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Abstract: Objective: The objective of this study was to observe the effects of forsythoside A on
controlling influenza A virus (IAV) infection and improving the prognosis of IAV infection. Methods:
Forty-eight SPF C57BL/6j mice were randomly divided into the following four groups: Group A:
normal control group (normal con); Group B: IAV control group (V con); Group C: IAV+ oseltamivir
treatment group (V oseltamivir; 0.78 mg/mL, 0.2 mL/mouse/day); Group D: IAV+ forsythoside A
treatment group (V FTA; 2 µg/mL, 0.2 mL/mouse/day). Real-time fluorescence quantitative PCR
(RT-qPCR) was used to measure mRNA expression of the TLR7, MyD88, TRAF6, IRAK4 and NF-κB
p65 mRNA in TLR7 signaling pathway and the virus replication level in lung. Western blot was used
to measure TLR7, MyD88 and NF-κB p65 protein. Flow cytometry was used to detect the proportion
of the T cell subsets Th1/Th2 and Th17/Treg. Results: The body weight began to decrease after IAV
infection, while FTA and oseltamivir could reduce the rate of body weight loss. The pathological
damages in the FTA and oseltamivir group were less serious. TLR7, MyD88, TRAF6, IRAK4 and
NF-κB p65 mRNA were up-regulated after virus infection (p < 0.01) while down-regulated after
oseltamivir and FTA treatment (p < 0.01). The results of TLR7, MyD88 and NF-κB p65 protein
consisted with correlative mRNA. Flow cytometry showed the Th1/Th2 differentiated towards Th2,
and the Th17/Treg cells differentiated towards Treg after FTA treatment. Conclusions: Our study
suggests forsythoside A can control influenza A virus infection and improve the prognosis of IAV
infection by inhibiting influenza A virus replication.
Keywords: forsythoside A; influenza A virus infection; TLR7 signaling pathway; oseltamivir

1. Introduction
Influenza infections represent a considerable public health burden. Each year, influenza viruses
infect 3 to 5 million people worldwide [1,2]. Influenza illness is characterized by involvement of the
respiratory tract accompanied by systemic complaints, including headache, myalgia, and fever [3].
After influenza virus infection, a rapid immune response is required to control the lung infection.
The role of innate immunity against influenza virus has been widely demonstrated to be essential of
defense against viral infections through transmembrane cell receptors [4]. Toll-like receptor 7 (TLR7) is
one of these receptors which can recognize viral single-stranded RNA (ssRNA) [5], then activate the
downstream signaling molecules through the MyD88-dependent pathway. MyD88 activation leads
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leads to the death domain of interleukin-1 receptor-associated kinase (IRAK1) and tumor necrosis
factor receptor-associated factor 6 (TRAF6) activation in sequence.
In Asia medicinal herbs have been used for many centuries. It’s interesting that plants, including
Forsythia suspense fruits, show remarkable results in treating influenza [6]. Forsythoside A (FTA) is
one of the main phenylethanoid glycosides from Forsythia suspense (Figure 1). Research was presented
showing that FTA had antimicrobial activity and antivirus activity [7–9]. But whether FTA can treat
IAV infection, and if it could, little is known regarding the mechanism of FTA in treating influenza.
Based on the fact that the TLR7 signaling pathway is initially involved in microbial recognition
by the immune system, and the antimicrobial activity and antivirus activity of FTA, the present study
was designed to test the hypothesis that FTA could exert effects on the regulation of the TLR7
signaling pathway after respiratory tract IAV infection.
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The body weight changes of the mice in different experimental groups are shown in Figure 2.
pathway after respiratory tract IAV infection.
Body weight of mice in normal con showed no changes. After IAV infection, the physical condition of
mice in the V con, V oseltamivir and V FTA groups started to deteriorate, and they began to lose
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Figure 2. Changes in mice body weight. The body weight of mice in V con, V oseltamivir and V FTA
began to decline on day 3. Body weight of Mice in V con decreased more quickly than V oseltamivir
and V FTA. Δ p < 0.01 compared with normal con. * p < 0.01 compared with V con.
Figure 2. Changes in mice body weight. The body weight of mice in V con, V oseltamivir and V FTA
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The bronchial epithelium showed no external lesions or inflammatory cell infiltration (Figure 3a).
The bronchial epithelium showed no external lesions or inflammatory cell infiltration (Figure 3a).
After FM1 infection, diffuse damage could be seen in the alveoli, alveolar sacs, alveolar tubes, alveolar
After FM1 infection, diffuse damage could be seen in the alveoli, alveolar sacs, alveolar tubes, alveolar
septa and bronchi. There was a large amount of lymphocyte infiltration in the pulmonary interstitium
septa and bronchi. There was a large amount of lymphocyte infiltration in the pulmonary interstitium
(Figure 3b). Compared with the V con, the pathological damage was alleviated in the V oseltamivir and
(Figure 3b). Compared with the V con, the pathological damage was alleviated in the V oseltamivir
V FTA groups. The alveolar interval was thinner in these two groups, the alveolar walls were
diminished, infiltration of mononuclear cells in the walls of bronchioles decreased, but there was no
distinct difference between V oseltamivir and V FTA after virus infection (Figure 3c,d). Total
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inflammatory cell count and degree of pulmonary interstitial edema increased after IAV infection
(p < 0.01), reduced after Oseltamivir and FTA Treatment (p < 0.01) (Figure 3e,f).
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significant difference compared with the V oseltamivir group (p < 0.01) (Figure 4).
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Figure 4. Effect of forsythoside A and oseltamivir on changing the relative expression levels of the
IAV replication. Total RNA was isolated from the lung tissue. Statistics determined by two-part t test.
Δ p < 0.01 compared with normal con. * p < 0.01 compared with V con.
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Both oseltamivir and FTA treatment reduced mRNA expression in the TLR7 signaling pathway.
Compared with the V con group, the mRNA in the TLR7 signaling pathway was down-regulated in
the V Oseltamivir and V FTA groups (p < 0.01). Compared with the V Oseltamivir group, the difference
of the V FTA one had no statistical significance (p > 0.01) (Figure 5).

