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Abstract

Objective
RKIP has been demonstrated as an in�ammatory inhibiting mediator and involved in many diseases.
However, the potential mechanism of RKIP on the in�ammatory response induced by IAV was unclear.

Methods
The expression of RKIP and the change of in�ammatory response were detected in BEAS-2B, DHBE and
pNHBE cells infected by IAV. Locostatin was co-cultured with cells to downregulate the expression of
RKIP. RKIP was overexpressed by transfecting lentivirus. And a small molecule inhibitor, SCH772984,
speci�cally inhibited the activation of the ERK/MAPK pathway. C57BL/6 mice were also infected with IAV
to further con�rm our hypothesis in vivo.

Results
The expression of RKIP decreased in�ammatory response was triggered by IAV infection in airway
epithelial cells characterized by increased in�ammatory cytokines and cell cycle arrest. Meanwhile, the
ERK/MAPK pathway was activated by IAV infection. The results also showed that the down-expression of
RKIP aggravated the airway in�ammatory response. Conversely, overexpression of RKIP effectively
alleviated the airway in�ammatory response induced by IAV.

Conclusions
This study demonstrated RKIP played a protect role in airway epithelial cells against the in�ammation via
the ERK/MAPK pathway. Collectively, our �ndings suggested that RKIP negatively regulates airway
in�ammation and could be a promising therapeutic strategy for airway in�ammatory related diseases
induced by IAV.

Introduction
The In�uenza A virus (IAV) is one of the main pathogens of emerging respiratory infectious diseases [1]
and a common trigger for many respiratory diseases, such as acute exacerbation of chronic obstructive
pulmonary disease [2]. Severe IAV infection, contributing signi�cantly to substantial morbidity and
mortality, is responsible for health and economic burden in the world [3, 4]. The majority of airway
in�ammatory response are induced by respiratory viruses, leading to increased proin�ammatory
cytokines and the consequent development of cytokine storm [5]. It is well known that proin�ammatory
agents TNF-α and NO can interfere with cell cycle progression in different somatic cells. It is reported that
TNF-α generated oxidative stress decreases cell proliferation and induces cell cycle arrest [6, 7].
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Conversely, the cell cycle was dependent on TNF cytotoxicity [8]. It showed that in�ammation and cell
cycle may have a potential correlation. However, the molecular mechanisms mediating the IAV-induced
airway in�ammatory responses remain unclear.

Raf kinase inhibitor protein (RKIP), a member of the phosphatidylethanolamine-binding protein (PEBP), is
a highly conserved small molecule protein that is mainly located in the cytoplasm and plasma membrane
[9]. By binding speci�cally to Raf-1 kinase, RKIP modulates crucial intracellular signaling networks,
including the cascades of Raf/MEK/ERK, NF-κB, GSK-3β and so on [1, 3, 10–12]. Several studies have
demonstrated that RKIP participates in the regulation of a variety of physiological and pathological
processes such as cell differentiation, cell cycle, apoptosis [11, 13–15], autophagy, ferroptosis [16, 17],
and in�ammation [18, 19]. The expression of RKIP is enhanced by didymin resulting in inhibition of the
MAPK and NF-κB pathways, which contributed to the anti-in�ammatory effect of RKIP [20]. It has been
demonstrated that RKIP plays a negative role in regulating NLRP1, NLRP3, and NLRC4 in�ammasome
activation and is a potential therapeutic target for the treatment of in�ammasome-related diseases [21]. It
has been reported that RKIP plays a critical role in the cell cycle in many cancers [22]. There has been a
considerable amount of published data linking RKIP to various intra-cellular signaling networks that
control cellular growth [23–26]. However, the effect of RKIP on in�ammation and cell cycle progression in
airway epithelial cells after IAV infection is rarely reported.

In this study, we aim to investigate the effects and the detailed mechanisms of RKIP in IAV-induced
airway in�ammation, by utilizing human primary bronchial epithelial cells, cell lines and mouse models.

