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Abstract
Sepsis is one of the leading causes of morbidity and mortality and a major cause of acute lung injury (ALI). carried by 
exosomes play a role in a variety of diseases. However,there are not many studies of exosomal miRNAs in sepsis and sepsis 
lung injury.miR-1298-5p and suppressor of cytokine signaling 6 (SOCS6) were silenced or overexpressed in human bron-
chial epithelial cells (BEAS-2B). PKH-67 Dye was used to trace exosome endocytosis. Cell permeability was evaluated by 
measuring trans-epithelial electrical resistance (TEER) and FITC dextran flux. ELISA kits were used for cytokine detection. 
Quantitative RT-PCR and western blots were used to evaluate gene expression. miR-1298-5p was elevated in exosomes from 
patients with sepsis lung injury (Sepsis_exo). Treatment of BEAS-2B cells using Sepsis_exo significantly inhibited cell pro-
liferation, and induced cell permeability and inflammatory response. miR-1298-5p directly targeted SOCS6. Overexpressing 
SOCS6 reversed miR-1298-5p-induced cell permeability and inflammatory response. Inhibition of STAT3 blocked SOCS6-
silencing caused significant increase of cell permeability and inflammation. Exosomes isolated from patients of sepsis lung 
injury increased cell permeability and inflammatory response in BEAS-2B cells through exosomal miR-1298-5p which 
targeted SOCS6 via STAT3 pathway. The findings highlight the importance of miR-1298-5p/SOCS6/STAT3 axis in sepsis 
lung injury and provide new insights into therapeutic strategies for sepsis lung injury.
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Abbreviations
ALI	� Acute lung injury
miRNAs	� MicroRNAs
SOCS6	� Suppressor of cytokine signaling 6
TEER	� Trans-epithelial electrical resistance
Sepsis_exo	� Exosomes from patients with sepsis lung 

injury
CIS	� Cytokine-inducible SH2-containing protein
STAT3	� Signal transducer and activator of transcrip-

tion 3
EVs	� Extracellular vesicles
GC	� Gastric cancer
IBD	� Inflammatory bowel disease

Introduction

Sepsis is a potentially life-threatening condition caused by 
the body’s response to an infection with common signs and 
symptoms of fever, increased breathing rate, and confusion 
[1]. Sepsis is a leading cause of morbidity, with a mor-
tality rate between 15 and 50% [2, 3]. It is estimated that 
more than 30 million people are affected by sepsis every 
year worldwide [4]. Sepsis also causes acute lung injury 
(ALI) and acute respiratory distress syndrome (ARDS) [5, 
6]. Studies have shown that sepsis accounts for about 40% 
of ALI/ARDS cases [7, 8]. Cytokine-mediated inflammation 
has been shown to contribute to ALI by promoting dysfunc-
tion of the lungs and the injury of lung cells. Furthermore, 
inhibiting cytokine release to the lung has been shown to 
reduce the mortality of patients with ALI [9].

Cytokines activate intracellular signaling to exert their 
physiological effects including proliferation, differentiation, 
and survival [10]. The responses elicited by cytokines are regu-
lated by various factors including suppressor of cytokine sign-
aling (SOCS) family which comprises 8 proteins: SOCS1–7 
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and cytokine-inducible SH2-containing protein (CIS) [11]. 
SOCS negatively regulates cytokine receptor signaling [12]. 
SOCS6 is widely expressed in various tissues including ovary, 
uterus, and thyroid grand [13, 14] and is found to be downreg-
ulated in a variety of cancers [15–17]. SOCS protein has also 
been reported to be involved in the ALI secondary to sepsis 
in diabetic rats [18]. Zhang et al. suggested that miR-155 was 
involved in the inflammatory response in ALI by inhibiting the 
expression of SOCS protein [19].

Signal transducer and activator of transcription 3 (STAT3) 
is a transcription factor which regulates different biological 
processes [20]. Previous studies have shown that STAT3 is a 
key mediator inflammation [21]. Inhibiting the phosphoryla-
tion of STAT3 has been shown to increase the survival of sep-
sis rats, decrease histological damage of the lungs, and reduce 
inflammatory cytokines in serum and lung tissues of sepsis 
rats [22]. STAT3 also has been shown to regulate surfactant 
lipid synthesis in the lung [23]. Moreover, STAT3 regulates the 
neutrophil recruitment to decrease bacterial burdens during E. 
coli pneumonia via regulating of production of cytokines and 
chemokines [24].