Figure
5. Relative
mRNA
relative
expression
MyD88,TRAF6,
TRAF6,IRAK4
IRAK4
and
NF-κB
(p65)
mRNA
Figure
5. Relative
mRNA
relative
expressionof
ofTLR7,
TLR7, MyD88,
and
NF-κB
(p65)
mRNA
in the
(n =(n12
each).
Δ∆
p <p <
0.01
normalcon.
con.* *p p< <0.01
0.01
compared
with
V con.
insix
thegroups
six groups
= 12
each).
0.01compared
compared with
with normal
compared
with
V con.
Figure 5. Relative mRNA relative expression of TLR7, MyD88, TRAF6, IRAK4 and NF-κB (p65) mRNA
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According to the western blot results, TLR7, MyD88 and NF-κB p65 protein expression was
gradually enhanced in V con compared with the normal con group. Compared with the V con group
2.5. Relative Protein Expression of TLR7, MyD88 and NF-κB p65

According to the western blot results, TLR7, MyD88 and NF-κB p65 protein expression was
gradually enhanced in V con compared with the normal con group. Compared with the V con group
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Both oseltamivir and FTA treatment reduced mRNA expression in the TLR7 signaling pathway.
Compared with the V con group, the mRNA in the TLR7 signaling pathway was down-regulated in
the V Oseltamivir and V FTA groups (p < 0.01). Compared with the V Oseltamivir group, the difference
of the V FTA one had no statistical significance (p > 0.01) (Figure 5).
2.5. Relative Protein Expression of TLR7, MyD88 and NF-κB p65
Molecules 2016, 21, 524