Materials And Methods
Reagents and materials

Locostatin (T8823) was purchased from Topscience (Shanghai, China). SCH772984(S7101) was
purchased from Selleck (Shanghai, China). RKIP antibody (ab76582) and β-actin antibody (ab8227) were
purchased from Abcam (USA). ERK1/2 antibody (WL01864) and pERK1/2 (thr202/tyr204) antibody
(WLP1512) were purchased from Wanleibio Company (Shenyang, China). CDK4 antibody (D9G3E) was
from Cell Signaling Technology (USA).

Cell isolation and culture

The pNHBE cells were isolated from the normal bronchial tissues of patients with lung carcinoma in situ
judged by three senior pathologists, the bronchial tissues were cut at the site more than 3 cm distant from
the edge of lung carcinoma according to the method modi�ed from previous studies [27, 28], pNHBE cells
were cultured in BEGM medium (Lonza, USA). Human airway epithelial BEAS-2B cells were purchased
from FuHeng Biology (Shanghai, China) and cultured in RPMI-1640 medium (Hyclone, USA)
supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 ng/mL streptomycin at 37°C
under a humidi�ed atmosphere of 5% CO2/95% air, DHBE cells are identical with BEAS-2B cells. Then,
using BEAS-2B, DHBE and pNHBE cells to perform the next experiments.
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Western blotting

Proteins of cells or lung tissues were harvested by lysis buffer. Equal amount of protein was separated on
SDS-PAGE gel and transferred to PVDF membranes. 5% non-fat milk was used to block the membranes
and primary antibodies were used overnight. Subsequently, a secondary HRP-conjugated antibody was
used for 1 h at room temperature.

Quantitative real-time PCR

RNA was extracted and reversed transcribed to cDNA according to kit procedures. Quantitative real-time
PCR (qRT-PCR) was performed using 2 x S6 Universal SYBR qPCR Mix (EnzyArtisan, shanghai, China)
with the primers listed in Table 1. Expression levels of target mRNA were calculated using 2-ΔΔCt relative
to the reference gene (β-actin), then calculated as fold change relative to the media control.

Table 1 Primers used in the study

Primer Sequence (5’-3’)

RKIP (human) F GCTCTACACCTTGGTCCTGACA

RKIP (human) R AATCGGAGAGGACTGTGCCACT

IL-1β (human) F CCACAGACCTTCCAGGAGAATG

IL-1β (human) R GTGCAGTTCAGTGATCGTACAGG

IL-18 (human) F AGCAAGGAATTGTCTCCCAG

IL-18 (human) R GAAGCGATCTGGAAGGTCTG

β-actin (human) F CACCATTGGCAATGAGCGGTTC

β-actin (human) R AGGTCTTTGCGGATGTCCACGT

IL-1β (mouse) F TGGACCTTCCAGGATGAGGACA

IL-1β (mouse) R GTTCATCTCGGAGCCTGTAGTG

IL-18 (mouse) F AGGGTTTGTGTTCCAGAAAGATG

IL-18 (mouse) R AGCCTCGGGTATTCTGTTATGG

β-actin (mouse) F CATTGCTGACAGGATGCAGAAGG

β-actin (mouse) R TGCTGGAAGGTGGACAGTGAGG

Immuno�uorescence staining

Cells were plated in 24 well culture plates after IAV infection for 48 h. Then the cells were washed with
cold phosphate-buffered saline (PBS), �xed with 4% paraformaldehyde and permeated with 0.1% Triton
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X-100. After being blocked with 5% BSA at room temperature for 30 min, the cells were incubated with
RKIP antibody (1:100, Abcam, USA) overnight. The secondary antibody incubated at a 1:500 dilution for 1
h at room temperature. DAPI was used to visualize the nuclei and analyzed using a laser confocal
microscope (Zeiss LSM880, Carl Zeiss AG).

Enzyme linked immunosorbent assay (ELISA)

The level of in�ammatory cytokines IL-1β and IL-18 in supernatants of cells, serum and BALF of mice
were examined by ELISA kits according to the protocol from the manufacturer. 

Cell cycle assay

Cells were plated in 12 well plates and stained according to the manufacturer's instructions. The cell cycle
was analyzed by using a novocyte �ow cytometer (Agilent, USA). 

