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Abstract: Sepsis is one of the most common acute and critical cases in intensive care units with high morbidity and
mortality. Acute lung injury is a serious complication of sepsis. At present, the pathogenesis of sepsis-induced lung
injury is still unclear, and reliable biomarkers and specific therapeutic methods are lacking. Exosomes, as
extracellular vesicles, carry microRNA and play an important role in intercellular communication in respiratory
system and inflammation-related diseases. Therefore, this article mainly discusses the pathogenesis, diagnostic
and therapeutic value of exosomal microRNA in sepsis-induced lung injury, as well as its prospect in traditional
Chinese medicine, providing reference for clinical application.
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Sepsis is one of the most common acute and critical
diseases in intensive care units, often secondary to trauma,
infection, shock, etc. It is characterized by difficult
treatment and high mortality. In 2016, the concept of
Sepsis 3.0 was officially proposed, defining it as
life-threatening organ dysfunction caused by a
dysregulated host response to infection [1]. Acute lung
injury (ALI) is one of the common complications of
sepsis. In sepsis patients, inflammatory factors
accumulate in the body, and pro-inflammatory factors are
released in large quantities, causing damage to the
alveolar-capillary barrier and diffuse injury to alveolar
epithelial cells and microvascular endothelial cells,
leading to lung injury characterized by hypoxemia,
inflammation, and non-cardiogenic pulmonary edema [2].
Currently, there is a lack of specific drugs and specific
treatment measures, and it can develop into acute
respiratory distress syndrome (ARDS) in the advanced
stage. At present, the pathogenesis of sepsis-induced ALI
is not yet clear, and exosomes, as important mediators of
intercellular communication and material transfer, are
closely related to the pathogenesis of ALI. Based on
exosomes and the holistic theory of traditional Chinese
medicine (TCM), giving full play to the characteristic role
of TCM in the diagnosis and treatment of sepsis-related
ALI. Therefore, this study reviews the mechanism of
action, diagnostic value, and progress in Chinese and
Western medicine treatment of exosomal microRNA
(miRNA) in sepsis-induced ALI in order to provide a
reference for the integrated Chinese and Western
medicine diagnosis and treatment of sepsis-induced ALI.

1 Biological characteristics of exosomes

Exosomes are extracellular vesicles enclosed by a
lipid bilayer, formed through the fusion of intracellular
multivesicular bodies with the plasma membrane and
subsequent exocytosis. With a diameter ranging from
approximately 40 to 160 nm, they play crucial roles in
intercellular communication, mammalian reproduction
and development, immune responses and infections,
metabolic and cardiovascular diseases, neurodegenerative
diseases, and cancer [3]. Exosomes contain various
bioactive molecules, including proteins, lipids, DNA,
RNA, miRNAs, and long non-coding RNAs (IncRNAs),
among which miRNAs have garnered the highest
attention and most extensive research.

miRNAs are endogenous small RNA molecules that
regulate gene expression at the post-transcriptional level, with
a length of 1825 nucleotides. They mediate
post-transcriptional silencing by binding to and inhibiting
target gene translation [4], and are widely involved in growth,
development, and pathological processes such as cell
proliferation, differentiation, apoptosis, cell communication,
stem cell maintenance, and immune responses [3]. MiRNAs
can be transported via exosomes to nearby or distant target
cells, facilitating intercellular communication. As carriers,
exosomes fuse with the plasma membrane of recipient cells,
delivering miRNAs into the cytosol. Protected by this
specialized membrane structure, miRNAs maintain their
stability and avoid degradation [4]. Additionally, exosomes
can traverse recipient cells via transcytosis and release internal
miRNAs into adjacent cells to exert intercellular
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communication functions [5]. Exosomal miRNAs not only
regulate genetic information but also serve as biomarkers for
discase diagnosis and prognosis. Abundant miRNAs have
been identified in plasma and bronchoalveolar lavage fluid,
which may participate in the pathogenesis of sepsis and aid in
determining sepsis severity.

