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Abstract. Respiratory syncytial virus (RSV) infections are asso-
ciated with significant morbidity and mortality. Inflammation 
is mediated by cytokine secretion from RSV‑infected airway 
epithelial cells. Grape seed proanthocyanidin extract (GSPE) 
exhibits potent antioxidant capacity, as well as anti‑bacterial, 
anti‑viral, anti‑carcinogenic, anti‑inflammatory and anti‑allergic 
actions. However, few studies have explored the anti‑inflamma-
tory effects of GSPE on airway epithelial cells infected with 
RSV. Airway epithelial A549 cells were pretreated with GSPE 
and its effects on cytokine production during RSV infection 
were investigated. A549 cells were infected with RSV, with or 
without GSPE pretreatment, and cultured for 24, 48 and 72 h. 
The expression of interleukin (IL)‑1β, IL‑6 and IL‑8, were 
measured by reverse transcription‑quantitative polymerase chain 
reaction, ELISA and western blotting. RSV infection induced 
significant increases in proinflammatory cytokine expression. 
However, GSPE pretreatment decreased the mRNA and protein 
expression levels of IL‑1ß, IL‑6 and IL‑8. GSPE regulated the 
immune response by reducing the RSV‑induced transcription of 
proinflammatory cytokines in airway epithelial cells, suggesting 
that GSPE helps to prevent RSV‑induced airway disease.

Introduction

Respiratory syncytial virus (RSV) is a globally prevalent 
respiratory tract pathogen responsible for annual epidemics 

of respiratory disease. RSV infections place a heavy burden 
on healthcare systems and are associated with significant 
morbidity and mortality (1). Although the exact mechanism of 
RSV‑induced airway disease remains unclear, the inflamma-
tory response is thought to have a central pathogenic role (2). 
Reactive oxygen species may serve as important regulators of 
RSV‑induced inflammatory responses (2). Acute RSV infection 
induces intense neutrophilia within the airway epithelium (3), 
predominantly driven by high levels of interleukin (IL)‑8, a 
chemoattractant and activator of neutrophils (4,5). Prolonged 
neutrophil survival contributes to mucosal inflammation, in 
turn triggering a symptomatic respiratory tract infection. The 
clinical manifestations range from mild upper respiratory tract 
illness to severe and potentially life-threatening lower respi-
ratory tract disease (6). Although the epidemiology, clinical 
manifestations, diagnostic techniques and immunobiology of 
the disease have been well studied, and animal models estab-
lished, no safe vaccine is currently available (6).

Grape seed proanthocyanidin extract (GSPE) is composed 
of biologically active polyphenolic flavonoids, including 
oligomeric proanthocyanidins. The latter compounds are 
naturally found in vegetables, fruit, nuts, seeds, and bark (7). 
Grape seeds are a particularly rich source of proanthocyani-
dins, in terms of both quantity and variety (7). GSPE is the 
key cardioprotective element of red wine (8). It has a greater 
antioxidant capacity than vitamin C or E (7), and is sold as a 
dietary supplement because of this activity, which is associ-
ated with low toxicity and genotoxicity. Anticancer effects 
of GSPE, attributable to the free radical‑scavenging ability, 
have also been reported (9,10). Some studies found that GSPE 
exhibited anti‑inflammatory properties (11); however, few 
studies have explored the anti‑inflammatory effects of GSPE 
on RSV‑infected airway epithelial cells.

Therefore, the present study investigated the alterations in 
proinflammatory cytokine production in RSV‑infected airway 
epithelial A549 cells, in the presence or absence of GSPE 
pretreatment. The aim of the study was to evaluate the poten-
tial of utilizing GSPE for prevention of RSV‑induced airway 
disease.
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Materials and methods

Experimental design. A549 cells were subjected to GSPE 
pretreatment and infected with RSV. The experimental group 
underwent GSPE pretreatment and was infected with RSV; the 
negative (infected) control was not GSPE‑pretreated. Another 
cell group received GSPE pretreatment, but was not infected. 
Uninfected cells with no pretreatment served as the reference. 
Fold changes in gene expression were calculated, relative to 
the reference group. Samples were taken after 24, 48 and 72 h 
of culture. All experiments were repeated three times. The 
experimental design is presented in Fig. 1.

