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resilience of the host vascular system to the inflammatory 
response by regulation of Slit2–Robo4 signaling pathway 
might provide a novel strategy for H7N9 IAVs infection.
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Introduction

Since the first case of human infection in March 2013, con-
tinuous H7N9 influenza A viruses (IAV) infection cases 
were reported in both humans and birds, and more than 500 
laboratory-confirmed human cases with over 30 % fatality 
highlight the potential pandemic threat [1]. Though H7N9 
IAV is avian origin, it shows low pathogenicity in birds 
but with signs of adaptation to mammalian species, includ-
ing increased ability to bind with mammalian cell recep-
tors, and replicate at temperature close to the normal body 
temperature of mammals which is lower than that of birds. 
Almost all H7N9 IAVs isolated from human have an amino 
acid change at site 226 in HA which contributed to dual 
receptor-binding property [2]. A H7N9 IAV strain isolated 
from Anhui, China, can bind human receptors while it still 
retains the avian receptor-binding property [3]. An E-to-K 
amino acid change at residue 627 of polymerase basic pro-
tein 2 (PB2) occurred frequently in the H7N9 IAV isolates 
obtained from human, but not in viruses isolated from poul-
try. Mok et al. [4] tested the importance of PB2-627K using 
A/Shanghai/2/2013 as backbone and found that this amino 
acid change contributed to mammalian adaptation. Mice 
infected with the H7N9 IAV mutant containing the avian 
signature protein PB2-627E showed a marked decrease 
in weight loss and pathological lesions compared to mice 
infected with the wild-type strain (PB2-627K) [4]. H7N9 
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its first emergence in 2013. Host inflammatory response 
contributes to the clearance of influenza virus; meanwhile, 
the induced “cytokine storm” also leads to pathological 
lesions. However, what inflammation-related response of 
the host for H7N9 influenza A virus infection to survival 
from injures of exuberant cytokine release is still obscure. 
In this research, expression pattern and histological dis-
tribution of inflammation-related genes, RIP3, NLRP3, 
IL-1β, TNF-α, Slit2 and Robo4 in the lung of BALB/c 
mice infected with two H7N9 IAV strains with only a PB2 
residue 627 difference were investigated, as well as the his-
topathological injury of the lung. Results showed that sig-
nificantly higher expression level of NLRP3, RIP3, IL-1β 
and TNF-α in H7N9-infected groups compared with the 
control would play a key role in driving lung pathological 
lesion. While the expression level of Slit2 and Robo4 in 
H7N9 rVK627E group had significantly increased trend than 
VK627 which might be the main factor to inhibit the inter-
stitial pneumonia and infiltration. Also, H7N9 induced the 
histopathological changes in the lung of infected mice, and 
RIP3, NLRP3, IL-1β, TNF-α, Slit2 and Robo4 showed cell-
specific distribution in the lung. The results will provide 
basic data for further research on the mechanism of inflam-
matory response and understanding of the role of site 627 
in PB2 in H7N9 IAVs infection. In addition, enhancing the 
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can induce pneumonia and hypoxic hepatitis [5], leading 
to systemic immune response [6]. As to human beings, 
clinical presentation of H7N9 IAV infection is character-
ized by rapidly progressing severe pneumonia and induced 
complications such as acute respiratory distress syndrome 
(ARDS), septic shock and multi-organ failure [7]. Host 
clearance of IAV requires the development of host’s inflam-
mation-related responses [8, 9], especially associated with 
exuberant pulmonary inflammation characterized by influx 
of inflammatory cells and production of proinflammatory 
cytokines including IL-1β, TNF-α and so forth. However, 
the detailed systematic data of H7N9 IAVs inducing the 
inflammatory responses of host are still obscure.