Exosomes are extracellular vesicles (EVs) with a size range 
of ~ 40 to 160 nm in diameter. Intercellular communication via 
exosomes has been implicated in the pathogenesis of various 
disorders [25]. Studies have shown that microRNAs (miRNAs) 
carried by exosomes play a role in various diseases [26, 27]. 
Although the presence of miRNAs in plasma during sepsis has 
been previously confirmed [28, 29], few studies have evaluated 
the role of exosomes during sepsis.

Based on research findings that miR-1298-5p is highly 
expressed in exosomes of patients with sepsis [30], this study 
uses exosomes from sepsis patients to induce BEAS-2B cell 
injury, and investigated the role of miR-1298-5p/SOCS6/
STAT3 in exosomes-induced lung epithelial cell damage and 
its underlying mechanism.

Material and methods

Cell culture

Human bronchial epithelial cells (BEAS-2B) were cultured 
in MEM medium (41500034, GIBCO) with 10% fetal bovine 
serum (FBS;16000-044, GIBCO, Carlsbad, CA) and 1% peni-
cillin–streptomycin (P1400, Solarbio, Beijing, China) at 37 °C 
in an incubator with 5% CO2.

Plasmid construction

SOCS6 (NM_004232) coding sequence was cloned with the 
primers and inserted into pCDNA3.1( +) to elevate SOCS6 
expression:

	 I.	 SOCS6-F 5′-CCC​AAG​CTT​ATG​AAG​AAA​ATT​AGT​
CTT​AAA​ACC​TTA​C-3′ (Hind III).

	 II.	 SOCS6-R 5′-CGG​AAT​TCT​CAG​TAG​TGC​TTC​TCC​
TGT​AAA​TAATC-3′ (EcoR I).

SOCS6 siRNAs (Table 1) were used to knock down 
SOCS6 expression.

Cell transfection

BEAS-2Bcells in the logarithmic growth phase were trypsi-
nized and counted to make 1 × 106 cells/ml suspension, and 
then 2 × 106 cells were inoculated into 6-well plates and cul-
tured overnight at 37 °C in a 5% CO2 incubator. BEAS-2B 
cells (60–70% confluency) were transfected with WT + NC 
(negative control), WT + inhibitor, WT + mimic, Mut + NC, 
Mut + inhibitor and Mut + mimic, or control, vector and 
oeSOCS6, or control, shNC, shSOCS6-1, shSOCS6-2 
and shSOCS6-3 using Lipo2000. Twenty four hours after 
transfection, complete medium was provided for 48 h. miR-
1298-5p mimic/inhibitor was shown in Table 2.

Clinical samples

Venous blood from healthy controls and patients with sepsis 
lung injury was drawn into tubes without pro-coagulant, and 
spunat 3000 rpm for 10 min at room temperature to isolate 
serum. The protocol for the present study was approved 
by the Ethics Committee of Shanghai Pulmonary Hospital 
(Shanghai, China), and it conforms to the provisions of the 
Declaration of Helsinki in 1995. All participants have pro-
vided their written informed consent to participate in the 
study.

Table 1   SOCS6 siRNAs

Name Sequences (5′-3′)

shSOCS6-1: 306–324 GCU​GCU​AUG​GUA​AAG​AUA​UTT​
AUA​UCU​UUA​CCA​UAG​CAG​CTT​

shSOCS6-2: 976–994 GGU​AGA​CCA​GGA​CCU​AGU​UTT​
AAC​UAG​GUC​CUG​GUC​UAC​CTT​

shSOCS6-3: 1474–1492 GCA​CUC​AAA​UGG​UAG​GUU​UTT​
AAA​CCU​ACC​AUU​UGA​GUG​CTT​

shNC UUC​UCC​GAA​CGU​GUC​ACG​UTT​
ACG​UGA​CAC​GUU​CGG​AGA​ATT​

Table 2   The sequences of miR-1298-5p mimic/inhibitor

Name Sequences (5′-3′)

hsa-miR-1298-5p mimics UUC​AUU​CGG​CUG​UCC​AGA​UGUA​
hsa-miR-1298-5p inhibitor UAC​AUC​UGG​ACA​GCC​GAA​UGAA​
microRNA N.C CAG​UAC​UUU​UGU​GUA​GUA​CAA​
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Isolation and identification of exosomes