5 of 10

According to the western blot results, TLR7, MyD88 and NF-κB p65 protein expression was
gradually enhanced in V con compared with the normal con group. Compared with the V con group the
the relative protein expression of TLR7, MyD88 and NF-κB p65 was down-regulated in V oseltamivir
relative protein expression of TLR7, MyD88 and NF-κB p65 was down-regulated in V oseltamivir and
andVVFTA
FTAanimals
animals
The western blot results were consistent with the RT-qPCR results (Figure 6).
The western blot results were consistent with the RT-qPCR results (Figure 6).
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Flow cytometry was used to detect the proportion of the T cell subsets Th1/Th2 and Th17/Treg.
These proportions increased after infection. The Th1/Th2 differentiated towards Th1, and the
Th17/Treg cells differentiated towards Th17. The infected mice in the V oseltamivir and V FTA groups
had lower proportions of these T cells subsets than infected mice in the normal group. FTA
suppressed
Molecules 2016,T21,cells
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of T
11
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sensor for the viral genome [4,18], and it serves as a crucial bridge between innate and adaptive
immunity [5]. The activated TLR7 recruits MyD88 to endosomes, activating the TLR7 signaling
pathway and then sending the signal to NF-κB through a series of cascade reaction [19–21]. The
increasing concentration of pro-inflammatory cytokines and tumor necrosis factors [22], like TNF-alpha,
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patterns (PAMPs) and transfer pathogen-related molecular signals into cells via transmembrane
proteins. The pattern-recognition receptor (PRR) toll-like receptor 7 (TLR7) has been demonstrated
to be a major sensor for the viral genome [4,18], and it serves as a crucial bridge between innate
and adaptive immunity [5]. The activated TLR7 recruits MyD88 to endosomes, activating the TLR7
signaling pathway and then sending the signal to NF-κB through a series of cascade reaction [19–21].
The increasing concentration of pro-inflammatory cytokines and tumor necrosis factors [22], like
TNF-alpha, IL-1, IL-17a, IL-17f and etc., finally cause a huge excess of cytokines, known as a
“cytokine storm”. The cytokine storm does more harm than good leading to immune pathologic
dandification, particularly in lung. In different cytokines environment, CD4+ T cell differentiates
into four lymphocyte subgroups [23,24], including Th1, Th2, Th17 and Tregs cells, The lymphocyte
subsets work together to maintain immune equilibrium. Studies have shown that in the infectious
environment endogenous TGF-β and inflammatory mediator IL-6 or IL-21 promote differentiation of
Th17 to enhance inflammation [25,26]. TGF-β controlled function of effector cells in proper condition
by Treg cells proliferation and maintaining their function [27,28]. Excessive inflammatory reaction
may injure structure and function of body. It is an important subject of antiviral therapy to keep
immunologic balance and avoid over excitation inflammatory response.
It had been proved in vitro that extract of Forsythia suspensa has a protective effect on MDCK cells
infected by H1N1 virus [29], but the mechanism whereby FTA improves the prognosis of IAV infection
in vivo is poorly understood. In this study, the viral replication level RT-qPCR results showed that the
influenza A virus replication was notably reduced in the V oseltamivir and V FTA groups. According
to the RT-qPCR results of TLR7, MyD88, IRAK4, TRAF6 and NF-κB p65 mRNA, the expression of
these TLR7 correlative mRNA were down-regulated after FTA treatment. The results indicated that
FTA can inhibit influenza A virus replication leading to a down-regulation in TLR7 signaling pathway.
TLR7, MyD88 and NF-κB p65 protein expression was consistent with the mRNA data. What’s more,
hematoxylin & eosin staining results also confirmed the pathological damages of the V FTA were
relieved compared with the V con group. FCM analysis on splenocytes exhibited a change in the
Th1/Th2 ratio as well as the Th17/Treg ratio, which demonstrated FTA had an inhibitory action on the
proinflammatory role of T cells.
In conclusion, this study demonstrated that the FTA had significant inhibitory effect against
influenza A virus in mice. Forsythia suspense has been using for many centuries in humans, and
no side-effect have been reported. However, we also know little about its pharmacological action.
Our experiments therefore contribute to our knowledge of the pharmacology of FTA. Our study
suggests FTA exerts an inhibitory effect on influenza A virus in mice, leads to down-regulating of TLR7
signaling pathway, controls influenza A virus infection and improves the prognosis of IAV infection.
However, further experiments are needed to thoroughly clarify the potential of FTA in influenza virus
infection treatment.
