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ABSTRACT
Long noncoding RNA (LncRNA) small nucleolar RNA host gene 16 (SNHG16) is correlated with cell injuries, including
pneumonia. However, its role and mechanism remain vague in pneumonia. The interplay among genes was confirmed
by dual-luciferase reporter assay, RNA immunoprecipitation, and RNA pull-down assay. SNHG16 and sushi domain
containing 2 (SUSD2) were upregulated, and miRNA (miR)-141-3p was downregulated in the serum of acute pneumonia
patients and lipopolysaccharide (LPS)-challenged human lung fibroblasts WI-38. LPS induced apoptosis, autophagy, and
inflammatory response in WI-38 cells, which was significantly attenuated by SNHG16 knockdown and/or miR-141-3p
overexpression. Notably, both SNHG16 and SUSD2 were identified as target genes of miR-141-3p. Besides, the suppressive
role of SNHG16 knockdown in LPS-induced in WI-38 cells was partially abolished by miR-141-3p silencing, and the
similar inhibition of miR-141-3p overexpression was further blocked by SUSD2 restoration. In conclusion, knockdown of
SNHG16 could alleviate LPS-induced apoptosis, autophagy, and inflammation in WI-38 cells partially though the
SNHG16/miR-141-3p/SUSD2 pathway.
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Blocking SNHG16 sponged miR-141-3p to modulate SUSD2 expression in the regulation of LPS-induced model of acute
pneumonia in human lung fibroblasts WI-38.
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Infantile pneumonia is an inflammatory disease in lower res-
piratory tracts of infants infected with pathogens (Rudan et al.
2008). It is characterized by fever, cough, short breath and diffi-
cult breath. The occurrence of infantile pneumonia is commonly
ascribed to bacteria, virus and mycoplasma infection (Dagan
et al.2011). Even thoughmost cases have a good prognosis, pneu-
monia carries about 17% mortality rate in children in Mainland
China (Guan et al. 2010). Thus, exploring new biomarker and
therapeutic target of infantile pneumonia is urgently needed.
Lipopolysaccharide (LPS) is a potent endotoxin from gram-
negative bacteria, and can induce severe cell injury such as in-
flammatory response (Kagan 2017). Thereby, LPS-induced lung
fibroblasts are a popular cell model of pneumonia to study the
pathogenesis and pharmaceutical effect of drugs (Su et al. 2016).

Long noncoding RNAs (lncRNAs) are linear long transcripts
more than 200 nucleotides, and participate in epigenetic reg-
ulation instead of protein coding (Lee 2012). Interaction with
other noncoding RNA subtypes such as microRNAs (miRNAs)
and small RNAs (siRNAs), lncRNAs are critical regulators in
pathophysiologic processes and cellular functions, such as cell
proliferation, metastasis, apoptosis, autophagy, and inflamma-
tory response (Liu and Liu 2016). A pool of key lncRNAs have
been identified in pneumonia using sequencing (Huang et al.
2016). This finding suggests that lncRNAs are also correlated
with the progression of pneumonia through modulating func-
tional genes. Small nucleolar RNA host gene 16 (SNHG16) is a
recently identified member of SNHGs. However, SNHG16 has
been gaining great attention in human diseases, including can-
cer and pneumonia (Zhang et al. 2019). For example, it has been
well-documented about the association between SNHG16 and
cell injuries in fibroblasts,myocardia and neurons (Liu,Chen and
Zhu 2019; Xin et al.2019; Zhou et al.2019).However, the detail role
of SNHG16 in human fibroblasts during pneumonia is largely
undiscovered.

MiRNAs are short transcripts in length of approximate 22
nucleotides. It is well known that there was a lncRNA–miRNA–
messenger RNA (mRNA) axis underlying the molecular mecha-
nism of lncRNAs in regulating cell progression. Physically, miR-
NAs regulate functional genes expression via directly binding
to 3′ untranslated region (3′UTR) of recipient mRNAs. Recently,
miRNA expression files have been established in the serum of
pneumonia patients ( Owen et al. 2015; Lin et al. 2016; Huang
et al. 2018; Wu et al. 2019), and abundant miRNAs are suggested
to be biomarkers for the diagnosis and prognosis of pneumonia
(Wu et al. 2019). MiRNA (miR)-141-3p has been implicated with
LPS-induced cell injuries in rheumatoid arthritis, nonalcoholic
steatohepatitis,neuropathic pain, aswell as in pneumonia (Shen
et al. 2017; Tran et al. 2017; Li et al. 2019; Quan, Zhang and Xue
2019). Nevertheless, the prominent role of miR-141-3p in pneu-
monia has not been revealed thoroughly.

In this study, we aimed to detect expression of SNHG16
in acute pneumonia patient and LPS-induced human fibrob-
lasts WI-38. Furthermore, the role and molecular mechanism
of SNHG16 in apoptosis, autophagy and inflammation was val-
idated through serving as miR-141-3p sponge to regulate sushi

domain containing 2 (SUSD2),which is a surfacemarker formes-
enchymal stem cells and takes vital role in cancers (Sugahara
et al. 2007; Cousins, Dorien and Gargett 2018).

