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Abstract

Background: Local anesthetic lidocaine is one of the most common pain therapies, but high concentration of
lidocaine induced neurotoxicity and its mechanism is unclear. Exosomal mictoRNAs (miRNAs) is implicated in
neuronal diseases, but its role in lidocaine induced neurotoxicity remains to be elucidated.

Methods: All the experiments were performed at Huzhou Key Laboratory of Molecular Medicine, Huzhou
City, Jiangsu Province, China in 2022. Lidocaine was used to induce apoptosis of SH-SY5Y cells. Exosomes
isolated from bone marrow mesenchymal stem cells (BMSC-exos) were used to co-treat SH-SY5Y cells with
lidocaine. Cell apoptosis was measured using a flow cytometer. PKH-67 Dye was used for exosome uptake
assay. miR-21-5p mimics/inhibitors, or negative controls were transfected with Lipo2000 to study its effect on
lid-induced injury. Interactions between miR-21-5p and PDCD4 was analyzed by luciferase reporter assay.
Results: Administration of BMSC-exo protected SH-SY5Y cells against lidocaine induced apoptosis. Suppress-
ing miR-21-5p dramatically enhanced PDCD4, but miR-21-5p overexpression sharply down-regulated PDCD4.
Mechanism study showed that miR-21-5p bound to 3>-UTR of PDCD4 to inhibit it. Suppressing miR-21-5p
reversed the effect of BMSC-exo on Lid-induced injury. Results also indicate that miR-21-5p regulated lido-
caine-induced injury through targeting PDCD4.

Conclusion: BMSC-exos protected SH-SY5Y cells against lidocaine induced apoptosis through miR-21-5p by
targeting PDCD4, which may develop new strategy in the management of lidocaine-induced neurotoxicity.
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Introduction
Pain is one of the most common miseries in hu- (2). For example, more than 40% of the popula-
mans and one of the most unbearable clinical tion suffers from chronic pain in USA (3). The
symptoms in patients (1). It is now well accepted use of local anesthetics, which disrupt neural
that pain management is a worldwide problem conduction, is one of the most common pain
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therapies (4). As a classic local anesthetic, lido-
caine was prepared in early 1943 and was used in
clinical trials in 1948 (5). Lidocaine became wide-
ly employed after its discovery because of its ex-
cellent efficacy (6). However, high concentration
of lidocaine has been shown to induce neurotoxi-
city (7). The process of local anesthesia-induced
neurotoxicity is complicated, and its mechanism
is not fully understood.

Mesenchymal stem cells (MSCs) can be found in
connective tissues of most organs (8), which con-
tribute to tissue repair and regeneration (9). Bone
marrow-derived MSCs (BMSCs) have emerged as
the primary research focus and have been used to
treat various diseases (10, 11). BMSCs have ben-
efits in various neuro-diseases, including spinal
cord injury (12). Studies indicate that MSCs’ ben-
efits result from secreted factors such as extracel-
lular vesicles (EVs) (13).

Exosomes are EVs (40-160 nm) surrounded by a
lipid bilayer membrane (14). Studies demonstrate
that exosome-enclosed microRNAs important
roles in cell—cell interaction (15-17). miR-21-5p is
abundant in cells and exosomes-derived from
BMSCs (BMSC-exos) (13). Furthermore, miR-21
is involved in apoptosis and chemo-resistance
(18, 19), and exosomal miR-21-5p from MSCs
protected neurons and alleviated cognitive dys-
function (20). Data also support that miR-21 me-
diates apoptosis via programmed cell death pro-
tein 4 (PDCD4) (21).

However, the function of miR-21-5p/PDCD4 in
neuronal toxicity remains unclear. This research
aims to elucidate the protective role of miR-21-
5p in lidocaine-induced neuronal toxicity, and to
find the possible mechanisms.