Pattern recognition receptors (PRRs) are responsible for 
identifying pathogen-associated molecular patterns which 
promote the initiation and orchestration of innate and adap-
tive immune response [10]. At the early stage of IAVs 
infection, the viral RNA, which is present in infected cells, 
is recognized as foreign by various PRRs, which leads to 
the secretion of type I interferon (IFNs), pro-inflammatory 
cytokines, eicosanoids and chemokines. Nod-like recep-
tors (NLRs), one of pathogen-associated molecular patterns 
(PAMPs), play a central role in inflammation development 
in virus infection and regulate the host response to adap-
tive immunity [11]. Among various types of inflamma-
some, the NLRP3 inflammasome is well characterized in a 
variety of mammalian cells and contributes to regulate the 
cleavage and maturation of pro-IL-1β, the inactive precur-
sor of IL-1β [12]. IL-1β binding with its receptors induces 
the activation of multiple cytokines such as TNF-α [13], 
playing the vital role during the early stage of host defense 
against IAVs infection [14]. With the disease development, 
IAVs-infected dead cells release intracellular components 
which stimulate the immune cells. This is dependent on the 
activity of the receptor-interacting protein 3(RIP3) which 
could switch TNF-induced cell death from apoptosis to 
necrosis by regulating TNF-induced reactive oxygen spe-
cies production [15, 16] and accelerate systematic inflam-
mation and thus lead to mortality [17]. In addition, RIP3 
initiates mitochondrial fission to active NLRP3 inflam-
masome [18] which would accelerate the inflammatory 
response. Though these cytokines and chemokines could 
result in infiltration of leukocytes to the site of infection, 
which would be beneficial, the resulting “cytokine storm” 
also contributes to pathogenesis and mortality [19]. The 
inflammatory cytokines, such as IL-1β and TNF-α, which 
directly combat the infectious agent and activate addi-
tional immune and inflammation response, injure the host 
by triggering leakage from capillaries, tissue edema and 
organ failure. This is one of the major reasons that lead 
to the pathogenesis and the poor medical outcome during 
the late stage of IAV infection. Therefore, for survival of 
the infected patients or animals, a balance must be struck 

between the protective response and the excessive inflam-
matory response.

Previous reports showed that limiting the disruptive 
effects of proinflammatory mediators on the vasculature is 
vital to limit the injury of host, which is associated with the 
Slit2 and its receptor, the transmembrane roundabout recep-
tor 4 (Robo4) [20, 21]. Slit2 is a secreted protein, which was 
previously known for its role of repulsion in axon guidance 
and neuronal migration, can also inhibit leukocyte chemo-
taxis induced by chemotactic factors [22]. During IAVs 
infection, cytokines produced in host inflammatory response 
lead to internalization of VE-cadherin and disruption of bar-
rier function, which results in vascular leak and accumula-
tion of protein-rich edema fluid in the alveolar space. Bind-
ing with Robo4, Slit2 enhances vascular barrier function 
against multiple cytokines by enhancing VE-cadherin, a pri-
mary molecular determinant of intact barrier function in the 
endothelium, at the cell surface [19]. Thus, this strengthened 
barrier can protect host from the lethal effects of inflamma-
tory response induced by influenza infection.

How the host inflammation-related genes expressed in 
H7N9 IAVs infection? Does Slit2–Robo4 pathway play 
any role to protect host from the effects of inflammatory 
response induced by H7N9 IAV infection? Is there any 
innate relationship between the pathogenicity of H7N9 IAV 
and the host inflammatory response? Here, we detected and 
analyzed the expression profile and histological distribution 
of RIP3, NLRP3, IL-1β, TNF-α, Slit2, Robo4 in the lung at 
different time points during infection in BALB/c mice by 
H7N9 IAV strains only with difference at site 627 in PB2. 
The results will provide basic data for further study of the 
mechanism of inflammatory response and understanding of 
the role of site 627 of PB2 in H7N9 IAVs infection.

Materials and methods

Ethics statement

The animal experiments were approved by the Institu-
tional Animal Care and Use Committee at the South China 
Agricultural University (Certification Number: CNAS 
BL0011) and performed in accordance with the “Guide-
lines for Experimental Animals” of the Ministry of Science 
and Technology (Beijing, China) and in association with 
Assessment and Accreditation of Laboratory Animal Care 
International-accredited facility.