Materials and methods
Serum sample collection

The peripheral venous blood (3mL) samples were collected from
Binzhou People’s Hospital, and this study was approved by the
ethics committee of this hospital. A total of 35 acute pneumo-
nia patients (age: range 0.5-12 year; 20 males and 15 females)
and 18 healthy volunteers (age: range 0.5-12 year; 10 males and
8 females) were recruited, and thewritten informed consentwas
obtained from all of them. The serum samples were captured af-
ter the centrifugation of the blood, and then stored at −80 °C.

Cell culture and LPS stimulation

Human lung fibroblasts WI-38 (CCL-75) was originally from
American Type Culture Collection (Manassas, VA, USA). WI-38
cells were incubated in Dulbecco’s modified Eagle’s medium
(Gibco,Grand Island,NY,USA) containing 10% fetal bovine serum
(Gibco) and in a condition of 5% CO2 at 37 °C. Different doses of
LPS (0, 4, 8, 16, 32, and 64 mg/L) were added in medium for 8 h
when WI-38 cells reached 80% confluence. And, 16 mg/L of LPS
was selected for further functional analysis. These WI-38 cells
were performed within 3-10 passages, and the Certificate of STR
Analysis on this WI-38 cell line at 12th passage after the first
acquisition was presented in Supplementary document-1.

Real-time reverse transcription-polymerase chain
reaction (RT-qPCR)

Total RNA was isolated from serum and WI-38 cells using
TRIzol® LS Reagent (Invitrogen, Waltham, MA, USA), and
the quantity and quality of RNA sample were measured by
Nanodrop 2000 (Thermo Fisher Scientific, San Jose, CA, USA)
and RNA denatured agarose gel electrophoresis (Figure S1).
The complementary DNA (cDNA) was synthesized using RNA
(OD260/280 ratio: 1.8-2.1; 28S/18S ratio: 2.0-2.5), oligo(dT) and
random primer (Thermo Fisher Scientific), and Omniscript
RT kit (Qiagen, Hilden, Germany). The reverse transcription
system was presented in Table S1, and the RNA samples were
examined by RNA denatured agarose gel electrophoresis. A
volume of 1/4 cDNA was used to analyze RNA expression
with SYBR Premix Ex Taq TM II (Takara, Kusatsu, Japan). The
PCR amplification system was presented in Table S2, and the
melting curve and amplification curve were presented in Sup-
plementary document-2. The special primers including SNHG16
(ENSG00000163597; forward 5′-TGGCTGTGGCCTTGAAAACA-3′

and reverse 5′-ACACCGTGGCTACTAGAGGA-3′; 144 nucleotides),
miR-141-3p (forward 5′-GGTCCTAACACTGTCTGGTAAAGATGG-
3′, and reverse 5′- TGGTGTCGTGGAGTCG-3′; 71 nucleotides),
SUSD2 mRNA (forward 5′-CAGCTACCAGAGATGGCGAG-3′, and
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reverse 5′-CCTCTCGGAAGTCATCGCTC-3′; 134 nucleotides),
glyceraldehyde-phosphate dehydrogenase (GAPDH) mRNA
(forward 5′-GACAGTCAGCCGCATCTTCT-3′, and reverse 5′-
GCGCCCAATACGACCAAATC-3′; 104 nucleotides), and U6 mRNA
(forward 5′-TGCGGGTGCTCGCTTCGGCAGC-3′, and reverse
5′-CCAGTGCAGGGTCCGAGGT-3′; 106 nucleotides). The GAPDH
was used as internal control for SNHG16 and SUSD2, and U6
was for miR-141-3p. The standard curve of each primer pair has
been drawn, and amplification efficiency (E) was calculated by
E = 10−1/slope formula (Figure S2). Relative RNA expression was
calculated by threshold cycle (Ct) values using 2−��Ct method.

Cell apoptosis analysis

Cell apoptosis was assessed by cell viability and apoptosis rate
using methyl thiazolyl tetrazolium (MTT) assay and flow cytom-
etry, respectively. For MTT assay,WI-38 cells (2 × 104) were trans-
ferred in 96-well plate, and then treated with LPS (0, 4, 8, 16, 32,
and 64 mg/L) for 8 h. The cells were incubated with serum-free
medium with MTT (5 mg/mL, Invitrogen) for 4 h in 5% CO2 at
37 °C. After discarding the medium, 100 μL dimethyl sulfoxide
was added with shaking for 10 min. The absorbance was quan-
tified with a microplate reader at 490 nm. The cell viability was
reflected by optimal density values from 3 independent MTT as-
says normalized to control group.

