
Summary. Background. Infantile pneumonia is an acute 
inflammatory disorder of the lung caused by 
mycoplasma pneumonia. SPHK1 (sphingosine kinase-1) 
signaling pathway is involved in the process of 
inflammatory diseases. However, whether SphK1 
regulates inflammatory responses in infantile pneumonia 
remains unclear. In this study, we investigated the role of 
SPHK1 in infantile pneumonia and its underlying 
mechanisms.  
      Methods. Serum samples of 12 patients with 
infantile pneumonia and healthy controls were obtained 
from Hunan Children's Hospital. To induce pneumonia, 
mice were administrated with LPS (lipopolysaccharide) 
into the lung. RAW264.7 cells were used as an in vitro 
macrophage model stimulated with LPS or PBS for 4 h. 
      Results. SPHK1 mRNA level and protein level in the 
LPS-treated mice and patients with infantile pneumonia 
were significantly increased. SPHK1 promoted 
inflammation and lung injury in mice with infantile 
pneumonia. The knockdown of SPHK1 expression 
inhibited inflammation and restrained lung injury in 
mice with infantile pneumonia. SPHK1 overexpression 
also exacerbated inflammation in RAW264.7 cells 
stimulated by LPS, and SPHK1 silencing reduced 
inflammatory responses. We further showed that SPHK1 
induced NLRP3 (NLR Family Pyrin Domain Containing 
3) activity by inhibiting SIRT1 expression.  
      Conclusion. Our study demonstrated that SPHK1 
promotes inflammation of infantile pneumonia by 
modulating NLRP3 inflammasome via the regulation of 
SIRT1 expression and mitochondrial permeability 
transition. 
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Introduction 
 
      Infantile pneumonia is an acute inflammatory 
disorder in the lung caused by mycoplasma pneumoniae 
(MP), which is a common pediatric pneumonia 
accounting for approximately 20% of pneumonia 
(Xiaomeng et al., 2015). The clinical incidence of MP 
has been significantly increasing in recent years. 
Pediatric MP is a contagious disease and is mainly 
transmitted through the respiratory tract (Li et al., 2019), 
with a high transmission rate reaching 50% in crowded 
neighborhood (Zhang et al., 2020). Apart from the 
respiratory syndromes, the clinical symptoms of infantile 
pneumonia include encephalitis, nephritis, myocarditis, 
immune hemolytic anemia and multi-system dysfunction 
(Tomari et al., 2018; Li et al. 2019). 
      Recent studies have shown that NLRP3 (NLR 
Family Pyrin Domain Containing 3) inflammasome 
plays an extremely important role in the inflammatory 
responses of acute lung injury (ALI), and NLRP3 is 
implicated in the initiation and development of acute 
infectious pneumonia (Liu et al., 2021; Luo et al., 
2021b). Elevated NLRP3 activity can cause lung injury 
by activating NF-κB related pathways, which has been 
proposed as a potential therapeutic target for lung injury 
(Pu et al., 2020). 
      Accumulating evidence has suggested the 
engagement of SPHK1 signal pathway in the occurrence 
and development of cancer (Hart et al., 2019). There are 
also evidence that the activation of SPHK1 signaling 
pathway in the kidneys of diabetic rats contributes to 
renal damages including kidney fibrosis and renal 
inflammation (Lee et al., 2018; Khoei et al., 2020). 
However, the potential role of SPHK1 signaling in 
pneumonia remains to be elucidated. In this work, we 
studied the role of SPHK1 in infantile pneumonia and its 
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underlying mechanisms. 
  
Materials and methods 
 
Clinical samples  
 
      Patients with infantile pneumonia (N=12) and 
healthy controls (N=12) were obtained from Hunan 
Children's Hospital from 2018 to 2019. All the 
participants signed obtained informed consent and the 
study was approved by the Ethics Committee of Hunan 
Children's Hospital. Serum of all patients and healthy 
controls were stored at -80°C freezer until further use. 
 
