h.  Cells 

were washed with HBSS and  nanoparticles of different 

concentration were added to the cells and incubated for 24 h 

and 48 h. MTT assay (CellTiter 96® Non-Radioactive Cell 

Proliferation Assay)  was performed according to the 

manufacturer’s instruction (Promega Madison, WI). MTT 
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dye (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) was added to the cells and incubated for 4 h. The 

formazon crystals formation was stopped and dissolved by 

100 µL stop solution. The plate was then read at 570 nm 

with the reference wavelength of 650 nm. The cells treated 

with nanoparticles were compared with control cells (non-

treated) to determine the viability. 

 

2.3 Plaque assay 

The plaque assay was employed to determine RSV 

inhibition. Nanoparticles (1.25 and 2.5 µg/mL) and RSV 

(100 PFU/mL) were added to 90% confluent HEp-2 cells 

in12-well plates. RSV was allowed to infect the cells by 

incubating for 1 h with intermittent rocking the plate. 

Afterwards, DMEM containing methylcellulose (0.8%), 2% 

FBS and 1% PKS (plaquing medium) was overlaid onto the 

cells and incubated for 5–7 days and monitored for plaque 

development. Media was removed and  ice-cold methanol 

was added and the plate was kept at –20°C for 2 h. 

Methanol was removed and stained with crystal violet. The 

stained cell monolayer was allowed to air-dry and plaques 

were counted. The plaques of the GNR-RSV treatment was 

compared with the RSV infected cells.   

 

2.4 Real-time PCR 

HEp-2 (2X10
5
) cells/well were incubated for 24 h. Cells 

were washed twice with HBSS and infected with either 

RSV (100 PFU/mL)  or  RSV (100 PFU/mL) and GNR (2.5 

ug/ml). The untreated cells were control for the experiment. 

Cells were  incubated for 1 h for RSV infection with 

intermittent rocking of the plate after which DMEM-2 was 

added to make up the volume to 1 mL. Media was removed 

and cells were collected by trypisinization after 24 h.  

Total RNA was extracted from these cell pellets using 

RNeasy kit (Qiagen). cDNA preparation for the PCR array 

was done using the protocol and reagents supplied by the 

PCR array kit (SABiosciences/Qiagen). All the three 

treatment groups were subjected to PCR array to screen 

human anti-viral response. PCR were performed in 

triplicates for all groups. Ct values for the samples were 

exported and gene expression was compared for GNR-RSV 

and RSV group with the control. The fold changes were 

calculated from the Ct values and p-value were assigned for 

the  genes using the online webserver at the sabiosciences 

website. The PCR conditions were as follows: 50°C for 2 

min; 95°C for 20 s; 40 cycles of 95°C for 1 s; and 60°C for 

20 s. The PCR was conducted using the ViiA™ 7 Real-

Time PCR system (Applied Biosystem, Life Technologies, 

Carlsbad, CA, USA). 

 

3 RESULTS  
 

The GNR did not affect the cell viability upto 2.5 

µg/mL after 24 and 48 h (Figure 1). The viability difference 

between 24 and 48 h was not significant. Therefore, for the 

RSV inhibition studies we used the dose less than 2.5 

µg/mL. The viability however decreased as the GNR 

concentration increased.  

 
 

Figure 1: Cell viability of HEp-2 cell lines after 24 h 

and 48 h of GNR treatment measured by MTT assay. 

 

The plaque assay results show that RSV was inhibited by 

GNR. The GNR at 1.25 and 2.5 µg/mL inhibited RSV in a 

dose dependent manner. At non-cytotoxic dose of 2.5 

µg/mL of GNR, the plaque assay showed 82% inhibition of 

RSV when compared to untreated RSV infected HEp-2 cell 

(Figure 2.) 
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Figure 2: Plaque assay shows RSV inhibition by the 

GNR at 1.25 and 2.5 µg/mL. 

The inhibition of RSV by GNR was studied using the 

anti-viral response of the HEp-2 cell lines. Real-time PCR 

was used to profile the anti-viral genes. We studied 84 anti-

viral genes that are important innate immune response 

genes. These genes contributed to Toll-like receptor (TLR), 

NOD-like receptor (NLR) and RIG-I-like receptor (RLR) 

signalling pathways.  

The RSV infected HEp-2 cell lines induced low 

expression of anti-viral response, on the contrary the GNR-
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RSV treatment showed significant upregulation of TLR, 

NLR, RLR and type-I interferon genes. The Figures 3, 4, 5, 

and 6 shows the upregulation of  genes involved in anti-

viral response for the GNR-RSV treated cells. RSV 

infection induced mild up-regulation of anti-viral genes like 

IFNA2 (6.12-fold), IL8 (2.36-fold), IL12B (4.53-fold) and 

PYDC1 (4.72-fold) compared to the GNR-RSV treatment. 

The GNR-RSV showed significant up-regulation of genes 

involved in the Toll-like receptor (TLR), NOD-like 

receptor (NLR) and RIG-I-like receptor (RLR) signaling 

pathway, leading to activation of the type-I interferon 

signaling pathway. The main TLR genes that were up-

regulated were TLR3 (4.11-fold), CTSL (3.90-fold), CTSS 

(4.63-folds), FOS (2.81-fold), SPP1 (7.46-fold), CXCL10 

(4.00-fold), CXCL11 (4.63-fold) and CCL5 (5.08-fold). 

Similarly, the NLR genes were up-regulated which 

contribute to innate immunity like OAS2 (14.4-fold) and 

PYDC1 (5.72-fold). The expression of these anti-viral genes 

also triggered RLR responses, as they are commonly shared 

in the TLR, NLR and RLR pathways. Therefore, we 

observed increased regulation in the genes of DDX58 (2.69-

fold), DHX58 (2.40-fold), IRF7 (10.7-fold), IFIH1 (3.94-

fold), IL8 (14.6-fold) and ISG15 (2.78-fold), that may lead 

to proportional increases in type-I interferon genes IFNA2 

(4.54-fold), IFNB1 (4.84-fold) and STAT1 (2.16-fold).  

 
Figure 3: Anti-viral response of HEp-2 cells mediated 

by Toll-like receptor signalling pathways upon RSV and 

GNR-RSV treatment. The fold regulation of genes in the 

RSV and GNR-RSV treated cells compared with the 

untreated control cells. 

 
Figure 4: Anti-viral response of HEp-2 cells mediated 

by NOD-like receptor signalling pathways upon RSV and 

GNR-RSV treatment. The fold regulation of genes in the 

RSV and GNR-RSV treated cells compared with the 

untreated control cells. 

 
Figure 5: Anti-viral response of HEp-2 cells mediated 

by RIG-I-like receptor signalling pathways upon RSV and 

GNR-RSV treatment. The fold regulation of genes in the 

RSV and GNR-RSV treated cells compared with the 

untreated control cells.  

 

 
Figure 6: Anti-viral response of HEp-2 cells mediated 

by Type-I interferon signalling pathways upon RSV and 

GNR-RSV treatment. The fold regulation of genes in the 

RSV and GNR-RSV treated cells compared with the 

untreated control cells. 

 

 

4 CONCLUSION 
 

Our results indicate that GNR inhibits RSV in vitro. The 

anti-viral activity of GNR was studied by profiling the anti-

viral genes involved in innate immune response. The gene 

expression pattern of GNR-RSV treated cells indicate 

significant upregulation of various gene involved in the 

TLR, NLR, RLR and type-I interferon signalling compared 

to the RSV infected cells. Therefore, GNR can be used 

against RSV and the property of GNR to influence  innate 

immune response can also be utilized for therapeutic 

purposes.  
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