For flow cytometry, WI-38 cells (2 × 106) in 6-well plate were
treatedwith 16mg/L of LPS for 8 h,and then collected tomeasure
apoptosis rate using fluorescein isothiocyanate (FITC) Annexin
V (RUO) Kit (Becton-Dickinson, Franklin Lakes, NJ, USA). After la-
beled with Annexin V-FITC (5 μL) and propidium iodide (PI; 5 μL)
for 15 min in the dark, the cells were resuspended in binding
buffer (500 μL), followed with analysis on flow cytometry. Gen-
erally, cells can be tracked from Annexin V FITC−/PI− (viable or
no measurable apoptosis), to Annexin V FITC+/PI− (early apop-
tosis, membrane integrity is present), and finally to Annexin V
FITC+/PI+ (end stage apoptosis and death). The movement of
cells through these 3 stages suggests apoptosis. Thus, apoptosis
rate was assessed by the proportion of cells in Annexin V+/PI
and Annexin V+/PI + quadrants.

Cell autophagy analysis

Autophagy was evaluated by the protein expression of LC3
and P62 using western blotting. First of all, total protein was
isolated from the serum and WI-38 cells using Serum pro-
tein extraction kit (BestBio, Shanghai, China) and RIPA cell ly-
sis buffer (Beyotime, Beijing, China), respectively. A total of
20 μg of protein samples were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, and transferred to
polyvinylidene difluoride membranes (0.22 mm; Millipore, Bed-
ford, MA, USA). After blocking, antibodies incubating and wash-
ing, the protein blots were visible with PierceTM ECL Western
blot substrate (Thermo Fisher Scientific). The primary antibodies
including anti-LC3 (#2775, 1:1000), anti-P62 (#5114, 1:1000) and
anti-GAPDH (#97 166, 1:1000) were purchased fromCell signaling
technology (Danvers,Massachusetts,USA).GAPDHwas the load-
ing control of protein expression. The protein expression of LC3-
II/LC3-I and P62 was calculated by gray density of protein bands
compared to GAPDH according to Image J software (National
Institutes of Health), and then normalized to control group.
The data were the average of 3 independent western blotting
analysis.

Inflammatory analysis

The inflammatory response was evaluated by the intracellu-
lar and extracellular expression of pro-inflammatory cytokines
interleukin (IL)-6, IL-1β, and tumor necrosis factor (TNF)-α. In
WI-38 cells and LPS-disposed WI-38 cells at 8 h, protein lev-
els of IL-6, IL-1β, and TNF-α were measured by western blot-
ting described above. The primary antibodies including anti-IL-
6 (ab208113, 1:1000), anti-IL-1β (ab2105; 1:1000), and anti-TNF-α
(ab6671, 1:2000) were purchased from Abcam (Cambridge, UK).
The data was presented as fold change normalized to GAPDH.
The protein expression of IL-6, IL-1β and TNF-α was calculated
by gray density of protein bands compared to GAPDH accord-
ing to Image J software (National Institutes of Health), and then
normalized to control group. In the culture medium of WI-38
cells and LPS-disposed WI-38 cells at 8 h, productions of IL-6,
IL-1β, and TNF-α were measured by special enzyme-linked im-
munosorbent assay (ELISA) using antibodies described as above.
The procedures were carried out in according to the instruction.
Cells of every group were treated with transfection or LPS in
triplicate.

Cell transfection

For knockdown, siRNA against SNHG16 (si-SNHG16; sense
5′-UAUGAUAGCAGUAUGUUCCUU-3′ and antisense 5′-
GGAACAUACUGCUAUCAUAGA-3′) and miR-141-3p inhibitor
(anti-miR-141-3p; 5′-CCAUCUUUACCAGACAGUGUUA-3′) were
provided by GenePharma (Shanghai, China), as well as their neg-
ative controls si-NC (sense 5′-CCTAACCACAAACTCTACGGC-3′

and antisense5′-CGUAGAGUUUGUGGUUAGGAC-3′) and anti-NC
(5′-CAGUACUUUUGUGUAGUACAA-3′). For overexpression, miR-
141-3p mimic (miR-141-3p; 5′-UAACACUGUCUGGUAAAGAUGG-
3′) and its control miR-NC (5′-GUCCAGUGAAUUCCCAG-3′) were
from GenePharma too. pcDNA3.1 vector was severally inserted
with SNHG16 and the coding domain sequence of SUSD2 (NM_
019601.4). The nucleotides were mixed with Lipofectamine
3000 (Invitrogen) at a final concentration of 2 μg (vectors) or
40 nm (oligonucleotides) for transfecting into WI-38 cells in
6-well plate. WI-38 cells reached 80% influence and in log-
arithmic phase prior to transfection. After transfection for
24 h, the cells were treated with LPS or collected for total
RNA/protein analysis.

Identification of target binding

Dual-luciferase reporter assay and RNA immunoprecipitation
(RIP) were performed to confirm the putative targeting binding
between SNHG16 and miR-141-3p or between miR-141-3p and
SUSD2 mRNA. Luciferase reporter vector pGL4 was selected to
carry the wild type (WT) of the putative sequence on SNHG16 or
SUSD2 3′UTR. Similarly, themutant type (MUT) of themwas con-
structed in pGL4 vector as well. The WI-38 cells in 24-well plate
were cotransfected with 100 ng of SNHG16-WT/MUT and 30 nm
of miR-141-3p/NC, or cotransfected with 100 ng of SUSD2 3′UTR-
WT/MUT and 30 nm of miR-141-3p/NC. After transfection for 24
h, the double luciferase activities were detected using on Glo-
Max LUMINOMETER (Promega, Madison, Wisconsin, USA). The
datawere presented as fold changes of the ratio of Firefly/Renilla
luciferase activity with normalization to control group.