4. Materials and Methods
4.1. Animals
Forty-eight (half males and half females) specific pathogen free C57BL/6j mice weighing 20 ˘ 1 g
were purchased from The Jackson Laboratory (The Jackson Laboratory, Sacramento, CA, USA). Mice
were placed in a controlled environment of (23 ˘ 1 ˝ C) and (50% ˘ 5%) relative humidity with free
access to food and water for 14 days, under a 12 h light/dark cycle. Experiments were performed
under the supervision and assessment of the Laboratory Animal Ethics Committee of Jinan University.
All experimental procedures were performed in accordance with Guidelines on administration of
Laboratory Animals, and were approved by the Animal Ethics Committee of Jinan University.
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4.2. Grouping, Virus and Treatment
Mice were randomly divided into the following four groups, with 12 mice in each group:
Group A: normal control group (normal con); Group B: IAV control group (V con); Group
C: IAV+ oseltamivir treatment group (V oseltamivir, 0.78 mg/mL, 0.2 mL/mouse/day); Group D:
IAV+ FTA treatment group (V FTA; 2µg/mL, 0.2 mL/mouse/day).
Influenza A/FM1/1/47 (mouse adapted) used for all experiments was grown in the allantoic
cavities of 10- to 11-day-old fertile chicken eggs for 2 days at 35 ˝ C. Forsythoside A (>98% pure) was
purchased from the Guangzhou Institute for Drug Control (Guangzhou, China). The mice in the
V con, V oseltamivir and V FTA groups were fully anesthetized by inhalation of diethyl ether and then
infected by intranasal application of 20% LD50 FM1 influenza virus suspension for 4 days (d1–d4).
This procedure leads to upper and lower respiratory tract infection. Mice in normal con received saline
after anesthesia by inhalation of diethyl ether. Treatments for mice in the V oseltamivir group and
V FTA group were started at day 2 (d2–d5).
4.3. Histopathological Examination
Lung samples were obtained. Lung tissue (0.5 cm) was were removed for analysis, fixed with
4% paraformaldehyde, and then modified and trimmed by a blade. The appropriate lung part was
selected and treated with the following steps: rinsing, dehydration, treatment by a transparent agent,
immersing and other steps. After the sections were treated with drying, dewaxing, hydration and
other steps, and stained with hematoxylin and eosin. The tissues were sectioned, and central tissue
organization observed. The histopathology scoring methods for individual mice were the sum of two
parameters, including the number of total inflammatory cells and degree of pulmonary interstitial
edema [30,31]. The size of the microscopic field employed in the analysis was ˆ200. All analyses of
slides were performed blind by a pathologist (Sizhi Wu) and quantified using image-pro-plus software
(Media Cybernetics, Inc., Rockville, MD, USA).
4.4. RT-qPCR of TLR7, MyD88, TRAF6, IRAK4 and NF-κB p65 mRNA and Relative Expression of the
Influenza A Virus in Lung
Lung samples were obtained. mRNA expression of TLR7, MyD88, TRAF6, IRAK4 and NF-κB was
measured using quantitative real-time reverse transcriptase PCR (RT-qPCR), as well as IAV replication
in lung. Total RNA was extracted by RNAiso Plus (No. 9108, TaKaRa, Kusatsu, Japan) according to
the manufacturer’ s instructions. cDNA synthesis and real-time PCRs were carried out using the CFX
Connect Real-Time PCR Detection system (BIO-RAD, Berkeley, CA, USA) with PrimeScript RT reagent
kits (RR047A, TaKaRa) and SYBR Premix EX Taq II (RR820A, TaKaRa) according to the manufacturer’
s instructions. Primers were synthesized by Generay Biotech Co. (Shanghai, China). All primers for
RT-qPCR are presented in Table 1. After RT-qPCR, analysis of the relative gene expression levels was
performed using the 2´∆∆CT method. Each sample was measured three times and averaged. Gene
expression in the V oseltamivir and V FTA groups was expressed relative to the V con group.
4.5. Western Blot for TLR7, MyD88 and NF-κB p65
Proteins were extracted from the lung tissues and then quantified using BCA protein assay kits
(Wuhan Goodbio Technology Co., Ltd., Wuhan, China). An equal amount of protein (20 µg/lane) was
fractionated using an electrophoresis system (BIO-RAD) on 10% and 15% polyacrylamide gels and
then transferred to PVDF membranes (Millipore, Darmstadt, Germany). Membranes were respectively
incubated with antibodies at an appropriate dilution Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), NF-κB p65 (Santa Cruz Biotechnology, Dallas, TX, USA), TLR7 and MyD88 (Cell Signaling
Technology, MA, USA) at 4 ˝ C overnight. Membranes were washed and incubated with secondary
antibody for 30 min at 37 ˝ C. Protein bands were detected using an electrochemiluminescence kit
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according to the manufacturer’ s instructions and analysed using GE Image Quant LAS 4000 mini
imaging analysis software (BIO-RAD).
Table 1. Primers used for RT-qPCR analysis.
Gene

