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Acute lung injury (ALI), is a rapidly progressing heterogenous
pulmonary disorder that possesses a high risk of mortality.
Accumulating evidence has implicated the activation of the p65
subunit of NF-kB [NF-kB(p65)] activation in the pathological
process of ALI. microRNAs (miRNAs), a group of small RNA
molecules, have emerged as major governors due to their post-
transcriptional regulation of gene expression in a wide array of
pathological processes, including ALI. The dysregulation of
miRNAs and NF-kB activation has been implicated in human
diseases. In the current study, we set out to decipher the conver-
gence of miR-99b and p65 NF-kB activation in ALI pathology.
Wemeasured the release of pro-inflammatory cytokines (IL-1b,
IL-6, and TNFa) in bronchoalveolar lavage fluid using ELISA.
MH-S cells were cultured and their viability were detected with
cell counting kit 8 (CCK8) assays. The results showed that miR-
99bwas up-regulated, while PRDM1was down-regulated in a li-
popolysaccharide (LPS)-induced murine model of ALI. Mecha-
nistic investigations showed that NF-kB(p65) was enriched at
the miR-99b promoter region, and further promoted its tran-
scriptional activity. Furthermore, miR-99b targeted PRDM1 by
binding to its 3’UTR, causing its down-regulation. This in-
creased lung injury, as evidenced by increased wet/dry ratio of
mouse lung, myeloperoxidase activity and pro-inflammatory
cytokine secretion, and enhanced infiltration of inflammatory
cells in lung tissues. Together, our findings indicate that NF-kB
(p65) promotion of miR-99b can aggravate ALI in mice by
down-regulating the expression of PRDM1.

Acute lung injury (ALI) is a prevalent disease with exceed-
ingly-high rates of morbidity and mortality. ALI can often pre-
dispose patients to acute respiratory distress syndrome (ARDS)
(1), which results from an acute injury such as sepsis, aspira-
tion, shock, pneumonia (2). ALI is triggered on excessive neu-
trophil infiltration into the lung tissues and lung endothelium
and epithelium thus resulting in edema along with gas
exchange deterioration (3). Lipopolysaccharide (LPS) has been
commonly used to induce ALI in a murine model (4, 5).
Numerous studies have even reported that LPS can induce the
expressions of inflammatory mediators activating the nuclear
factor-kappaB (NF-kB) signaling pathway, causing the forma-
tion of inflammasomes (6–8). Inflammasome activation stimu-
lates cysteine protease caspase-1 that has capability of cleaving

the precursor forms of pro-inflammatory cytokines, such as
interleukin (IL)-1b and IL-18 (9–11). Once the organs fail to
burden much inflammasome activity, the human body elicits a
severe immune response that stimulates excessive release of
pro-inflammatory cytokines, thus prompting some inflamma-
tory diseases including ALI (12, 13).
MicroRNAs (miRNAs), 21–23 nucleotides in length, possess

the ability to negatively regulate gene expression by repression
of mRNA translation repression or promotion of mRNA degra-
dation (14–16). Mounting evidence further supports that
abnormal expression of miRNAs is associated with some of
inflammatory lung diseases. For instance, up-regulated levels of
miR-125b are known to reduce LPS-induced pulmonary
inflammation inmice (17). In addition, LPS-induced inflamma-
tory response was limited on miR-212-3p overexpression in
murine macrophages (18). More notably, a previous study
documented several miRNA candidates with altered expres-
sions in ALI. miR-99b shows a positive-correlation with the
activation of NF-kB (19), which regulates the expressions of a
large variety of genes that are involved in numerous processes
like inflammatory and immune responses of the cell, cell
growth, and development (20). Moreover, transcriptional
repressor PR (PRDI-BF1-RIZ) domain zinc finger protein 1
(PRDM1) has also been identified to be a downstream effector
of the NF-kB (21). PRDM1 (also referred to as Blimp-1) was
originally identified as a post-inductive silencer of interferon
beta (IFN-b) gene expression and controls cell fate decisions in
multiple tissue contexts (22). However, the mechanism under-
lying the role of miR-99b and NF-kB in ALI remains unclear. In
the current study, we performed experiments using ALI mouse
models, and found miR-99b expression was increased in the
lung tissues. In addition, we observed that NF-kB could
increase miR-99b expression and deteriorate ALI of mice
induced by LPS. As a result, we speculated whether the miR-
99b/PRDM1 axis regulated the development of ALI. Therefore,
we set out to elucidate the mechanism by which miR-99b
affects the processes of ALI by means of LPS-induced MH-S
cells and amurinemodel of LPS-induced ALI.