Materials. GSPE from Vitis vinifera was supplied by Hanlim 
Pharmaceutical Co., Ltd. (CAS no. 71328‑22‑8; Seoul, Korea). 
GSPE contains proanthocyanidins (80% of all solids) and 
some catechin monomers (12). GSPE was solubilized in PBS. 
All chemicals were of analytical grade and were purchased 
from Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany) 
unless otherwise indicated. Dulbecco's modified Eagle's 
medium (DMEM), penicillin‑streptomycin and trypsin‑EDTA 
were purchased from Gibco (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). RPMI‑1640 was purchased 
from Corning Inc. (Corning, NY, USA) and fetal bovine 
serum (FBS) was obtained from GE Healthcare (Chicago, 
IL, USA). R&D Systems, Inc. (Minneapolis, MN, USA) 
supplied the ELISA kits used to measure IL‑1β, IL‑6 and IL‑8 
expression. A primary antibody against IL‑1β (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA) and an appropriate 
secondary antibody (Cell Signaling Technology, Inc., Beverly, 
MA, USA) were used for western blotting.

Cell culture. The A549 human lung adenocarcinoma epithe-
lial cell line and HeLa derivative HEp‑2 cells were purchased 
from the Korean Cell Line Bank (Korean Cell Line Research 
Foundation, Seoul, South Korea). A549 cells were cultured 
in RPMI‑1640 medium supplemented with 10% (v/v) FBS, 
100 U/ml penicillin, 100 µg/ml streptomycin and 2 mM gluta-
mine. Cells were maintained in a 37˚C humidified incubator 
under 5% CO2 and 95% air (both v/v) until the desired conflu-
ency (80%) was attained.

RSV propagation and titer determination. RSV strain A2 
was obtained from the American Type Culture Collection 
(Manassas, VA, USA). The virus was grown in HEp‑2 cell 
monolayers with DMEM and 10% (v/v) FBS, and purified 
as previously described (13,14). Viral titer and growth were 
determined by quantitative plaque assays (15).

Infection of epithelial cells. A549 cells at ~80% confluence 
were infected with RSV at a multiplicity of infection (MOI) 
of 3 for 60 min at 37˚C. Following adsorption, the viral solution 
was removed, cells were rinsed twice with PBS, and incuba-
tion was continued in RPMI‑1640 medium supplemented with 
10% FBS, 100 U/ml penicillin, 100 µg/ml streptomycin and 
2 mM glutamine for 72 h at 37˚C. Samples were taken at 24, 
48 and 72 h for RNA and protein extraction; the culture super-
natants were stored at ‑80˚C prior to ELISAs. Cells infected 
with RSV served as negative controls and uninfected cells as 
the reference group.