Primer

Sequence

GAPDH

Forward primer
Reverse primer

51 -TGATGACATCAAGAAGGTGGTGAAG-31
51 -TCCTTGGAGGCCATGTAGGCCAT-31

TLR7

Forward primer
Reverse primer

51 -GGGTCCAAAGCCAATGTG-31
51 -TGTTAGATTCTCCTTCGTGATG-31

MyD88

Forward primer
Reverse primer

51 -CGATTATCTACAGAGCAAGGAATG-31
51 -ATAGTGATGAACCGCAGGATAC-31

TRAF6

Forward primer
Reverse primer

51 -TTGGAGAGTCGCCTAGTAAG-31
51 -GTTACACTGCTGTGCTTCC-31

IRAK4

Forward primer
Reverse primer

51 -CATCGTGGCGGTGAAGAAG-31
51 -AGCATACACTAAGCACAGGTTG-31

NF-κB p65

Forward primer
Reverse primer

51 -ATTCTGACCTTGCCTATCTAC-31
51 -TCCAGTCTCCGAGTGAAG-31

Virus Replication

Forward primer
Reverse primer

51 -GACCAATCCTGTCACCTCTGAC-31
51 -GGGCATTTGGACAAACGTCTACG-31

RT-qPCR, quantitative real-time polymerase chain reaction.

4.6. Immunofluorescence Labeling and Flow Cytometry
PBMCs were isolated from the spleen by lymphocyte separation medium (TBDscience Co., Tianjin,
China) according to the manufacturer’s instructions. Different subsets of T cells were evaluated by
flow cytometry. All anti-mouse-specific Abs used in this study were obtained from eBioscience
(San Diego, CA, USA). PBMCs were stimulated with phorbol myristate acetate (PMA, 25 ng/mL,
MultiSciences Biotech Co., Ltd., Hangzhou, China) and ionomycin (1 µg/mL, MultiSciences Biotech
Co.) in the presence of FC Receptor Blocker (MultiSciences Biotech Co.) for 4 h. The cells were washed
and then fixed/permeabilized in the eBioscience fixation/permeabilization and permeabilization
buffers and stained with anti-CD4-FITC, anti-CD25-APC, anti-IL-4-PE, anti- IFN gamma-APC,
anti-IL-17-PE-Cyanine7, and anti-Foxp3-PE. Appropriate isotype controls were performed. Flow
cytometry was performed on a BD FACS Calibur flow cytometer (BD Biosciences, Franklin Lakes, NJ,
USA) and analyzed by using FCS Express3 software (De Novo, Kiev, Ukraine).
4.7. Statistical Analysis
Statistical analyses were carried out using SPSS 22 for Mac (IBM Software, New York, NY,
USA). All data are presented as mean ˘ SD. Groups were compared using one-way ANOVA,
followed by post-hoc Student-Newman-Keuls tests. The values of protein band density obtained
from gel analysis and band densitometry were calculated. These values were expressed as TLR7,
NF-κB or MyD88/GAPDH ratio for each sample. The averages for different groups were compared
using ANOVA followed by the Newman-Keuls test. A p value of <0.01 was considered to be
statistically significant.
Acknowledgments: We thank Tin Ka Ping Center for Medical Experiments (Jinan University) for providing
experimental place. This work was supported by the National Natural Science Foundation of China (No. 81273616
and 81473557), the Guangdong Natural Science Foundation (No. S2013010013434), Science and Technology
Program of Guangzhou, China (No. 2014J4100106), Science and Technology Program of Guangdong, China
(No. 2014A020212221).

Molecules 2016, 21, 524

10 of 11

Author Contributions: The experiments were designed by Chen Xiaoyin and Deng Li, and were performed by
Deng Li, Pang Peng, Zheng Ke, Wu Sizhi and Nie Jiao. Deng Li, Pang Peng and Nie Jiao wrote and revised the
manuscript, Xu Huachong and Chen Jia participated in the sequence alignment. All authors read and approved
the final manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.

4.

5.
6.

7.

8.
9.
10.

11.
12.
13.
14.

15.
16.

17.
18.

19.