Material and Methods

Cell culture

BMSCs and SH-SY5Y were maintained in
DMEM (Sigma, Shanghai), 10% FBS (GIBCO,
16000e044; Carlsbad, CA) and 1% pen-strep (So-
larbio, P1400, Beijing) and kept at 37°C with 5%
COs. All the experiments were performed at Hu-
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zhou Key Laboratory of Molecular Medicine,
Huzhou City, Jiangsu Province, China in 2022.

BMSCs characterization

BMSCs were purchased from Chinese Academy
of Sciences and kept in NutriStem® XF Medium.
Surface antigens of MSCs were characterized us-
ing a CytoFLEX Flow Cytometer (Beckman, Bei-
jing) and the Human MSC Analysis Kit (BD Bio-

sciences).

Isolation and characterization of exosomes
BMSCs were kept in exosome-free medium and
medium was used for exosome isolation (22).
The morphology was observed using a transmis-
sion electron microscopy. The expression of
CD63, CD81 and TSG101 were detected by
Western blot.

Exosomes uptake assay

PKH-67 (UR52303, Umibio) was provided to
track exosomes being endocytosed by SH-SY5Y
cells. In brief, preparation of PKHG67 dyeing
working solution: at room temperature, the
"PKHO67 linker" is mixed with "Diluent C" at a
ratio of 1:9 in the dark. Exosome staining was
performed at room temperature with PKHG67
staining solution.

miRNA transfection

miR-21-5p mimic (5-
UAGCUAUAUCAGCACUGAUGAUUGA-3’),
inhibitor (5-UCAACUCAGUCUGAUAGCUA-
3)), and NC (5-CAGUAUUUUGUGUGUACA-
3’) were purchased from Beyotime and transfect-
ed into cells using Lipo2000.

Cell transfection

PDCD4 (NM_014456.5) was amplified with the
following primers and cloned into pCDNA3.1(+)
plasmids (Clontech, USA), which containing the
restriction enzyme cutting sites of Hind III and
EcoR I, to overexpress PDCD4 (0ePDCD4).
Blank pCDNA3.1(+) was used as negative con-
trol transduction.
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PDCDA4-F: 5-
CCCAAGCTTATGGATGTAGAAAATGAG-
CAGATAC-3" (Hind TIT)

PDCD4-R: 5-
CGGAATTCTCAG-
TAGCTCTCTGGTTTAAGACG-3’ (EcoR I)

Luciferase reporter assay

PDCD4 3’-UTR region was introduced to pGL3
plasmids to construct pGL3-PDCD4-WT or
pGL3-PDCD4-MUT plasmids for transfection.
Luminescence was detected 2 days after transfec-
tion.

Cell apoptosis

Cells after 24h-treatment by lidocaine (Lid),
BMSC-exo, or 0ePDCD4 plasmids were stained
by Annexin V Apoptosis Kit (Beyotime) and a
Beckman CytoFLEX Flow Cytometer was used
to analyze apoptosis.

Quantitative PCR (Q-PCR)

RNA was isolated and cDNA was made with a
cDNA Synthesis Kit (Fisher, USA). Q-PCR was
done on an ABI7300 system. The relative abun-
dance of genes was quantified using 244 with
GAPDH or U6 as an internal control, and the
primers used were shown in Table 1.

Table 1: Primers used

Gene

Primers (5’-3)

miR-21-5p

RT: TCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC-
GACTCAACA

F: GCGCGTAGCTTATCAGACTG
R: AGTGCAGGGTCCGAGGTATT

miR-125b-5p

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA-
TACGACTCACAA

F: CGCGTCCCTGAGACCCTAAC
R: AGTGCAGGGTCCGAGGTATT

miR-4454

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA-
TACGACTGGTGC

F: GCGGGATCCGAGTCACG
R: AGTGCAGGGTCCGAGGTATT
RNU6-1 F: CTCGCTACGCCAGCTCA
R: AATGCTTCACCAATTCGCGT
PDCD4 F: ACTCCTAGAGCACCACAG
R: TTCAGCAGCATATCAATC

