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Abstract
Background/Aims: With increased understanding of sepsis, mortality is decreasing.
However, there is still a lack of effective therapeutic strategy. The inflammatory response
of macrophages is critical during sepsis. Methods: Macrophages were stimulated with LPS.
Western blotting and qRT-PCR were used to detect inflammatory responses. Then, the
inhibitor of microRNA-138 was transfected and Western blotting, gRT-PCR, H&E staining
and ELISA were used to verify the role of microRNA-138 in inflammation. Then target gene
prediction databases were used to predict the potential target of microRNA-138. Both animal
and cell models under LPS challenges were established to verify the regulation of SIRT1 and
microRNA-138 during inflammation. Results: The present study showed that microRNA-138
was increased in macrophages stimulated with LPS. Additionally, the NF-«kB and AKT pathways
were both activated. The pre-treatment of microRNA-138 inhibitor decreased inflammatory
factors, downregulated the NF-kB pathway, activated the AKT pathway and protected against
organ damage in mice challenged with LPS. SIRT1 was demonstrated as a potential target of
microRNA-138In macrophages stimulated with LPS, the inhibition effect of microRNA-138
inhibitor on inflammation was lost by SIRT1 siRNA pre-treatment. In the animal model, the
protective effect of microRNA-138 antagomir disappeared in SIRT1 knockout mice. Conclusion:
We demonstrated that miR-138 participated in the inflammatory process by inhibiting SIRT1
and activating the NF-kB pathway.
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Introduction

Sepsis, which is caused by a disorganized response to infection, is currently characterized
by severe inflammatory reaction and immune suppression. Despite the successful supportive
therapies and decreasing mortality [1], thereis stillalack of targets for earlier treatment[2, 3].
Owing to the severe inflammation, sepsis often causes tissue damage and organ dysfunction,
which determine the presenting symptoms of sepsis [2]. The affected tissue often shows
increased infiltration of inflammatory cells, edema, hemorrhage and damage of the tissue
structure [4]. Macrophages are important components of the innate immune system that
modulate immune responses through the recognition and presentation of antigens and the
release of inflammatory factors [5]. The activation of macrophages is related to many diseases
and plays a key role in the process of sepsis by participating in inflammation and immune
suppression [6]. Depending on different circumstances, macrophages may differentiate
into two different phenotypes. M1 macrophages (or classically activated macrophage) are
pro-inflammatory macrophages that release IL-1§3, TNF-a, IL-6 and other inflammatory
factors under the stimulation of IFN-y or lipopolysaccharide (LPS) through the activation
of the STAT1 or NF-kB pathway [7, 8]. These inflammatory factors are also important
cytokines increased in sepsis during severe inflammatory periods. M2 macrophages (or
alternatively activated macrophages) are anti-inflammatory macrophages that depend on
the activation of STAT6 or AKT pathways [9, 10]. MicroRNAs (miRNAs) are non-coding RNAs
that regulate gene expression by binding to mRNA, stopping translation or degrading the
mRNAs. These functions are mainly achieved by the binding of mi-RNAs with the 3’-UTR
of mRNAs [11]. MiRNAs have recently been implicated in inflammatory responses, sepsis,
and, specifically, macrophage activities [9, 12-14]. MicroRNA-138 (miR-138) is reported
to participate in oncogenesis and axon regeneration, but it is not clear whether miR-138
plays a role in inflammation or sepsis [15, 16]. Silence information regulator 1 (SIRT1) is an
NAD+ dependent class III histone deacetylase that modulates intracellular activities through
transcription regulation in several separate cellular functions [17, 18]. Recently, SIRT1 was
demonstrated to inhibit inflammatory reactions 6. Additionally, we previously showed that
SIRT1 regulates the effect of melatonin on kidney protection against inflammation reactions
in severely burned rats [19]. Previously study demonstrated that SIRT1 is a direct target
of miR-138, participating in cancer and axon regeneration [16, 20, 21], but whether miR-
138 participates in inflammation by targeting SIRT1 is still unclear. In the present study,
we provided the first evidence that miR-138 is an important regulator participating in the
inflammatory process and the pre-treatment of miR-138 inhibitor showed significantly effect
protecting mice from LPS challenge. Additionally, we showed that miR-138 may regulate
inflammatory responses by inhibiting SIRT1 and AKT pathways while activating the NF-xB
pathway.

