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[ABSTRACT] Respiratory syncytial virus (RSV) is a leading cause of acute lower respiratory tract infections. Qingfei oral liquid 
(QFOL), a traditional Chinese medicine, is widely used in clinical treatment for RSV-induced pneumonia. The present study was de-
signed to reveal the potential targets and mechanism of action for QFOL by exploring its influence on the host cellular network fol-
lowing RSV infection. We investigated the serum proteomic changes and potential biomarkers in an RSV-infected mouse pneumonia 
model treated with QFOL. Eighteen BALB/c mice were randomly divided into three groups: RSV pneumonia model group (M), 
QFOL-treated group (Q) and the control group (C). Serum proteomes were analyzed and compared using a label-free quantitative 
LC-MS/MS approach. A total of 172 protein groups, 1009 proteins, and 1073 unique peptides were successfully identified. 51 differen-
tially expressed proteins (DEPs) were identified (15 DEPs when M/C and 43 DEPs when Q/M; 7 DEPs in common). Classification and 
interaction network showed that these proteins participated in various biological processes including immune response, blood coagula-
tion, complement activation, and so forth. Particularly, fibrinopeptide B (FpB) and heparin cofactor II (HCII) were evaluated as impor-
tant nodes in the interaction network, which was closely involved in coagulation and inflammation. Further, the FpB level was in-
creased in Group M but decreased in Group Q, while the HCII level exhibited the opposite trend. These findings not only indicated 
FpB and HCII as potential biomarkers and targets of QFOL in the treatment of RSV pneumonia, but also suggested a regulatory role of 
QFOL in the RSV-induced disturbance of coagulation and inflammation-coagulation interactions. 

[KEY WORDS] Qingfei oral liquid; Respiratory syncytial virus-infected mouse pneumonia model; Label-free quantitative proteomics; 
Potential serum biomarkers; RSV-host interaction network  
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Introduction 

Respiratory syncytial virus (RSV) belongs to the Pneu-

movirus genus of the Paramyxoviridae family. It has a nega-
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tive-sense single-stranded RNA genome, encoding for 10 

subgenomic mRNAs and 11 proteins [1]. RSV is a leading 

cause of acute lower respiratory tract infections (pneumonia 

or bronchiolitis) in infants, young children and the elderly, 

responsible for the majority of pediatric hospitalizations [2].  

The pathogenesis of RSV is not well understood, and bio-

markers of RSV infection are still unclear [3]. Besides, no 

vaccine has been marketed so far [4]. Therapeutic options for 

RSV treatment and control are also limited. Ribavirin is the 

only approved agent for the treatment of RSV, but not rec-

ommended for the routine management of the disease due to 

its questionable benefit and toxic side effects [5]. Monoclonal 



ZHOU Li-Hua, et al. / Chin J Nat Med, 2018, 16(4): 241251 

– 242 – 

antibodies, such as palivizumab, are recommended as pro-

phylactic drugs for high-risk individuals [6], but the expense of 

this option restricts its use, especially in developing countries. 

Recently, targeting host factors required for viral replication is 

proposed as an alternative strategy to develop prophylaxis or 

therapy for RSV infections [1, 7]. Interactions between RSV and 

host cellular network have been an attractive research area for 

the finding of essential host factors as potential drug targets. 

Qingfei oral liquid (QFOL) is a traditional Chinese med-
icine (TCM) consisting of 10 ingredients. It is improved from 
the classical prescription of Ma-xing-shi-gan decoction, 
which has been used to treat cough, asthma and viral pneu-
monia for hundreds of years [8]. Clinical research shows re-
markable effects of QFOL in children with RSV pneumonia [9-10]. 
In addition, our experimental studies in RSV-infected cells and 
mouse pneumonia model have revealed important regulation 
of QFOL on immune system and inflammation following 
RSV infection, by modulating the expression of correlative 
cytokines, including IL-2, IL-4, IL-12, IL-17, T-bet, GATA3, 
and so forth [11-13]. However, the detailed mechanism and 
targets of QFOL remains obscure. 

By comparison of protein expression under physiological, 
pathological and therapeutic conditions, differential pro-
teomics facilitates the understanding of various pathologi-
cal progresses, as well as targets and mechanisms of drug 
action. Given the common holistic and systemic features be-
tween proteomics and TCM, proteomic technologies have 
been popularly used in the mechanistic studies of TCM [14-15]. 
As for RSV pathogenesis, some researchers have reported 
proteomic changes in RSV-infected cells using label-free, 
iTRAQ or SILAC proteomics [5, 16-19]. Only one report has 
analyzed the lung differential proteomes in RSV-infected rat 
pneumonia model based on 2D-DIGE [20]. These findings 
have identified many differentially expressed proteins (DEPs) 
participating in metabolic process, response to stimulus, im-
mune response, complement activation, and so forth, and 
indicated clues for RSV pathogenesis. However, serum pro-
teomic changes following RSV infection remains unknown. 
As for RSV prevention or treatment, reports on differential 
proteomics of drug therapy are not foun. Investigation of 
serum differential proteomes in animal models with RSV 
pneumonia and TCM therapy will provide new information 
on proteomic studies in RSV pathogenesis and treatment. 