Animal studies and pneumonia model 
 
      A total number of 12 one-week old C57BL/6 mice 
(male, 4-5 g) were housed separately under controlled 
temperature (22±3°C), with 50±20% humidity and a 
light-dark cycle of 12h. Mice were anesthetized by 
intraperitoneal administration of pentobarbital sodium 
(50 mg/kg). After anesthetization, mice was injected 
with 2 mg/kg of LPS (Sigma-Aldrich Merck KGaA) as 
literature (Li et al., 2019; Pu et al., 2022) into the lung 
tissues in the pneumonia group. In the sham group, an 
equal volume of PBS was injected (n=6 in each group). 
After 3 days, mice were euthanized and the tissue 
samples were collected. To test the effect of SPHK1, 
recombinant SPHK1 protein (1 mg/kg) was injected to 
lung tissues together with LPS administration. To further 
investigate the role SPHK1 and SIRT1 in mouse model, 
SPHK1 inhibitor (MP-A08, Sigma) or SIRT1 agonist 
(CAY10602, Sigma), or SIRT1 inhibitor (Selisistat, 
Sigma) was injected at 5 mg/kg after LPS 
administration. To assess the role of ROS in model of 
infantile pneumonia, ROS inhibitor (5-Galloylquinic 
acid, Sigma) or ROS agonist (Sideroxylin, Sigma) was 
applied at 10 mg/kg after LPS administration. 
 
Hematoxylin-Eosin (H&E) Staining  
 
      Lung tissue samples were fixed with 4% 
paraformaldehyde and were paraffin-embedded. Samples 
were cut into 5 μm sections using a microtome. H&E 
staining was performed using H&E Stain Kit (ab245880, 
Abcam). Briefly, deparaffinized and hydrated section 
was incubated in Hematoxylin staining solution for 5 
mins. The section was rinsed twice with distilled water 
to remove excess stain. Then adequate Bluing Reagent 
was applied to completely cover tissue section for 30 
secs. After washing with distilled water, the section was 
dehydrated in absolute alcohol and then stained with 
Eosin Y Solution for 2-3 mins. The images were 
captured a light microscopy (BH3-MJL; Olympus 
Corporation, Tokyo, Japan). 
 
Immunofluorescence  
 
      Lung tissue samples were fixed with 4% para-
formaldehyde and were paraffin-embedded. Samples 

were cut into 5 μm sections using a microtome and 
permeabilized with 0.5% Triton X-100. After blocking 
in 5% goat serum for 1 h, the sections were stained with 
anti-SPHK1 antibody (1:200, Cell Signaling 
Technology), overnight at 4°C. After washing, Alexa 
594-conjugated secondary antibody (1:200, Thermo 
Fisher Scientific) was used to label the primary antibody 
for 1 h at room temperature. After counterstaining with 
DAPI, the images were taken under a fluorescence 
microscope (LSM 510 Meta; Carl Zeiss).     
 
Expression plasmids and SPHK1 gene silencing, cell 
culture and transfection 
 
      Human SPHK1 cDNA were amplified by standard 
PCR from the mRNA sample of RAW264.7 cells. The 
cDNA sequence was cloned into the pGL3-Basic vector 
(Promega) for SPHK1 overexpression. Si-RNA targeting 
SPHK1 (si-SPHK1) and negative control were 
purchased Santa Cruz Biotechnology. RAW264.7 cells 
(ATCC) were cultured at 37°C, 5% CO2 in DMEM 
containing 10% fetal bovine serum, penicillin (100 
U/ml), and streptomycin (100 mg/ml).  
      RAW264.7 macrophage cells were grown to 80% 
confluence in 6-well plates and transfected with 
plasmids (6 µg pGL3-SPHK1 or 200 nM of si-SPHK1 
and negative control) by Lipofectamine 2000 (Thermo 
Fisher Scientific). 48 h post-transfection, RAW264.7 
cells were stimulated with 0.1 mg/ml LPS as literature 
(Li et al., 2019; Pu et al., 2022) or PBS for 4 h before 
further analysis. 
 
Real-time quantitative RT-PCR 
 
      Total cellular RNA was extracted using Trizol 
reagent (Thermo Fisher Scientific) from lung tissue or 
cells. The extracted total RNA was dissolved in DEPC 
water and the concentration was measured with 
NanoDorp. 1 μg of total RNA was used for reverse-
transcription using RevertAid First Strand cDNA 
Synthesis Kit (Thermo Fisher Scientific). The resulted 
cDNA was analyzed in a 7500 Real Time PCR System 
(Applied Biosystems) using SYBR premix EX TAQ II 
kit (Takara). 2–ΔΔCt method was used to analyze the 
relative expression level and GAPDH was used as the 
internal reference gene. All primer sequences were 
synthesized and purchased from Shanghai Sangon 
Biotechnology Co., Ltd. (Shanghai, China):  
SHPK1,  F-TGCTGATGGCCTGATTGTCTT;  
               R-CTACAGGGAGGTAGGCCAGT.  
IL1B,      F-ATGATGGCTTATTACAGTGGCAA;  
               R-GTCGGAGATTCGTAGCTGGA.  
TNFα,     F-CAGGCGGTGCCTATGTCTC;  
               R-CGATCACCCCGAAGTTCAGTAG.  
IFN-ɤ,     F-GCCACGGCACAGTCATTGA,  
               R-TGCTGATGGCCTGATTGTCTT. 
  