RIP assay was fulfilled using an EZ-Magna RIP kit (Millipore)
in accordance to the manufacturer’s direction. For RIP, WI-38
cells and 16 mg/L of LPS-treated WI-38 cells were lysed with
RIP Lysis buffer, and the cell extracts were incubated with A/G
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Figure 1. Small nucleolar RNA host gene 16 (SNHG16) was upregulated in acute pneumonia patients, and lipopolysaccharides (LPS)-induced cell injury in human lung

fibroblast WI-38 cells. (a) Real-time reverse transcription-polymerase chain reaction (RT-qPCR) detected SNHG16 expression level in the serum of pneumonia patients
(pneumonia; n= 35) and healthy individuals (normal; n= 18). (B-L)WI-38 cells were treatedwith 0, 8, 16 and 32mg/L of LPS for 8 h. (b)methyl thiazolyl tetrazolium (MTT)
assay tested cell viability. (c, d) Flow cytometry assessed apoptosis rate. (e-g) Western blotting evaluated autophagy-related proteins expression, and the protein bands
of LC3-II/LC3-I and P62/glyceraldehyde-phosphate dehydrogenase (GAPDH) were quantified. (h) Enzyme-linked immunosorbent assay (ELISA)measured productions of

interleukin (IL)-6, IL-1β, and tumor necrosis factor (TNF)-α in culture medium. (i-l) Western blotting evaluated expression of IL-6, IL-1β, and TNF-α in cells. * represents
P < .05.

magnetic beads precovered with antibodies against Ago2
(ab32381, 1:50) or IgG (ab109761, 1:50). The precipitated RNA-
protein complexes on the beads were treated with Proteinase
K prior to RNAs isolation using TRIzol® LS (Invitrogen). For
RNA pull-down assay, biotinylated SNHG16 and NC (Bio-
SNHG16 and Bio-NC were established using T7 RNA polymerase
(Promega) and biotinylated RNA-tagged mixtures (Roche, Basel,
Switzerland), andWI-38 cells were transfected with Bio-SNHG16
or Bio-NC. The cell lysates were collected for incubation of Step-
tavidin MagnetSphere Paramagnetic beads (Promega) for 6 h at
4 °C. Then, the RNA samples from RIPs and pull-down products
were isolated by TIRzol reagent, followed with RT-qPCR analysis.

Statistical analysis

The results were shown as the means ± SE from 3 independent
data. SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was the
platform to analyze the differences between 2 groups using two-
tailed Student’s t-test, or among groups using one-way analysis
of variance. The P value less than 0.05 was considered as statis-
tically significant.

Results
SNHG16 was upregulated in the serum of acute
pneumonia patients

We collected the serum of pneumonia patients (n = 35) and
healthy individuals (n = 18), and expression of SNHG16 was in-
vestigated. As shown in Figure S1, we obtained good quality of
total RNA samples. And, the level of SNHG16 was significantly
higher in pneumonia patients than normal controls (Figure 1a).
This suggested a potential role of SNHG16 in pneumonia-
mediated cell injury.

Silencing of SNHG16-alleviated LPS-induced WI-38 cell
apoptosis, autophagy, and inflammation

To explore the role of SNHG16 in pneumonia, human lung
fibroblasts WI-38 were exposed to LPS to mimic lung cell injury.
After LPS treatment, cell viability of WI-38 cells was gradually
suppressed at concentrations of 4, 8, 16, 32, and 64 mg/L,
paralleled with control cells without LPS treatment (Figure S3
and Figure 1b). Flow cytometry showed that apoptosis rate was
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Figure 2. Expression and role of SNHG16 in LPS-induced WI-38 cells. (a, b) RT-qPCR-detected SNHG16 expression level in (a) WI-38 cells treated with 0, 8, 16, and 32

mg/L of LPS for 8 h, and (b) WI-38 cells transfected with siRNA against SNHG16 (si-SNHG16) or its negative control (si-NC) for 24 h. (c-m) WI-38 cells transfected with
si-SNHG16 or si-NC were treated with 16 mg/L of LPS treatment for 8 h. (c) RT-qPCR detected SNHG16 level. (d, e) MTT assay and flow cytometry tested cell viability
and apoptosis rate, respectively. (f-h) Western blotting evaluated LC3 and P62 expression levels. (i-m) IL-6, IL-1β, and TNF-α levels were measured by (i) ELISA in culture
medium, and (j-m) Western blotting in cells. * represents P < .05.