Materials and Methods

Animals

Adult male C57BL/6 mice and myeloid-specific SIRT1 knockout (sirt17?) mice weighing 20-25 g were
included in the present study. All protocols were approved by the Ethics Committee of Xijing Hospital,
affiliated with the Fourth Military Medical University (XJYYLL-2015206). The National Institutes of Health
Guide for the Care and Use of Laboratory Animals (NIH Publications No. 8023, revised 1978) was followed.
Mice aged six to eight weeks were used for further research.
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LPS induced inflammatory challenge in mice

C57BL/6 mice and sirt1”/- mice were used in the present study. Briefly, the mice were intraperitoneally
injected with LPS (Sigma, USA) with a dose of 10 mg/kg. After sacrifice, the serum was collected at 24 hours
later, and the liver, heart, kidney and lung tissue were collected at 72 hours later for further analysis. For the
inhibition of miR-138, the miR-138 antagomir was injected by the caudal vein at a dose of 80 mg/kg for 3
consecutive days, followed by LPS (10 mg/kg) injection at 24 hours after the last antagomir administration.

Histological examination and evaluation

At 72 hours after LPS injection, the mice were anaesthetized with sodium pentobarbital (30 mg/kg,
intraperitoneal injection) and were sacrificed; the heart, liver, lung and kidney were collected and fixed in
10% formalin for 24 hours. Then, the specimens were dehydrated, embedded in paraffin, cut into 4-ym
sections and stained with hematoxylin and eosin (H&E) for light microscopy observation. For every slice,
ten high-magnification fields were randomly selected and photograph by the Olympus FSX100 microscope
(Japan). Then the organ damage was evaluated by pathological expert according to the scoring system 22.
Briefly, the inflammatory cell infiltration, edema of alveoli and interstitial and hemorrhage were evaluated
for lung damage (score 0 to 4). The liver damage degree was evaluated by hepatocyte, sinus hepaticus
and converged tube (score 0 to 4). The heart tissues were evaluated according to interstitial lymphocytes
infiltration, myocardial fibers, transverse striation (score 0 to 4). The kidney was evaluated according to the
Glomerulus, Renal tubule and Renal interstitium damage (score 0 to 4).

ELISA and biochemical marker detection

At 24 hours after LPS injection, the mice were anaesthetized with sodium pentobarbital (30 mg/kg,
intraperitoneal injection), the eyeballs were extracted for blood collection and the blood was coagulated
at room temperature for 30 minutes. Then, the sample was centrifuged for 15 minutes at 3000 rpm, and
the serum was collected. The cytokines, including IL-13, TNF-a and IL-6, were examined by using ELISA
(Nanjing Jiancheng, China). ALT, AST, Cr and BUN (Nanjing Jiancheng, China) were detected to evaluate
organ function.

Cell culture

The macrophage cell line RAW 264.7 was cultured in RMPI 1640 medium (Gibco, USA) containing 10%
fetal bovine serum (Gibco, USA), 100 IU/ml penicillin and 100 mg/ml streptomycin (Beyotime, Shanghai,
China), and maintained at 37°C in a humidified incubator with 5% COZ2. For simulation of LPS challenge
in vitro, RAW 264.7 cells were stimulated by LPS at a concentration of 1 ug/ml. For the detection of signal
pathways, the cells were collected at 30 minutes after stimulation. For mRNA detection, the cells were
collected at 4 hours after stimulation.

Real-time quantitative polymerase chain reaction

Total RNA was extracted by using an RNA isolation kit (Takara, Japan) according to the manufacturer’s
instructions. The concentration and purity of the RNA were examined by the absorbance at 260 and 280
nm by using spectrophotometry (SmartSpecTM Plus, BIO-RAD, USA). The PrimeScript™ RT reagent Kit
(Takara, Japan) was used to obtain cDNA. Real-time quantitative polymerase chain reaction (qRT-PCR) was
performed by using the SYBR®Premix Ex Taq™ Kit (Takara, Japan) in the CFX Connect (BIO-RAD, USA). The
relative quantification of target gene was conducted by using the 2-24¢ method. GAPDH and u6 were used as
internal controls for mRNA and miRNA, respectively. The following primer sequences were used:
GAPDH-F: 5’-GTGTTCCTACCCCCAATGTG-3,,
GAPDH-R: 5’-CATCGAAGGTGGAAGAGTGG-3,,
IL-1B-F:5’-GGGCCTCAAAGGAAAGAATC-3,,
IL-1B-R:5-TACCAGTTGGGGAACTCTGC-3,,
TNF-a-F:5-CGTCAGCCGATTTGCTATCT-3,,
TNF-a-R:5’-CTTGGGCAGATTGACCTCAG-3’,
IL-6-F:5-GGGACTGATGCTGGTGACAA-3’,
IL-6-R:5’-TCCACGATTTCCCAGAGAACA-3,,
u6: 5’-GTGCTCGCTTCGGCAGCACATAT-3,,
miR-138: 5’- AGCTGGTGTTGTGAATCAGG-3".
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Western blot analysis