2 Mechanisms of exosomes in sepsis-induced ALI

The pathogenesis of sepsis-induced ALI remains
unclear, but it is thought to be related with systemic
inflammatory responses, oxidative stress, and immune
responses. The most widely studied and accepted
mechanism suggests that activated alveolar macrophages
release large amounts of inflammatory mediators and
reactive oxygen species (ROS), such as tumor necrosis
factor-a (TNF-a), interleukin (IL) -1, IL-6, and IL-8.
These mediators bind to surface receptors on target cells
to phagocytose pathogens. Excessive inflammatory
factors and ROS can attack pulmonary microvascular
endothelial cells, leading to lung injury. During sepsis,
plasma exosome levels increase significantly, possibly
due to their role as communication vehicles disseminating
to organs throughout the body. Exosomes are involved in
regulating inflammatory responses and maintaining
airway immune balance during these processes [6], but
the specific mechanisms require further exploration.

2.1 Inflammatory response

The Sepsis 3.0 definition identifies dysregulated infection
responses as a key contributor to sepsis-related mortality,
characterized by uncontrolled inflammation leading to
multiple organ failure and shock [7]. An imbalance between
pro-inflammatory and anti-inflammatory factors influences
infection severity. During sepsis, activation of inflammatory
cells releases massive inflammatory mediators, disrupting the
alveolar-capillary endothelial barrier, promoting neutrophil
infiltration, and causing diffuse pulmonary edema [8].

Exosomes can deliver miRNAs to target sites,
interfering with inflammatory mediator binding and
altering lung injury severity. For example, in ARDS
models [9], miRNA-466 family molecules are secreted
into airways via extracellular vesicles, promoting
NOD-like receptor thermal protein domain associated
protein 3 (NLRP3) inflammasome processing and
pro-inflammatory cytokine (e.g., IL-1B) release through
extracellular ~ histones. Transfection  of  bone
marrow-derived  macrophages with  miRNA-466g
upregulates NLRP3 activation pathways, accelerating
LPS-induced pro-IL-1B expression during sensitization.
Inhibition of extracellular vesicle release reduces
sepsis-induced  inflammation. Similarly, circulating
exosomes in peripheral blood deliver key mediators like
miR-155 to macrophages, stimulating NF-kB activation.
By targeting SHIP1 and SOCS1, miR-155 induces TNF-a
and IL-6 production, exacerbating lung inflammation.
However, pro-inflammatory and pro-proliferative
activities of serum miR-155 are reversed after its
knockdown [10]. Liu et al. demonstrated that

demethylation of the miR-138-5p promoter restores
miR-138-5p expression, directly targeting the NLRP3
inflammasome to protect alveolar macrophages, alleviate
LPS-induced apoptosis, and reduce lung inflammation
and injury. The results induced by mitochondrial
autophagy inducers were consistent with the
demethylation of the miR-138-5p promoter.

Exosomes were isolated from plasma for miRNA
sequencing when using a cecal ligation and perforation
(CLP) model to induce sepsis-induced lung injury in rats.
Compared with the control group, the expression of
miR-13p was significantly increased in CLP-derived
exosomes. Gao et al. [12] showed that LPS-stimulated
human umbilical vein endothelial cells (HUVECs)
transfected with miR-1-3p mimics exhibited inhibited
proliferation, increased apoptosis, and enhanced
inflammation, while miR-1-3p inhibitors reversed these
effects. miR-1-3p directly targets the 3'UTR of SERPI,
suppressing its expression and increasing cell contraction,
inflammation  responses,  endothelial  monolayer
permeability, and membrane damage.

2.2 Oxidative stress

Oxidative stress, resulting from an imbalance
between oxidation and antioxidant defenses, is closely
linked to physiological and pathological processes,
participating in aerobic metabolism and inflammatory
pathogenesis of various diseases. ROS, including
superoxide anions, peroxides, hydroxyl radicals, and
singlet oxygen, can overwhelm antioxidant systems (e.g.,
superoxide dismutase, catalase, glutathione peroxidase,
and glutathione), disrupting redox balance and causing
lipid, protein, and DNA damage. This induces free radical
production and persistent cellular injury.