Viruses and BALB/c mice infection by H7N9 influenza 
A virus

Two strains of H7N9 IAVs were used in this research. A/
Chicken/Guangdong/G1/2013 (VK627) was isolated from 
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live poultry markets of Guangdong Province. The other was 
site-mutation virus A/Chicken/Guangdong/G1-pB2627E, 
with PB2-627K (wild-type strain) to PB2-627E (rVK627E). 
Our previous research showed that VK627 did not induce 
serious weight loss or clinical signs while rVK627E showed a 
marked decrease in weight loss compared to mice infected 
with the wild-type strain [23, 24].

Thirty-six SPF female BALB/c mice (18.0–20.0  g, 
5  weeks) from the Guangdong Experimental Animal Cen-
tre (Guangzhou, China) were randomly divided into three 
groups and set for sampling three every group every time 
point. After being anesthetized with CO2, the mice were 
inoculated intranasally with 106 EID50 of VK627 or rVK627E 
influenza virus; the mice in control were treated only by 
PBS. All mice were weighed before challenging and sur-
veyed for daily weight loss as a measure of morbidity. At 
1, 3, 5 and 7 days post-inoculation (dpi), the lungs of three 
euthanized mice in each groups, respectively, were collected 
promptly at the same time point of each day. Each lung was 
divided into two parts. One part was frozen in liquid nitrogen 
for 2  h before storage at −86  °C for RNA extraction, and 
the other was fixed in 10 % neutralized buffered formalin for 
histopathological and immunohistochemical detection.

RNA extraction, cDNA preparation and real‑time PCR

Total RNA of all samples was extracted, treated, quality 
determined, stored and reverse-transcribed to cDNA accord-
ing to our previous reports [24–27]. Relative expression 
levels of RIP3, NLRP3, IL-1β, TNF-α, Slit2 and Robo4 
were determined by real-time PCR using DNA Engine 
7500 Continuous Fluorescence Detection System (Applied 
Biosystems, CA, USA) and SYBR® Premix Ex TaqTM Kit 
(Takara Biotech, Dalian, China). Primers used for qRT-PCR 
(Table  1) were designed with Oligo 7 software (Molecu-
lar Biology Insights Inc., Cascade, CO, USA).The melt-
ing curves for each PCR were carefully analyzed to avoid 
non-specific amplifications in PCR products. The relative 
expression levels of these genes were calculated by nor-
malizing the levels of gene transcripts to that of β-actin 
transcripts using a relative standard curve method through 
2−ΔΔCt formula. The data were confirmed with three repeat 
experiments. The statistical analysis was performed by 

SPSS software (version 20.0), and the figure was made by 
GraphPad Prism (GraphPad Software, La Jolla, CA). One-
way ANOVA and t test were used to determine statistical 
significance between samples in relative expression levels 
of RIP3, NLRP3, IL-1β, TNF-α, Slit2 and Robo4 among 
different groups at different time point, respectively.

Histopathological and immunohistochemical detection

Serial sections were taken from the same samples for his-
topathological observation using the routine HE staining 
and immunohistochemical detection. Immunohistochemi-
cal detection was performed as described in our previous 
reports [25–27]. Briefly, the slices were then incubated with 
the corresponding antibodies (antibody for RIP3, abcam, 
Cat. No., ab152130; antibody for NLRP3, abcam, Cat. No., 
ab4207; antibody for IL-1β, santa crus biotechnology, Cat. 
No., sc-7884; antibody for TNF-α, abcam, Cat. No., ab6671; 
antibody for Slit2, abcam, Cat. No., ab134166; antibody for 
Robo4, santa crus biotechnology, Cat. No., sc-166872) for 
1.5  h at 37  °C according to the manufactures’ guidelines. 
Based on the origin of primary antibody, appropriate HRP-
conjugated IgG originated from sheep or horse was selected 
as secondary antibody. The secondary antibodies were 
obtained from ZSBG-BIO (Beijing, China) except for RIP3 
which obtained from Cell Signaling Technology (Beverly, 
MA, USA). After incubation with the secondary antibody 
for 1.5 h at 37 °C, the slices were washed with PBS at 5-min 
intervals a total of three times. DAB (3, 3′-diaminobenzi-
dine tetrahydrochloride) Kit (ZSGQ-BIO, China) was used 
for coloration. Slices were re-dyed with hematoxylin for 
1 min and washed with running water for 10 min. Finally, 
the slices were dehydrated using graded ethanol, vitrified by 
dimethylbenzene and deposited in neutral balsam.