Results

miR-99b is highly-expressed in ALI mouse models

Firstl the results of hematoxylin-eosin (HE) staining illus-
trated disordered alveolar structure, thickened alveolar wall,
obvious alveolar septum, interstitial edema and inflammatory*For correspondence: Jie Zhao, zhaojie601906726@163.com.
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cell infiltration in the lung tissues of mice in the ALI group
compared with the control group (Fig. 1A). The dry/wet weight
(W/D) ratio of the mice in the ALI group was elevated relative
to the control group (Fig. 1B). Myeloperoxidase (MPO) activity
was elevated in mice after ALI treatment (Fig. 1C). ELISA
(ELISA) was further employed to detect the expression patterns
of inflammatory factor tumor necrosis factor-a (TNFa), IL-6,
and IL-1b in the BALF, and the results showed that LPS treat-
ment led to elevated TNFa, IL-6, and IL-1b in the BALF of
mice (Fig. 1D).
Subsequently, the expression patterns of miR-99b in lung tis-

sues were detected with reverse transcription quantitative PCR
(RT-qPCR), and the results showed a significant elevation in
miR-99b expression levels in the lung tissues of mice of the ALI
group compared with the control group (Fig. 1E). Additionally,
immunofluorescence staining analysis revealed a significant
increase in the number of macrophages in the lung tissues of

mice from the ALI group when compared with the control
group (Fig. 1F). These findings indicated that miR-99b was
highly-expressed inmice with ALI.

Silencing of miR-99b protects mice against ALI

To further explore the involvement of miR-99b in regulating
ALI, the status of lung injury in mice was examined by treating
ALI mice with miR-99b antagomir. RT-qPCR results revealed a
significant decrease in the expression levels of miR-99b in the
lung tissues of mice in the ALI1miR-99b antagomir group rel-
ative to the ALI1 antagomir negative control (NC) group (Fig.
2A), indicating successful silencing of miR-99b in ALI mice.
Meanwhile, HE staining demonstrated that inflammatory cell
infiltration was reduced in the lung tissues of mice in the ALI1
miR-99b antagomir group compared with the ALI1 antagomir
NC group, in addition to marked improvements in alveolar
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Figure 1. High expression of miR-99b is observed in ALI mice. A, Detection of pathological changes in lung tissues of control and ALI mice by HE staining
(The arrow indicates the area of lung injury). B, W/D ratio in lung tissues of control and ALI mice. C, MPO activity in lung tissues of control and ALI mice. D,
Detection of inflammatory factors TNFa, IL-6, and IL-1b expression in the BALF of control and ALI mice by ELISA. E, miR-99b expression in lung tissues of con-
trol and ALI mice detected by RT-qPCR. F, Detection of CD-68 antibody expression in lung tissues of control and ALI mice by immunofluorescence. The mea-
surement data were presented asmean6 standard deviation. The data of two groups were analyzed by independent sample t test. * indicated p, 0.05, n = 8.
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septum and pulmonary interstitial edema (Fig. 2B). In addition,
decreased lungW/D ratio (Fig. 2C), MPO activity (Fig. 2D), and
TNFa, IL-6, and IL-1b expression levels were observed in the
BALF (Fig. 2E) in mice in the ALI1miR-99b antagomir group
compared with the ALI 1 antagomir NC group. Taken to-
gether, these findings indicate that silencing miR-99b could
relieve lung injury in ALImice.