Exosomes can deliver miRNAs to alveolar
macrophages, reducing ROS accumulation and
pulmonary oxidative damage. Shen et al, [13]
demonstrated that adipose stem cell-derived exosomes
specifically deliver miR-125b-5p, which protects mice
from LPS-induced M1 macrophage activation via the
Keap1/Nrf2/GPX4 axis, mitigating ROS accumulation
and oxidative damage. Keap1 was identified as a target of
miR-125b-5p; its downregulation upregulates Nrf2 and
GPX4, alleviating ferroptosis in septic pulmonary
microvascular endothelial cells. Zhang et al. [14] showed
that circTDRD9 regulates RAB10 expression by
competitively targeting miR-223-3p. Enrichment of
miR-223-3p downregulates RABI0, reducing
LPS-induced macrophage activation and ameliorating
lung injury by alleviating inflammation, oxidative stress,
and fibrosis. Jiao et al. [15] found that ROS production
may promote leukocyte infiltration and neutrophil
extracellular trap (NET) formation. M2
macrophage-derived  exosomes (M2-Exos) inhibit
polymorphonuclear neutrophil (PMN) migration and NET
formation during sepsis. PGE2-enriched M2-Exos
upregulate 15-LO expression in PMNs via EP4 receptors,
increasing lipoxin A4 (LXA4) production to
downregulate CXCR2 and ROS expression, thereby
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reducing lung injury and mortality.
2.3 Immune response

Dysregulated immune responses during sepsis impair
pathogen clearance and accelerate organ damage. As a key
immune organ, the lung maintains immune homeostasis in
sepsis-related ALI through macrophages, neutrophils, airway
epithelial cells, and dendritic cells. Macrophages, critical
components of innate immunity, polarize into M1 or M2
phenotypes in response to microenvironmental signals,
exhibiting opposing functions throughout sepsis [16]. Ml
macrophages release pro-inflammatory mediators, while M2
macrophages secrete quantities of anti-inflammatory factors.

Exosomes from different sources deliver miRNAs to
macrophages,  regulating  polarization,  apoptosis,
inflammation, and lung injury. Exosomal miR-30d-5p
from PMNs activates NF-kB signaling, inducing
sepsis-related ALI. Macrophages cultured with exosomes

from TNF-o-stimulated PMNs showed elevated
miR-30d-5p levels, indicating TNF-a enhances
miR-30d-5p transfer to recipient macrophages.
miR-30d-5p targets SOCS-1 and SIRTI, inducing

macrophage pyroptosis. miR-30d-5p inhibitors reduce
M1 macrophage activation and pyroptosis, alleviating
lung injury [17]. Bone marrow mesenchymal stromal
cells (BMSCs)-derived exosomal miR-125b-5p reduces
macrophage apoptosis, inflammation, and lung injury in
septic mice by inhibiting signal transducer and activator
of transcription 3 (STAT3). miR-125b-5p inhibitors
restore STAT3 expression and attenuate suppression of
inflammatory markers and apoptotic proteins under LPS
stimulation [18]. Zheng et al. [19] demonstrated that
MSC-derived exosomes transfer miR-150-5p to
macrophages, protecting against LPS-induced
inflammation. miR-150-5p targets Irsl, downregulating
the PI3K/Akt/mTOR pathway to induce M2 polarization
and reduce plasma IL-6 and TNF-a levels.