50 pug of total protein of each sample was subjected to SDS-PAGE and transferred onto PVDF membranes.
After blocking with 5% non-fat milk, the membranes were incubated with primary antibodies, horseradish
peroxidase-conjugated-conjugated secondary antibodies and visualized with an ECL Kit (Millipore, USA)
by using the FluorChem FC system (Alpha Innotech, USA). The primary antibodies included anti-SIRT1,
anti-p65, anti-p-p65, anti-AKT, anti-p-AKT, and anti-{-actin antibodies (all from CST, USA). The secondary
antibody was HRP-conjugated goat anti-rabbit antibody (1:3000 dilution; Santa Cruz, USA)

Inhibitor and siRNA transfection

The mimic or inhibitor of miR-138, siRNA of SIRT1 and their control fragments were purchased from
GeneCopoeia (China) and transfected into RAW 264.7 macrophage cell line by using Lipofectamine 2000
Transfection Reagent (Invitrogen, USA) according to the manufacturer’s instructions. The cells were used
for further experiments at 24 hours later. The following primer sequences were used: miR-138 inhibitor:
CGGCCUGAUUCACAACACCAGCU, si-SIRT1 sense: 5’-CCGUCUCUGUGUCACAAAUTT-3’, si-SIRT1 anti-sense:
5’-AUUUGUGACACAGAGACGGTT-3’, control siRNA sense: 5’-UUCUCCGAACGUGUCACGUTT-3’, control siRNA
anti-sense: 5’-ACGUGACACGUUCGGAGAATT-3..

Luciferase reporter assay

The target genes of miR-138 were predicted by using target prediction databases, including TargetScan,
PicTar and miRanda. The plasmid contains fragment of SIRT1 3’-UTR (WT) and its mutant sequences
(MUT) were synthesized by Promega (Madison, WI). Then, the plasmids were co-transfected with miR-
138 mimic or control miRNA into 293 cells by using Lipofectamine 2000 Transfection Reagent (Invitrogen,
USA) according to the manufacturer’s instructions. At 48 hours after transfection, the luciferase activity was
measured by a luminometer (Promega, USA).

Statistical analysis

All data are presented as the means + SEM.
The scoring data were analyzed using Kruskal-
Wallis analysis by SPSS 13.00. Other data were
analyzed by using student’s t test for two
group or an analysis of variance (ANOVA) for
multiple group using GraphPad Prism 5 (San
Diego, USA). A p value of less than 0.05 was
considered statistically significant.

Results

MiR-138  was  increased in

macrophages after LPS challenge

To determine the expression level
of miR-138, RAW 264.7 macrophages
were stimulated with LPS. Then, the
mRNA level was detected by using qRT-  Fig. 1. MiR-138 was increased in cell model of sepsis in
PCR. At 4 hours after stimulation, the  macrophage induced by LPS. A-C, RAW 264.7 cells were
mRNA levels of IL-13, TNF-a and IL-6  stimulated by LPS (1 pg/ml). At 4 hours later, relative
were remarkably increased (Fig. 1A), transcript levels for IL-1pB, IL-6, TNF-a (A) and miR-138
representing the activation and pro- (B) were detected by qRT-PCR. GAPDH and u6 were used
inflammatory activity of macrophages. as internal controls for mRNA and miRNA, respectively.
Notably, miR-138 was also significantly =~ C, Representative results of the western blot showing
increased after treatment with LPS the activation of two pathways, i.e., the AKT and NF-kB
(Fig. 1B). Additionally, LPS stimulation  pathways, at different time points under LPS stimulation.
activated the NF-kB pathway, as shown  For A-C, the data are the representative results of four
by the western blotting, demonstrating independent experiments. Con, control group. **, p<0.01.
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four hours later, the relative ;E-; 3 § f_ §
transcript level for IL-1B, =‘§ —E = §
IL-6 and TNF-a (B) were - = =
detected by qRT-PCR, and
the activation of the two
pathways, ie., the AKT

and NF-kB pathways, was
detected by western blotting at 30 minutes after LPS stimulation (C). For A-C, the data are the representative
results of four independent experiments. **, p<0.01.

that p65 was phosphorylated as early as 15 minutes after stimulation. Unexpectedly, the
AKT pathway was also activated, although at a later time point (Fig. 1C).