Serum exosomes were extracted by centrifugation at 
10,000 g for 30 min at 4 °C. Supernatants were spun twice 
at 17,000gfor 2 h. Pellet was re-suspended with PBS, fil-
tered using 0.22 μm filters, and kept at − 80 °C. Serum 
exosomes were characterized by western blot with an anti-
body against Alix (ab88743, Abcam) or CD63 (ab271286, 
Abcam). The exosomes were quantified using a BCA protein 
quantitative kit(BCA1-1KT, Sigma), and the protein con-
centration > 100 ng/µl is suggested to use for subsequent 
experiments [31].

Exosome endocytosis tracing

Serum exosomes (100 μg/ml) extracted from healthy and 
patients with sepsis lung injury are co-cultured with BEAS-
2B cells. PKH-67 (UR52303, Umibio) is used to monitor 
exosome endocytosis. PKH67 working solution was pre-
pared according to the manufacturer’s protocol and used 
to stain exosomes for 10 min in the dark. A laser-scanning 
microscope was applied to take all images.

Cell proliferation analysis

Cell counting kit-8 (CCK-8) assay was performed using a 
Cell Proliferation and Cytotoxicity Assay Kit (SAB, CP002; 
College Park, MD, USA) [32]. Briefly, BEAS-2B cells 
(2 × 103, 100 µl) were added to each well of 96-w plates 
and cultured overnight. Cells were treated with Vector, Con-
trol_exo or Sepsis_exo (100 μg/ml). Next, CCK-8 (10 µl) 
(BioVision) was added and OD450 was measured to indicate 
cell proliferation.

Quantitative real‑time PCR (qRT‑PCR)

RNAs were isolated using TRIzol reagent (1596–026, Invit-
rogen) and then were converted to cDNA using High capac-
ity cDNA reverse transcription kit (Bio-Rad) and amplified 

using SYBR Green Master Mix (Bio-Rad) according to the 
manufacturers’ instructions. The relative mRNA levels nor-
malized to GAPDH were calculated using 2−△△Ct formula 
[33]. Primers were shown in Table 3 below:

Immunoblot analysis

Proteins were isolated using RIPA tissue cell rapid lysate 
and then resolved by SDS-PAGE, transferred to PVDF 
membranes, blocked in 3% BSA, incubated with optimally 
diluted first and second antibodies sequentially. Bands 
were analyzed using a chemiluminescent imager (Fuji 
film, Tokyo). Anti-Alix (ab88743, 1:1000), anti-CD63 
(ab271286, 1:1000), anti-SOCS6 (ab197335, 1:500), anti-
STAT3 (ab68153, 1:1000), anti-p-STAT3 (ab76315, 1:1000) 
supplied from Abcam, and anti-GAPDH (#5174, 1:2000) 
antibodies from CST, were used.

ELISA assay

Concentrations of IL-6 and TNF-α in supernatants were 
determined with commercial IL-6 and TNF-α ELISA kits 
according to the manufacturer’s instructions.

Cell permeability assay

Cell permeability was measured using two meth-
ods; trans-epithelial electrical resistance (TEER) 
and FITC dextran f lux [34]. TEER was meas-
ured using a voltohmmeter (MillicellERS-2, Mil-
l ipore).  Resistance was calculated as follows: 
TEER (Ω × cm2) = (R1 − R2)(Ω) × Effective membrane area

(cm2), (R1: Experimental resistance; R2: Blank resist-
ance). Dextran flux was measured by placing 10kD FITC-
conjugated dextran (sc-263323, Santa cruz) in the upper 
chamber of the transwell for 5 min, and then the super-
natants from the lower chamber were collected to meas-
ure the base value. Cells were supplemented with culture 