Results

Virulence of H7N9 IAVs in BALB/c mice

The weight loss, clinical signs and virus isolation from tis-
sues after inoculation with VK627 and rVK627E H7N9 IAV 
in mice were similar to our previous reports [23, 24]. The 

Table 1   Primers used for 
quantitative real-time PCR

Genes Forward primer (5′–3′) Forward primer (5′–3′)

Rip3 CCAGAGAGCCAAGCCAAAGAG AGCCACGGGGTCAGAAGATGT

Nlrp3 TGAAGTGGATTGAAGTGAAAGCC TGTGAAAAAAACCCAGGGAAAGC

IL-1β CCTGTGTCTTTCCCGTGGAC CATCTCGGAGCCTGTAGTGC

TNF-α CTTCCAGAACTCCAGGCGGT CACTTGGTGGTTTGCTACGACG

Slit2 GTTTCATAGGACTCGGCTCTGT GGAAGTAGGGTTTTTGGCATCG

Robo4 CTCATGGTGGAAAGACGGGAAA TGAATGCGAACAGCCAGAAG

β-Actin GGTGGGAATGGGTCAGAAGGA TGGCTGGGGTGTTGAAGGTC
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histopathological changes in lungs of mice in different 
groups are different between the two infected groups at dif-
ferent time points. At 1  dpi, VK627 group showed serious 
diffuse venous hyperemia in alveolar wall while rVK627E 
showed only slightly and locally venous hyperemia in alve-
olar wall. At 3 dpi, VK627 showed liquid infiltration in some 
alveolar and still serious venous hyperemia, while rVK627E 
still showed slightly and locally venous hyperemia in alve-
olar wall. At 5–7 dpi, VK627 virus induced slightly intersti-
tial pneumonia and infiltration of inflammatory cells, while 
rVK627E still showed slightly and locally venous hyperemia 
in alveolar wall.

Statistic analysis of expression level of RIP3 
and NLRP3 in the lung of BALB/c mice

In this research, RIP3 and NLRP3 were chosen as inflam-
matory-activation relative genes and detected their expres-
sion level by real-time PCR (Fig.  1), considering about 
their vital role in the activation of inflammatory response. 
As to the expression level of Rip3 (Fig.  1a), comparing 
with the control group, both of the H7N9 IAV-infected 
groups showed significantly increased. In the VK627 group, 
the expression level of RIP3 increased from 1 to 3 dpi and 
reached its peak at 5 dpi while decreased to the level similar 
to 1 dpi at 7 dpi. It is noticeable that the level of RIP3 kept 
significantly higher (P < 0.01) than other two groups from 
1 to 7 dpi. Differently, in the rVK627E group, the expression 
of RIP3 level was significantly higher (P < 0.01) than that 
of the control group at the start and end, which was differ-
ent with that in 3 dpi and 5 dpi (P < 0.05). For the expres-
sion level of NLRP3 (Fig.  1b), both of the H7N9 IAV-
infected groups showed significantly higher compared with 
the control group. In the VK627 group, the expression level 
increased from 1 to 3  dpi and reached the maximum and 
then continuously decreased at 5 and 7 dpi. In the rVK627E 
group, the expression level exhibited similar trend despite 
the maximum at 5 dpi. Interestingly, the expression level of 
NLRP3 in the VK627 group was significantly higher than the 
other two groups (P < 0.01) and that in the rVK627E group 
was just significantly higher than in the control groups 
(P  <  0.01). To sum up, both of the strains of virus can 
induce higher expression level of RIP3 and NLRP3 in the 
lung of BALB/c mice.