In the present study, we used BALB/c mice infected with 
RSV to establish an RSV pneumonia model [11-13, 21]. Serum 
proteomic changes in this model following QFOL therapy 
were investigated by liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) based label-free quantitative 
technologies and multiple bioinformatics analysis. It was the 
first serum proteomic study on an RSV pneumonia model and 
the first differential proteomic analysis on using TCM in the 
treatment of RSV. Our work would facilitate the findings of 
potential biomarkers and contributes to a better understanding 
of RSV pathogenesis and the mechanism of QFOL action. 

 

Materials and Methods 

RSV  
RSV (subtype A strain long) was donated by China Cen-

ter for Type Culture Collection and stored in Jiangsu Key 
Laboratory of Pediatric Respiratory Disease in Nanjing Uni-
versity of Chinese Medicine. The RSV long strain was propa-
gated in Hep2 cells (Nanjing KeyGen Biotech. Inc., Nan-
jing, China) and the viral pools were stored at –80 °C as pre-
viously described [16]. Infectious RSV titers were determined 
by measuring the 50% tissue culture infectious dose (TCID50).  
QFOL preparation 

QFOL was provided by the pharmaceutical department of 
the affiliated hospital of Nanjing University of Chinese Medi-

cine, at a concentration of crude drug of 3.7 gmL–1 (equiva-
lent to 3 times of the clinical dose; optimized by our previous 
experiments [11-13]). It was a TCM formula consisting of 10 
ingredients including Ephedra sinica, Armeniacae semen ama-
rum, Semen descurainiae, Cortex mori, Peucedanum praerup-
torum Dunn, Bombyx batryticatus, Salvia miltiorrhiza, Rhi-
zoma polygoni cuspidati, Rhizoma Bistortae, and Gypsum 
fibrosum. 
High performance liquid chromatography/mass spectrometry 
(HPLC/MS) analysis of QFOL 

Components of QFOL were analyzed by an LTQ-Orbitrap 
mass spectrometer (Thermo Fisher Scientific, San Jose, CA, 
USA) coupled with an HPLC model U3000 apparatus (Dionex, 
San Jose, CA, USA). Standards of amygdalin, polydatin, 
rosmarinic acid, quercetin and emodin were purchased from 
Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, China). 
The purity of all standards was > 98%. Instrument control, 
data acquisition, and analysis were performed using Xcalibur 
2.2 SP1.48 software (Thermo Fisher Scientific, Waltham, 
MA, USA). Chromatographic separation was achieved on a 
Hypersil BDS C18 column (2.1 mm × 150 mm, 3 μm; Thermo 
Fisher Scientific, Waltham, MA, USA) with the column tem-
perature being set at 40 °C. The mobile phase consisted of 
solvent A, 0.1% formic acid in water, and solvent B, acetonitrile. 

The mobile phases were eluted at a flow rate of 0.30 mLmin–1. 
The gradient was as follows: 10% B for 2.0 min, increased to 
90% B at 15 min, and then decreased to 10% B at 17 min, 
followed by 3 min equilibration. The LTQ-Orbitrap mass 
spectrometer was operated with the following parameters: 
spray voltage, 3.5 kV; heated capillary, 300 °C; HESI probe, 
350 °C; sheath gas pressure, 40 psi; and auxiliary gas pressure, 
15 psi. These conditions were kept constant for negative 
ionization mode acquisition. The mass calibration was cor-
rected using the standard calibration mixture before analysis. 
Accurate mass was used to predict the formula (ppm < 5). For 
full mass scan analysis, spectra were recorded in the range of 
m/z 100–1 000. MSn data were triggered by the da-
ta-dependent acquisition mode. Target ions were selected for 
fragmentation by dynamic exclusion for 10 s. The normalized 
collision energy for MS2, MS3, and MS4 was 35, and the ion 
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the ion selection threshold was 10 000, 1 000, and 500 counts, 
respectively. 
RSV infection and QFOL administration to mice 

Pathogen-free female BALB/c mice (body weight, 20. 0 ± 
2.0 g; age, 6–8 weeks; certificate no. 201609094) were pur-
chased from the Comparative Medicine Center of Yangzhou 
University (license no. SCXK (SU) 2012-0004). The mice 
were housed under specific, pathogen-free conditions until 
sacrifice. The housing conditions were as follows: tempera-
ture of 23 ± 2 °C, relative humidity of 60% ± 10%, and illu-
mination of 12 h light/12 h dark cycle (08: 00–20: 00), with 
free access to food and water. All animal-related experiments 
and procedures were approved by the Animal Care and Ethics 
Committee of Nanjing University of Chinese Medicine, Nan-
jing, China. 