3 The diagnostic value of exosomes in sepsis-
induced ALI

Sepsis-induced ALI is characterized by rapid onset,
rapid progression, and critical condition. There is an
urgent need for effective and stable early markers to
predict its progression for early intervention. Exosomes
are natural nanocarriers that can transport proteins, lipids,
and nucleic acids across the blood-brain barrier to target
cells, reflecting the pathological and physiological
characteristics of donor cells [20-21]. miRNAs are key
regulators of gene expression and are widely present in
mammalian body fluids such as serum, plasma, tears,
urine, and bronchoalveolar lavage fluid. Due to their
minimally invasive nature, high safety, convenient
sampling, and ease of implementation, they are important
potential biomarkers for ALI. miR-15a, miR-16, miR-122,
miR-143, miR-146a/b, miR-150, miR-155, and miR-223
are the most extensively studied miRNAs in the field of
sepsis [22]. In a study on exosome expression profiles in

septic ALI mice [23], miR-122-5p and miR-671-5p
expressions were downregulated. Ma et al. [24] showed a
positive correlation between serum miR-499a-5p and
growth factor FGF9 in sepsis complicated with ALI
Moreover, serum levels of miR-499a-5p and FGF9 in
patients with sepsis complicated with ALI showed a
decreasing trend with the increase of disease severity. The
combination of both had a higher area under the receiver
operating characteristic curve (AUC) and sensitivity in
predicting patient prognosis.

4 The therapeutic value of exosomes in
sepsis-induced ALI

Exosomes exhibit a long circulatory half-life and
good tolerability in the human body [25]. Utilizing
exosomes themselves or as effective carriers for drug
delivery represents the most commonly used therapeutic
approach to date. As powerful genetic regulators,
miRNAs can modulate entire cellular pathways through
interactions with a broad spectrum of target genes,
influence intracellular homeostasis, and alter disease
outcomes. miRNA mimics, inhibitors, and gene knockout
strategies have been demonstrated in numerous studies to
modify the progression and prognosis of sepsis-induced
ALI, emerging as promising novel therapeutic agents.

In experiments by Dang et al [26], miR-223
overexpression stimulated by IL-4 in a sepsis model
inhibited macrophage polarization toward the Ml
phenotype by  reducing the  expression  of
hypoxia-inducible factor-1a (HIF-1w),
phosphoinositide-dependent protein kinase-1 (PDK-1),
and phosphofructokinase (PFK). This resulted in
enhanced anti-inflammatory properties, decreased TNF-a
levels, increased IL-10 expression, and reduced damage
to the lungs, liver, and kidneys. Tao ef al. [18] showed
that treatment of LPS-induced mice with a miR-125b-5p
inhibitor promoted the expression of pyroptosis-related
proteins (STAT3, p-STAT3) and pyroptosis-associated
proteins, significantly attenuated the inhibition of IL-6
and IL-18, induced pyroptosis of alveolar macrophages,
and exacerbated lung tissue structural damage.

Wang et al [27] found that BMSC-derived
exosomes reversed the high expression of PTEN in
LPS-induced pulmonary microvascular endothelial cells
(PMVECs). Overexpression of miR-26a-3p reduced
apoptosis and inflammation, and promoted autophagy by
silencing PTEN. In animal experiments, miR-26a-3p
overexpression in LPS-induced PMVECs effectively
ameliorated LPS-induced lung injury in rats, reducing
apoptosis, improving inflammation, and enhancing
autophagy. A growing number of recent research confirms
the potential therapeutic value of various miRNAs in
sepsis-induced ALI.

5 The combination between exosomes and TCM

Due to the complexity and uncertainty of the
pathogenesis of ALI, there is still no specific treatment
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method so far. Currently, the treatment strategies for
sepsis-induced ALI mainly focus on controlling the
primary disease and symptomatic supportive therapy.
TCM, a treasure of ancient Chinese science, has played a
unique and effective role in the treatment of ALI and has
become a current research hotspot.