NF-kB(p65) in macrophages promotes miR-99b transcription
and cell injury

Additionally, MH-S cell models of ALI were simulated by
LPS treatment to further study the mechanism of miR-99b
in ALI regulation. RT-qPCR was then applied to detect the
expression patterns of miR-99b in the cells following treat-
ment with different concentrations of LPS, and the results
showed that miR-99b expression was elevated in the cells
following escalating concentration of LPS treatment
(Fig. 3A).
Subsequently, miR-99b was silenced in the LPS-stimulated

cells, and RT-qPCR results revealed a decrease in miR-99b
expression upon miR-99b inhibitor introduction (Fig. 3B).
The results of cell counting kit 8 (CCK8) and ELISA experi-
ments showed that LPS treatment repressed MH-S cell via-
bility and enhanced TNFa, IL-6 and IL-1b levels. However,
compared with the LPS 1 inhibitor NC group, cell viability
was promoted, whereas the expression levels of TNFa, IL-6
and IL-1bwere all decreased in the LPS1miR-99b inhibitor
group (Fig. 3C, D).
The expression levels of NF-kB(p-p65) in the cells were

detected using nucleocytoplasmic separation experimentation,

and it was found that the expression of NF-kB(p-p65) in the nu-
cleus was markedly elevated with the increase of LPS concen-
tration (Fig. 3E). Immunofluorescence was then employed to
detect the treatment of LPS on p-p65 expression levels, and the
results indicated that LPS treatment promoted NF-kB(p-p65)
nucleation (Fig. 3F).
The TRANSFAC database was retrieved to predict the NF-

kB(p65) binding sites with the miR-99b promoter region (Fig.
3G). Results of ChIP (ChIP) assay revealed a promoted NF-kB
(p65) enrichment at the miR-99b promoter region following
LPS treatment (Fig. 3H).
NF-kB inhibitor (10 mM BAY11-7082 and 100 mM SATM)

was used to treat MH-S macrophages, and the expression
levels of NF-kB(p-p65) were detected by Western-blot. The
results showed a significant decrease in NF-kB(p65) and
NF-kB(p-p65) expression levels (Fig. 3I). RT-qPCR was
then applied to detect the miR-99b expression patterns, and
it was found that miR-99b expression was inhibited in the
presence of NF-kB inhibitor (Fig. 3J). Macrophages p65 was
further silenced by shRNA transfection, and the expression
levels of p65 and miR-99b were detected using Western-
blot and RT-qPCR. The results illustrated a decline in p65
and miR-99b expression once NF-kB was silenced (Fig. 3K).
Cell viability of LPS-stimulated MH-S was observed to be
promoted upon NF-kB knockdown, while concurrent
transfection of miR-99b mimic inhibited the viability (Fig.
3L). The above results suggested that NF-kB(p65) was
enriched at the miR-99b promoter region, and promoted its
transcriptional activity, thus accelerating inflammatory
damage to the cells.
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Figure 2. Silencing miR-99b relieves lung injury in ALI mice. Control mice served as the control and ALI mice were treated with miR-99b antagomir. A,
Detection of miR-99b expression in mouse lung tissues by RT-qPCR. B, Detection of pathological changes of mouse lung tissues by HE staining. C, W/D ratio in
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miR-99b targets PRDM1 to down-regulate its expression and
promote LPS-induced macrophage injury

The downstream target genes of miR-99b were predicted
using starBase (http://starbase.sysu.edu.cn/), miRDB (http://
mirdb.org/index.html) and microRNA databases (http://www.
microrna.org/microrna/getMirnaForm.do). Following diagram
analysis of the predicted miRNAs (Fig. 4A), 27 mRNAs were
found at the intersection. Subsequently, ALI mRNA expression
data set GSE2368 was obtained from the Gene Expression Om-
nibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/),
which comprised of 2 normal samples and 2 lung injury sam-
ples, and a set of three candidate mRNAs were yielded. PRDM1
was the only overlapping gene with the predicted 27 mRNAs in
the aforementioned three databases. Meanwhile, previous liter-
ature has shown that deletion of PRDM1 (Blimp1) in T cells
decreased the expression levels of Foxp3 and CTLA-4, while
increasing those of proinflammatory cytokines and the produc-
tion of autoantibodies, including the increase of IgE (23).
Therefore, it was hypothesized that the PRDM1 gene was
involved in the regulation of ALI, and thus, was selected for fur-
ther experimentation. The results further revealed that miR-
99b-5p targeted the PRDM1 gene (Fig. 4B), and the PRDM1
expression in the GSE2368 data set was much lower in the lung
injury samples relative to normal samples (Fig. 4C).