Statistic analysis of expression level of IL‑1β  
and TNF‑α in the lung of BALB/c mice

IL-1β binding with its receptors induces the activation of 
multiple cytokines such as TNF-α [13], playing the vital 
role during the early stage of host defense against IAVs 
infection [14] and acting as the downstream cytokines 
of NLRP3 inflammasome. In this research, IL-1β and 

Fig. 1   Relative mRNA expression levels of RIP3 (a) and NLRP3 (b) 
in the lung of H7N9 AIV-infected and control BALB/c mice at dif-
ferent time points. *P  <  0.05; **P  <  0.01. Data are represented as 
mean ± standard deviation (SD)

Fig. 2   Relative mRNA expression levels of IL-1β (a) and TNF-α 
(b) in the lung of H7N9 IAV-infected and control BALB/c mice at 
different time points *P < 0.05; **P < 0.01. Data are represented as 
mean ± standard deviation (SD)
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TNF-α were chosen as inflammation relative cytokines and 
detected their expression level by real-time PCR. As to the 
expression level of IL-1β (Fig.  2a), the trend was similar 
to that of the NLRP3 that both of the H7N9 IAV-infected 
groups showed significantly higher compared with the con-
trol group. In the VK627 group, the expression level of IL-1β 
increased from 1 to 3  dpi and reached the maximum and 
then continuously decreased at 5 and 7 dpi, though it kept 
the highest level (P < 0.01) during the whole period com-
pared with the other two groups. Differently, in the rVK627E 
group, the expression level reached the maximum at 3 dpi. 
Though much lower than the VK627 group (P < 0.01), the 
expression level of IL-1β in rVK627E group was signifi-
cantly higher than that in control group during this period 
(P < 0.01) except at 3 dpi (P < 0.05). Differently, though 
the expression level of TNF-α in H7N9 IAV-infected 
groups showed significantly higher compared with the con-
trol group, the trend of each group was diverse from that of 
the IL-1β (Fig. 2b). In the VK627 group, the expression level 
of TNF-α showed highest level at 1 and 5 dpi and the low-
est level at 3 dpi. Interestingly, the expression in the rVK627E 
group showed gentle decrease during the whole period with 
the highest level at 1  dpi and a stable low level at 5 and 
7 dpi. Overall, the expression level of TNF-α in the VK627 
group was significantly higher than those of the other two 
groups (P  <  0.01) and that in the rVK627E group was just 
significantly higher than in the control groups (P < 0.01). 
Both of the strains of virus can induce higher expression 
level of IL-1β and TNF-α in the lung of BALB/c mice.

Statistic analysis of expression level of Slit2 and Robo4 
in the lung of BALB/c mice

As to the expression level of Slit2, different infected 
groups showed various trends compared with that of con-
trol (Fig.  3a). In the VK627 group, the expression level of 
Slit2 showed a stable increase during the whole period and 
with the lowest level at 1 dpi, which was significantly lower 
than the other two groups (P  <  0.01). Similar trend also 
showed that in the rVK627E group the level increased from 1 
to 7 dpi with the minimum at 1 dpi which was significantly 
lower than that in control group (P < 0.01), and the max-
imum at 7  dpi, significantly higher than that in the other 
two groups (P < 0.01). It was noticeable that the expression 
level of Slit2 in both VK627 and rVK627E groups was signifi-
cantly lower (P < 0.01) than that in control group at 1 dpi 
and increased at 3  dpi. Then, expression level of Slit2 in 
rVK627E group was significantly higher than that in control 
group at 5 and 7 dpi while that in VK627 showed no signifi-
cant difference compared with that of control. Similarly, 
the expression level of Robo4 (Fig. 3b) exhibited a parallel 
trend compared with that of Slit2. In the VK627 group, initi-
ated with a continuous increase from 1 to 5 dpi, with the 

lowest level at 1 dpi compared with the other two groups 
(P < 0.01), the expression level of Robo4 gently declined 
at 7  dpi. Differently, the expression in rVK627E group 
increased from 1 to 7 dpi with the minimum at 1 dpi, which 
was significantly lower than that in control (P < 0.01), and 
the maximum at 7 dpi, significantly higher than that in the 
other two groups (P < 0.01). The expression level of Robo4 
in both VK627 and rVK627E group was significantly lower 
(P < 0.01) than that in control group at 1 dpi and increased 
to the same level as control group at 3 dpi. Then, expres-
sion level of Robo4 in the rVK627E group was significantly 
higher than that in control group at 5 and 7 dpi while that in 
VK627 showed no significant difference compared with the 
control group. These results showed that both of the VK627 
and rVK627E strains of H7N9 IAV inhibited the expression 
of Slit2 and Robo4 in lung at the early stage during H7N9 
infection (from 1 to 3 dpi). After that, expression level of 
Slit2 and Robo4 increased dramatically in rVK627E group, 
while it remained similar level as non-infected in VK627 
group.