Table 3   Primer sequences Name Sequences (5′-3′)

SOCS6 (NM_004232.4) F: TGT​GCC​TGT​CGT​TAT​TGG​ACT​
R: CCA​AAG​GAT​ACA​TCC​CCT​CATCT​

GAPDH (NM_001256799.2) F: AAT​CCC​ATC​ACC​ATC​TTC​
R: AGG​CTG​TTG​TCA​TAC​TTC​

RNU6-1 (NR_004394.1) F: CTC​GCT​TCG​GCA​GCACA​
R: AAC​GCT​TCA​CGA​ATT​TGC​GT

hsa-miR-1298-5p MIMAT0005800 F: CGT​TCA​TTC​GGC​TGT​CCA​
R: AGT​GCA​GGG​TCC​GAG​GTA​TT
Primer RT: GTC​GTA​TCC​AGT​GCA​GGG​TCC​

GAG​GTA​TTC​GCA​CTG​GAT​ACG​ACT​ACA​
TC
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medium and incubated for 2 h. The supernatants from the 
lower chamber were then collected to detect FITC inten-
sity using a microplate reader (E8051, Promega) to cal-
culate permeability.

Luciferase reporter assays

SOCS6 3′-UTR was ligated into pGL3-Enhancer plas-
mid containing the firefly luciferase gene to get pGL3-
wtSOCS6. Site-directed mutated SOCS6 3′-UTR was 
ligated into pGL3 to get pGL3-mutSOCS6. Cells were co-
transfected with the pGL3-wtSOCS6 or pGL3-mutSOCS6 
and pRL-TK-Renilla. Cells were then treated with NC, 
inhibitor, or mimic. Luminescence was monitored 24 h 
later using E1910 Kit (Promega, Madison, WI).

Statistical analysis

GraphPad Prism7.0 (San Diego, CA) was used. Each 
experiment was repeated three times. Data were shown as 
mean ± SD. One-way analysis of variance (ANOVA) with 
Tukey’s post hoc tests was used for comparison. P values 
less than 0.05 were defined as statistically significant.

Results

Isolation and identification of exosomes

We first collected serum from patients with sepsis lung 
injury and healthy controls to extract serum exosomes by 
ultra-high-speed centrifugation. Exosomes were successfully 
isolated from both patients with sepsis lung injury (Sep-
sis_exo, n = 10) and healthy controls (Control_exo, n = 10) 
as shown by TEM in Fig. 1a. The exosomes were further 
confirmed by measurement of exosomal markers Alix 
and CD63 (Fig. 1b). Then the exosomes were co-cultured 
with BEAS-2B cells. The endocytosis of the exosome was 
monitored using PKH-67 staining and results showed that 
exosomes could be endocytosed by BEAS-2B cells (Fig. 1c). 
The successful Isolation of exosomes laid the foundation of 
this study.

Sepsis_exo significantly suppressed proliferation 
and enhanced permeability and inflammation 
in BEAS‑2B cells

Next, BEAS-2B cells were treated by exosomes for 24 h to 
study the effect of exosomes on BEAS-2B cells. Sepsis_exo 
treatment significantly suppressed proliferation of BEAS-2B 

Fig. 1   Isolation and identification of exosomes. Serum samples were 
collected, and serum exosomes were extracted by ultra-high-speed 
centrifugation. (a) Transmission electron microscope observation of 
exosomes. (b) Immunoblotting of exosomal markers Alix and CD63. 

(c) Exosomes from patients with sepsis lung injury and healthy con-
trols were co-cultured with human lung bronchial epithelial cells 
BEAS-2B. Sepsis patients: n = 10; Healthy control: n = 10. PKH-67 
was used to monitor endocytosis of exosomes by BEAS-2B cells
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cells (Fig. 2a), increased cell permeability shown by the 
decrease of transmembrane resistance (Fig. 2b) and increase 
of FITC leakage (Fig. 2c). Sepsis_exo treatment also sig-
nificantly enhanced TNF-α and IL-6 compared to that of 
controls (Fig. 2d). Q-PCR analysis indicated that Sepsis_exo 

treatment significantly decreased the expression of SOCS6 
at mRNA level (Fig. 2e). Western blot results showed that 
Sepsis_exo treatment remarkably decreased the expres-
sion of SOCS6, sharply increased the expression p-STAT3, 
while had no significant effect on the expression of STAT3 