The results of dual-luciferase reporter gene assay demon-
strated that over-expression of miR-99b inhibited the lucif-
erase activity of WT (WT)-PRDM1-3'UTR, while exerting
no effects on the luciferase activity of mutant (Mut)-
PRDM1-3'UTR in HEK293 cells (Fig. 4D). The results of
RT-qPCR and Western-blot showed that the mRNA and
protein expression levels of PRDM1 were inhibited in miR-
99b over-expressed MH-S cells (Fig. 4E). PRDM1 expression
patterns were also detected in MH-S cells following p65
over-expression or in combination with miR-99b inhibition,
the results of which showed that the PRDM1 levels were
inhibited by over-expression (oe)-p65 compared with the
oe-NC, and compared with oe-p65 1 inhibitor NC, the
PRDM1 levels were restored by oe-p65 1 miR-99b inhibi-
tion (Fig. 4F). These further demonstrated that the PRDM1
gene may be involved in the regulation of lung injury via
p65/miR-99b expression levels.
Subsequently, immunohistochemical detection was per-

formed to examine the PRDM1 expression patterns in ALI
mouse lung tissues, and a significant decrease in the PRDM1
expression was observed compared with the control group
(Fig. 4G). Western-blot results showed a concentration-de-
pendent decline of PRDM1 expression in MH-S cells after
LPS stimulation (Fig. 4H). PRDM1 over-expression was
then achieved by lentivirus (Fig. 4I). CCK8 assay revealed
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PRDM1 overexpression increased cell viability of MH-S
cells after LPS stimulation (Fig. 4J). Collectively, these find-
ings revealed that miR-99b targeted PRDM1 and inhibited
its expression to increase the severity of LPS induced cell
injury.

PRDM1 over-expression inhibits ALI in mice

To further verify whether PRDM1 regulates ALI in mice, the
extent of lung injury was examined by injecting lentivirus
expressing oe-PRDM1 into ALI mice. The expression patterns
of PRDM1 in lung tissues were first examined by immunohisto-
chemistry after 28 days of injection. ALI mice presented an
increase in PRDM1 expression in the lung tissues following
infection of lentivirus expressing oe-PRDM1 (Fig. 5A). West-
ern-blot yielded similar results regarding the protein expres-
sions of PRDM1 to that of immunohistochemistry (Fig. 5B). HE
staining was further applied to examine lung tissue damage,
and it was observed that inflammatory cell infiltration and in-
terstitial edema were decreased in mice of the ALI 1 oe-
PRDM1 group compared with the ALI 1 oe-NC group (Fig.
5C). Moreover, the ALI 1 oe-PRDM1 group demonstrated
decreased ratio of lung W/D (Fig. 5D), decreased MPO activity
(Fig. 5E), and expression levels of inflammatory factor TNFa,
IL-6, and IL-1b in BALF (Fig. 5F) compared with the ALI1 oe-
NC group. In a word, PRDM1 over-expression inhibited lung
injury in ALImice.

NF-kB(p65) promotes ALI in mice through up-regulation of
miR-99b by down-regulating PRDM1

RT-qPCR findings showed that, compared with the ALI 1
DMSO group, the expression levels of miR-99b were inhibited
and those of PRDM1 were enhanced in the ALI1 BAY11-7082
group. Silencing of NF-kB(p65) led to an inhibited miR-99b
expression with an elevated PRDM1 expression. Meanwhile,
miR-99b expression levels were promoted, while those of
PRDM1 were reduced in the ALI1 sh-NF-kB(p65)1miR-99b
agomir group compared with the ALI1 sh-NF-kB(p65)1 ago-
mir NC group (Fig. 6A). Western-blot findings were consistent
with RT-qPCR results (Fig. 6B).
In addition, HE staining illustrated an obvious decrease in