increased with concentration of LPS in WI-38 cells (Figure 1c
and d), suggesting cell apoptosis was stimulated. Western
blotting data clarified that expression of LC3-II/LC-I was largely
upregulated, and P62 was downregulated in WI-38 cells under
treatment of 8-32 mg/L LPS (Figure 1e-g), indicating autophagy
of WI-38 cells was induced. Secretions of pro-inflammatory
cytokines IL-6, IL-1β and TNF-α were overall elevated in LPS-
challenged WI-38 cells according to ELISA data (Figure 1h),
accompanied with higher expression of IL-6, IL-1β and TNF-α
(Figure 1i-l). These data collectively demonstrated that LPS could
induce cell apoptosis, autophagy and inflammatory response
in WI-38 cells, suggesting a lung cell injury elicited by LPS.
Next, the expression of SNHG16 in LPS-challenged WI-38 cells
was identified. Expectedly, the SNHG16 level was distinctively
upregulated after 8-32 mg/L of LPS treatment for 8 h in a certain
of dose-dependent manner (Figure 2a).

Thereby, role of SNHG16 was monitored in WI-38 cells under
16 mg/L of LPS treatment. First of all, we obtained a desired
transfection efficiency of si-SNHG16 in WI-38 cells treated with
LPS or not, as described by lower level of SNHG16 (Figure 2b
and c). Then, LPS-induced cell viability inhibition and apoptosis
rate promotion were attenuated when SNHG16 downregulation
(Figure 2d and e). Highly promoted autophagy-related LC3-II/LC-
I and inhibited P62 in LPS-challenged WI-38 cells were reversed
due to silencing of SNHG16 (Figure 2f-h). The increase of extra-
cellular concentration and intracellular expression of IL-6, IL-1β,
and TNF-α in response to LPS was partially, but significantly
inhibited by si-SNHG16 transfection (Figure 2i-m). These results
showed that silencing of SNHG16 could alleviate LPS-induced
cell apoptosis, autophagy and inflammation in WI-38 cells.

Contrarily, overexpression of SNHG16 could induce WI-38 cell
injury by promoting apoptosis rate and levels of LC3-II/LC3-I,
IL-6, IL-1β, and TNF-α, as well as inhibiting P62 expression
(Figure S4A-D).

SNHG16 functioned as a sponge for miR-141-3p

To identify molecular mechanism of SNHG16, target miR-
NAs were researched with bioinformatic software. As shown
in Figure 3a, putative targeting sequence of miR-141-3p on
SNHG16 was predicted on starbase (http://starbase.sysu.edu,
cn/SNHG16-mir-141-3p), and luciferase reporter assay and
RIP were utilized to confirm this potential complementary
binding. Dual-luciferase reporter assay indicated that the
luciferase activity of vectors containing SNHG16-WT was
decreased in WI-38 cells transfected with miR-141-3p mimic
(Figure 3b); whereas, SNHG16-MUT altered little difference on
luciferase activity whenever ectopic expression of miR-141-
3p or not. RIP assay revealed that SNHG16 and miR-141-3p
were simultaneously enriched in Ago2-RIP of WI-38 cells and
LPS-challenged WI-38 cells (Figure 3c and Figure S5A); besides,
miR-141-3p was enriched in Bio-SNHG16-mediated pull-down
product (Figure 3d). These findings suggested a direct binding
relationship between SNHG16 and miR-141-3p. Expression of
this miRNA was also detected in pneumonia samples using
RT-qPCR. As a result,miR-141-3p level was downregulated in the
serum of pneumonia patients (n = 35) and LPS-challengedWI-38
cells (Figure 3e and g). Moreover, Spearman’s rank correlation
analysis confirmed an inverse correlation between SNHG16 and
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Figure 3.The interaction between SNHG16 andmiRNA (miR)-141-3p, and the expression of miR-141-3p in acute pneumonia patients. (a) The putative binding sequence
of miR-141-3p on SNHG16 and mutation sequence of SNHG16 were presented. (b) Dual-luciferase reporter assay examined the luciferase activity of vectors containing
wild type or mutant type (WT or MUT) of SNHG16 (SNHG16-WT/MUT) in WI-38 cells transfected with miR-141-3p mimic (miR-141-3p) or its negative control (miR-NC).

(c) SNHG16 and miR-141-3p levels were detected in RNA immunoprecipitation (RIP) with antibody against IgG or Ago2 (Anti-IgG/Ago2) from cell extract of WI-38 cells.
(d) RNA pull-down assay detected miR-141-3p level in biotin-labeled SNHG16 (Bio-SNHG16) or Bio-NC mediated pull-down product. (e) RT-qPCR detected miR-141-3p
expression level in the serum of pneumonia group (n = 35) and Normal group (n = 18). (f) Spearman’s rank correlation analysis confirmed the correlation between

SNHG16 and miR-141-3p expression. (g) RT-qPCR detected miR-141-3p level in WI-38 cells treated with 0, 8, 16, and 32 mg/L of LPS for 8 h. (h) RT-qPCR detected
miR-141-3p level in WI-38 cells transfected with si-SNHG16 or si-NC for 24 h and then treated with 16 mg/L of LPS for 8 h. * represents P < .05.

miR-141-3p expression in this cohort of patients (Figure 3f).
Meanwhile, silencing of SNHG16 led to miR-141-3p higher ex-
pression in LPS-treated WI-38 cells (Figure 3h). Collectively, we
concluded that SNHG16 could function as miR-141-3p sponge
in WI-38 cells.