ELISA experiments 
 
      MDA, SOD, GSH, GSH-PX, ROS, IL-1β, IL-6, 
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Fig 1. SPHK1 is upregulated in infantile pneumonia. Heat map showing the differential expressed genes related to inflammation between healthy 
controls (Left) and infantile pneumonia (Right) (A), serum mRNA of SPHK1 between healthy control and patients (B), serum mRNA of SPHK1 was 
correlation with serum IL-1β levels (C), Sensitivity analysis by AUC - ROC curve in patients with infection (D), lung tissue of SPHK1 mRNA expression 
in mouse model (E), SPHK1 protein expression in lung tissues of mouse model (F-G), SPHK1 protein expression (Immunohistochemistry, H), SPHK1 
protein expression (Immunofluorescence, I) in the lung tissues of mouse model. Normal, healthy group; Patients, Patients with infantile pneumonia; 
Sham, sham control group; model, mice with infantile pneumonia. **p<0.01 compared with heathy control group or sham control group. 



TNF-α and INF-γ levels in cultured supernatants were 
quantified using an ELISA kits according to the 
manufacturer's instructions. All the kits were purchased 
from Abcam (United Kingdom). OD values at 450 nm 
were determined by a microplate reader (Thermo Fisher 
Scientific). 
 
Western blot 
 
      Lung tissue or cells were lysed in RIPA lysis buffer 
containing protease inhibitor (Thermo Fisher Scientific) 
on ice for 15 min. Protein concentrations in the lysate 
were determined by a BCA Protein assay kit (Beyotime 
Biotechnology, China). 10 ug of protein samples were 
separated by 10% SDS-PAGE and blotted on PVDF 
membrane. Membranes were blocked with 10% non-fat 
milk in TBST buffer at room temperature for 2h, and 
incubated with primary antibodies: SPHK1 (ab109522, 
1:1000, abcam), SIRT1 (ab189494, 1:1000, abcam), 
NLRP3 (ab263899, 1:1000, abcam) and β-Actin (sc-

8432, 1:5000, abcam) at 4°C overnight. After 4 times 
wash with TBST buffer, the membranes were further 
incubated with horseradish peroxidase–labeled 
secondary IgG (dilution 1:1000, abcam). The protein 
bands were developed using ECL western blotting 
detection reagent (GE Healthcare, USA), and 
photographed on a gel imager system (Bio-Rad, United 
States). The densitometry analysis was performed with 
Image J software (Bethesda, USA). 
 
Statistical analysis  
 
      All data in the study were evaluated with SPSS 
version 18.0 software. Difference was considered as 
significant with a P value <0.05. The statistical 
difference between two groups was compared using 
unpaired student’s t tests. Comparisons among multiple 
groups were analyzed using one-way analysis of 
variance (ANOVA) with Tukey’s post hoc test for 
pairwise comparison. 
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Fig. 2. SPHK1 protein promotes inflammation and lung injury in mice with infantile pneumonia. Bronchoalveolar lavage (BAL) Hemoglobin (Hgb) level 
(A), BAL neutrophils (B), BAL protein concentrations (C), lung bacterial CFU (D), BAL fluid turbidity OD540 (E), circulating platelet counts (F), lung 
tissue H&E staining (G), IL-1β (K), IL-6 (L), INF-γ (M), TNF-α (N), MDA (L), SOD (M), GSH (N), GSH-PX (O) levels between infantile pneumonia group 
and the group treated with recombinant SPHK1 protein. Model: infantile pneumonia model mice group; Model+SPHK1: infantile pneumonia model mice 
with human SPHK1 recombinant protein; **p<0.01 compared between Model and Model+SPHK1 group.