Cell viability assay

Cells were plated at a density of 5 × 103 in 96 well plates. After cells were infected by IAV(MOI=2) for 48 h
at 37°C in a humidi�ed 5% CO2, we evaluated the cell viability by CCK-8 kit according to the
manufacturer's instructions. Brie�y, 10 μl of CCK-8 reagent was added into each well, then the cells were
incubated at 37°C for 2 h. The absorbance at 450 nm was measured to evaluate cell viability.

EdU assay

Cells were cultured in 24 wells plate after IAV infection for 48 h. EdU kit (NO. C0075S, Beyotime Bio,
Shanghai, China) was used to detect the degree of DNA damage according to the protocol. The results
were analyzed by using Leica orthotopic micro-scope (Leica DM6B). 

Immunohistochemistry

Brie�y, lung tissue sections were incubated in primary antibody at 4°C overnight and the secondary
antibody was used at room temperature for 1 h. Finally, after DAB staining, the sections were then
counterstained using hematoxylin.

Animal experiment

Six-week-old C57BL/6 mice were challenged by IAV to induce airway in�ammation, and were treated with
locostatin respectively. Mice were randomly divided into four groups: control group, IAV group, locostatin
group and IAV + locostatin group. Locostatin was pre-treatment 4 h before 100PFU of IAV in 100 μl
through the oropharyngeal aspiration. 7 days later, mice were anesthetized with pentobarbital (70
mg/Kg), then serum and BALF were collected to detect the level of IL-1β and IL-18 by ELISA. Meanwhile,
we detected the mRNA level of IL-1β and IL-18 in the lung tissue. HE and IHC staining were used to
analyze airway in�ammation and the expression of RKIP. Expression of RKIP, ERK1/2, pERK1/2, CDK4
and NLRP3 in the lung tissue were measured by western blotting.
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Statistical analysis

Data were expressed as the mean ± SEM. Statistical Analysis was performed using SPSS 23.0 (IBM,
Armonk, NY, USA). Differences between two groups were analyzed through Student t-test. While those
among three or more groups were analyzed by one-way analysis of variance (ANOVA). P < 0.05 was
considered signi�cant.

Results
Effect of IAV infection on the expression of RKIP in BEAS-2B, DHBE and pNHBE cells

BEAS-2B and DHBE cells were treated with IAV (MOI=2) for 48 h and the expression of RKIP were
measured. In BEAS-2B and DHBE cells, we observed the expression of RKIP was signi�cantly decreased
with IAV infection after 48 h by western blotting (Fig. 1A-B and Fig. 1E-F). Meanwhile, in�ammatory
cytokines were detected by qRT-PCR (Fig. 1C-D and Fig. 1G-H). The result showed IL-1β and IL-18 were
signi�cantly increased after IAV (MOI=2) infection for 48 h. To further con�rm this result, pNHBE cells
were used to detect RKIP and in�ammatory cytokines (Fig. 2). All results exhibited that IAV infection
signi�cantly reduced the protein and mRNA levels of RKIP in BEAS-2B, DHBE and pNHBE cells. And
airway in�ammatory response was induced by IAV.

RKIP inhibition by locostatin increases in�ammatory response induced by IAV in airway epithelial cells