Upregulation of miR-141-3p executed the inhibitory
effect of SNHG16 knockdown on LPS-induced WI-38
cell injury

It was further analyzed about the effect of miR-141-3p on the
role of SNHG16 knockdown in LPS-challenged WI-38 cells. WI-
38 cells were transfected with si-SNHG16 alone or together with
anti-miR-141-3p or anti-NC for 24 h prior to 16mg/L of LPS treat-
ment for 8 h. Transfection of anti-miR-141-3p caused great si-
lence of miR-141-3p (Figure S6A), and this miR-141-3p down-
regulation could impair cell viability of WI-38 cells (Figure S6B).
miR-141-3p was highly expressed in LPS-induced WI-38 cells
with si-SNHG16 transfection, and this upregulation was can-
celledwith cointroductionwith anti-miR-141-3p (Figure 4a). Res-
cue experiments indicated that the inhibitory effect of SNHG16

knockdown on cell apoptosis, autophagy and inflammation in
WI-38 cells was partially counteracted when miR-141-3p was
deleted, as evidenced by decreased cell viability (Figure 4b), and
increased apoptosis rate (Figure 4c), higher LC3-II/LC-I level and
lower P62 level (Figure 4d-f), improved expression and secretion
of IL-6, IL-1β and TNF-α (Figure 4g-k). Therefore, miR-141-3p up-
regulation executed the inhibitory effect of SNHG16 knockdown
on LPS-induced cell injury in WI-38 cells.

SUSD2 was a target gene of miR-141-3p

The downstream target gene of miR-141-3p was further
predicted on starbase (http://starbase.sysu.edu.cn/miR-141-
3p-susd2), and the putative binding site on SUSD2 3′UTR was
presented in Figure 5a. Luciferase reporter assay and RIP analy-
sis suggested a direct binding relationship between SUSD2 and
miR-141-3p (Figure 5b and c and Figure S5B). Expression of this
functional gene was also detected in pneumonia samples. RT-
qPCR and western blotting data manifested that SUSD2 mRNA
and protein levels were higher in the serum of pneumonia pa-
tients (n = 35) (Figure 5d and f). Moreover, there was an inverse
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Figure 4. The effect of miR-141-3p expression on the inhibitory role of SNHG16 knockdown in LPS-challengedWI-38 cells.WI-38 cells were transfected with si-SNHG16
or si-NC, and cotransfected with si-SNHG16 and miR-141-3p inhibitor (anti-miR-141-3p) or its negative control (anti-NC) for 24 h prior to 16 mg/L of LPS treatment for
8 h. (a) RT-qPCR-detected miR-141-3p level. (b, c) MTT assay and flow cytometry tested cell viability and apoptosis rate, respectively. (d-f) Western blotting evaluated

LC3 and P62 expression levels. IL-6, IL-1β, and TNF-α levels were measured by (g) ELISA in culture medium and (h-k) Western blotting in cells. * represents P < .05.

correlation between SUSD2 mRNA and miR-141-3p expression
in this cohort of patients according to Spearman’s rank correla-
tion analysis (Figure 5e). Meanwhile, SUSD2 was highly induced
by 8-32 mg/L of LPS treatment for 8 h in WI-38 cells as well
(Figure 5g). These outcomes validated SUSD2 as a downstream
target of miR-141-3p.

MiR-141-3p overexpression could protect WI-38 cells
from LPS-induced cell apoptosis, autophagy, and
inflammation through downregulating SUSD2

In addition, LPS-challengedWI-38 cellswere pretransfectedwith
miR-141-3p mimic alone or combined with pcDNA3.1-SUSD2 or
pcDNA3.1 empty vectors for 24 h. The overexpression of miR-
141-3p induced low expression of SUSD2 in LPS-treated WI-38
cells, and SUSD2 level was rescued in the presence of pcDNA3.1-
SUSD2 vectors (Figure 6a). Similar to SNHG16 knockdown, miR-
141-3p overexpression raised cell viability (Figure 6b), but de-
pressed apoptosis rate (Figure 6c), reversed LC3-II/LC-I and P62
expression (Figure 6d-f), and inhibited IL-6, IL-1β and TNF-α ex-
pression and secretions in LPS-stimulatedWI-38 cells (Figure 6g-
k). These outcomes recommended a protective effect of miR-

141-3p upregulation on LPS-induced cell apoptosis, autophagy
and inflammatory response. Meanwhile, the ectopic expression
of SUSD2 evidently rescued SUSD2 expression in miR-141-3p-
overexpressedWI-38 cells under LPS stimulation, and further di-
minished the effects of miR-141-3p overexpression on the apop-
tosis, autophagy and inflammation in (Figure 6b-k). Therefore,
miR-141-3p could protect WI-38 cells from LPS-induced cell in-
jury through downregulating its target gene SUSD2.Additionally,
it was also observed that si-SNHG16 transfection could downreg-
ulate SUSD2 expression via miR-141-3p (Figure 7a and b). Taken
together, we proposed that SNHG16 knockdown functioned a
protective role in LPS-induced WI-38 cell injury through miR-
141-3p/SUSD2 axis.