Fig. 2   Sepsis-exo suppressed proliferation, and enhanced perme-
ability and inflammatory response in BEAS-2B cells. BEAS-2B 
cells were treated by exosomes (100 μg/ml) for 24 h. Sepsis patients: 
n = 10; Healthy control: n = 10. (a) Cell proliferation detected by 
CCK8 (0/12 h/24 h/48 h). (b, c) Transmembrane resistance (b) and 

FITC leakage test (c) to analyze cell permeability. (d) TNF-α and 
IL-6 levels. (e) Q-PCR analysis of the expression of SOCS6. (f) 
Western blot measurement of SOCS6, STAT3 and p-STAT3. At least 
3independentrepeatdata. *p < 0.05, **p < 0.01, ***p < 0.001 vs. Con-
trol_exo
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(Fig. 2f). These findings suggested that Sepsis_exo signifi-
cantly induced human lung bronchial epithelial cell injury.

miR‑1298‑5p negatively regulated the activity 
of SOCS6 3′UTR promoter

To investigate how Sepsis_exo treatment regulates SOCS6, 
we first checked exosomal miR-1298-5p level. Q-PCR indi-
cated that miR-1298-5p was remarkably increased in Sep-
sis_exo compared to that of Control_exo (Fig. 3a). Then 

we did a bioinformatics analysis and found a potential 
binding site of miR-1298-5p in the 3′UTR of SOCS6. So, 
SOCS6 3′UTR-WT/3′UTR-Mut, and miR-1298-5p inhibi-
tor/mimic were co-transfected into BEAS-2B cells. Lumi-
nescence assay indicated that inhibition of miR-1298-5p 
significantly increased SOCS6 promoter activity, which 
was sharply suppressed by overexpressing miR-1298-5p. 
Mutation of SOCS6′s miR-1298-5p binding site blocked 
miR-1298-5p’s effect on SOCS6 promoter (Fig. 3b). Then, 
miR-1298-5p was successfully overexpressed or silenced 

Fig. 3   miR-1298-5p negatively regulated the activity of SOCS6 
3′UTR promoter. (a) miR-1298-5p level in serum exosomes (n = 10, 
***p < 0.001 vs. Control_exo). Sepsis patients: n = 10; Healthy 
control: n = 10. SOCS6 3′UTR-WT/3′UTR-Mut, miR-1298-5p 
inhibitor/mimic were used to transfect BEAS-2B cells. (b) The 
luciferase reporter assay of SOCS6 luciferase activity. *p < 0.05, 
***p < 0.001 vs. WT + NC. (c) Q-PCR analysis of the expression 

of miR-1298-5p. (d) SOCS6 mRNA level. (e) SOCS6 protein level. 
*p < 0.05, **p < 0.01, ***p < 0.001 vs. NC. Different concentrations 
of Sepsis-exo (0, 50, 100, 200  μg/ml) were used to treat BEAS-2B 
cells. (f, g) miR-1298-5p and SOCS6 levels. (h) Western blot detec-
tion of the expression of SOCS6. At least 3 independent repeat data. 
*p < 0.05, **p < 0.01, ***p < 0.001 vs. Vehicle; #p < 0.05 vs. 50 μg/
ml_exo; ++p < 0.01 vs. 100 μg/ml_exo
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(Fig. 3c). Silencing miR-1298-5p up-regulated SOCS6, 
while overexpressing miR-1298-5p significantly sup-
pressed SOCS6 at both mRNA and protein level (Fig. 3d, 
e). Next, different concentrations of Sepsis_exo (0, 50, 
100, 200 μg/ml) were co-cultured with BEAS-2B cells. 
Q-PCR analysis indicated that miR-1298-5p increased 
along with the increase of Sepsis_exo concentration 
(Fig. 3f). In contrast, the levels of SOCS6 decreased along 
with the increased of Sepsis_exo concentration at both 
mRNA and protein levels (Figs. 3g, h). The findings indi-
cated that miR-1298-5p negatively regulated SOCS6.