Immunohistochemical detection of RIP3, NLRP3, 
IL‑1β, TNF‑α, Slit2 and Robo4

Immunohistochemical detection was performed to show the 
cell-specific distribution of the protein of RIP3, NLRP3, 

Fig. 3   Relative mRNA expression levels of Slit2 (a) and Robo4 (b) 
in the lung of H7N9 IAV-infected and control BALB/c mice at dif-
ferent time points. *P  <  0.05; **P  <  0.01. Data are represented as 
mean ± standard deviation (SD)
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IL-1β, TNF-α, Slit2 and Robo4 in the lung of BALB/c 
mice. RIP3 protein can be detected in all groups. For the 
control, the epithelial cell of alveolar wall exhibited mild 
positive staining, which was similar to that in pulmonary 
arterial vascular endothelial cells. Smooth muscle cells of 
blood vessel and tracheal submucosal layer are medium 
positive (Fig.  4a), while they are medium to strong posi-
tive of the same cells in rVK627E and VK627 groups (Fig. 4b, 
c). As to the NLRP3 protein, for the control, the positive 
cells and distribution of NLRP3 in lung were consistent 

with our previous study [26, 27] (Fig. 4d). The infiltrated 
inflammatory cells and exudation were positive in the lung 
of infected groups (Fig. 4e, f). IL-1β in the lung of the con-
trol showed some alveolar epithelial cells of the pulmonary 
alveoli and bronchiole were very weak positive (Fig.  4g) 
according to our previous research [26], while they were 
mild to strong positive of the same cells in rVK627E and 
VK627 groups (Fig. 4h, i). In terms of the TNF-α, the posi-
tive cells were mainly the epithelial cells of the pulmo-
nary alveoli in mice of the control (Fig.  4j) according to 

Fig. 4   Distribution of RIP3 
(a–c), NLRP3 (d–f), IL-1β 
(g–i), TNF-α (j–l), Slit2 (m–o), 
Robo4 (p–r) in the lung of 
H7N9 AIV-infected BALB/c 
mice and the controls at 5 dpi. 
Scale bar 50 μm
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our previous research [26], while stronger positives were in 
the epithelial cells of the pulmonary alveoli as well as the 
epithelial cells and the submucosa of bronchi and bronchi-
oles in both VK627- and rVK627E-infected mice (Fig. 4k, l). 
The alveolar epithelial cells and mucosal epithelial cells of 
trachea were medium to strong positive staining for Slit2 
protein expression in control and rVK627E groups (Fig. 4m, 
n), while they were weak positive of the same cells in VK627 
groups (Fig. 4o). Similarly, for the Robo4, the location of 
positive cells in the lung had consistency to that of Slit2 
with different positive intensity, which was weak to mild 
positive staining in the control and VK627 group (Fig. 4p, r) 
and mild to medium positive staining in the rVK627E group 
(Fig. 4q).

Discussion

Novel avian-origin H7N9 influenza A virus has emerged in 
China since the first human case reported in 2013, and there 
were 655 laboratory-confirmed cases reported in mainland 
China by 15 June 2015 [28]. The clinical characteristics of 
these patients often included fever and cough, pneumonia 
and acute respiratory distress syndrome (ARDS) [29, 30], 
and human H7N9 IAV infection cases showed the signifi-
cant association between a longer incubation period and a 
greater risk of death [28]. Researches about host responses 
induced by influenza virus showed that through the recog-
nition of pathogen-associate molecular patterns (PAMPs) 
by various pattern recognition receptors (PRRs) [31, 32], 
mainly containing the Toll-like receptors (TLRs), retinoic 
acid-inducible gene I (RIG-I) and NOD-like receptor fam-
ily members (NLRs) [33–37], the host can block virus rep-
lication and promote viral clearance. Among these PRRs, 
NLRP3 is vital and efficient for cell-intrinsic recognition 
[38] and its activation and function is closely associated 
with RIP3. Activation of NLRP3 inflammasome complexes 
results in the autocatalytic processing of pro-caspase 1 into 
its active from and then cleaves pro-IL-1β into IL-1β. Then 
mediated by TLR, IL-1 receptor (IL-1R) and tumor necro-
sis factor receptor (TNFR) signaling, cytokine production 
and secretion are triggered including IL-1β and TNF-α 
[39], which contributes to the defense against IAVs infec-
tion of host [14, 40].