Liangge San, derived from the Taiping Huimin Heji
Ju Fang in the Song Dynasty, is effective in purging fire,
promoting defecation, clearing heat from the upper jiao,
and purging fire from the lower jiao. Its composition
includes Forsythia suspensa, Scutellaria baicalensis,
Gardenia jasminoides, Mentha haplocalyx, Rheum
palmatum, Natrii Sulfas, and Glycyrrhiza uralensis. A
study on ALI showed that Liangge San can assist in
alleviating sepsis-induced ALIL. ~ Similarly, in cell
experiments, exosomes pretreated with Liangge San
exhibited upregulated expression of miRNA-21, reduced
expression of inflammatory markers TNF-a and IL-6 in
bronchoalveolar lavage fluid, and decreased total
inflammatory protein content. It significantly alleviated
inflammatory cell infiltration and pulmonary edema in
mouse lung tissues, while reducing apoptosis of
macrophages and alveolar epithelial cells through the
PI3K/AKT pathway [28].

Paeonol is a component extracted from Paeonia
suffruticosa, the roots of Paeonia lactiflora, and
Dioscorea opposita. 1t possesses anti-inflammatory,
anti-proliferative, and antioxidant properties, and is
widely involved in various physiological processes. The
research proposed by Jin er al. [29] demonstrated that
paconol can increase miR-126 levels in lung tissues,
alleviate sepsis-induced ALI by inhibiting inflammatory
responses, oxidative stress, and cell apoptosis, enhance
the expression of antioxidant protein Nrf2, reduce the
expression of inflammatory protein high mobility group
box 1 (HMGBI1), and inhibit apoptotic protein Bcl-2.
These findings provide a theoretical basis for the clinical
treatment of sepsis-induced ALI with TCM.

6 Conclusion

Exosomal miRNAs, as biomarkers for sepsis-related
ALI, hold significant importance for early diagnosis,
helping to improve patients' clinical prognosis and
presenting  promising  application  prospects in
sepsis-related ALI. However, current challenges include
strong exosomal heterogeneity, high purification difficulty,
high cost, and long operation time. Refining and updating
exosome extraction methods is a key direction in current
research. Exploring miRNAs and exosomal carriers
associated with sepsis-induced ALI, investigating their
complex regulatory signal transduction pathways, and
fully leveraging the unique advantages of TCM in this
field are important directions for future research.
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TIOR8 1Y) SE A RN 1 A2 (ROS) |, 911 0 98 SR8 K -
(TNF-o)  FIZRA 5 (IL) -1 TL-6  TL-8 25 , 5 AF 17 400 ifd 26 1
SZARAHLE A R AR . R Y 4E TR ROS & Wity
I A AL 2657 PN B AR B, AT B8O 497 0 I mERE & 99 D
Herp A A R R TE KR RE S L e A T R L
BEEGEWEM, INBETAAE T L B RN & AT R,
2 54 S RE BN RN B A e P (BRI
R,
2.1 K Rom MR 3.0 R Y N A I
MR AR SR B AU T F LR N M EEE R R A AN TR Y
RARESLIL , WA g AR, R RETF 5 H T
22T (8 AN T A 2 5 i) e e e R R Y R R, e A I
(] , 22 T 5 A 20 00T I A8 i K ek AR AE A I, = 30 76 - 4
IR P B 200 B0 S PR 225 ) S R PE IR R, oo 40 i 32
1B PR K b

AN AR TT DL miRNA 53 2 R R FBA R, T3S
RAEA T Z [ 25 A, T B8 B 38 401 45 P R g . ol , 7
ARDSHEAIH®T miRNA-466 ZE 5338 2 20 i 513 144316 )
B, 24NN FEE NLR 0% Pyrin 38028 11 3(NLRP 3)
SPEAIMAIIN TR IL-1 RS54 R AT, H miRNA-466 £ [A
YL B BRI PE B AT S , 18 - JH NLRP 3 095 shigfs , il
TG LB (LPS) U5 S 10N pro-1L-1B 33X , M 4014 M98 10 B
JCZ AN, REEE S T 00 2 RE K A BRI . TRIRE, 2
WAEN SN I G IR SN IAA , 3 7% miR-155 %5 CHEN T 2 H
W 0 i, R PR Tk B (NF-xB) TG4k , 3 3 #01 1i) 6 45 P SH2
SEFR AR I JULRE-5-BE R TG 1 (SHIPL) FOZH ML IR T-15 -5 Sk