Inhibition of miR-138 decreased inflammatory reaction in RAW 264.7

To verify whether miR-138 participates in macrophage activation to a pro-inflammatory
phenotype, the inhibitor of miR-138 was transfected into RAW 264.7 macrophages. As
confirmed by qRT-PCR, the level of miR-138 was strongly inhibited by the inhibitor (Fig. 2A).
At 24 hours after transfection, the cells were stimulated with LPS for another 4 hours. The
inhibition of miR-138 significantly decreased the mRNA levels of IL-1f3, IL-6 and TNF-a (Fig.
2B). The NF-kB pathway was also inhibited, while the AKT pathway was strongly activated
(Fig. 2C). Thus, miR-138 promoted the pro-inflammatory activation of macrophages.

The miR-138 antagomir pre-treatment alleviated tissue damage and organ dysfunction

in mice

Then, we examined whether miR-138 participated in the inflammation process in vivo.
Thus, mice were transfected with the miR-138 antagomir through the caudal vein, and
then, the mice were subjected to LPS intraperitoneal injection. At 24 hours later, the mice
were sacrificed, and the blood was collected. At 72 hours later, the tissue was collected for
further analysis. The sections of the tissue were stained with H&E for pathological analysis.
H&E staining of the heart, liver, lung and kidney showed that the pre-treatment of miR-138
antagomir decreased the infiltration of inflammatory cells and damaged the tissue structure
compared with that in the control group (Fig. 3A). ELISA showed that the levels of the
inflammatory factors, IL-13, TNF-a and IL-6, were all decreased by miR-138 antagomir (Fig.
3B). Additionally, the levels of Cr, BUN, AST and ALT in serum from the miR-138 antagomir
group were all decreased compared with those in the control group, representing a protective
effect of renal and hepatic function by miR-138 antagomir pre-treatment (Fig. 3C, 3D). Thus,
miR-138 may participate in the inflammatory process, and the antagomir of miR-138 could
alleviate this process in mice models, providing a potential strategy.
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SIRT1 is a target of miR-138

Given the important role of miR-138 in inflammation, we wanted to determine its
precise mechanism. Target gene prediction databases were used and SIRT1 was identified
as a potential target, showing that the 3’-UTR of SIRT1 mRNA contains a fragment that could
be the binding site for miR-138 (Fig. 4A). To further validate the direct interaction of miR-
138 and SIRT1 3’-UTR, a luciferase reporter system was used. We confirmed the binding
of miR-138 to the 3’-UTR of SIRT1 mRNA, showing that the co-transfection of the miR-138
mimic and the SIRT1 WT 3’-UTR significantly decreased the luciferase activity while the
plasmid containing a mutation in the SIRT1 3’-UTR or the control plasmid had no effect
(Fig. 4B). Then, we transfected mimic or inhibitor of miR-138 into RAW 264.7 macrophages
to verify the relationship of miR-138 and SIRT1. The mRNA and protein levels were both
downregulated by miR138 mimic and upregulated by the inhibitor (Fig. 4C, 4D).
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Fig. 4. SIRT1 is a target A B
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(WT) into 293 cells. The
plasmids containing control
fragment (miR-CON) or the mutation of SIRT1 3’-UTR (Mut) were used as controls. C-D, The mimic (miR-
138 mi) or inhibitor of miR-138 (in-138) was transfected into RAW 264.7 cells, and the mRNA and protein
levels were detected by qRT-PCR and western blotting, respectively. For A-D, The data are the representative
results of four independent experiments. NC-mi, normal control mimic. In-NC, inhibitor control. **, p<0.01.

Fig. 5. MiR-138 participated in
macrophage activation by targeting
SIRT1 A, the effect of SIRT1 siRNA (si-
SIRT1) was verified by qRT-PCR. B-D,
RAW 264.7 cells were transfected with
miR-138 inhibitor (in-138) alone or miR-
138 inhibitor and si-SIRT1 for 24 hours,
and followed by stimulation with LPS. At
four hours later, the relative transcript
levels for IL-1f (B), IL-6 (C), and TNF-a
(D) were detected by qRT-PCR, and the
activation of the two pathways, i.e., the
AKT and NF-xB pathways, was detected by
using western blotting at 30 minutes after
LPS stimulation (E). The control inhibitor
(in-NC) and control siRNA (si-NC) were
used as control. For B-D, the data are the
representative results of four independent
experiments. **, p<0.01.