Eighteen BALB/c mice were randomly divided into three 
groups: RSV-induced pneumonia model group (M), QFOL- 
treated group (Q), and the control group (C). Group M and Q 
were inoculated intranasally under ethyl ether with 104 
TCID50 RSV in a volume of 50 μL, respectively. Group C was 
mock-infected with normal saline. After 48 h of RSV inocula-

tion, Group Q was treated intragastrically with 0.6 mLd–1 of 
QFOL for 3 days, while Group M and C were mock-treated 
with normal saline. At 5 days post-infection, blood sample 
was collected retro-orbitally under ethyl ether and the mice 
were sacrificed by cervical dislocation. Serum was isolated by 
centrifugation and stored at –80 °C until further analy-
sis. Lungs were removed for histopathological staining. 
Pulmonary histopathology 

The left lobe of the lung was perfused, fixed in 10% neu-
tral buffered formalin, gradient-dehydrated with alcohol, em-
bedded in paraffin, and cut into 4-μm tissue sections. The sec-
tions were dried, dewaxed, dehydrated with gradient ethanol 
and stained with hematoxylin and eosin (H&E). Pathological 
characteristics and inflammation scores were determined under 
light microscopy as described before [22]. Scores were evaluated 
by two independent observers, recorded on a scale of 0–3, and 
added to calculate an overall severity score for each mouse. 
Lung histopathological results were compared between Group 
M and C, or between Group Q and M using t-test. Differences 
were considered significant at P < 0.05. 
Serum sample preprocessing and trypsin digestion 

Serum samples from Group M, Q and C were fraction-
ated using ProteoExtractTM albumin/IgG removal kit (Milli-
pore Corp., Billerica, MA, USA) in order to remove the most 
abundant serum proteins (albumin and IgG). The albumin/ 
IgG-deleted serum samples were incubated at 60 °C for 1 h 

with a final concentration of 5 mmolL–1 of dithiothreitol 
(DTT; Bio-Rad Laboratories, Hercules, CA, USA) and incu-

bated in dark with a final concentration of 10 mmolL–1of 
iodoacetamide (IAM; Bio-Rad Laboratories, Hercules, CA, 
USA). Then, proteins were precipitated with 5 times the vol-
ume of ice acetone by centrifugation at 10 000 g for 10 min. 
Precipitated proteins were digested by incubated with 4 μg of 

trypsin (Promega, Madison, WI, USA) in 100 μL of ABC 

buffer (50 mmolL–1 of ammonium bicarbonate, pH 7.8; 
Sigma-Aldrich, St. Louis, MO, USA, A6141) at 37 °C for 4 h, 
followed by further incubation with additional equivalent 
trypsin buffer at 37 °C for 12 h. Digested liquid was ultrafil-
trated with a 10-kDa ultrafiltration tube (Millipore Corp., Bil-
lerica, MA, USA) by centrifugation at 14 000 g for 30 min. 
The flow-through liquid was collected and desalted with Zip-
Tip C18 pipette tips (Millipore Corp., Billerica, MA, USA). 
Peptide concentrations were estimated by absorbance meas-
urement at 280 nm using a differential spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA). 
LC-MS/MS analysis 

Peptide samples were analyzed on an Easy nanoLC 1000 
system (Thermo Scientific) interfaced to an LTQ Orbitrap XL 
mass spectrometer (Thermo Scientific). 1.5 μg of peptides 
from each experimental sample were online-purified using 
Thermo scientific EASY column (2 cm × 100 μm, 5 μm, C18). 
The purified samples were then separated using Thermo sci-
entific EASY column (75 μm × 100 mm, 3 μm, C18). The 

separation was achieved at flow rate of 0.25 μLmin–1, using 
the following gradient: 0–12 min sustaining 3% solvent B 
(84% acetonitrile with 0.1% formic acid), 12–100 min ramp-
ing solvent B 3%–28%, 100–120 min ramping solvent B 
28%–55%, 120–125 min ramping solvent B 55%–98%, 125– 
144 min maintaining solvent B at 98%, 144–145 min decreasing 
solvent B 98%–3%, and 145–160 min maintaining solvent B 
at 3%. Solvent A was a 0.1% FA aqueous solution. The sepa-
ration and scan time were set to 160 min. 