Results 
 
SPHK1 is upregulated the clinical samples and mouse 
model of infantile pneumonia  
 
      To identify the genes differentially expressed 
between healthy controls and patients, we used gene 
chip to analyze the expression of genes related to 
inflammatory responses. The analysis showed that 
SHPK1 is among the top inflammatory genes 
upregulated in pneumonia group (Fig. 1A). Then qRT-
PCR result validated that serum level of SPHK1 mRNA 
was increased in patients with infantile pneumonia (Fig. 
1B). Serum mRNA of SPHK1 was positively correlated 
with serum IL-1β level in patients with infantile 
pneumonia, with an ROC (Receiver operating 
characteristic) =0.9201 (Fig. 1C,D). We also confirmed 
the upregulation of SPHK1 mRNA and protein in the 
lung tissues of the mouse model of infantile pneumonia 
(Fig. 1E-G). Furthermore, immunohistochemistry and 
immunofluorescence analysis showed that SPHK1 

expression in lung tissue was increased in mice with 
infantile pneumonia (Fig. 1H,I). Together, these data 
suggest that in the lung tissues of infantile pneumonia, 
SPHK1 upregulated is correlated with inflammation. 
 
SPHK1 overexpression promotes inflammation and 
exacerbated lung injury in mice with infantile pneumonia 
 
      To determine the function of SPHK1 in infantile 
pneumonia, human SPHK1 recombinant protein was 
injected together with LPS into lung tissues of mice. 
Human SPHK1 protein increased hemoglobin (Hgb) 
protein concentrations and neutrophil infiltration in 
Bronchoalveolar lavage (BAL) fluid (Fig. 2A,B). The 
total protein level, bacterial load and turbidity (OD540) 
in BAL fluid were also increased by SPHK1 treatment 
(Fig. 2C,D), while the platelet level was reduced (Fig. 
2F). H&E staining showed that SPHK1 increased lung 
tissue damages (Fig. 2G). Meanwhile, human SPHK1 
protein increased the levels of inflammatory cytokines in 
BAL fluid, including TNF-α, INF-γ, IL-1β, and IL-6 
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Fig. 3. The inhibition of SPHK1 activity suppresses inflammation and lung injury in mice with infantile pneumonia. Bronchoalveolar lavage (BAL) 
Hemoglobin (Hgb) level (A), BAL neutrophils (B), BAL protein concentrations (C), lung bacterial CFU (D), BAL fluid turbidity OD540 (E), circulating 
platelet counts (F), lung tissue H&E staining (G), IL-1β (K), IL-6 (L), INF-γ (M), TNF-α (N), MDA (L), SOD (M), GSH (N), GSH-PX (O) levels between 
infantile pneumonia group and the group treated with SPHK1 inhibitor. protein. Model, infantile pneumonia model mice group; Model+SPHK1 i, infantile 
pneumonia model mice with SPHK1 inhibitor group; **p<0.01 compared between Model and Model+SPHK1 I group.



(Fig. 2H-K). SPHK1 also induced oxidative stresses, as 
revealed by the increased MDA (Malondialdehyde) 
level, and reduced levels of GSH-PX (Plasma 
glutathione peroxidase), SOD (Superoxide dismutase) 
and GSH (glutathione) in the BAL fluid. (Fig. 2L-O).   
 
Silencing SPHK1 inhibits inflammation and lung injury in 
mice with infantile pneumonia 
 
      We next applied SPHK1 inhibitor (MP-A08) to 
investigate whether inhibition of SPHK1 activity could 
protect the lung injury in mice with infantile pneumonia. 
SPHK1 inhibitor decreased hemoglobin (Hgb) protein 
concentrations and neutrophil infiltration in 
Bronchoalveolar lavage (BAL) fluid (Fig. 3A,B). The 
total protein level, bacterial load and turbidity (OD540) 
in BAL fluid were also decreased by SPHK1 inhibition 
(Fig. 3C,D), while the platelet level was increased (Fig. 
3F). H&E staining showed that SPHK1 inhibition 
alleviated lung tissue damages (Fig. 2G). Meanwhile, 
SPHK1 inhibitor suppressed the levels of inflammatory 
cytokines in BAL fluid, including TNF-α, INF-γ, IL-1β, 
and IL-6 (Fig. 3H-K). SPHK1 inhibition also reduced 
oxidative stresses, as evidenced by the decreased MDA 
level, and elevated levels of GSH-PX, SOD and GSH in 
the BAL fluid. (Fig. 2L-O). These results suggests that 
SPHK1 promotes inflammation and lung injury of 
infantile pneumonia. 