Oxford, J.S. Influenza A pandemics of the 20th century with special reference to 1918: Virology, pathology
and epidemiology. Rev. Med. Virol. 2000, 10, 119–133. [CrossRef]
Potter, C.W. A history of influenza. J. Appl. Microbiol. 2001, 91, 572–579. [CrossRef] [PubMed]
Yuen, K.Y.; Chan, P.K.; Peiris, M.; Tsang, D.N.; Que, T.L.; Shortridge, K.F.; Cheung, P.T.; To, W.K.; Ho, E.T.;
Sung, R.; et al. Clinical features and rapid viral diagnosis of human disease associated with avian influenza
A H5N1 virus. Lancet 1998, 351, 467–471. [CrossRef]
Wu, S.; Jiang, Z.-Y.; Sun, Y.-F.; Yu, B.; Chen, J.; Dai, C.-Q.; Wu, X.-L.; Tang, X.-L.; Chen, X.-Y. Microbiota
regulates the TLR7 signaling pathway against respiratory tract influenza A virus infection. Curr. Microbiol.
2013, 67, 414–422. [CrossRef] [PubMed]
Takeda, K.; Akira, S. Toll-like receptors in innate immunity. Int. Immunol. 2005, 17. [CrossRef] [PubMed]
Chang, M.-J.; Hung, T.M.; Min, B.-S.; Kim, J.-C.; Woo, M.H.; Choi, J.S.; Lee, H.K.; Bae, K. Lignans from
the Fruits of Forsythia suspensa (Thunb.) Vahl Protect High-Density Lipoprotein during Oxidative Stress.
Biosci. Biotechnol. Biochem. 2008, 72, 2750–2755. [CrossRef] [PubMed]
Jiao, J.; Fu, Y.-J.; Zu, Y.-G.; Luo, M.; Wang, W.; Zhang, L.; Li, J. Enzyme-assisted microwave hydro-distillation
essential oil from Fructus forsythia, chemical constituents, and its antimicrobial and antioxidant activities.
Food Chem. 2012, 134, 235–243. [CrossRef]
Xing, S.; Peng, Y.; Wang, M.; Chen, D.; Li, X. In vitro human fecal microbial metabolism of Forsythoside A
and biological activities of its metabolites. Fitoterapia 2014, 99, 159–165. [CrossRef] [PubMed]
Ma, Y.Y.; Zhang, Z.W.; Li, H.W.; Sun, J.H.; Xu, C.Y.; Wu, G.J. Effects of forsythoside A on the Expression of
IFN-α and Mx1. Sci. Agric. Sin. 2010. [CrossRef]
Saenz, R.A.; Quinlivan, M.; Elton, D.; MacRae, S.; Blunden, A.S.; Mumford, J.A.; Daly, J.M.; Digard, P.;
Cullinane, A.; Grenfell, B.T.; et al. Dynamics of Influenza Virus Infection and Pathology. J. Virol. 2010, 84,
3974–3983. [CrossRef] [PubMed]
Myers, K.P.; Olsen, C.W.; Gray, G.C. Cases of swine influenza in humans: A review of the literature.
Clin. Infect. Dis. 2007, 44, 1084–1088. [CrossRef] [PubMed]
Dotis, J.; Roilides, E. H1N1 Influenza A infection. Hippokratia 2009, 13, 135–138. [PubMed]
McClellan, K.; Perry, C.M. Oseltamivir—A review of its use in influenza. Drugs 2001, 61, 263–283. [CrossRef]
[PubMed]
Jefferson, T.; Jones, M.; Doshi, P.; Spencer, E.A.; Onakpoya, I.; Heneghan, C.J. Oseltamivir for influenza
in adults and children: Systematic review of clinical study reports and summary of regulatory comments.
Br. Med. J. 2014, 348. [CrossRef] [PubMed]
Wallensten, A.; Oliver, I.; Lewis, D.; Harrison, S. Compliance and Side Effects of Prophylactic Oseltamivir
Treatment in a School in South West England. Eurosurveillance 2009, 14, 6–9.
Matsuzaki, Y.; Mizuta, K.; Aoki, Y.; Suto, A.; Abiko, C.; Sanjoh, K.; Sugawara, K.; Takashita, E.; Itagaki, T.;
Katsushima, Y.; et al. A two-year survey of the oseltamivir-resistant influenza A(H1N1) virus in Yamagata,
Japan and the clinical effectiveness of oseltamivir and zanamivir. Virol. J. 2010, 7. [CrossRef] [PubMed]
Wen, S.; Huifu, X.; Hao, H. Effects of the extract of Forsythia suspensa on influenza A H1N1 infection in vitro.
J. Med. Plants Res. 2010, 4, 1468–1471.
Baharom, F.; Thomas, S.; Bieder, A.; Hellmer, M.; Volz, J.; Sandgren, K.J.; McInerney, G.M.; Karlsson
Hedestam, G.B.; Mellman, I.; Smed-Sorensen, A. Protection of human myeloid dendritic cell subsets against
influenza A virus infection is differentially regulated upon TLR stimulation. J. Immunol. 2015, 194, 4422–4430.
[CrossRef] [PubMed]
Koyama, S.; Ishii, K.J.; Kumar, H.; Tanimoto, T.; Coban, C.; Uematsu, S.; Kawai, T.; Akira, S. Differential
role of TLR- and RLR-signaling in the immune responses to influenza A virus infection and vaccination.
J. Immunol. 2007, 179, 4711–4720. [CrossRef] [PubMed]

Molecules 2016, 21, 524

20.