The LTQ Orbitrap XL mass spectrometer was operated 
with two scan events. The first scan event was a full FTMS 
scan of 300–1 800 m/z with a mass resolution of 60 000 at m/z 
of 400. Parameters were set as follows: AGC target 1 × 106, 
maximum injection time 200 ms, number of scan ranges 1, 
and dynamic exclusion 60.0 s. The second scan event was 
collision induced dissociation (CID) MS/MS, performed on 
the five most intense ions observed from the first MS scan 
event. Parameters were set as follows: MS2 activation type 
HCD, isolation window 2 m/z, resolution 7 500, microscans 1, 
maximum injection time 200 ms, and normalized collision 
energy 40 eV. This procedure was performed in three techni-
cal replicates. 
Protein identification and label-free quantitation (LFQ) 

Identification and LFQ of obtained LC-MS/MS spectra 
were performed using MaxQuant version 1.4.1.2. Raw data 
were searched against the UniProt Mus musculus protein da-
tabase (10 090 protein entries, version of December 23, 2015) 
by MaxQuant using the Andromeda search engine [23]. Com-
mon contaminants and decoys (reversed sequences) were 
identified automatically by Andromeda. LFQ was conducted 
using the iBAQ (intensity-based absolute quantification) 
method [24] as implemented in MaxQuant. The following pa-
rameters were set: trypsin enzyme, 6 ppm for main search, 2 
for max missed cleavages, 20 ppm for MS/MS tolerance, 
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carbamidomethylation of cysteine for fixed modification, 
oxidation of methionine for variable modification, 0.01 false 
discovery rate (FDR) for identification of peptides and pro-
teins, 1 for LFQ min ratio count, 0.7 min for match between 
runs, and only unique peptides used. 
Data preprocessing and analysis 

After removal of reversed sequences and contaminants, 
the LFQ intensities yielded from MaxQuant were averaged 
over technical replicates. Means of Group C (Control), Group 
M (RSV pneumonia model) and Group Q (QFOL treated) 
were compared as ratios of M/C and Q/M to identify proteins 
differentially expressed. Differences were considered to be 
significant at a 1.5-fold cutoff and a P value < 0.05 using t-test. 

The DEPs identified as significant were classified and 

annotated using the PANTHER (Protein ANalysis THrough 

Evolutionary Relationships) Classification System version 

11.0 (http: //www.pantherdb.org) [20, 25], according to molecu-

lar function, biological process, protein class, and pathway. 

An interaction network of the identified DEPs was predicted 

using STRING version 10.0 (http: //www.string-db.org) [26]. 

Functional protein-association networks were visualized with 

medium confidence (0.4), with Mus musculus set as the organism. 

DEPs validation 
Total protein concentration of serum samples from all the 

different groups was determined by BCA assay. Fibrinopep-
tide B (FpB) in each sample was detected by enzyme-linked 
immunosorbent assay (ELISA) using mouse FpB ELISA kit 
(BPE20898, Shanghai Lengton Bioscience Co., Shanghai, 
China). Expression changes were considered to be significant 
at P less than 0.05 using t-test. Heparin cofactor II (HCII) was 
detected by western blotting. Briefly, 50 μg of samples were 
resolved by 12% SDS-PAGE and transferred to PVDF mem-
branes. The membranes were incubated with HCII antibody 
(H-300) (sc-366443, Santa Cruz Biotechnology Inc., Santa 
Cruz, CA, USA) at 4 °C overnight, followed by incubation 
with horseradish peroxidase-conjugated secondary antibodies 
at room temperature for 2 h. Specific protein bands were 
visualized using the AlphaImager HP Imaging System (Pro-
teinSimple, San Jose, CA, USA).  

Results 

HPLC/MS profile of QFOL 
The major components of QFOL were analyzed using 

HPLC/MS. As compared with standard reference compounds, 

five compounds were identified: amygdalin (in Armeniacae se-

men amarum), polydatin (in Rhizoma polygoni cuspidati), ros-

marinic acid (in Salvia miltiorrhiza), quercetin (in Semen des-

curainiae) and emodin (in Rhizoma polygoni cuspidati) (Fig. 1). 

 

 

Fig. 1  HPLC/MS chromatograms of QFOL in the negative ionization mode. Representative chromatograms of standard 
reference compounds (A) and QFOL (B) were shown respectively. (a) amygdalin; (b) polydatin; (c) rosmarinic acid; (d) quer-
cetin; (e) emodin 

 
Lung histopathology 

To determine the pathological characteristics of RSV-in-

duced pneumonia and QFOL therapy in the mouse model, 

H&E staining was performed on the lung slices of all the 

different groups. Group M (RSV pneumonia model, Fig. 2B) 

had a greater degree of interstitial and alveolar inflammation, 

compared to Group C (Control, Fig. 2A) or Group Q (QFOL 

treated, Fig. 2C). Alveolar septum thickening, lymphocyte 

and monocyte infiltration, and typical pulmonary interstitial 

pneumonia were observed in Group M, but not in Group C. 
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All these pathologic changes were reduced in Group Q. The 

overall severity scores differed significantly (P < 0.01) between 

Groups M and C, or between Groups Q and M (Fig. 2D). These 

results suggested a satisfactory establishment of an RSV- in-

duced pneumonia model and indicated therapeutic effects of 

QFOL on the pathological changes caused by RSV infection.  