To investigate whether airway in�ammation induced by IAV was regulated by RKIP, we pretreated the
DHBE with locostatin 4 h before IAV infection. Locostatin, a non-anti-bacterial oxazolidinone derivative, is
a small molecule that covalently binds RKIP, functioning as a protein-protein interaction; locostatin
inhibits and abrogates the ability of RKIP to bind and inhibit Raf-1 kinase speci�c to inhibit RKIP [29, 30].
We found that the expression of RKIP was signi�cantly decreased after IAV infection, and compared with
the IAV group, the expression of RKIP in IAV + locostatin group signi�cant decreased by western blotting
(Fig. 3A) and immuno�uorescence (Fig. 3C). Meanwhile, we measured the in�ammatory cytokines IL-1β
and IL-18 mRNA level through qRT-PCR and examined the cell supernatant level of IL-1β and IL-18 by
ELISA. All the results shown in Fig. 3B, IL-1β and IL-18 were dramatically increased in the locostatin and
IAV co-cultured with DHBE cells group compare to mono-IAV infection group. To further con�rm the effect
of RKIP on cell cycle progression in DHBE cells, �rstly, western blotting showed us that CDK4 was
downregulated after IAV or locostatin treatment. Then, cell cycle was impaired by RKIP inhibition due to
locostatin use and IAV infection as detected by EdU assay and CCK-8 compared with control group,
respectively (Fig. 3D-F). Furthermore, the cell cycle was analyzed using �ow cytometry. Results
demonstrated that RKIP inhibition by locostatin reduced the percentage of DHBE cells in S stage
compared with the IAV group (Fig. 3G-3H). When DHBE cells were challenged by IAV and locostatin, the S
stage signi�cantly decreased compared to the locostatin group. These results suggested that RKIP
inhibition by locostatin increased in�ammatory response and suppressed cell cycle progression in
in�ammatory response induced by IAV.
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RKIP alleviated the in�ammatory response in BEAS-2B cells after IAV infection 

To further con�rm RKIP regulated the in�ammation and cell cycle progression after IAV infection, we
overexpressed the RKIP in BEAS-2B cells by lentivirus transfected. As shown in Fig. S1A, the expression of
RKIP was signi�cantly upregulated after lentivirus transfection by qRT-PCR. We found that RKIP
overexpression signi�cantly alleviated the production of in�ammatory cytokines and recovered cell cycle
arrest in BEAS-2B cells after IAV infection. As shown in Fig. 4A and 4C, the expression of RKIP was
signi�cantly decreased after IAV infection detected by western blotting and immuno�uorescence.
Meanwhile, we detected the in�ammatory protein NLRP3 through western blotting. The result suggested
that RKIP overexpression signi�cantly alleviated the in�ammatory response after IAV infection (Fig. 4A).
Furthermore, we measured the in�ammatory cytokines IL-1β and IL-18 through qRT-PCR and ELISA. As
shown in Fig. 4B, the expression of IL-1β and IL-18 were dramatically inhibited in IAV + RKIP
overexpression (RKIP-OE) group compared with the IAV group. Also, we examined the expression of CDK4
which is relative to the cell cycle. The western blotting result showed us that CDK4 was upregulated when
RKIP was overexpressed (Fig. 4A). Cell cycle progression was impaired after IAV infection in BEAS-2B
cells. However, RKIP overexpression reversed this effect through EdU assay (Fig. 4D-E) and CCK-8 (Fig.
4F). Furthermore, we used �ow cytometry to analyze the cell cycle. Results suggested that the
overexpression of RKIP increased the percentage of BEAS-2B cells in S stage. Meanwhile, S stage
percentage reduced after IAV infection was restored when RKIP was overexpressed (Fig. 4G and 4H). All
results demonstrated that overexpression of RKIP alleviated the in�ammatory response and promoted the
cell cycle progression in BEAS-2B cells with IAV infection.

RKIP regulated the in�ammatory response via the ERK/MAPK pathway

To investigate that RKIP regulated in�ammatory response via the ERK/MAPK pathway, we used the
speci�c inhibitor of ERK1/2, SCH772984, to inhibit this pathway. We challenged different groups with or
without IAV. As shown in Fig. 5A, we detected the protein level of RKIP, ERK1/2 and pERK1/2 by western
blotting. The results suggested that SCH772984 signi�cantly inhibited the expression of ERK1/2. The
pERK1/2/ ERK1/2 was decreased with co-cultured with SCH772984. And SCH772984 reversed the
activation of the ERK/MAPK pathway induced by IAV and RKIP inhibition. And the in�ammatory
cytokines of IL-1βand IL-18 were not increased when the ERK/MAPK pathway was inhibited by
SCH772984. When the ERK/MAPK pathway was inhibited, DHBE cells were infected with IAV showing the
similar level of compared with the IAV and locostatin co-cultured group by qRT-PCR. Meanwhile, cell cycle
was analyzed by �ow cytometry (Fig. 5D). The results suggested that cell cycle cannot be arrested when
SCH772984 was used to inhibit the ERK/MAPK pathway.