21.
22.

23.
24.

25.

26.
27.

28.
29.
30.
31.

11 of 11

Wan, Q.; Wang, H.; Han, X.; Lin, Y.; Yang, Y.; Gu, L.; Zhao, J.; Wang, L.; Huang, L.; Li, Y.; et al. Baicalin
inhibits TLR7/MYD88 signaling pathway activation to suppress lung inflammation in mice infected with
influenza A virus. Biomed. Rep. 2014, 2, 437–441. [PubMed]
Brightbill, H.D.; Modlin, R.L. Toll-like receptors: Molecular mechanisms of the mammalian immune response.
Immunology 2000, 101. [CrossRef]
Zhang, A.J.X.; Li, C.; To, K.K.W.; Zhu, H.-S.; Lee, A.C.Y.; Li, C.-G.; Chan, J.F.W.; Hung, I.F.N.; Yuen, K.-Y.
Toll-like receptor 7 agonist imiquimod in combination with influenza vaccine expedites and augments
humoral immune responses against influenza A(H1N1)pdm09 virus infection in BALB/c mice. Clin. Vaccine
Immunol. 2014, 21, 570–579. [CrossRef] [PubMed]
Galgani, M.; de Rosa, V.; Matarese, G. T cell metabolism and susceptibility to autoimmune diseases.
Mol. Immunol. 2015, 68, 558–563. [CrossRef] [PubMed]
Nel, A.E.; Slaughter, N. T-cell activation through the antigen receptor. Part 2: Role of signaling cascades
in T-cell differentiation, anergy, immune senescence, and development of immunotherapy. J. Allergy Clin.
Immunol. 2002, 109, 901–915. [CrossRef] [PubMed]
Singh, A.; Yamamoto, M.; Ruan, J.; Choi, J.Y.; Gauvreau, G.M.; Olek, S.; Hoffmueller, U.; Carlsten, C.;
FitzGerald, J.M.; Boulet, L.-P.; et al. Th17/Treg ratio derived using DNA methylation analysis is associated
with the late phase asthmatic response. Allergy Asthma Clin. Immunol. 2014, 10. [CrossRef] [PubMed]
Zhao, G.H.; Fang, Y.Q.; Ryan, U.; Guo, Y.X.; Wu, F.; Du, S.Z.; Chen, D.K.; Lin, Q. Dynamics of Th17 associating
cytokines in Cryptosporidium parvum-infected mice. Parasitol. Res. 2016. [CrossRef] [PubMed]
Monteleone, G.; Kumberova, A.; Croft, N.M.; McKenzie, C.; Steer, H.W.; MacDonald, T.T. Blocking Smad7
restores TGF-β1 signaling in chronic inflammatory bowel disease. J. Clin. Investig. 2001, 108, 601–609.
[CrossRef] [PubMed]
Bierie, B.; Moses, H.L. Transforming growth factor beta (TGF-β) and inflammation in cancer. Cytokine Growth
Factor Rev. 2010, 21, 49–59. [CrossRef] [PubMed]
Li, H.; Wu, J.; Zhang, Z.; Ma, Y.; Liao, F.; Zhang, Y.; Wu, G. Forsythoside A Inhibits the Avian Infectious
Bronchitis Virus in Cell Culture. Phytother. Res. 2011, 25, 338–342. [CrossRef] [PubMed]
Kernbauer, E.; Ding, Y.; Cadwell, K. An enteric virus can replace the beneficial function of commensal
bacteria. Nature 2014, 516, 94–98. [CrossRef] [PubMed]
Robbins, C.S.; Bauer, C.M.T.; Vujicic, N.; Gaschler, G.J.; Lichty, B.D.; Brown, E.G.; Stämpfli, M.R. Cigarette
Smoke Impacts Immune Inflammatory Responses to Influenza in Mice. Am. J. Respir. Crit. Care Med. 2012,
174, 1342–1351. [CrossRef] [PubMed]

Sample Availability: Not available.
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