Cell viability upon GSPE treatment. The potential effects of 
GSPE on A549 cell viability were determined. Cells were 
grown in 6‑well plates (1x105 per well) for 24 h at 37˚C, 
following which GSPE was added at the indicated concentra-
tions (5, 10, 20, 30, 40, 50 and 100 µg/ml); the control group 
received 0.01% (v/v) PBS. After incubation at 37˚C for 24, 
48 and 72 h, cells were harvested with trypsin‑EDTA solu-
tion (JBI, Seoul, South Korea), washed once in PBS with 
5% (v/v) FBS, and counted using an ADAM‑MC cell counter 
(NanoEnTek, Inc., Seoul, South Korea).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The mRNA expression of IL‑1β, IL‑6 and IL‑8 was 
measured by RT‑qPCR. Total cellular RNA was obtained with 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
First‑strand cDNA was synthesized by reverse transcription in 
a reaction mixture (20 µl) containing 1 mM of each dNTP, 1 µg 
RNA, 1X reaction buffer, 5 µM random primers and 20 units 
AMV reverse transcriptase (Promega Corporation, Madison, 
WI, USA). cDNA synthesis was performed at 25˚C for 10 min 
for primer annealing, 42˚C for 60 min for reverse transcrip-
tion and 95˚C for 5 min for transcriptase denaturation. The 
sequences of the gene‑specific primers used were as follows: 
IL-1β forward, 5'‑TGA TGG CTT ATT ACA GTG GCA ATG‑3' 
and reverse, 5'‑GTA GTG GTG GTC GGA GAT TCG‑3' (140 bp); 
IL‑6 forward, 5'‑GTC TTG CCT GCT GCC TTC‑3' and reverse, 
5'‑AGT GCC TCT TTG CTG CTT TC‑3' (194 bp); IL‑8 forward, 
5'‑GAC ATA CTC CAA ACC TTT CCA C‑3' and reverse, 5'‑CTT 
CTC CAC AAA CCT CTG C‑3' (160 bp); and β-actin forward, 
5'‑GCG AGA AGA TGA CCC AGA TC‑3' and reverse, 5'‑GGA 
TAG CAC AGC CTG GAT AG‑3' (77 bp). PCR was performed in 
a StepOnePlusÔ Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). Each reaction mixture (20 µl) 
contained 1 µl cDNA, 1 µl solutions of both the reverse and 
forward primers, 10 µl Power SYBR‑Green PCR Master 
Mix, and 7 µl PCR‑grade water. The amplification protocol 
included initial denaturation at 95˚C for 10 min, followed by 
40 cycles of denaturation (95˚C for 15 sec) and annealing (60˚C 
for 1 min). Relative gene expression was calculated using the 
2-∆∆Cq method (16). The data were normalized to the control 
group and are presented as fold changes in mRNA expression 
(three experiments/group).

ELISA. A549 cells were seeded into 6‑well plates at a density 
of 1.5x105 cells/well and incubated in RPMI‑1640 with 
2% (v/v) FBS for 72 h at 37˚C to avoid the confounding effect 
of serum‑induced cytokine expression. Cells were cultured 
(with or without GSPE pretreatment) for 24 h prior to RSV 
infection (at a MOI of 3) for 1 h at 37˚C. After 24, 48 and 
72 h of infection, the culture media were collected and centri-
fuged at 2,000 x g for 10 min at 4˚C to remove cell debris. 
The supernatants were subjected to IL‑1β (cat. no. DLB50), 
IL‑6 (cat. no. D6050) and IL‑8 (cat. no. D8000C) (all from 
R&D Systems, Inc.) ELISAs, in accordance with the manufac-
turer's instructions.

Western blotting. Pretreated A549 cells were infected with 
RSV (at a MOI of 3) in serum‑free RPMI‑1640 for 60 min at 
37˚C, and grown under optimal conditions for 72 h at 37˚C. 
Next, cells were washed with cold PBS and lysed with lysis 
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buffer (Cell Signaling Technology, Inc.). A bicinchoninic acid 
protein assay was used to determine total protein concentra-
tion. Protein (30 µg) was mixed with loading buffer, boiled for 
5 min and loaded onto 12% (w/v) polyacrylamide gels. After 
electrophoresis, proteins were transferred onto polyvinylidene 
difluoride membranes. Membranes were blocked in 5% (w/v) 
non‑fat milk powder solution for 1 h at room temperature, 
and subsequently incubated overnight at 4˚C in Tris‑buffered 
saline with 0.05% (v/v) Tween‑20 (TBS‑T) containing primary 
antibodies against IL‑1β (1:250; cat. no. sc‑7884; Santa Cruz 
Biotechnology, Inc.) and β‑actin (1:1,000; cat. no. 4970S; 
Cell Signaling Technology, Inc.). Following washing with 
TBS‑T, the membranes were soaked in TBS‑T containing 
goat anti‑rabbit IgG horseradish peroxidase‑conjugated 
secondary antibodies (1:2,500; cat. no. 7074; Cell Signaling 
Technology, Inc.) for 1 h at room temperature. Following a 
further wash with TBS‑T, target protein bands were visualized 
using an Enhanced Chemiluminescence kit (Thermo Fisher 
Scientific, Inc.) and a Davinch‑Chemi™ Chemiluminescence 
Imaging system (Davinch‑K Co., Ltd., Seoul, South Korea). 
Densitometric analysis of scanned immunoblot images was 
performed using ImageJ software version 1.49 (National 
Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All values are expressed as the 
mean ± standard deviation. SPSS version 23.0 (IBM Corp., 
Armonk, NY, USA) was used for statistical analyses. SigmaPlot 
version 10 (Systat Software, Inc., Chicago, IL, USA) was used 
for plotting graphs. Two‑way analysis of variance followed by 
Bonferroni's post‑hoc test was used to determine the statistical 
significance of differences between GSPE pretreatment groups 
and groups subjected to RSV infection alone. In all analyses, 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