Overexpression of SOCS6 reversed 
miR‑1298‑5p‑induced permeability 
and inflammatory response in BEAS‑2B cells

To figure out how miR-1298-5p increased cell perme-
ability and inflammatory response of BEAS-2B cells, we 
successfully overexpressed SOCS6 in BEAS-2B cells as 
indicated by Q-PCR (Supplementary Fig. 1a) and West-
ern blot (Supplementary Fig. 1b). SOCS6-overexpressing 
BEAS-2B cells were then treated by Sepsis_exo. Results 
showed that overexpressing SOCS6 abolished Sepsis_exo 
caused decrease of TEER (Fig. 4a), increase of FITC leak-
age (Fig. 4b), elevation of TNF-α and IL-6 (Fig. 4c), sup-
pression of SOCS6 and increase of p-STAT3 (Fig. 4d). 
Likewise, overexpressing SOCS6 also ameliorated miR-
1298-5p mimic caused decrease of TEER (Fig.  4e), 
increase of FITC leakage (Fig. 4f), elevation of TNF-α 
and IL-6 (Fig. 4g), and suppression of SOCS6 and increase 
of p-STAT3 (Fig. 4h). These findings demonstrated that 
SOCS6 overexpression reversed miR-1298-5p-caused cell 
permeability and inflammation.

SOCS6 regulated cell permeability 
and inflammatory response in BEAS‑2B cells 
through STAT3 pathway

To further investigate how SOCS6 regulated cell perme-
ability and inflammation, we silenced SOCS6 in BEAS-
2B cells (Supplementary Fig. 2a, b). Results showed that 
SOCS6-silencing caused a significant decrease of trans-
membrane resistance and increase of FITC leakage, which 
were reversed by inhibition of STAT3 (Fig. 5a, b). SOCS6-
silencing induced elevation of TNF-α and IL-6 was also 
blocked by inhibition of STAT3 (Fig. 5c). SOCS6-silenc-
ing significantly increased p-STAT3 level, which was 
blocked by inhibition of STAT3 (Fig. 5d). These findings 
suggested that STAT3 pathway mediated the effect of 
SOCS6 on cell permeability and inflammatory response 
in BEAS-2B cells.

Discussion

We demonstrated that miR-1298-5p was significantly 
increased in exosomes isolated from patients with sep-
sis. Sepsis_exo treatment of BEAS-2B cells inhibited cell 
proliferation, induced cell permeability and inflammatory 
response. Mechanism study showed that inhibition of miR-
1298-5p attenuated sepsis_exo-induced cell permeability 
and inflammatory response by targeting SOCS6. Data also 
suggested that SOCS6 regulated cell permeability and 
inflammatory response in BEAS-2B cells through STAT3 
signaling pathway.

miRNAs have been implicated in a variety of diseases 
[35]. miRNA dysregulation plays a crucial role in regulat-
ing cell proliferation, migration, apoptosis, and so on [36, 
37]. Roderburg et al. have reported that miRNAs were 
presented in plasma and were useful in the prediction of 
survival in patients of sepsis [29]. Fan et al. further con-
firmed miRNA exsitence in exosomes during sepsis [38]. 
Real et al. showed that Sepsis_exo convey miRNAs includ-
ing miR-1298, suggesting that exosomes are involved in 
intercellular communication during sepsis [39]. In this 
study, we further explored miR-1298. We found that miR-
1298-5p was significantly increased in the exosomes iso-
lated from patients of sepsis lung injury. Moreover, it was 
further proved that exosomal miR-1298-5p enhanced cell 
permeability and induced inflammatory responses, lead-
ing to human lung bronchial epithelial cell injury. These 
findings revealed a new role of miR-1298-5p in sepsis lung 
injury, showing that miR-1298-5p promoted BEAS-2B 
cell injury by enhancing cell permeability and promoting 
inflammatory responses.