SPHK1 overexpression promotes inflammatory 
responses in RAW264.7 macrophage cells 
 
      Macrophages are key mediators of lung 
inflammation. To explore the roles of SPHK1 in 
macrophage, we transfected RAW264.7 cells with 
SPHK1 plasmid or SPHK1 siRNA and then stimulated 
the cells with LPS. As expected, SPHK1 level was 
increased by SPHK1 plasmid transfection, and si-
SPHK1 reduced SPHK1 expression (Fig. 4A,B). Over-
expression of SPHK1 increased IL-1β and IL-6 level in 
cell culture medium, as well as the mRNA levels of 
TNF-α and INF-γ in RAW264.7 cells stimulated with 
LPS (Fig. 4C-F). In contrast, silencing SPHK1 reduced 
IL-1β and IL-6 levels, and the mRNA expression of 
TNF-α and INF-γ model (Fig. 4G-J). Together, these 
data suggest SPHK1 promotes inflammatory responses 
in RAW264.7 macrophage cells. 
 
SPHK1 promotes NLRP3 level but suppresses SIRT1 
expression  
 
      To investigate the mechanism of SPHK1 mediated-
inflammation, we analyzed the expression of genes after 
silencing SPHK1 treatment in RAW264.7 cells. We 
found that SIRT1 was upregulated and NLRP3 was 
downregulated after SPHK1 silencing. Online 
bioinformatics tools (TargetScan, RegRNA) found that 
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Fig. 4. SPHK1 regulates inflammation in an in vitro macrophage model. The expression level of SPHK1 (A), IL-1β (C), IL-6 (D), INF-γ (E) and TNF-α 
(F) in RAW264.7 cells model after SPHK1 overexpression; The expression mRNA of SPHK1 (B), IL-1β (G), IL-6 (H), INF-γ (I) and TNF-α (J) in 
RAW264.7 cells model after SPHK1 silencing; Vector, negative control group; SPHK1, over-expression of SPHK1; Si-NS, control siRNA group; Si- 
SPHK1, SPHK1 siRNA group. **p<0.01 compared with control group and experimental group.



SIRT1 and NLRP3 might interact with SPHK1 (Fig. 5A-
C). Recombinant SPHK1 protein suppressed SIRT1 
level and increased NLRP3 level in lung tissue of 
infantile pneumonia (Fig. 5D-F). And SPHK1 inhibitor 
treatment increased SIRT1 level but suppressed NLRP3 
level in lung tissue of infantile pneumonia (Fig. 5G-I). 
These data suggest that SPHK1 promotes NLRP3 level 
but suppresses SIRT1 expression. 
 
SPHK1 promotes inflammation by activating NLRP3 
inflammasome and regulating mitochondrial permeability 
transition  
 
      The overexpression of SPHK1 increased SPHK1 

and NLRP3 protein expressions and suppressed the 
protein expression of SIRT1 in macrophage cells (Fig. 
6A). The overexpression of SPHK1 increased 
mitochondrial damage and stimulate the protein 
expression of NLRP3 in macrophage model (Fig. 6B). 
Overexpression of SPHK1 increased the production of 
ROS and MDA, and reduced SOD level and JC-1 
staining (Fig. 6C-G). 
      In contrast, silencing SPHK1 decreased the 
expression of SPHK1 and NLRP3, but promoted the 
expression of SIRT1 (Fig. 6H). Silencing SPHK1 
reduced mitochondrial damage and suppressed NLRP3 
expression in macrophage stimulated by LPS (Fig. 6I). 
SPHK1 knockdown also decreased ROS production and 
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Fig. 5. SPHK1 suppress SIRT1 expression to reduce NLRP3 inflammasome activity by the inhibition of ROS-induced mitochondrial permeability 
transition. To investigate the mechanism of SPHK1 mediated-inflammation, we analyzed the expression of genes after silencing SPHK1 treatment in 
RAW264.7 cells. SIRT1 was upregulated and NLRP3 was downregulated after SPHK1 silencing in Heat map (A), volcanic plot (B), Online 
bioinformatics tools (TargetScan, RegRNA) found that SIRT1 and NLRP3 might interact with SPHK1 (C), SIRT1 and NLRP3 protein expression in mice 
of infantile pneumonia with human SPHK1 recombinant protein treatment (D-F); SIRT1 and NLRP3 protein expression in mice of infantile pneumonia 
with SPHK1 inhibitor treatment (G-I). Model, infantile pneumonia model mice group; Model+SPHK1, infantile pneumonia model mice with human 
SPHK1 recombinant protein group; Model+SPHK1 i, infantile pneumonia model mice with SPHK1 inhibitor treatemnt; **p<0.01 compared between 
model and SPHK1 or SPHK1 I group.
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Fig. 6. SPHK1 promotes inflammation of infantile pneumonia by upregulating NLRP3 inflammasome and downregulating SIRT1. SPHK1, SIRT1 and 
NLRP3 protein expression upon SPHK1 overexpression in RAW264.7 macrophage cells (A), mitochondrial permeability transition and NLRP3 
expression in macrophage cells after SPHK1 overexpression (B), ROS production (C, E), MDA (D), SOD (F) and JC-1 disaggregation levels (G) after 
SPHK1 overexpression. SPHK1, SIRT1 and NLRP3 protein expression (H), mitochondrial permeability transition and NLRP3 expression (I), ROS 
production (J, L), MDA (K), SOD (M) and JC-1 disaggregation levels (N) in RAW264.7 macrophage cells after silencing SPHK1. Vector, negative 
control group; SPHK1, over-expression of SPHK1; Si-NS, negative control siRNA group; Si-SPHK1, SPHK1 siRNA group. **p<0.01 compared with 
control group and experimental group.