Discussion

Pneumonia had been evidenced as an inflammation- and innate
immune-correlated disease stimulated by microbial pathogens.
During pneumonia, dysregulation of lncRNAs was a popular
molecular pathology. For example, lncRNA NEAT1 was rec-
ognized to promote inflammasome activation in innate im-
mune (Zhang et al. 2019), and NEAT1 inhibition could alleviate

D
ow

nloaded from
 https://academ

ic.oup.com
/bbb/article/85/5/1077/6125974 by guest on 20 April 2024



1084 Bioscience, Biotechnology, and Biochemistry, 2021, Vol. 85, No. 5

Figure 5. Sushi domain containing 2 (SUSD2) was a target gene of miR-141-3p. (a) The putative binding sequence of miR-141-3p on SUSD2 3′ untranslated region (3′UTR)
and mutation sequence of SUSD2 3′UTR were presented. (b, c) Dual-luciferase reporter assay and RIP assays were used to determine the interplay between miR-141-3p

and SUSD2 3′UTR inWI-38 cells. (d) RT-qPCR detected SUSD2message RNA (mRNA) level in the serum of pneumonia patients (n = 35) and healthy individuals (Normal,
n = 18). (e) Spearman’s rank correlation analysis confirmed the correlation between SUSD2 mRNA and miR-141-3p expression. (f, g) Western blotting detected SUSD2
protein level in pneumonia patients’ sera and WI-38 cells treated with 0, 8, 16, and 32 mg/L of LPS for 8 h. * represents P < .05.

inflammation and apoptosis of WI-38 cells induced by LPS
through miR-193a-3p/Toll like receptor 4 (TLR4)/NF-κB path-
way (Nong 2019). Moreover, multiple other lncRNAs including
MALAT1, MIAT2, and CRNDE were implicated in LPS-evoked in-
flammatory injury in WI-38 cells (Zhu-Ge, Yang and Jiang 2018;
Zhang,Zhao and Shao 2020; Zhu andMen 2020).Herewith,we in-
vestigated the expression and biological role of SNHG16 in cell
viability, apoptosis rate, autophagy and inflammatory cytokines
release in LPS-disposed WI-38 cells via competing endogenous
RNAs (ceRNA) network.

In this study, we observed an upregulation of SNHG16 in the
serum of pneumonia patients, which was also previously re-
ported (Zhou et al. 2019). Furthermore, SNHG16 dysregulation
had been earlier noticed in several inflammation-related dis-
eases, such as atherosclerosis, sepsis, as well as pneumonia
(Wang et al. 2018; An et al. 2019; Zhou et al. 2019). These findings
together strongly recommend a potential role of SNHG16 in cell
injuries. In pneumonia, Zhou et al. (2019) proposed that SNHG16
silencing suppressed LPS-evoked WI-38 cell apoptosis rate, re-
lease of IL-6, IL-1β and TNF-α, expression of Bax and cleaved
caspase-3/9 via miR-146a-5p/CCL5 axis and JNK and NF-κB sig-
naling pathways. Here, the similar outcomes were captured
about the effect of SNHG16 on cell viability, apoptosis rate and
inflammatory cytokines production; moreover, the autophagy
was detected, as well. Knockdown of SNHG16 could increase P62
expression, but decrease LC3-II/LC-I expression in LPS-disposed
WI-38 cells, suggesting a suppressive effect of SNHG16 silencing
on autophagy. Besides, SNHG16 had been very recently disclosed
to be associated with cell autophagy through serving as pro- or
antiautophagy in different cells (Liu,Chen and Zhu 2019; Liu et al.
2019). Mechanically, we discovered a novel miRNA miR-141-3p
was sponged by SNHG16, and then modulated SUSD2 expres-
sion.However,whether NF-κB or JNK signaling pathway could be
abnormally activated in SNHG16/miR-141-3p axis had not been
elaborated in this present study. By the way, the appreciated

NF-κB signal was documented to be affected by SNHG16 at least
partially viamiR-15a/16,miR-17-5p andmiR-146a-5p (Wang et al.
2018; An et al. 2019; Zhou et al. 2019), and might via miR-141-3p
as well.

Additionally, SNHG16 was highly induced in response to LPS
stimulation in WI-38 fibroblasts. Previous studies demonstrated
that TLR4 was the receptor for LPS (Hu et al. 2013; Mazgaeen
and Gurung 2020), and 2 signaling cascades were sequentially
activated in the plasma membrane involving TIRAP and MyD88
adaptor proteins and in early endosomes engaging TRAM and
TRIF adaptor proteins (Ciesielska, Matyjek and Kwiatkowska
2020). Thus, the upregulation of SNHG16 might be regulated by
TLR4 pathways in someways, and this hypothesis should be fur-
ther deciphered.