Activation of inflammatory response to infection facili-
tates virus clearance and produces excessive pulmonary 
inflammation and tissue damage leading to high patho-
genicity and lethality [9, 41]. In this research, we consid-
ered the mRNA expression and protein distribution of Slit2 
and Robo4 during H7N9 IAV infection, which could limit 
the disruptive effects of proinflammatory mediators on 
the vasculature. Previous reports showed that by mount-
ing a protective adaptive immune response, the host could 

survive from the infection of sub-lethal doses of influenza 
A virus or with inactive virus [9, 42]. In this research, we 
choose the H7N9 IAV strains of A/Chicken/Guangdong/
G1/2013 (VK627) and its site-mutation virus (rVK627E) with 
low pathogenic, which would be suitable for the research of 
the potential mechanism of inflammatory response induced 
by IAV infection in mice.

Result of the virulence of H7N9 IAV in BALB/c mice 
demonstrated that VK627 caused more serious histopatho-
logical changes than that in rVK627E group. It is noticeable 
that after 5 dpi, VK627 virus induced continuously slightly 
interstitial pneumonia with infiltration of inflammatory 
cells, whereas the rVK627E virus showed only slightly and 
locally venous hyperemia in alveolar wall. Coincidently, 
mRNA expression level of RIP3, NLRP3, IL-1β and 
TNF-α continuously significantly higher in VK627 group 
than that in rVK627E, which might contribute to the more 
serious interstitial pneumonia in VK627 group. This result 
was similar to that of Mok et al. [4]. In return, the dramatic 
increase expression level of Slit2 and Robo4 after 3  dpi 
might be the main factor to inhibit the interstitial pneumo-
nia and infiltration in rVK627E group, while interstitial pneu-
monia and infiltration in the VK627 group maintained, in 
which the expression of Slit2 and Robo4 exhibited similar 
level to control group. However, it is interesting that from 1 
to 3 dpi, the expression of Slit2 and Robo4 in both infected 
groups was significantly lower than in control, and it seems 
that there would be a potential mechanism of IAVs to 
inhibit the Slit2–Robo4 signaling pathway which deserves 
further detailed research. Similarly, immunohistochemis-
try showed that stronger stain of RIP3, NLRP3, IL-1β and 
TNF-α protein was detected in the lung tissues of VK627 
group than that in rVK627E group at 5  dpi, while stronger 
stain of Slit2 and Robo4 protein was detected in rVK627E 
group than that in VK627 group at the same time point. 
This implied that both VK627 and rVK627E H7N9 IAV could 
induce the host response in the lung of BALB/c mice, while 
more serious tissue lesion was companied with higher 
level of cytokines including IL-1β and TNF-α during VK627 
infection compared with rVK627E. However, BALB/c mice 
infected with rVK627E might be associated with the function 
of Slit2–Robo4 signaling pathway.

In summary, both VK627 and rVK627E H7N9 IAV can acti-
vate host inflammation responses in the lung of BALB/c 
mice. NLRP3, RIP3, IL-1β and TNF-α would play a key 
role in driving lung lesions while Slit2-Robo4 signal path-
way might contribute to protect the host form the exces-
sive pulmonary inflammation. The results will provide 
basic data for further study of the mechanism of immune 
and inflammation response and further understanding of 
the role of site 627 in PB2 in infection induced by H7N9 
IAVs. In addition, the vascular system in the lung which 
regulated by Slit2–Robo4 signaling pathway might provide 
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a potential important role for host survival from inflamma-
tory lesion induced by H7N9 IAVs infection.
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