MDA level, and increased SOD level and JC-1 staining 
in macrophages model (Fig. 6J-N). These results suggest 
that SPHK1 promotes inflammatory responses in 
macrophage by inducing NLRP3 inflammasome and 
impairing mitochondrial function via downregulating 
SIRT1. 
 
SPHK1 regulates SIRT1 function in mouse model of 
infantile pneumonia 
 
      To confirm the role of SIRT1 in mouse model of 
infantile pneumonia, SIRT1 agonist (CAY10602) was 
applied together with SPHK1 protein after LPS 

injection. SIRT1 agonist lowered the protein level of 
NLRP3, reduced lung injury and IL-1β level (Fig. 7A-
D). SIRT1 agonist treatment also decreased the MDA 
level, and increased GSH-PX, SOD and GSH activity 
levels in model of infantile pneumonia with human 
SPHK1 protein treatment (Fig. 7E-H). In contrast, 
SIRT1 inhibitor (Selisistat) caused opposite effects, 
including the increase of NLRP3 protein expression, 
enhanced lung injury and IL-1β level as well as 
augmented oxidative stresses (Fig. 7I-P).  
      Similarly, in the macrophage cell model, we found 
that SIRT1 agonist (20 μM) suppress NLRP3 protein 
expression, induced SIRT1 protein expression and 
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Fig. 7. SPHK1 regulates SIRT1 expression in mice model of infantile pneumonia. NLRP3 protein expression (A, B), IL-1β level (C), lung injury (D), 
MDA level (E), SOD level (F), GSH level (G) and GSH-PX (H) activity levels in mice of infantile pneumonia with SPHK1 recombinant protein and SIRT1 
Agonist treatment; NLRP3 protein expression (I, J), IL-1β (K), lung injury (L), MDA (M), SOD (N), GSH (O) and GSH-PX (P) activity levels in mice of 
infantile pneumonia with SPHK1 recombinant protein and SIRT1 inhibitor treatment; Model+ SPHK1, infantile pneumonia model mice with human 
SPHK1 recombinant protein group; Model+SPHK1+SIRT1, infantile pneumonia model mice with SPHK1 recombinant protein and SIRT1 Agonist; 
Model+SPHK1+SIRT1 i, infantile pneumonia model mice with SPHK1 recombinant protein and SIRT1 inhibitor. **p<0.01 compared with model and 
SPHK1+SIRT1 or SPHK1+SIRT1 group.
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Fig. 8. SPHK1 regulates SIRT1 expression in RAW264.7 macrophage cells. SIRT1 and NLRP3 protein expression (A-C), IL-1β (D), SOD (E), MDA (F), 
ROS (G, H) and JC-1 disaggregation levels (I) in RAW264.7 macrophage cell model after SPHK1 overexpression and SIRT1 Agonist treatment; SIRT1 
and NLRP3 protein expression (J-L), IL-1β (M), SOD (N), MDA (O), ROS (P, Q) and JC-1 disaggregation levels (R) in RAW264.7 macrophage cell 
model after SPHK1 silencing and SIRT1 inhibitor treatment. Vector, negative control group; SPHK1, over-expression of SPHK1; SPHK1+SIRT1, over-
expression of SPHK1 and SIRT1 Agonist; Si-NS, Si-negative control group; Si- SPHK1, SPHK1 silencing group; Si-SPHK1+SIRT1 i, SPHK1 silencing 
and SIRT1 inhibitor group; **p<0.01 compared with control group or Si-negative control group; ##p<0.01 compared with over-expression of SPHK1 or 
SPHK1 silencing group.



reduced IL-1β level and oxidative stresses (Fig. 8A-G). 
SIRT1 agonist also rescued JC-1 staining in 
macrophages model with SPHK1 overexpression (Fig. 
8I). While SIRT1 inhibitor (10μM) generate opposite 
effects on macrophages model with SPHK1 knockdown, 
by exacerbating inflammatory responses and oxidative 
stresses (Fig. 8J-R). 
 