In lung inflammation, Xiao et al. (2015) early pointed out
that miR-141-3p and miR-200a could not regulate LPS-induced
lung inflammation in macrophages, while other miR-200a fam-
ily members including miR-429 and miR-200b/c could. How-
ever, miR-141-3p was later detected to be downregulated in
LPS-induced human lung fibroblast WI-38 cells (Quan, Zhang
and Xue 2019). Besides, we discovered downregulation of miR-
141-3p in the serum of pneumonia patients in clinic compar-
ing to that in healthy controls. Functionally, we and Quan,
Zhang and Xue (2019) obtained a highly similar results of miR-
141-3p overexpression in LPS-induced cell viability inhibition,
apoptosis and inflammatory response in WI-38 cells. The dif-
ference between these 2 studies was the mechanism underly-
ing miR-141-3p. They concluded that miR-141-3p mitigated LPS-
evoked WI-38 inflammation injury by upregulating NOX2 and
inhibiting p38/NF-κB signal, and we asserted that miR-141-3p
protectedWI-38 cells from LPS-induced inflammation injury via
directly downregulating SUSD2. Meanwhile, it is a pity that the
impact ofmiR-141-3p/SUSD2 axis onNF-κB signalwas unclear in
this study. By the way,miR-141-3p was also declared to be linked
with acute lung cell injury induced by paraquat (Jin et al. 2018). In
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Figure 6. The effect of SUSD2 expression on miR-141-3p-mediated role in LPS-challenged WI-38 cells. WI-38 cells were transfected with miR-141-3p or miR-NC, and
cotransfected with miR-141-3p and pcDNA3.1-SUSD2 or pcDNA3.1 empty vectors for 24 h prior to 16 mg/L of LPS treatment for 8 h. (a) Western blotting detected SUSD2

protein level. (b, c) MTT assay and flow cytometry tested cell viability and apoptosis rate, respectively. (d-f) Western blotting evaluated LC3 and P62 expression levels.
IL-6, IL-1β and TNF-α levels were measured by (g) ELISA in culture medium, and (h-k) Western blotting in cells. * represents P < .05.

that research, downregulation of miR-141-3p underlay the pro-
tection of endothelial progenitor cells on paraquat-induced lung
injury in mice. These outcomes together indicated a potent in-
fluence of miR-141-3p expression on lung injury, however, its
role varied in different models of lung injury.

The role of SUSD2 in lung disorders including pneumonia
remained vague, and field of miRNAs regulating SUSD2 was also
considerably undeveloped. Here, we intended to uncover the
contribution of SUSD2 to the role of SNHG16/miR-141-3p axis
in pneumonia. The result was that SUSD2 expression was up-
regulated in the serum of pneumonia patients and LPS-induced
WI-38 cells in a miR-141-3p-dependent manner. Upregulation
of SUSD2 could facilitate LPS-induced cell injury, as evidenced
by the promoted cell apoptosis, autophagy and inflamma-
tory response in WI-38 cells with miR-141-3p-overexpression.
Moreover, downregulation of SUSD2 was accompanied with
the protective effect of SNHG16 knockdown and miR-141-3p
overexpression in LPS-induced WI-38 cells. Therefore, we in-
dicated a new role of SUSD2 in pneumonia via serving as a
downstream target for miR-141-3p. By the way, SUSD2 was
well-documented in different cancers, including breast cancer,
colon cancer, cervical cancer, renal cell carcinoma, and lung
cancer (Cheng et al. 2016), and SUSD2 could participate in cancer

cell progression by miRNAs regulation (Umeh-Garcia et al. 2020),
Galectin-1 interaction (Patrick and Egland 2019), Notch3 regula-
tion (Xu et al. 2018), and Monocyte Chemoattractant Protein-1
upregulation (Hultgren et al. 2017).

Conclusion

Various ceRNA pathways and signaling pathways have been
hidden in LPS-induced cell injury in fibroblasts in pneumo-
nia, such as SNHG16/miR-146a-5p/CCL5 (Wang et al. 2018),
XIST/miR-370-3p/TLR4 (Zhang et al. 2019), and HAGLROS/miR-
100/NFΚB3 axis (Liu et al. 2018). Here, we demonstrated
SNHG16/miR-141-3p/SUSD2 as a novel ceRNA pathway in reg-
ulating fibroblast injury in pneumonia, and blocking SNHG16
or overexpressing miR-141-3p could suppress LPS-induced cell
apoptosis, autophagy and inflammation in human fibroblasts
WI-38.

Supplementary material

Supplementary material is available at Bioscience, Biotechnology,
and Biochemistry online.
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Figure 7. The role of SUSD2 in SNHG16/miR-141-3p axis in LPS-challenged WI-38 cells. (a, b) RT-qPCR and western blotting detected SUSD2 expression in WI-38 cells
transfected with si-SNHG16 or si-NC, and cotransfected with si-SNHG16 and anti-miR-141-3p or anti-NC for 24 h prior to 16 mg/L of LPS treatment for 8 h. * represents

P < .05.
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