the infiltration of inflammatory cells, edema of lung tissues
(Fig. 6C), ratio of lung W/D (Fig. 6D), MPO activity in the
BALF (Fig. 6E) and the secretion of pro-inflammatory factors in
the lung tissues (Fig. 6F) of the ALI1 BAY11-7082 group com-
pared with the ALI 1 DMSO group. ALI 1 sh-NF-kB (p65)
treatment brought about consistent results with those of the
ALI 1 BAY11-7082 treatment. Meanwhile, the infiltration of
inflammatory cells in lung tissues was increased (Fig. 6C), the
ratio of lungW/Dwas elevated (Fig. 6D), MPO activity in BALF
was elevated (Fig. 6E), and the concentration of inflammatory
factor TNFa, IL-6, and IL-1b in lung tissues were all markedly
increased (Fig. 6F) in the ALI 1 sh-NF-kB(p65) 1 miR-99b
agomir group in contrast to the ALI 1 sh-NF-kB(p65) 1 ago-
mir NC group. Collectively, these findings indicate that NF-kB
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(p65) promoted the progression of ALI in mice via miR-99b
up-regulation to inhibit the PRDM1.

Discussion

So far, ALI still presents with enormous fatality and morbid-
ity rates (24). In this work, we demonstrated NF-kB(p65) pro-

motion of miR-99b can affects the processes of ALI in LPS-
induced MH-S cells and a murine model of LPS-induced ALI
by down-regulating the expression of PRDM1.
Initially, our findings indicated that miR-99b was highly

expressed in the LPS-induced mouse ALI models. Similarly,
up-regulated levels of miR-99a have been previously identified
in rat models of acute respiratory distress syndrome (25). We
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found that lung injury was increased in the ALI mouse models
as evidenced by up-regulated W/D ratio, MPO activity and the
concentration of TNFa, IL-6, and IL-1b, while the infiltration
of inflammatory cells was reduced in the lung tissues, whereas all
the aforementioned could be countered by the addition of miR-
99b antagomir, which is very much in line with the previous data.
Moreover, it has been documented that over-expression of miR-
99b-5p brings about elevations in the expression levels of proin-
flammatory cytokines (IL-2, IL-6, TNFa, and IFN-g), thus pro-
moting the pathogenesis of rheumatoid arthritis (26).
Additionally, we uncovered the targeting relationship

between miR-99b and PRDM1, and found that miR-99b inter-
acted with the 3’UTR of PRDM1 mRNA, consequently inhibi-
ting its expression. Indeed, miRNAs possess the ability to in-
hibit mRNA degradation or translation by interacting with the
3’UTR of specific target mRNAs (27). More in line with our
findings, miR-125a (the miR-125a cluster on chromosome 19
in humans includes miR-99b) has been previously predicted to
be able to bind to PRDM1 (28). Moreover, down-regulated lev-
els of PRDM1 have been found in lung cancer cells, wherein
these decreased expressions promoted cell invasion in vitro and
lung metastasis in vivo (29). Furthermore, over-expression of
PRDM1 is known to suppress the release of IFN-g, TNFa, and
TNF-b by direct binding to multiple conserved regulatory
regions in human natural killer cells (30). As a result, we concur
that miR-99b targeted PRDM1 expression to augment the state
of LPS-induced cell injury.
ALI is characterized by inflammatory cell infiltration, pro-

inflammatory cytokine generation (3, 31), along with ROS gen-
eration in the lungs (32). It has been reported that LPS treat-
ment leads to ROS production and NF-kB activation (33),

whereas these results hold true of our experimentation with
MH-S cell models of ALI, wherein the expression levels of NF-
kB (p-p65) in the nucleus were elevated, These aberrant levels of
NF-kB(p-p65) were accompanied by increases in LPS concentra-
tion and NF-kB (p-p65) nucleation, while enrichment in the
miR-99b promoter region was promoted by LPS treatment,
which indicted that NF-kB (p65) was recruited to the miR-99b
promoter region to promote inflammatory damage in its tran-
scriptional regulatory cells. Existing data further reveals that NF-
kB could promote the transcription of miR-99a by binding to the
-1643 to -1652 region of the miR-99a promoter (34). In addition,
one study suggested that NF-kB might be negatively-correlated
with PRDM1 during the process of B-cell differentiation (35).
These results collectively highlight the promoting effect of NF-
kB onALI viamiR-99b-mediated PRDM1 inhibition.
In conclusion, the current study revealed that NF-kB(p65)

promoted the miR-99b expression by enriching the miR-99b
promoter region. miR-99b was highly-expressed in ALI mouse
lung tissues and targeted PRDM1, causing its down-regulation,
ultimately accelerating the progression of ALI (Fig. 7). Our
findings suggesting that miR-99b might be important in chang-
ing the functions of PRDM1 in ALI. Therefore, miR-99b could
serve as a therapeutic target for ALI according to our prelimi-
nary findings and warrants further investigation to fully-realize
the importance of miR-99b.