Identification of differential protein expression 
The LC-MS/MS spectra of serum samples from all the 

different groups were identified and quantified by MaxQuant 

as described above. A total of 172 protein groups, 1009 pro-

teins and 1282 peptides (1073 unique peptides) were identi-

fied among Groups C, M and Q (n = 3 for each group). 
 

 

Fig. 2  Lung histopathology of BALB/c mice. H&E staining was performed on the lung slices of (A) Group C (Control), (B) 
Group M (RSV pneumonia model) and (C) Group Q (QFOL treated); Original magnification, × 200; Scale bar, 100 μm. (D) In-
flammation scores for the lung histopathology of Group C, M and Q. The data are presented by mean ± SD. The overall severity 
scores increased very significantly in Group M compared to Group C (##P < 0.01), and decreased very significantly in Group Q 
compared to Group M (**P < 0.01) 

 

The average LFQ intensities of each protein group over 
three technical replicates were compared as ratios of M/C and 
Q/M, to investigate significant protein expression changes 
(1.5-fold cutoff, P < 0.05). Using the majority protein repre-
senting each protein group, 15 DEPs were identified by M/C 
(No. 1–15 in Table 1; 5 downregulated and 10 upregulated), 
while 43 DEPs were identified by Q/M (No. 9–51 in Table 1; 
6 downregulated and 37 upregulated). The two data sets of 
DEPs were compared and 7 DEPs (No. 9–15 in Table 1) were 
identified by both M/C and Q/M (Fig. 3). Within these 7 
DEPs, 4 DEPs (No. 9–12 in Table 1) were acute phase reac-
tants and were upregulated consistently after RSV infection 
and QFOL treatment. FpB and Igh protein (No. 13 and 14 in 
Table 1) were upregulated after RSV infection but downregu-
lated after QFOL treatment. HCII (No. 15 in Table 1) was the 
opposite, which was downregulated after RSV infection but 
upregulated after QFOL treatment. 
Functional categories and biological interaction network of 
the identified DEPs 

To understand the biological relevance of the changes in 
protein expression after RSV infection and subsequent QFOL 

treatment, the 51 identified DEPs in Table 1 were classified 
using the PANTHER system, according to molecular function, 
biological process, protein class, and pathway. The most domi-
nant molecular function the identified DEPs involved in was 
binding (46.4%), followed by catalytic activity (39.3%), recep-
tor activity (10.7%), and transporter activity (3.6%) (Fig. 4A).  

 

Fig. 3  Venn diagram comparisons of DEPs identified by 
M/C and Q/M. The overlapping intersection represents dif-
ferentially expressed proteins (DEPs) identified in both data 
sets. C: Group C (Control); M: Group M (RSV pneumonia 
model); Q: Group Q (QFOL treated) 
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According to biological process, most of the proteins partici-
pated in cellular process (20%), metabolic process (16.7%), 
immune system process (15%), response to stimulus (11.7%), 
and biological regulation (11.7%). They were also involved in 
other biological processes, such as multicellular organismal 
process, biological adhesion, cellular component organization 
or biogenesis, localization, and developmental process (Fig. 
4B). The involvement of immune response, a subcategory in 
two categories (response to stimulus and immune system 

process), was revealed very significant by PATHER overrep-
resentation test, with a P-value of 0.00806. According to protein 
class, the DEPs were classified as enzyme modulators (25.5%), 
signaling molecules (21.3%), ense/immunity proteins (14.9%), 
receptors (10.6%), and so forth (Fig. 4C). The main pathway 
the identified DEPs participated in was blood coagulation 
(58.3%), followed by gonadotropin-releasing hormone receptor, 
plasminogen activating cascade, EGF receptor signaling pa-
thway, and cadherin signaling pathway in turn (Fig. 4D). 

 

Fig. 4  Classification analysis of the identified DEPs using the online PANTHER system. Classifications were according to (A) 
molecular function, (B) biological process, (C) protein class, and (D) pathways 
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The interaction network of the 51 identified DEPs (rep-
resented by their gene names) was evaluated using STRING. 
45 of the DEPs were recognized and mapped in the predicted 
network (Fig. 5). Interactions between these proteins were 
involved in various biological processes, such as defense 
response, complement activation, immune response, acute-phase 
response, inflammatory response, and blood coagulation. 
Functional enrichments in the network revealed 5 significant 

KEGG pathways (FDR less than 0.01), including complement 
and coagulation cascades, pertussis, systemic lupus erythe-
matosus, Staphylococcus aureus infection and prion diseases. 
Fgb and Serpind1, the gene names of FpB and HCII respec-
tively, are indicated with red arrows in Fig. 5. These two 
DEPs were important nodes interacting with many other proteins, 
and their expression levels were up and down during RSV 
infection and subsequent QFOL treatment as mentioned above. 