MiR-138 participated in macrophage activation and inflammatory response by targeting

SIRT1

To understand whether miR-138 participated in the inflammatory response by targeting
SIRT1, we transfected RAW 264.7 macrophages with SIRT1 siRNA (si-SIRT1) to investigate
the role of this molecule. The efficacy of siRNA was confirmed by qRT-PCR (Fig. 5A). In
macrophages stimulated with LPS, si-SIRT1 significantly elevated the levels of IL-1(, IL-6 and
TNF-a compared with those in the control group, confirming its silencing effect (Fig. 5B-D).
The silencing of SIRT1 partly reversed the levels of IL-1[3, IL-6 and TNF-a that were decreased
by the miR-138 inhibitor (Fig. 5B-D). The AKT pathway was alleviated, and NF-kB pathway
was re-activated (Fig. 5E). Thus, we demonstrated that miR-138 participated in macrophage
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Fig. 6. MiR-138 participated in sepsis process by targeting SIRT1 A-C, C57BL/6 and sirtl-/- mice were
treated with miR-138 antagomir (in-138) or control inhibitor (in-NC) for 48 hours, followed by the LPS
challenge. Representative pathological results of the H&E staining of the heart, liver, lungs and kidneys are
shown, and the tissues damage for the four organs were evaluated by a histopathologic scoring system (A),
the serum level of TNF-q, IL-6 and IL-1 was measured by ELISA (B), and the levels of Cr, BUN, ALT and AST
(C-D) in serum were tested. The scale bar in A represents 50 um. N=6 for every group. **, p<0.01.

activation by targeting SIRT1, followed by the activation of the NF-kB pathway. To verify this
mechanism, we established a model by stimulating sirt17- mice with LPS. As shown above,
the antagomir of miR-138 significantly alleviated the infiltration of inflammatory cells and
structure disorder in heart, liver, lung and kidney tissue. However, these effects disappeared
in sirt1”/- mice (Fig. 6A). Additionally, the increased level of inflammatory factors, including
IL-1B3, TNF-a and IL-6 (Fig. 6B), and the biochemical markers, including Cr, BUN, AST and
ALT, were all decreased with pre-treatment of miR-138 antagomir and increased in sirt1/-
mice (Fig. 6C, 6D). Thus, miR-138 promoted the inflammatory process through its negative
control of SIRT1 in macrophages.

Discussion

In the present study, we identified the role of miR-138 in the inflammatory process. First,
we found that miR-138 was increased in LPS-stimulated macrophages. By using the inhibitor
of miR-138, we confirmed its effect during macrophage activation induced by LPS. Then,
the animal model of inflammation induced by LPS intraperitoneal injection was used and
miR-138 was shown to aggravate inflammation, as the pre-treatment of miR-138 antagomir
significantly alleviated the tissue damage and organ dysfunction. For a better understanding
of the mechanism, we searched the target gene prediction databases and found that SIRT1
might be a potential target of miR-138. After confirmation of the direct binding of miR-
138 with SIRT1, the SIRT1 inhibitor and sirt1-/- mice were used for further studies. We
demonstrated that miR-138 participated in the inflammatory process by targeting SIRT1,
and two pathways, including NF-kB and AKT pathways, were involved (Fig. 7). Thus, the
inhibition of miR-138 may be a promising strategy for sepsis therapy. Sepsis often causes
severe tissue damage and organ dysfunction owing to the cytokine storm. In the present study,
mice were challenged with LPS to induce acute inflammation in vivo. Compared with clinical
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sepsis, this model showed similar
inflammation responses, thus we
used this model to study the role of
miR-138 in inflammation. However,
this model doesn’t contain
immunosuppression followed
by inflammation. Therefore, the
results still need to be verified
before clinical trials. The lungs, MiR138

kidneys, liver and heartare the most |
common organs threatened by
sepsis [23, 24]. Owing to the severe
inflammation, the pulmonary
tissue shows disordered and
collapsed alveolar structures and
severe infiltration of inflammatory
cells [25]. The hepatic tissue shows
hepatocytes necrosis and edema in
sepsis. Additionally, ALT and AST,
which represent the degree of liver
injury, are significantly increased
[26, 27]. The kidney is one of the
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most vulnerable organs in sepsis.
The tissue shows glomerulus
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edema in renal tubular epithelial
and interstitial tissues. The
BUN and Cr levels in serum are