GAPDH

F: GGATTGTCTGGCAGTAGCC

R: ATTGTGAAAGGCAGGGAG

Western blot

Proteins were extracted, separated by sodium do-
decyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) (23), and transferred to nitrocellu-
lose membranes, blocked, and incubated with
antibodies against CD63, CD81, TSG101,
PDCD4, and GAPDH. Membranes wete then
immersed into HRP-conjugated secondary anti-
body solution (Beyotime). Signals were captured
by a chemiluminescence system.
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Statistical analysis

Data analysis was performed by Prism8.0.2
(GraphPad, San Diego, US). Data was shown as
mean £ SD. One-way ANOVA was performed
to calculate the significance among multiple
groups. P values < 0.05 were considered as sig-
nificant.
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Results

BMSC-exo protected against lidocaine in-
duced apoptosis in a dose-dependent manner
To study the neural toxicity of lidocaine, we first
established a neuronal cell toxicity model using
SH-SY5Y. Cells were provided with lidocaine (1,
2 and 5 mM). Lidocaine treatment dose-
dependently increased the apoptosis of SH-SY5Y
cells (Fig. 1A), indicated by an increase of Annex-
in V staining positive cells. The data suggested
that the model of neural toxicity was successfully
set which enables us to explore the toxic effects
of lidocaine in neuronal cells. Next, we explored
the effect of BMSC-exo on lidocaine induced
neural toxicity. We first measured the cell surface
markers of BMSCs using a flow cytometer and
results confirmed that the cells were stained
CD90+, CD105+, CD34-, and CD45- (Fig. 2A).

Then, BMSC-exos were isolated using ultra-high-
speed centrifugation and characterized by TEM
(Fig. 2B) and immunoblotting analysis of exoso-
mal markers CD81, CDG63, and TSG101 (Fig.
2C). We next proved that exosomes could be
taken up by SH-SY5Y cells (Fig. 2D). The results
indicated that BMSC-exos were successfully iso-
lated and were ready for the study. Next, differ-
ent concentrations of BMSC-exos (50, 100 and
200 pg/pL) was used to treat SH-SY5Y cells to-
gether with lidocaine (2 mM). The concentration
of lidocaine (2 mM) was chosen based on the fact
that it induced a decent amount of apoptosis and
to avoidance of any possible ceiling effects. Ad-
ministration of BMSC-exo dose-dependently al-
leviated lidocaine induced apoptosis of SH-SY5Y
cells (Fig. 1B). The results demonstrate that
BMSC-exo is able to protect neuronal cells from
lidocaine induced injury.
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Fig. 1: BMSC-exo protected against lidocaine-mediated apoptosis in a dose-dependent manner
SH-SY5Y cells were provided with lidocaine (0, 1, 2, and 5mM) for 24 hours. (A) Apoptosis analysis. **P < 0.01,
%P < 0.001 vs. Vehicle; #P < 0.05 vs. 1 mM_Lid. (B) SH-SY5Y cells were treated with idocaine (2mM) and
BMSC-exo (0, 50, 100, and 200 pg/ml) for 24 hours, and apoptosis was analyzed. *** P < 0.001 vs. Cttl; # P < 0.05,
## P < 0.01 vs. 2mM_Lid+Vehicle; *P < 0.05 vs. 2 mM_Lid+50 pg/ml BMSC_exo
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Fig. 2: Isolation and identification of exosomes from human bone mesenchymal stem cells (BMSC-exo).
(A) Flow cytometry analysis of BMSC cell surface markers. (B-C) BMSC-exos were isolated using ultra-high-speed
centrifugation and characterized by TEM (B) and immunoblotting analysis of exosomal markers (C). (D) Co-cultured
of PKH-67-labeled BMSC-exos with SH-SY5Y cells showed that BMSC-exos could be endocytosed by SH-SY5Y
cells. (E) miR-21-5p inhibitor or mimic was transfected into BMSCs and BMSC-exos were isolated using ultra-high-
speed centrifugation. miR-21-5p expression was measured by Q-PCR. *P < 0.05, **P < 0.01 vs. NC