 

 

Fig. 5  Interaction network of the identified DEPs by STRING 10.0 analysis. Proteins were represented by their gene names. Fgb 
and Serpind1, the gene names of fibrinopeptide B (FpB) and heparin cofactor II (HCII) respectively, were indicated with red arrows 

 
Validation of DEPs by ELISA and Western blotting analyses 

The expression levels of FpB in serum samples from 
Group C (Control), M (RSV pneumonia model) and Q (QFOL 
treated) were examined by ELISA (Fig. 6). FpB expression was 
upregulated in Group M but downregulated in Group Q. The 
expression levels of HCII in serum samples were detected by 
Western blotting and showed opposite changes against FpB 
(Fig. 7). These results were in line with the proteomic analysis.  

Discussion 

The investigation of serum proteomic changes in an 
RSV-infected mouse pneumonia model treated with QFOL 
provided new information for RSV pathogenesis and the 

mechanism underlying the drug action. Furthermore, identifi-
cation of serum DEPs would facilitate the finding of potential 
biomarkers for injury monitoring, outcome prediction and 
drug efficiency. To the best of our knowledge, this was the 
first serum proteomic study on TCM therapy for the treatment 
of RSV in an RSV-infected animal pneumonia model.  

Convenient small animal RSV infection models have 
been widely used in studies on RSV pathogenesis and antivi-
ral drug discovery [7]. The lungs of the mouse model infected 
with RSV in the present study exhibited pathological charac-
teristics of typical pulmonary interstitial pneumonia, consis-
tent with the clinical manifestation of RSV pneumonia. Ad-
ministration of QFOL to the RSV pneumonia model relieved 
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the pathological changes remarkably and induced a significant 
decrease in inflammation scores. These findings reflected the 
therapeutic effects of QFOL on RSV pneumonia in clinic. 

 

Fig. 6  ELISA assays of FpB. The expression levels of fi-
brinopeptide B (FpB) in serum samples from Group C (Con-
trol), M (RSV pneumonia model) and Q (QFOL treated) were 
examined, and the data are presented by mean ± SD. FpB 
expression were very significantly upregulated in Group M 
compared to Group C (##P < 0.01), and very significantly down-
regulated in Group Q compared to Group M (**P < 0.01) 
 

 

Fig. 7  Western blot analysis of HCII. The expression levels 
of Heparin cofactor II (HCII) in serum samples from Group 
C (Control), M (RSV pneumonia model) and Q (QFOL treated) 
were detected. GAPDH was used as a loading control [27]. The 
results within each group were similar, and representative 
blots were shown and presented by mean ± SD. HCII expression 
were very significantly downregulated in Group M compared 
to Group C (##P < 0.01), and very significantly upregulated in 
Group Q compared to Group M (**P < 0.01) 

 

By label-free quantitative proteomic comparison among 
serum samples from the mice in Groups C (Control), M (RSV 
pneumonia model) and Q (QFOL treated), a total of 51 DEPs 
were identified as significant (15 DEPs when M/C and 43 
DEPs when Q/M, 7 DEPs in common). Functional categories 
revealed that these proteins participate in various biological 
processes, especially in immune response, blood coagulation 
and complement activation, implicating changes in coagula-
tion and immune system during RSV infection and the im-
munomodulatory effects of subsequent QFOL therapy. Some 
of the DEPs identified here, such as Alpha-2-HS-glycoprotein, 

Alpha-1-antitrypsin 1-3, Haptoglobin, Complement factor I 
and C-reactive protein, were in common with DEPs previ-
ously reported in RSV-infected cell or animal models, par-
ticipating in similar processes including response to stimulus, 
immune response, complement activation, and so forth [1, 3, 20]. 
As observed in our lung pathologic examinations, it is known 
that one typical part of RSV disease manifestation is small 
airway obstruction caused by a mix of mucus, infiltrating cells, 
and dead or dying epithelial and inflammatory cells [28-29]. 
This is possibly due to early uncontrolled virus infection and 
the dysregulation of the immune response to the virus, which 
results in excessive recruitment and activation of innate and 
adaptive immune cells [29]. Therefore, the dysregulated im-
mune response hinted by the serum proteomic changes in the 
RSV pneumonia model illustrated the pathological manifesta-
tion and provided new evidence for immunopathology in 
RSV pneumonia progression. Furthermore, regulatory effects 
of QFOL on these proteomic changes are consistent with its 
clinically anti-inflammatory, dissolving phlegm and antitus-
sive function. On the other hand, DEPs like FpB, HCII, Co-
agulation factor IX and X were firstly identified in the present 
study, suggesting alterations of coagulation function during 
RSV infection and QFOL administration, which have not 
been reported in previous proteomic studies. These findings 
exhibited special characteristics of serum differential pro-
teomes in the RSV pneumonia model, providing new infor-
mation for the comprehension of RSV- host interaction and 
QFOL action. 