Materials and methods

Establishment of mouse model of ALI

All animal experiments were approved by the Animal Care
and Use Committee of Cangzhou Central Hospital. A total of
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107 8–10-week adult male C57BL/6N mice were randomly
grouped as the control (normal mice injected intraperitoneally
with 30 mg/kg normal saline), ALI (mice injected intraperito-
neally with 30 mg/kg LPS [L3129, Sigma-Aldrich Chemical
Company, St Louis, MO, USA), ALI 1 antagomir NC (ALI
modeled mice injected with miR-99b antagomir NC), ALI 1
miR-99b antagomir (ALI modeled mice treated with 50 g/L
miR-99b antagomir), ALI 1 overexpression PRDM1-NC (oe-
NC; ALI modeled mice treated with lentivirus expressing oe-
NC), ALI 1 oe-PRDM1 (ALI modeled mice treated with 1 3
109 pfu lentivirus expressing oe-PRDM1), ALI 1 sh-NC (ALI
modeled mice treated with 1 3 109 pfu lentivirus expressing
sh-NC), ALI1 short hairpin RNA targeting NF-kB (sh-NF-kB)
(p65) (ALI modeled mice treated with 1 3 109 pfu lentivirus
expressing sh-NF-kB[p65]), ALI1 BAY11-7082 (ALI modeled
mice treated with 1 mg/kg of BAY11-7082, which is a NF-kB
inhibitor), ALI 1 BAY11-7082 1 agomir NC (ALI modeled
mice treated with both 1 mg/kg of BAY11-7082 and lentivirus
expressing agomir NC), and ALI 1 BAY11-7082 1 miR-99b
agomir (ALI modeled mice treated with both 1 mg/kg of
BAY11-7082 and lentivirus expressing miR-99b agomir) (n =
8). As a result, 81 mice were successfully modeled, with a mod-
eling success rate of 81.82%. Next, the mice were treated once
by dropping 5 mg/kg LPS (using saline as a control) in the tra-
chea after inducing anesthesia with 20 mg/kg pentobarbital so-
dium. BALF and lung tissues were subsequently collected 6 h
after 5 mg/kg LPS infusion.

Cell culture and grouping

MH-S cell lines and HEK293T cells were purchased from the
cell bank of Chinese Academy of Sciences (Shanghai, China).
Cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
(Gibco, USA),100 IU/ml penicillin and 100mg/ml streptomycin

under 37 °C and 5% CO2. Meanwhile, the HEK293T cells were
cultured in DMEM supplemented with 10% FBS in a 5% CO2

incubator at 37 °C, and then both were subjected to LPS
treatment.
MH-S cells (4 3 105 cells/well) at the logarithmic phase of

growth were inoculated in a 6-well cell culture plate. The plas-
mids were connected to the PLV-Neo vector (Inovogen,
China). The sequences were provided by Sigma Aldrich. Fol-
lowing sequencing and identification, the plasmids and PLV-
Neo were co-transfected into the HEK293T cells. The groups
were as follows: blank (PBS [PBS] treatment), LPS (10 mg/ml),
LPS 1 inhibitor NC, LPS 1 miR-99b inhibitor, LPS 1 NF-kB
inhibitor (10 mM BAY11-7082), LPS 1 NF-kB inhibitor (100
mM SATM), LPS 1 sh-NC, LPS 1 sh-NF-kB(p65), LPS 1 sh-
NF-kB(p65) 1 miR-99b mimic, mimic NC, miR-99b mimic,
oe-NC, oe-PRDM1, LPS1 oe-NC and LPS1 oe-PRDM1.

HE staining

Deparaffinized mouse left lung tissues from different groups
were made into sections (4-mm-thick). Next, the sections
underwent staining for 7 min with hematoxylin and 1 min with
eosin. Finally, histomorphology changes in the mouse lung tis-
sues were observed under an optical microscope.