GSPE treatment does not affect A549 cell viability at 5 or 
10 µg/ml. The optimal concentration for GSPE treatment was 

evaluated by exposing A549 cells to varying concentrations 
(5, 10, 20, 30, 40, 50 and 100 µg/ml) of GSPE for 24, 48 and 
72 h. The data are expressed as cell numbers compared with 
those in the control group (Fig. 2). It was determined that 
GSPE was not toxic at either 5 or 10 µg/ml; therefore, these 
concentrations used in all subsequent experiments.

GSPE decreases proinflammatory cytokine gene expression. 
To evaluate the effects of GSPE pretreatment on RSV‑infected 
A549 cells, the mRNA expression of IL‑1β, IL‑6 and IL‑8 
was determined by RT‑qPCR. RSV infection significantly 
increased the mRNA expression of IL‑1β, IL‑6 and IL‑8, 
compared with the control group. However, GPSE pretreatment 
significantly decreased the expression of IL‑1β mRNA (from 
24.23‑ to 0.59‑fold at 5 µg/ml, and to 0.20‑fold at 10 µg/ml 
after 48 h; Fig. 3A). In addition, the mRNA expression of IL‑6 

Figure 1. Schematic of the experimental design. GSPE, grape seed proanthocyanidin extract; RSV, respiratory syncytial virus; MOI, multiplicity of infection.

Figure 2. A549 cell viability following treatment with GSPE. Data are 
expressed as the mean ± standard deviation from three independent experi-
ments. One‑way analysis of variance followed by Bonferroni's post‑hoc 
test was used to determine the statistical significance of differences 
between the indicated concentrations (5, 10, 20, 30, 40, 50, and 100 µg/ml) 
of GSPE and the control values at each time‑point. *P<0.05, **P<0.01 and 
***P<0.001 vs. control. GSPE, grape seed proanthocyanidin extract.
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significantly decreased (from 939.04‑ to 6.13‑fold at 5 µg/ml, 
and to 0.80‑fold at 10 µg/ml after 48 h; Fig. 3B). Similarly, the 
expression of IL‑8 mRNA decreased (from 120.85‑ to 3.87‑fold 
at 5 µg/ml, and to 0.84‑fold at 10 µg/ml; Fig. 3C). All changes 
were significant compared with the RSV infection‑alone group.

GSPE decreased proinflammatory cytokine protein expres‑
sion. ELISAs were performed to confirm the effects of GSPE 
on proinflammatory cytokine protein expression. However, the 
ELISA did not detect IL-1β protein expression; thus additional 
western blot analysis was performed, using a polyclonal anti-
body against IL‑1β. Negligible IL‑1β expression was detected 
at baseline, but expression increased upon RSV infection (at 
an MOI of 3). GSPE pretreatment (5 or 10 µg/ml) significantly 
reduced IL-1β expression (Fig. 4). The levels of IL‑6 (Fig. 5A) 
and IL‑8 (Fig. 5B), as determined by ELISAs, significantly 
increased upon RSV infection (at an MOI of 3) compared with 
the control, whereas GSPE pretreatment significantly reduced 
the production of these factors.