T 1(SOCS1) , 3755 TNF-o I TL-6 B9 774z, e il 48 9 L 4R
T, IL3% miR-155 A P29 AL B TR TS M AE LA IS 36976, Liu
SEDIIF ST B, miR-138-5p Jr s F i 25 F Ak, AT LR E miR-
138-5p 35, B A NLRP 3 2 M/IMAC, A4 i 900 1 i 4 i
At LIPS FIT S50 I Y6 5 e 40 LR T, A A58 R T 5 9 hE 7K P
FBATREE o (il FHERRLAR 1 075 5 550 I 854t S5 miR-138-5p
TR~ FE WSS FL (CLP) 55 e 25 AE il 5
PR BURERY, DI Hh 43 2 MR HEA T miRNA )T , 5% B
A H, CLP A7 A (9 A0 A A4 1 miR-1-3p A9 F 3K 1 5 42 v .
Gao 55 {1 i miR- 1-3p AU sl 1700 4 G g A B KON B2
e (human umbilical vein endothelial cell, HUVEC) , $%5% LPS
%5 i R A B miR-1-3p i F M HUVECs #4511 , I+ 2 it
HUVECs J8 7= F1 90 S0, F I miR-1-3p 35 0] 300 4% iR
FEAT, B miR-1-3p B340 ) O 5GP 5 M 8 14 1 (SERPL)
[ 3" UTR HM IR, SR AN AS  JRE R0 | )2 P 5
£ MO 2 PR RS 3 18 T
22 RAum gt SEUALRIAE A B N UL S B e 2 Ak
B2, 5 R PRI IS S UIAH G, S5 A 3 SRl
2 R & A R T B B R AE I 2 . ROS AL 45 18 4B 2
TS I A SRR S A i i ROS I A 4
FHEWUAPTEL RGN FIE T H |, B S AR a4
TR A B IR ULl A0 IO IR A, DT 5 152 4 fk i
JE A SR, e 2 34T 9 R 1SR DNA 9461405 15
S iR A SR A AR S R

HMIMATT LAA% 38 miRNA 28 il w40, vk /> ROS AL 2R
Rl A LB i Shen 25 RYBFIE R A IR T A0 AT A= 1
HNIAES k3 3% miR-125b-5p , 18 5 Keap 1/Nef2/GPX4 %, 14
Pr/INEURER LPS 175 1 M1 301 A T, el ROS B
ERIEALIT , 3 HAEW T Keapl 75 9 miR-125b-5p HIHIFR,
1855 Keapl (3635, 18 Nrf2 £ GPX4 1 5 , ] 22 fift e T E
I A P 2 A0 AE T, Zhang 25 IE T, BROIR 75 [81 22 /R 45
FA 382 4 9 9 RNA (cire TDRD 9 )i i 5% 4P 411 ] miR-223-3p
P RAB 10 Y 23X, miR-223-3p 19 & & , #816) F 74 RAB 10
23K, Ik TPS 75 5 1) 1 I 40 e 3% £k 400 o R ik e 46
PRI A VAT 3 e 5l == 7 VT T i 0 e 3
ROS 197 A= ] G A2 32F 1 440 B ¥ 1) R0 e s 440 e i 21 B B
(neutrophil extracellular traps, NET) &, 1M M2 [ 1 4 Jfd 5 5
B A I AR (M2-Exos ) BT L 38 535 400 1 e w8 391 1) 9% 2200 42 v
LA (PMN) iE 7RI NETJE B, & & M2-Exos AT AR R E2
(PGE2) 3@ i 15 T EP4 ZZ 15 14 il PMNs o 15- i 4045 g 1)
Pk, BN E A4(LXAD) Y724 LR PR LI 752 44 2
(CXCR2) M ROS ik , AR b A I REARTE T
2.3 gk MERREAIED, Gl N A S PR ] BE 2 R B0 A
PIBBRACRALT IS AL G, B IS TR 1 25 B 4
A AR B S R, BT E AN | kAN
LT B AR AR AR AN S AR SR AR DG AL P 4R
FERATS . ELWEANMAE Ry e KM S8 R GE N B L 4y, 7T
VLI i o e SOt P AN [R5 5 23 AR A i M1 ORI M2 327
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XS AR Y AN A 2 5 R AE 1 T A B B, R LT
AR Gz ThEE e, Forb, M 2 [ I 4 B B R B R A TR
i M2 2 A RO b R A i