Immunohistochemistry

Deparaffinized mouse left lung tissues from different groups
were made into sections (4-mm-thick) and underwent immu-
nohistochemical staining. The HistostainTMSP-9000 immu-
nohistochemical staining kit (solarbio, China) was applied for
staining. The primary antibodies against NF-kB(p65) rabbit
antibody (ab16502, 1:500, Abcam Inc., Cambridge, UK) and
PRDM1 rabbit antibody (ab106410, 1:200, Abcam Inc.) were
added to the sections and probed at 4 °C overnight. After

miR-99b

NF-kB p65

NF-kB p65
Pre-miR-99b

promoter

Nuclei

Acute lung
injury

PRDM1 3’UTR

PRDM1

Alveolar macrophages

Inflammatory
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Figure 7. NF-kB(p65) elevates miR-99b expression by enriching in the miR-99b promoter region, causing the down-regulation of the miR-99b target PRDM1,
thus promoting the progression of ALI.
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rinsing with PBS, the sections were re-probed with the second-
ary antibody. Next, the sections were colored with 3,39-diami-
nobenzidine tetrahydrochloride (DAB) for 5–10 min, counter-
stained with hematoxylin for 1 min, sealed, and finally
photographed. Positive criteria were as follows: five representa-
tive high-fold visual fields (positive optical microscope, Nikon,
Tokyo, Japan) were selected for observation and counting, and
the cytoplasm exhibited brown or yellow coloration.

Changes in dry-wet proportion of lung

The mouse left lung surfaces were collected from different
groups. The wet-weight of lung tissues was measured and
recorded using an electronic scale. The weighed tissues were
placed in an oven at 80 °C for 48 h, until there were no more
changes in the weight. The dry weight of lung tissues was then
measured and recorded, and the W/D proportion was
obtained.

MPO activity

Thiobarbituric acid (TBA) was added to lung tissue homoge-
nates. The mixture was subsequently centrifuged, and the su-
pernatant was determined using spectrophotometry to evaluate
MPO activity. MPO activity of lung tissues was calculated as
the absorbance change per gram.

Immunofluorescence staining

The expression patterns of the CD68 protein were detected
in the lung tissues using the immunofluorescence staining kit
(Beyotime Biotechnology Co., Shanghai, China). In brief, the
cells were fixed with 4% paraformaldehyde, treated with 0.1%
Triton X-100 and washed twice with the immunostaining
washing solution on a shaking table, 5 min each time, followed
by the addition of immunostaining blocking solution to block
the cells for 60 min. Thereafter, the cells were immunostained
with the CD68 primary antibody (Cell Signaling Technology,
USA) overnight at 4 °C. The following day, the FITC-labeled
secondary antibody goat anti-rabbit (ab6717, 1: 1000, Abcam
Inc.) was added to the cells and incubated at room temperature
for 1 h. Subsequently, 49,6-diamidino-2-phenylindole (DAPI)
staining was performed on the nuclei for 5 min, and the slide
was sealed, after which the expression patterns of the proteins
were observed under a laser scanning confocal microscope.

RT-qPCR

Total RNA content was extracted from the cells and tissue
samples with the help of TRIzol reagents (Invitrogen Inc.,
Carlsbad, CA, USA). The RNA mass and concentration were
detected using UV-vis spectrophotometry (ND-1000, Nano-
drop Technologies Inc., Wilmington, USA). For miRNA, com-
plementary DNA (cDNA) was obtained using miRNA First
Strand cDNA Synthesis (Tailing Reaction) kits (B532453-0020,
Sangon Biotech, Shanghai, China), and for mRNA, cDNA was
obtained with reverse transcription kits (RR047A, Takara Bio
Inc., Shiga, Japan). The fluorescence quantitative PCR was sub-
sequently performed using cDNA as a template with reference
to SYBR® Premix Ex TaqTM II (perfect real time) kit (DRR081,

Takara) instructions. The RT-qPCR reaction was carried out
using a real-time fluorescence quantitative PCR instrument
(ABI 7500, Applied Biosystems, Foster City, CA, USA) instru-
ment. U6 andGAPDHmRNA levels were normalized as the in-
ternal parameters for the results. The primers are shown in Ta-
ble 1, and 2-DDCt represents the doubling relationship
between the target gene expression of the experimental group
and the control group.