Discussion

The present study examined whether GSPE suppressed 
RSV‑induced inflammation in the human respiratory epithe-
lial cell line A549. To the best of our knowledge, this is the 
first study to have investigated the potential preventative 
effects of GSPE in the context of RSV‑induced airway disease. 
It was demonstrated that GSPE pretreatment suppressed 
RSV‑induced proinflammatory cytokine production, specifi-
cally that of IL-1β, IL‑6 and IL‑8, in RSV‑infected A549 cells. 
This suggested that GSPE may be a valuable preventative 
agent when used to treat airway inflammation caused by RSV 
infection.

Although the mechanisms of RSV‑induced airway disease 
remain incompletely understood, inflammatory responses 
likely serve fundamental roles in its pathogenesis (2). A 
bronchoalveolar lavage (BAL) study reported that neutro-
phils were the most abundant cell type identified in patients 
with RSV infections, constituting up to 85% of all cells (17). 

Figure 3. Proinflammatory cytokine expression in response to GSPE treatment was measured by reverse transcription‑quantitative polymerase chain reaction. 
Effects of GSPE pretreatment on the expression of mRNAs encoding (A) IL‑1β, (B) IL‑6 and (C) IL‑8 in A549 cells infected with RSV. Each bar represents 
the mean ± standard deviation of data from three independent experiments. Two‑way analysis of variance followed by Bonferroni's post‑hoc test was used 
to compare values. #P<0.05 and ###P<0.001 vs. control; *P<0.05 and ***P<0.001 vs. RSV infection alone. IL, interleukin; GSPE, grape seed proanthocyanidin 
extract; RSV, respiratory syncytial virus; MOI, multiplicity of infection.
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Inflammation dominated by intense neutrophilia in the upper 
and lower airways is the principal mechanism of RSV infec-
tion (18). Neutrophil products including myeloperoxidase and 
neutrophil elastase make significant contributions to mucosal 
inflammation, increasing airway secretion, coughing, and 
sneezing (4). Therefore, neutrophils may be critically involved 
in symptom causation; they also likely contribute to viral 
transmission by increasing mucus levels, thus enhancing the 
production of infected respiratory droplets (19).

Neutrophilia is driven by cytokines such as IL‑6 and 
IL‑8, that are produced in response to RSV; these cytokines 
stimulate airway neutrophil generation and recruitment (18). 
Previous studies have demonstrated that the RSV F protein 
activates innate immunity via Toll‑like receptor 4 and CD14+ 
monocytes, stimulating the production of proinflammatory 
cytokines (such as IL‑1β, IL‑6 and IL‑8) by promoting nuclear 
translocation of the transcription factor NF‑κB (20,21). 
Reactive oxygen species may serve as important regulators 
of RSV-induced cellular signaling, which in turn triggers the 
expression of proinflammatory cytokines (2). These proin-
flammatory cytokines have critical function in neutrophil 
and macrophage chemotaxis and activation during RSV 
infection (21). Neutrophil numbers positively correlate with 
IL‑8 expression, and both of these factors are associated with 
symptom severity (22). Therefore, inhibition of proinflamma-
tory cytokine synthesis prior to symptomatic RSV infection is 
an important strategy for preventing mucosal inflammation.

GSPE is a known antioxidant exerting beneficial effects 
in patients with oxidative stress‑associated diseases (7). 
Along with the many other beneficial effects of GSPE, its 

anti‑inflammatory effect has been studied (11,23‑25). A 
previous in vitro study showed that GSPE inhibits the produc-
tion of nitric oxide and prostaglandin E2, and suppresses 
inducible nitric oxide synthase and NF‑κB expression, thereby 
exerting anti‑inflammatory effects (23). Others have reported 
that GSPE may be beneficial when used to treat low‑grade 
inflammatory diseases; such effects may be associated with 
inhibition of proinflammatory cytokines and stimulation of 
anti‑inflammatory adiponectin production (11,24). GSPE 
attenuates not only the production of inflammation‑associated 
adipokines, but also that of reactive oxygen species in experi-
ments involving the coculture of adipocytes and macrophages; 
implying that GSPE has anti‑inflammatory effects via its 

Figure 5. Effect of GSPE pretreatment on the expression of IL‑6 and IL‑8 
in A549 cells infected with RSV. (A) IL‑6 and (B) IL‑8 expression was 
detected by ELISAs. Each bar represents the mean ± standard deviation of 
data from three independent experiments. Two‑way analysis of variance 
followed by Bonferroni's post‑hoc test was used to compare values. ##P<0.01 
and ###P<0.001 vs. control; *P<0.05, **P<0.01 and ***P<0.001 vs. RSV infec-
tion alone. IL, interleukin; GSPE, grape seed proanthocyanidin extract; RSV, 
respiratory syncytial virus; MOI, multiplicity of infection.