Particularly within the 51 DEPs, the expression level of 

FpB was increased following RSV infection but decreased 

during subsequent QFOL treatment. On the contrary, the ex-

pression level of HCII was decreased after RSV infection but 

increased after QFOL treatment. Meanwhile, the interaction 

network of the DEPs showed FpB and HCII as important 

nodes and involved in blood coagulation, inflammation and im-

mune response via interacting with many other proteins. 

These findings indicated that FpB and HCII were not only 

closely related to RSV pathogenesis, but also as potential 

targets of QFOL. 

HCII is a hepatic serpin with significant antithrombin ac-
tivity and proposed to regulate coagulation or to participate 
in inflammation, wound repair, atherosclerosis, and Alz-
heimer’s disease [30-32]. FpB is a 14-residue peptide located at 
the NH2-termini of the fibrinogen Bβ chain. The throm-
bin-mediated release of FpB and FpA (a 16-residue peptide 
located at the NH2-termini of the fibrinogen Aα chain) is 
involved in the initiation of clotting [33]. FpB is known as a 
potent chemoattractant for neutrophils, monocytes and 
macrophages. Together with other coagulation factors, it 
modulates the inflammatory response by affecting leukocyte 
migration and cytokine production [34]. Under pathogenic 
inflammatory conditions such as rheumatoid arthritis [35], 
sepsis [36] and pilocytic astrocytoma [37], the levels of FpB and 
other fibrin degradation products are increased, assuming an 
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important role in the coagulation/fibrinolysis system under 
these conditions. Consequently, increased FpB level and de-
creased HCII level observed in Group M in the present study 
suggested an over activation of the coagulation system and 
abnormalities in coagulation/fibrinolysis induced by RSV; 
while decrease of FpB level and increase of HCII level in 
Group Q indicated a regulatory role of QFOL in these patho-
logical disorders. Studies on RSV pathogenesis have indicated 
that the early lack of control of RSV leads to epithelial cell 
damage and a high release of pro-inflammatory mediators that 
recruit and activate leukocytes, inducing an excessive im-
mune response that results in immunopathology [38-39]. More-
over, the interplay between inflammation and coagula-
tion/fibrinolysis will exacerbate the disease, resulting in se-
vere morbidity and mortality [40]. As a result, expression 
changes of FpB, HCII and other relevant DEPs uncovered a 
complicated RSV-host network closely associated with inter-
actions of immune response, inflammation and coagula-
tion/fibrinolysis. Furthermore, effects of QFOL on expression 
levels of these DEPs hinted a global regulation of QFOL on 
the network. These results were in accordance with the clinical 
function of QFOL in lung detoxification, anti-inflammatory 
effects and blood flow promoting in the treatment of RSV 
pneumonia [9-10]. Our previous studies have suggested regula-
tory effects of QFOL on immune and inflammation disorders 
caused by RSV infection, through its regulation on host cyto-
kines essential in Th1/Th2 and Treg/Th17 balances [11-13]. 
Nevertheless, we did not pay enough attention to the influ-
ence of QFOL on abnormal coagulation/fibrinolysis during 
RSV infection in previous studies. Serum proteomic changes 
revealed in the present study offered us a more comprehen-
sive understanding of QFOL’s regulation on the intricate in-
teractions of immune response, inflammation and coagula-
tion/fibrinolysis. This extensive regulatory role of QFOL 
reflects the unique characteristics of TCM as “multicompo-
nents, multichannels, and multitargets”. Along with QFOL, 
there are other Chinese patent medicines used in prevention 
and inhibition of RSV, such as Bu Shen Yi Qi Tang, Shuang 
Huang Lian oral liquid, Sheng Ma Ge Gen Tang, Xia Sang Ju 
Granule and Jin Xin oral liquid [2]. Mechanistic studies on 
these medicines have been mostly focused on their function in 
RSV replication, airway inflammation and regulation of 
host-immune factors [2]. For example, Bu Shen Yi Qi Tang, 
Shuang Huang Lian oral liquid and Jin Xin oral liquid have 
been found with anti-inflammatory activities and could sup-
press RSV replication [2]. Bu Shen Yi Qi Tang could promote 
Th1-response and depress Th2-Th17 responses by increasing 
expression of Th1 cytokines and decreasing expression of 
Th2-Th17 cytokines [41]. Similar regulatory effects of QFOL 
on virus replication, inflammation and immune response dur-
ing RSV infection were observed in our previous work and 
the present study. The common effects between QFOL and 
other TCMs in immunomodulation indicate a similarity in 
their mechanisms in the treatment of RSV. What is more, 

QFOL may have unique functions in regulating RSV-induced 
disturbance of coagulation/fibrinolysis and inflammation-coa-
gulation interactions, by modulating levels of certain DEPs 
specifically identified here, like FpB and HCII. 