Recent years, various targets of miR-1298-5p have been 
reported. For instance, Li et al. have shown that miR-1298 
targeted Cx43 to regulate the progression of bladder can-
cer [35]. A study by Zhou et al. indicated that miR-1298 
targeted tyrosine kinase FAK to inhibit mutant KRAS-
driven tumor growth [40]. Qiu et al. have shown that lower 
miR-1298 expression was a risk factor for survival in gas-
tric cancer (GC) patients and miR-1298 overexpression 
suppressed PI3K/AKT signaling pathway to inhibit cell 
proliferation [41]. Wu et al. has reported that miR-1298 
was significantly decreased in glaucoma [42]. Besides, 
SOCS protein has been demonstrated to be involved in 
the inflammatory responses in ALI as a miRNA target 
[19]. Filgueiras et al. have reported that SOCS protein was 
involved in the ALI secondary to sepsis in diabetic rats 
[18]. In the current study, we showed that exosomal miR-
1298-5p bound to 3′UTR of SOCS6 promoter to negatively 
regulated SOCS6 expression at both mRNA and protein 
levels. This was further confirmed by the findings that 
overexpression of SOCS6 reversed miR-1298-5p-induced 
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cell permeability and inflammation in BEAS-2B cells. 
These findings not only increase our knowledge of miR-
1298-5p/SOCS6 in human lung bronchial epithelial cell 
injury but also broaden our understanding of the patho-
genesis of sepsis lung injury.

Furthermore, STAT3 has been shown to be a major medi-
ator of inflammation [21]. Nguyen et al. showed that STAT3 
played a key role in inflammation-induced tumor progres-
sion [43]. STAT3 has also been shown to be activated in 
actively inflamed colons from inflammatory bowel disease 
(IBD) patients [44]. Persistent activation of STAT3 has also 
been shown to mediate tumor-promoting inflammation [21]. 

Data also suggested that inhibiting p-STAT3 increased the 
survival of sepsis rats, decreased lungs injury, and reduced 
inflammation in sepsis rats [22]. In this study, we showed 
that inhibition of STAT3 abolished SOCS6-silencing caused 
increase of cell permeability and inflammatory responses 
in BEAS-2B cells, suggesting the important role of STAT3 
in the regulation of SOCS6-mediated cell permeability and 
inflammation. These findings indicate a very important role 
of miR-1298-5p/SOCS6/STAT3 in the induction of lung epi-
thelial cell damage, and thus, improve our understanding of 
the pathogenesis of sepsis lung injury. There are certainly 
some limitations in this study. For example, this study was 
mainly performed in cells. Future studies in animal mod-
els or using clinical samples will provide more relevant 
data. Although further studies are needed, the current study 
reports a new mechanism underlying sepsis lung injury.

In conclusion, the current study revealed a new role 
of miR-1298-5p/SOCS6/STAT3 signaling, showing that 
exosomes isolated from patients with sepsis lung injury 
caused human lung bronchial epithelial cell injury through 
miR-1298-5p and its target SOCS6 via regulating STAT3 
signaling pathway. These results identified the important role 
of miR-1298-5p/SOCS6/STAT3 signaling which has great 
relevance to the pathogenesis of sepsis, and may facilitate 
the development of new drugs for sepsis, ALI and ARDS.

Fig. 4   Overexpression of SOCS6 reversed miR-1298-5p-induced cell 
permeability and inflammation. SOCS6-overexpressing cells were 
treated with Sepsis-Exo (100  μg/ml). (a) Transmembrane resistance 
and (b) FITC leakage test were used to analyze cell permeability. (c) 
ELISA measurement of TNF-α and IL-6 in supernatant. (d) Western 
blot analysis of SOCS6, STAT3, and p-STAT3.At least 3 independ-
ent repeat data. **p < 0.01, ***p < 0.001 vs. Vehicle; ##p < 0.01, 
###p < 0.001 vs. exo + Vector. SOCS6-overexpressing cells were 
treated with miR-1298-5p mimic. (e) Transmembrane resistance and 
(f) FITC leakage test analysis of cell permeability. (g) ELISA meas-
urement of TNF-α and IL-6 in supernatant. (h) Western blot analy-
sis of SOCS6, STAT3, and p-STAT3. At least 3 independent repeat 
data. **p < 0.01, ***p < 0.001 vs. NC; ##p < 0.01, ###p < 0.001 vs. 
Mimic + Vector
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