Downregulation of RKIP aggravated the airway in�ammatory response in vivo

To further con�rm the effects of RKIP in vivo, mice with IAV infection were used and analyzed. According
to our previous study [31], the model of airway in�ammation was established and analyzed all changes 7
days after IAV infection. We collected BALF and serum to examine the IL-1β and IL-18 levels. As shown in
Fig. 6C and D, the level of IL-1β and IL-18 in BALF and serum were signi�cantly higher than no or mono-
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treatment with IAV groups. These �ndings indicated that the levels of IL-1β and IL-18 were increased in
the IAV infection group, and locostatin, the speci�c inhibitor of RKIP, markedly aggravated the
in�ammatory response. Furthermore, these IAV-induced lung histopathological changes were performed.
As shown in Fig. 6E, the in�ltration of in�ammatory cell was severer in IAV infection mice than the control
group. Meanwhile, these results showed us that locostatin increased the lung in�ammation of mice
infected by IAV. To further determine the expression of RKIP in lung tissues from C57BL/6 mice, we
examined the level of RKIP through western blotting and immunohistochemistry. As shown in Fig. 6A and
6F, RKIP in lung tissues was signi�cantly decreased in response to IAV and locostatin. Meanwhile, we
examined ERK1/2 and pERK1/2 to determine whether the ERK/MAPK pathway was activated. CDK4 was
measured to examine the cell cycle. IAV and locostatin activated the ERK/MAPK pathway and arrested
cell cycle progression compared to the control group or IAV group. The results demonstrated that RKIP
inhibition aggravated IAV induced airway in�ammatory response, suggesting RKIP is a negative regulator
of IAV-induced airway in�ammatory response.

Discussion
In the present study, we demonstrated that RKIP functions as an inhibiting mediator of IAV-induced
airway in�ammatory response, which occurred via the ERK/MAPK pathway. The overexpression of RKIP
signi�cantly alleviated the airway in�ammatory response induced by IAV. It showed that in�ammatory
cytokines were decreased and the cell cycle recovered. These �ndings �rstly suggested that RKIP
mediated IAV-induced airway in�ammation via the ERK/MAPK pathway in vitro and in vivo.

RKIP has been demonstrated involving many diseases processes [17, 21, 32]. However, the role of RKIP in
airway in�ammatory response after IAV infection has few reports. In this study, we found that the
expression of RKIP was downregulated in BEAS-2B, DHBE and pNHBEs after IAV infection. The level of
in�ammatory cytokines of IL-1β and IL-18 were increased after IAV infection. The results suggested that
RKIP could play an important role in the airway in�ammatory response after IAV infection.

In our study, to further investigate the role of RKIP in airway in�ammatory response after IAV infection, the
expression of RKIP was speci�cally downregulated by locostatin. In our study, when RKIP was
downregulated by locostatin, airway in�ammation was exacerbated. Meanwhile, we observed that the
growth rate of cells slowed down when downregulating the expression of RKIP. It suggested that RKIP
could involve in the cell cycle progression. Furthermore, we examined the cellular viability and indicators
of the cell cycle, the results showed that the cell cycle was arrested after IAV infection. Moreover,
downregulating the expression of RKIP decreased the ratio of S stage in cell cycle progression. There
were reported that RKIP was involved in the cell cycle progression [33] and the cell cycle was arrested
after in�uenza virus infection [34]. In line with our data presented above, airway in�ammation was
increased and the cell cycle was arrested after in�uenza virus infection. Inhibiting the expression of RKIP
aggravated the in�ammatory response. In the study, we further strengthen that overexpression of RKIP is
indeed of protective role against the production of cytokines and recovery the progression of the cell
cycle. This will greatly increase our understanding of the search for possible drugs.
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Our results showed that the airway in�ammation was signi�cantly suppressed and the cell cycle arrest
was recovered when up-regulating the expression of RKIP. We further investigated the effect of RKIP on
the airway in�ammation in vitro. According to our previous study, we successfully constructed the mouse
model of airway in�ammation induced by IAV [31, 35]. In vivo, down-regulating the expression of RKIP
also increased the production of cytokines and arrested the cell cycle after IAV infection. All the results
were identical with the outcomes in vitro.