The experimental and therapeutic effects of QFOL are 
probably correlated to its material basis. In the present study, 
our preliminary HPLC/MS analysis of QFOL identified five 
compounds: amygdalin, polydatin, rosmarinic acid, quercetin 
and emodin. Polydatin, emodin (both from Rhizoma polygoni 
cuspidati) and quercetin (from Semen descurainiae) have 
been reported to have protective effects against acute lung 
injury and airway inflammation, probably due to their anti- 
inflammatory, anti-oxidative and anti-apoptotic activities [42-46]. 
Additionally, these three compounds have been found in se-
rum from rats orally administrated with Jin Xin oral liquid, 
which also contains Rhizoma polygoni cuspidati and Semen 
descurainiae [47]. Studies in vitro have illustrated direct inac-
tivation of RSV by polydatin and quercetin, and the latter has 
shown a therapeutic effect on RSV infection [47]. On the con-
trary, emodin could not directly inactivate the virus or block 
its absorption to cells, but act as a biological synthesis inhibi-
tor against RSV in a concentration- and time-dependent man-
ner [48]. Amygdalin, an active component in Armeniacae semen 
amarum, has been known for a long time for its antitussive 
effect [8]. Despite little evidence in a direct effect of amygdalin on 
RSV, this compound is supposed to have immune regulatory 
function and reduce inflammatory response [49-50]. Rosmarinic 
acid (from Salvia miltiorrhiza) could inhibit inflammation and 
oxidation as well, accounting for its therapeutic effects on 
airway responses and lung injury [51-52]. Notably, rosmarinic 
acid also has an antithrombotic effect [53-54], suggesting possible 
regulation in inflammation-coagulation interactions and co-
agulation/fibrinolysis abnormalities under pathologic condi-
tions. In all, the compounds identified in QFOL are distinctive 
in their regulatory effects on immune system, inflammation 
and coagulation; the same processes that the DEPs identified 
in this work participated in. These compounds possibly con-
tribute to proteomic changes observed here during QFOL 
therapy in the RSV pneumonia model, act as material basis of 
QFOL. An intensive study on the correlation between active 
components and mechanism of QFOL in the treatment of 
RSV pneumonia is needed in the future work. 

Additionally, to explore mechanism of QFOL in the 
treatment of RSV on proteome levels, we focused on the 
DEPs affected by RSV and QFOL simultaneously, especially 
DEPs with an opposite trend of expression during RSV infec-
tion and QFOL therapy. FpB (upregulated by RSV infection 
and downregulated by QFOL) and HCII (downregulated by 
RSV infection and upregulated by QFOL) were the only two 
DEPs that not just showed opposite changes, but presented as 
important nodes in the interaction network of the identified 
DEPs, closely involved in inflammation and coagulation 
changes during RSV infection and QFOL therapy. They were 
preferentially chosen out of the identified DEPs for the vali-
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dation of proteomic changes observed in the present study. 
More work on discovery, confirmation and analysis of typical 
DEPs in serum, lung and other tissue proteomes is worthwhile 
in the next step. Global proteomic studies will lead to a deeper 
comprehension of regulatory effects of QFOL on RSV-host in-
teraction network. 

Conclusion 

The present study was the first to explore serum proteomic 
changes in an RSV pneumonia model treated with TCM. The 
51 DEPs identified in the RSV-infected mouse pneumonia 
model provided useful information for elaborating RSV 
pathogenesis and the mechanism of QFOL therapy. FpB and 
HCII were indicated as potential biomarkers of RSV pneu-
monia and QFOL therapy. The mechanism of QFOL was 
probably correlated with its global regulation on RSV-host 
interaction network by attenuating the disturbance of immune 
response, inflammation and coagulation/fibrinolysis induced 
by RSV. Findings in this work could serve as a bridge be-
tween clinical and laboratory procedures and improve our 
knowledge for the physiopathology in the treatment of RSV 
by TCM. Further research is required for deeper insights into 
the regulatory mechanism of QFOL on RSV-host interaction 
network, as well as the material basis for its therapeutic effects. 
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