Western-blot

Total protein content was extracted from the cells or tissue
samples using a radioimmunoprecipitation assay (RIPA) lysis
buffer (C0481, Sigma-Aldrich, USA). The obtained proteins
were separated with the help of PAGE, transferred to a PVDF
membrane. Subsequently, the primary antibodies NF-kB(p-
p65) rabbit antibody (ab86299,1: 2000, Abcam Inc.), NF-kB
(p65) rabbit antibody (ab16502, 1: 1000, Abcam Inc.), and
PRDM1 rabbit antibody (ab106410, 1: 1000, Abcam Inc.) were
added to the membrane and incubated overnight. The follow-
ing day, the membrane was washed thrice with TBST, 5 min
each time, incubated with the HRP labeled goat anti-rabbit IgG
(ab205718, 1: 20000, Abcam Inc.) for 1.5 h at room tempera-
ture, and added with the developer (NCI4106, Pierce, Rockford,
IL, USA). GAPDHwas used for protein quantitative analysis.

CCK8 cell viability assay

MH-S cells were added with LPS (0.1, 0.5, 1, 5, and 10 mg/ml)
for 24 h. Prior to LPS treatment, 10 mM BAY11-7082 and 100
mM SATMwere added to theMH-S cells. Next, CCK-8 solution
(Dojindo Laboratories, Kumamoto, Japan) with a volume of 10
ml was then added to each well and incubated for 2 h. Absorb-
ance of each well was measured at 450 nm using an automatic
porous spectrophotometer.

Elisa

Mouse lung tissues (100 mg) were homogenized, centrifuged
and the supernatant was collected. Additionally, mouse macro-
phage culture supernatant was collected. The levels of IL-1b,
IL-6, and TNFa in the supernatant were determined using an
avidin-biotin complex ELISA according to the manufacturing
instructions. The ELISA kit was purchased from Xitang Bio-
technology Co., Ltd. (Shanghai, China).

ChIP assay

As per the instructions of the ChIP kit (Thermo Fisher Scien-
tific Inc., Waltham,MA, USA), the treated cells were fixed with
1% formaldehyde and sectioned by ultrasonic treatment. Next,
the NF-kB(p65) antibody (ab19870, dilution ratio of 1: 200,
Abcam Inc., Cambridge, UK) was used for immunoprecipita-
tion of p65-DNA complex. Afterward, the complex was filtered
from DNA fragment with protein G agarose beads. The cross-
linking of p65-DNA complex was reversed and the DNA chain
was purified. RT-qPCR was then performed to quantify ChIP
product. The primers of miR-99b promoter were as follows:
Forward: 59-GGTTGGGAAGGAGGGAAAGG-39, and Re-
verse: 59-GAACTGGTCTTCTGGGGCTC-39.
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Dual-luciferase reporter gene assay

3’-UTR plasmids of PRDM1 mutations and WT-PRDM1
containing the predicted binding site were constructed into psi-
CHECK vector. Macrophages were cultured in a 24-well plate
with 400 ng firefly luciferase reporter gene plasmids and 25 ng
Renilla luciferase constructed (pRL-SV40) in combination with
30 nM miR-99b mimic or mimic NC transfection reagents
(RiboBio Co., Ltd., Guangzhou, china) according to the manu-
facturer's instructions. After 48 h of transfection, the activity of
renilla luciferase and firefly luciferase was measured using a
dual-luciferase reporter kit (Promega, USA). Internal firefly lu-
ciferase activity was standardized by renilla luciferase activity.

Statistical analysis

Statistical analyses were performed using the SPSS 21.0 sta-
tistical software. Measurement data were presented as mean6
standard deviation. Comparison between two groups was con-
ducted using an independent sample t test, and comparisons
among multiple groups were based on one-way analysis of var-
iance (ANOVA), followed by Tukey's post-hoc tests with cor-
rections for multiple comparisons. A value p , 0.05 was con-
sidered statistically significant.

Data availability

The datasets generated and/or analyzed during the current
study are available from the corresponding author on reasona-
ble request.
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