AR A A T LA 333 % miRNA 28 20 i, 3
s AN [ 2 700 5 I 200 6 ) % TS5 R T, B2 ) R SN % i
35 PMNs 1 AN A miR-30d-5p i 11 % NF-kB {5515 5
5 MEEEE A S ALL, B WA TE S5 TNF-o 25 4034 PMN
J5 0 B I A AR 1 5% J5 2 BN B R 7K P19 miR-30d-5p, R
TNF-o 2 A 34 PMN 7] LABSSR miR-30d-5p MAMNBAREE RS 31|37
TR B AN, 3 — L ] SOCST HISIRT1 75 5 F W 40 i i Ak
51 % B WA AT, A miR-30d-5p S P 57 5 AR
T MR REAR TG AR AR T B AR A R
#8785 T4 A (bone marrow mesenchymal stem cells, BMSCs )
TR AN A miR-125b-5p 38 3 W45 555 7 RG340
F 3(signal transducer and activator of transcription 3, STAT3) [
FEIh IR e TFAE /N B AP A B WA IR T, DA I A, 2
g3 o 138 miR-125b-5p M7 J5 , STAT3 3R 15K -
A RS /N AR TR T LPS M, X S SE bR i R T2
FERHAHIEE " . Zheng 251 1S4 S5 2, BMSCs SRR
HIAM A B miR-150-5p 5678 5 E w20 i o, £/ ROt
LPS 5 SRS AT SN, H-4E ] Les1 T 18 PISK/Akt/mTOR i f&175
S i) M2 UL BRI A TL-6 F1 TNF-aef 7K

3 SMMEFERREIE AL REYI2 BTN E

JHe B AH 56 ALTELAT A bl L afF Jre TV e 1 s 9 R
S R A AR 0 B AR AR O L R LSRR T
Tilo SRR T RIR MG AR, T LU R i i 7 ks 25
BT BRI ARG E PR ANAE , B WA A 0 A B S A B
FRAEPY S miRNA JRIE Fb ST, T 2 A T
WL S B AT e, 490 G0 T ISR TE PRI S A T i
FEVEWS i THARBUR AR, G abem  RAR A, 5 T
SCHt, S H AT ALLEE 22 A R AE PR A o miR-15a.miR-16.
miR-122 .miR-143 . miR-146a/B . miR-150 .miR-155 Fl miR-223
2 T M 2 AT A SC IR AT R 22 1Y miRNA 2 — T Jie 2 4
ALDPNRAMBE RS R HFFE B/R , miR-122-5p AlmiR-671-5p
PIFEE T SR o R, FE M RRE R & AL, i
1 miR-499a-5p 5 AT 4E A i A= 1< K 9 (fibroblast growth fac-
tor 9, FGF9) Z [A] BA IE ARG , BLR#IE I & ALLAL IR 1)
IiL7% miR-499a-5p . FGFO 7K -4 B 5 s 11%) 7™ o P4 3 448 i 1T 2
IR A, T A TR UG A2 1A TAERE I Z T
TR (AUC) FN R B =