SPHK1 controls ROS-induced mitochondrial permeability 
transition in model of infantile pneumonia 
 
      To assess the role of ROS in model of infantile 
pneumonia, ROS inhibitor (5-Galloylquinic acid) was 

applied after SPHK1 treatment. ROS inhibitor 
suppressed the NLRP3 protein expression and IL-1β 
level, alleviated lung injury in mice of infantile 
pneumonia with SPHK1 recombinant protein treatment 
(Fig. 9A-D). ROS inhibitor also reduced GSH-PX, SOD 
and GSH levels, and augmented the activity of MDA 
level in mice of infantile pneumonia with SPHK1 
protein treatment (Fig. 9E-H). In contrast, ROS agonist 
(Sideroxylin) increased NLRP3 protein expression and 
IL-1β level, exacerbated lung injury, and induced 
oxidative stresses in in mice of infantile pneumonia (Fig. 
9I-P). 
      Notably, ROS inhibitor also suppressed NLRP3 
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Fig. 9. SPHK1 controls ROS-induced mitochondrial permeability transition in mice model of infantile pneumonia. NLRP3 protein expression (A, B), IL-
1β (C), lung injury (D), MDA (E), SOD (F), GSH (G) and GSH-PX (H) activity levels in mice of infantile pneumonia with SPHK1 recombinant protein and 
ROS inhibitor; NLRP3 protein expression (I, J), IL-1β (K), lung injury (L), MDA (M), SOD (N), GSH (O) and GSH-PX (P) activity levels in mice of 
infantile pneumonia with SPHK1 recombinant protein and ROS agonist. Model+SPHK1, infantile pneumonia model mice with human SPHK1 
recombinant protein group; Model+SPHK1+ROS i, infantile pneumonia model mice with SPHK1 recombinant protein and ROS inhibitor; 
Model+SPHK1+ROS, infantile pneumonia model mice with SPHK1 recombinant protein and ROS Agonist. **p<0.01 compared with infantile pneumonia 
model mice group.



protein expression and IL-1β level, alleviated oxidative 
stresses and increased JLC-1 staining levels in 
macrophages with SPHK1 overexpression (Fig. 10A-H). 
ROS agonist generate opposite effects on macrophages 
model with SPHK1 knockdown, by exacerbating 
inflammatory responses and oxidative stresses (Fig. 10I-
P). 
 
Discussion 
 
      Mycoplasma pneumoniae is a type of prokaryotic 
microorganism without cell wall structure and is one of 
the most common pathogens for pediatric respiratory 
infections (Chen et al., 2012). Infantile pneumonia in 

children around school age is generally caused by MP 
infection (Grinspan et al., 2020). With the in-depth study 
of pathogenesis, children with infantile pneumonia not 
only show severe lung disease, but also present damages 
in multiple organs throughout the body (Guo et al., 
2018). In this study, we demonstrated the upregulation of 
SPHK1 in patients with infantile pneumonia and the 
mice of infantile pneumonia. A previous study by Huang 
et al. suggests that SPHK1 regulates pulmonary fibrosis 
by modulating mitochondrial reactive oxygen species in 
lung fibroblasts (Huang et al., 2020). Our data suggest 
that SPHK1 upregulation in infantile pneumonia may 
contribute to the augmented inflammatory responses and 
oxidative stresses.  
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Fig. 10. SPHK1 controls ROS-induced mitochondrial permeability transition in RAW264.7 macrophage cells. NLRP3 protein expression (A, B), IL-1β 
(C), SOD (D), MDA (E), ROS (F, G) and JC-1 disaggregation levels (H) in RAW264.7 macrophage cells with SPHK overexpression and ROS inhibitor; 
NLRP3 protein expression (I, J), IL-1β (K), SOD (L), MDA (M), ROS (N, O) and JC-1 disaggregation levels (P) in RAW264.7 macrophage cells with 
SPHK silencing and ROS inhibitor; Vector, negative control group; SPHK1, over-expression of SPHK1; SPHK1+ROS i, over-expression of SPHK1 and 
ROS inhibitor; Si-NS, Si-negative control group; Si-SPHK1, SPHK1 silencing group; Si-SPHK1+ROS, SPHK1 silencing and ROS Agonist group; 
**p<0.01 compared with control group or Si-negative control group; ##p<0.01 compared with over-expression of SPHK1 or SPHK1 silencing group. 