Although previous studies have reported that reducing RKIP expression alleviated liver �brosis [36]. It has
also been reported that inhibiting RKIP leaded to deteriorate hepatic �brosis [37]. These previous studies
suggested that RKIP could be a double-edged sword in order to perform speci�c roles in different organs.
Although the role of RKIP was controversial in different organs and systems, our study con�rmed that
RKIP played a protective role in airway in�ammation and cell cycle after IAV infection.

Emerging evidences suggest the ERK/MAPK pathway was essentially involved in many
pathophysiological progressions such as proliferation, stress, in�ammatory responses, differentiation
and apoptosis [18, 38, 39]. However, whether RKIP mediates airway in�ammatory response induced by
IAV via the ERK/MAPK pathway remains unclear. In the present study, we demonstrated that this pathway
was activated after IAV infection. In BEAS-2B cells, RKIP overexpression cannot alleviate the airway
in�ammation and recover cell cycle arrest when the ERK/MAPK pathway was inhibited by SCH772984
after IAV infection. The �ndings indicated that RKIP protected airway epithelial cells to defend with
in�ammatory response induced by IAV via the ERK/MAPK pathway. It suggested that RKIP roles as anti-
virus mediator by inhibiting the ERK/MAPK pathway activation. Consistently, it has reported that RKIP
acted as an anti-virus agent in innate immunity [40]. All the �ndings revealed that RKIP have a promising
target for anti-virus. Meanwhile, IAV was the main pathogen of emerging respiratory infectious diseases
which was lack of effective treatment. Our results might be of relevance for the future development of
targeted treatment approaches in IAV-induced in�ammatory diseases.

It has been demonstrated that airway in�ammation was exacerbated and cell cycle blocked after
in�uenza virus infection [34, 41]. Also, there were studies reported that cell cycle arrest promoted viral
replication to increase in�ammation [41]. In our present study, we elucidated that RKIP promoted the
recovery of the cell cycle arrest to alleviate the in�ammatory response induced by IAV in airway epithelial
cells. All the evidences suggested that cell cycle was tightly linked to in�ammatory diseases. Moreover,
emerging studies indicated that in�ammation is a critical component of tumor progression [42]. It was
well known that the cell cycle of tumor progression was increased. To some extent, this could reveal a
novel view that the cell cycle was dynamic change with the development of in�ammation progression
from acute to chronic. Finally, it could develop into a tumor. It can be a potential mechanism to the
disease related to in�ammation-cancer transformation.

In summary, we have elucidated that RKIP plays an important role in surviving from airway in�ammation
and recovering the cell cycle progression after IAV infection via the ERK/MAPK pathway. Our �ndings
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reveal the positive regulation of RKIP-mediated anti-in�ammatory responses. It could provide a novel idea
for the treatment of in�ammatory related diseases induced by IAV.

Conclusion
Our �ndings demonstrated that the expression of RKIP was signi�cantly decreased after IAV infection.
RKIP played a protective role to alleviate the airway in�ammation and recover the cell cycle via the
ERK/MAPK pathway after IAV infection (Fig. 7). It may provide a novel treatment option for the respiratory
diseases involving with IAV infection.
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Figures

Figure 1

Effect of IAV infection on the expression of RKIP in BEAS-2B and DHBE cells

(A and B) The protein expression of RKIP in BEAS-2B cells was detected by western blotting after
IAV(MOI=2) infection for 48 h (C and D) The mRNA level of IL-1β and IL-18 in BEAS-2B cells were detected
by qRT-PCR after IAV(MOI=2) infection for 48 h (E and F) The protein expression of RKIP in DHBE cells
was detected by western blotting after IAV(MOI=2) infection for 48 h (G and H) The mRNA level of IL-1β
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and IL-18 in DHBE cells were detected by qRT-PCR after IAV(MOI=2) infection for 48 h (**P < 0.01 and
****P < 0.0001 vs NC group)