4 SMBMETERREAE ALL HEVATTINME

SN IBPREAT B A IR, 0 AR BAT BRI 52
P G S S A A B R HAE g ik 25 A R AR H
A H IR YT F-BL . I miRNA 1 5 K 3844 18545 P
T, AT LA S ) R D B A R A S A i
SO A0 N PR B AR , U B IS R . miRNA L) |

miRNA 5] miRNA J PR R SR 7 4% R S o v AR, g
i DA e FERE ALL 45 Jmy S T, 02 B T EAA ) IZ 1T S50
RAITH o Dang S5 R MERAERIRY 25T TL-4 313K
MY miR-223 32 K FT L3 o AR A2 55 H - 1o (hyporia-in-
ducible factor 1o, HIF-Tor) | 3- i iR L IS4 57 1 26 1 8 it - 1
(3-phosphoinositide-dependent protein kinase-1, PDK-1) Flf§ iz
T (phosphofructokinase , PFK) (Y2635 , 11 i 1 41 it 1)
M1 IR AL, 305 R T 2, TNF-alf & AIC, TL-10 Z23R 580, s
Rl B S BB A3 o Tao 2538 3 miR-125b-5p #fl 7l4b
FELPS 5/ R HE T AR T8 1 STAT3 . p-STAT3 FIFAMFAH
TR (A FEIR , XF TL-6 FI TL- 18 (00t VE FIT i 5 WA L 75 S i
T E WA AE T, Il R ZE R AR AT I B . Wang %77 R I,
BMSCs 3 YL &M i (A 0] 300 4 LIPS 75 S 4 B A9 IAL 45 P 3 40
(pulmonary microvascular endothelial cells, PMVECs) #1 PTEN
B 28 38, miR-26a-3p 32 3 15 U A0 40 i 8 1 A A E , I 3k
UUER PTEN {2 #F [ W . 3h4 9246 v, 78 LPS i 3 i) PMVEC
H1, miR-26a-3p i 1k B8 A A5 LPS 17 T 19 K U145
Uk A0 AR A T B AR R W, S IR R A AR A R T
WS Z A miRNA X HEREAE ALLEAG AR IR YT M (.

5 SMNMESHEHES

BT ALLEIRHLE B 24t S AT e o, B4 M ersh
STOTiR . EVRTERXIRERAE ALLAYIAYT oM 2 Al i i I
XHE SRR . R E BRI S, 7R ALL
BOIEYT R T R B RV E 2 H BT SE i

BB A R B RA T ), A TS KGR
VSRR, AR AR R BEAS NE T AT R
HEAEZY . —I56T ALLAGBF S, S A T L Bh 22 1
JHETRAE B AL A4 ALL, [RVRE7E 20 IS 56 HR | T A T Ak FE A 41
RN miRNA-21 (9235 R, S0 Bl DE i h R bR
TNF-ofl TL-6 B 15 LA R M B L B RARR, 8 e/
SRR 2EL 20 A 8 P A0 3 T Al 7 P R B T sF , 3 5k PIBKY
AKT 38 /0 B W 20 e ANt L iz 40 e g -0

AT L FF Rz | FATAR IR 1) 24 4R H) —Fh L3
HAYRAPAMISIE SRS, T S S & mi
AR MRS WoR AT T DL i 4L
miR-126 7K, 5] JERE SN A R R 200 8] 1 ke b e e
REAE ALL EINHTE AL AR 1 Nef2 2635, /0 S0 8 (A R #s %
WEAE I BL(HMGB) 193835, S 788 1 Bel-2, MG R
BE 2R TR ALLER LR R

6 % iF

S miRNA A I TEAE AR 5C ALL I A= P bR &4 , X
B W EA T B S, A B TR R BIRPR TS % T
BEREAH OC ALL AR YT HLAT R4 g FH G 5% (0 B 45 i 2-
WA S TP R PR AR B B BRI ) R AR R A
SNSRI 2 RS O HRTRH R, BT
MEERIE ALLA A0 miRNA K AN AR ER M, B 58 HR s i & A%
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