Figure 4. Effect of GSPE pretreatment on the protein expression of IL‑1β 
in A549 cells infected with RSV. Precursor (31 kDa) and mature (17 kDa) 
IL-1β expression was examined by western blotting. Each bar represents 
the mean ± standard deviation of data from three independent experiments. 
Two‑way analysis of variance followed by Bonferroni's post‑hoc test was used 
to compare the values. ###P<0.001 vs. control; **P<0.01 and ***P<0.001 vs. RSV 
infection alone. IL, interleukin; GSPE, grape seed proanthocyanidin extract; 
RSV, respiratory syncytial virus; MOI, multiplicity of infection.
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antioxidant properties (26). Although not GSPE, the admin-
istration of antioxidants to RSV‑infected mice revealed that 
antioxidant treatment reduced RSV‑induced oxidative stress, 
RSV‑induced lung inflammation, airway hyper‑reactivity and 
clinical illness (27). Based on such findings, it was hypothesize 
that GSPE may protect against airway epithelial cell inflam-
mation following RSV infection.

In the present study, GSPE pretreatment of airway epithelial 
cells infected with RSV evidently resulted in the suppression 
of proinflammatory cytokine expression, including IL‑1β, 
IL‑6 and IL‑8. Notably, IL‑1β was detected by western blot 
analysis, but not ELISA. This could be due to the low levels 
of secreted IL-1β, which was not sufficient to be measured 
by ELISA. Inflammatory stimuli, such as RSV infection, 
induce excessive cytokine production, which enhances the 
immune response and subsequent inflammation (6). Therefore, 
anti‑inflammatory therapies often target proinflammatory 
cytokines (28). It is therefore of note that GSPE exerted its 
anti‑inflammatory effects by inhibiting synthesis of the IL‑1β, 
IL‑6 and IL‑8 protein. The antioxidant action of GSPE may 
also serve an anti‑inflammatory role by eliminating reactive 
oxygen species; these significantly affect the pathogenesis of 
RSV infection (2). GSPE may reduce RSV‑induced oxidative 
stress and inhibit the production of inflammatory mediators 
such as cytokines and chemokines, and, consequentially 
reduce RSV‑induced lung inflammation (27). This suggests 
that GSPE may be useful to prevent and treat RSV‑induced 
airway disease.

In the present study, cells were pretreated with GSPE 
at 5 and 10 µg/ml. In preliminary experiments, cells were 
exposed to GPSE at concentrations between 5‑100 µg/ml. 
GSPE at ≥20 µg/ml was associated with significant cytotox-
icity. Thus, GSPE at 5 and 10 µg/ml was selected. Earlier 
investigators performed toxicity studies to evaluate the safety 
of GSPE, which demonstrated that GSPE was safe at higher 
concentrations in vivo and in vitro (7).

The present study had several limitations. This was a 
preliminary work that evaluated the anti‑inflammatory effects 
of GSPE in RSV‑induced airway disease. A549 human lung 
adenocarcinoma epithelial cells were used, which are not 
physiologically representative of the human airway epithe-
lium. The expression of only three proinflammatory cytokines 
was examined and the underlying signaling pathways were not 
investigated. In addition, the levels of reactive oxygen species 
were not evaluated. These limitations will be addressed in 
future research.

In conclusion, GSPE pretreatment may have regulated the 
immune response by reducing RSV infection‑induced tran-
scription of proinflammatory cytokines in airway epithelial 
cells. GSPE pretreatment significantly suppressed IL‑1β, IL-6 
and IL‑8 expression, suggesting that GSPE may serve as a 
preventative agent in RSV‑induced airway disease.
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