Fig. 7. MiR-138 targets SIRT1 and then activates NF-«kB while
blocking AKT, leading to the aggravation of organ damage
During sepsis, miR-138 was increased in macrophages. By
binding to mRNA of SIRT1, miR-138 activates NF-kB and
blocks AKT, thus promoting inflammation and organ damage
in sepsis.

increased, suggesting  kidney

dysfunction [28]. In the present

study, miR-138 was responsible for the tissue damage and organ dysfunction induced by
LPS. A previous study showed that miR-138 is increased due to inflammation situation in
periodontitis model or in endothelial cells under stimulation with LPS [29, 30], but miR-138
is only considered as a consequence of inflammation in these two studies. In the present
study, we found that miR-138 not only increased as a result of inflammation but also acted
as a regulator by targeting SIRT1, thus providing a potential target for sepsis treatment.
However, the antagomir was used before LPS challenge in vivo, which is a pre-treatment
model. This model was suitable for studies focusing on the mechanism, but more work is
needed to simulate the clinical situation.Macrophage participates in the process of sepsis.
M1 macrophages cause a severe cytokine storm, which leads to severe inflammatory reaction
and tissue damage, while M2 macrophages are associated with immune suppression [31].
The manifestation of different properties is dependent on the microenvironment. The two
phenotypes are extreme statuses representing a series of subtypes, and the inner changes
of macrophages rely on several transcription factors and signal pathways, such as STAT1,
NF-kB, STAT6 or AKT pathways [32, 33]. Recently, miRNAs have been shown to influence
macrophage polarization [9]. We found that by targeting SIRT1 in macrophages, miR-
138 at least partly regulated the activity of the NF-kB pathway, which was significantly
decreased after the inhibition of miR-138. This finding was consistent with the decreased
mRNA levels of several inflammatory factors. However, the AKT pathway was activated
by miR-138 inhibitor, implying the inhibition of miR-138 on the AKT pathway. Previous
studies have shown that the AKT pathway also participates in macrophage polarization
[10]. In the present study, the increased activation of the AKT pathway was accompanied by
decreased inflammatory cytokines, further supporting the idea that AKT participates in the
activation of M2 macrophages 34. Additionally, the present study is consistent with recent
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studies showing that AKT plays a protective role in sepsis [35-37]. SIRT1 shows strong
anti-inflammation activity [38]. In sepsis, SIRT1 may promote the termination of the NF-
kB-dependent transcription by its deacetylation effect of p65 and thus play a role in sepsis
protection [6, 39]. Additionally, SIRT1 directly or indirectly regulates the AKT pathway, [40,
41]. Recent studies showed that SIRT1 is regulated by several mi-RNAs including miR-34a,
miR-181, miR-217, etc. [42, 43]. MiR-138 directly targets SIRT1 in osteosarcoma, non-small
cell lung cancer and axon regeneration [16, 20, 21]. The inhibitor or antagomir of miR-138
protected mice from the inflammatory reaction, tissue damage and organ dysfunction, and
the NF-kB pathway was inhibited while the AKT pathway was activated. However, after
SIRT1 was inhibited or knocked out in macrophages, the protection effect disappeared, and
the NF-kB pathway was activated and the AKT pathway was inhibited again. Thus, miR-138
promoted inflammation through the miR-138-SIRT1-NF-kB /AKT axis. This study provides
the first evidence that miR-138 and miR-138-SIRT1 are involved in sepsis. In conclusion, we
demonstrated the important role of miR-138 in the inflammatory responses of macrophages
in LPS-challenged mice. We found that miR-138 promoted inflammatory reactions, tissue
damage and organ dysfunction, which depends on the direct targeting of SIRT1 by miR-138.
Specifically, miR-138 bound to and inhibited the activity of SIRT1 mRNA, followed by the
activation of the NF-kB pathway and the inhibition of the AKT pathway in macrophages,
thus promoting inflammation. The downregulation of miR-138 by its inhibitor could reverse
this process by upregulating SIRT1, terminating NF-kxB and activating the AKT pathway. The
present study provides a promising miRNA target for sepsis therapeutic strategies.
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