      Oxidative stress is widely present in the body and 
plays an important physiological function (Delgado-
Roche and Mesta, 2020). Under pathogen infection and 
other adverse stimuli, the excessive free radicals can 
cause oxidative damages by targeting different 
intracellular molecules and components (Iddir et al., 
2020). Studies have shown that after adsorption on the 
cell membrane surface, Mycoplasma pneumoniae can 
modulate the release of hydrogen peroxide and 
superoxide radicals (Valavanidis et al., 2013; Zhang et 
al., 2018). The lung injury caused by oxidative stress is 
correlated with the occurrence and development of 
infantile pneumonia (Dai et al., 2018). As our data 
suggested, SPHK1 recombinant protein promotes 
inflammation and oxidative stress in model of infantile 
pneumonia, while the inhibition of its activity suppresses 
these adverse responses. Liu et al. showed that SPHK1 
promotes ulcerative colitis by inducing inflammatory 
responses (Liu and Jiang, 2020). All the above data 
indicate a critical role of SPHK1 protein in the 
inflammation of infantile pneumonia.  
      Inflammation is one of the key factors contributing 
to vascular dysfunction, endothelial cell apoptosis and 
aging (Ichikawa et al., 2013). A previous study showed 
that the expression level of SIRT1 in endothelial cells 
decreases with an impaired angiogenesis during aging 
(Lin et al., 2014). Endothelial cell aging is an important 
marker of vascular aging, which is also the main cause 
of cardiovascular diseases such as hypertension and 
atherosclerosis (Gallob et al., 2021). In our study, we 
observed that SPHK1 suppresses SIRT1 expression in 
the model of infantile pneumonia. Gao et al. reported 
that SIRT1 mediates SPHK1-induced endothelial cells 
proliferation and migration (Gao et al., 2016). Our data 
suggest that SPHK1 regulate inflammation and oxidative 
responses by regulating SIRT1 expression in infantile 
pneumonia. However, the mechanism underlying SIRT1 
expression warrants further investigation.  
      NLRP3 inflammasome recognizes the corresponding 
molecular patterns and activates the release of various 
inflammatory factors such as IL-18 and IL-1β during 
inflammatory responses (Bai et al., 2020). Studies have 
shown that the early immune response to stimuli in the 
lung is mainly mediated by inflammasome (Liu et al., 
2021; Luo et al., 2021a). However, excessive 
inflammation can aggravate tissue damages and lead to 
respiratory disorder (Tang et al., 2019). The occurrence 
and development of respiratory diseases is associated 
with inflammation, including infectious pneumonia, 
silicosis, asthma, chronic obstructive pulmonary disease 
(COPD) and ALI (acute lung injury) (Segovia et al., 
2018), since excessive proinflammatory cytokines are 
detrimental to tissue homeostasis (Segovia et al., 2018; 
Pu et al., 2019). Zhong et al. showed that the silencing of 
SPHK1 reduces microvascular leakage through 
attenuating NLRP3 inflammasome in sepsis (Zhong et 
al., 2020). Our results also demonstrated that SPHK1 
suppresses NLRP3 inflammasome in model of infantile 
pneumonia.  

       However, our study did not investigate how SPHK1 
regulates NLRP3 expression in model of infantile 
pneumonia. Future work will need to delineate how 
SPHK1 modulates NLRP3 and SIRT1 expression in the 
mouse model of infantile pneumonia. In addition, since 
sphingosine phosphate-1 (S1P) production by SPHK1 
may play a role in tissue damages such as liver 
fibrogenesis (Hart et al., 2019), future work will need to 
focus on whether S1P production is involved in SPHK1-
mediated infantile pneumonia. It is worth mentioning 
that the SIRT1/NLRP3 axis might not be only signaling 
axis underlying the function of SPHK1 in the context of 
infantile pneumonia.  
      In conclusion, this study shows that SPHK1 
promotes inflammation and oxidative stress in model of 
infantile pneumonia. Our findings suggest that SPHK1 
suppresses SIRT1 expression to promote mitochondrial 
permeability transition and increases NLRP3 level to 
modulate inflammation in the model of infantile 
pneumonia. Together, our data suggest SIRT1/NLRP3 
axis mediate the downstream inflammatory and 
oxidative effects of SPHK1 in infantile pneumonia, 
which provides insights into the development of novel 
therapeutic scheme for infantile pneumonia. 
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