Figure 2

Effect of IAV infection on the expression of RKIP in pNHBE cells

(A-B) The protein expression of RKIP was detected by western blotting after IAV(MOI=2) infection for 48 h
(C and D) The mRNA level of IL-1β and IL-18 in pNHBE cells was detected by qRT-PCR after IAV(MOI=2)
infection for 48 h (*P < 0.05, **P < 0.01 and ***P < 0.001 vs NC group)

Figure 3

RKIP inhibition by locostatin increases airway in�ammatory response induced by IAV in DHBE cells
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(A) The protein expression of RKIP, ERK1/2, pERK1/2, CDK4 and NLRP3 in DHBE cells were detected by
western blotting after IAV(MOI=2) infection and/or treated with 50 nM locostatin for 48 h (B) The
in�ammatory cytokines of IL-1β and IL-18 were measured by qRT-PCR and ELISA (C)
Immuno�uorescence staining was performed to detect the expression of RKIP by staining RKIP (red) and
DAPI (blue), scale bars=20μm (D-E) EdU assay was used to detect the cells synthesizing DNA in the S-
phase of the cell cycle, scale bars=50μm (F) CCK-8 was used to detect the cell viability of DHBE cells after
co-culture with IAV and locostatin (G-H) Cell cycle was detected by �ow cytometry (*P < 0.05, **P < 0.01
and ***P < 0.001 vs NC group; #P < 0.05, ##P < 0.01, ###P< 0.001and ####P < 0.0001 vs IAV group)

Figure 4

RKIP alleviated the airway in�ammation in BEAS-2B cells after IAV infection

(A) The protein expression of RKIP, ERK1/2, pERK1/2, CDK4 and NLRP3 in BEAS-2B cells were detected by
western blotting (B)The in�ammatory cytokines of IL-1β and IL-18 were measured by qRT-PCR and ELISA
(C) Immuno�uorescence staining was performed to detect the expression of RKIP by staining RKIP (red)
and DAPI (blue), scale bars=20μm (D-E) EdU assay was used to detect the cells synthesizing DNA in the
S-phase of the cell cycle, scale bars=50μm (F) CCK-8 was used to detect the cell viability of BEAS-2B cells
after IAV infection when BEAS-2B cells were overexpressed by RKIP-lentivirus (G-H) Cell cycle was
detected by �ow cytometry (*P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.001 vs NC group; #P < 0.05,
##P < 0.01 and ###P< 0.001 vs IAV group)
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Figure 5

RKIP regulated the airway in�ammatory response via the ERK/MAPK pathway

(A) The protein expression of RKIP, ERK1/2 and pERK1/2 in DHBE cells were detected by western blotting
(B-C) The in�ammatory cytokines of IL-1β and IL-18 were measured by qRT-PCR (D) Cell cycle was
detected by �ow cytometry (ns P>0.05 vs IAV + locostatin group)
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Figure 6

Downregulation of RKIP aggravated the in�ammatory response in vivo

After the treatment with 0.9% saline or 100 μl IAV in saline via oropharyngeal aspiration, locostatin (10
mg/kg) was administered i.v. 1 day later in mice. On day 7, mice were sacri�ced under �nal anesthesia
(A) Lung tissues were harvested to detect the protein level of RKIP, ERK1/2, pERK1/2, NLRP3 and CDK4 by
western blotting (B) Lung tissues were harvested to detect the mRNA level of IL-1β and IL-18 by qRT-PCR
(C-D) Serum and BALF were harvested to examine the in�ammatory cytokines IL-1β and IL-18 by ELISA
(E)H&E staining was used to evaluate the semi-quantitative scoring of in�ammation in lung tissue (F)
Immunohistochemical was performed to localize the RKIP in bronchial epithelium. Scale bars = 50 μm
(*P < 0.05, **P < 0.01 and ***P < 0.001 vs NC group; #P < 0.05, ##P < 0.01 and ###P< 0.001 vs IAV group)
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Figure 7

Schematic elucidation of the possible mechanism of RKIP in IAV-induced airway in�ammatory response
via the ERK/MAPK pathway
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