miR-21-5 negatively regulates PDCD4

Given the protective roles of BMSC-exo on neu-
ral toxicity, we explored the function of miR-21-
5p in lidocaine induced neural toxicity. miR-21-
5p was successfully silenced or up-regulated in
SH-SY5Y cells as shown by Q-PCR (Fig. 3A, Fig.
2E). Silencing miR-21-5p sharply increased
PDCD4, overexpressing miR-21-5p sharply sup-
pressed PDCD4 (Fig. 3B-3C). The results of lu-
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ciferase reporter gene assay showed that in WT
PDCD4 3-UTR transfected cells, luciferase ac-
tivity was sharply upregulated with mi-21-5p in-
hibitor and was down-regulated with mi-21-5p
mimic. Neither of these effects were observed in
mut PDCD4 3’-UTR transfected cells (Fig. 3D).
The findings show that mi-21-5p bound to the
3-UTR to suppress PDCD4 in neuronal cells.
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Fig. 3: miR-21-5p negatively regulated PDCD4.
WT or mutant 3-UTR of PDCD4 and miR-21-5p inhibitor/mimic were transfected into SH-SY5Y cells. (A) Q-PCR
measurement of miR-21-5p expression. (B-C) Q-PCR and immunoblot analysis of PDCD4. ** P < 0.01, ¥** P <
0.001 vs. NC. (D) Luciferase reporter assay of PDCD4 and miR-21-5p. **P < 0.01, ***P < 0.001 vs. WT+NC

Inhibiting miR-21-5p reversed the effect of
BMSC-exo on Lid-induced injury of SH-
SY5Y cells

We then tested whether mi-21-5p is required for
the protective effects of BMSC-exo. BMSCs were
transfected by NC, inhibitor and mimic of mi-21-
5p and exosomes were used to co-treat the SH-
SY5Y cells together with lidocaine. As expected,
lidocaine treatment significantly increased the
apoptosis (P<0.001). Co-treatment of NC-exo
decreased the cell apoptosis, compared to lido-
caine treatment. Compared to NC-exo group,
administration of inhibitor-exo increased the

apoptosis, while administration of mimic-exo de-
creased the apoptosis of SH-SY5Y cells (Fig. 4A).
The effects of mi-21-5p inhibitor and mimic
transfection were validated with qPCR analysis of
miR-21-5p. As expected, NC-exo treatment in-
creased the level of mi-21-5p. Inhibitor-exo
treatment decreased the amount of mi-21-5p,
whereas mimic-exo treatment increased the
amount of mi-21-5p (Fig. 4B). Correspondingly,
our data showed that NC-exo treatment de-
creased PDCD4 expression. Inhibitor-exo treat-
ment increased PDCD4, whereas mimic-exo
treatment decreased PDCD4 (Figures 4C-4D).
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Fig. 4: Inhibition of miR-21-5p reversed the effect of BMSC-exo on lidocaine-induced injury.
SH-SY5Y cells were treated with lidocaine (2mM) and exosomes isolated from BMSC-transfected with inhibitor-exo) ot mimic-
exo (100 pg/ml) for 24 hours. (A) Apoptosis analysis. (B) miR-21-5p levels. (C-D) PDCD4 levels. * P < 0.05, ** P < 0.01, *** P

< 0.001 vs. Cttl; # P < 0.05, # P < 0.01 vs. 2 mM_Lid+Cttl; +P < 0.05, ++ P < 0.01 vs. 2 mM_Lid+NC-exo

Available at:  http://ijph.tums.ac.ir

761


http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 52, No.4, Apr 2023, pp.756-765

miR-21-5p regulated lidocaine-induced injury
probably through targeting PDCD4

To further characterize the role of miR-21-
5p/PDCD4 pathway in the protective effect of
BMSC-exo, we successfully over-expressed
PDCD4 (Figures 5A-5B). Then, SH-SY5Y cells
were treated with both lidocaine and exosomes
isolated from BMSCs transfected by either vector
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(vector-exo) control or PDCD4 (0ePDCD4-exo).
Administration of o0ePDCD4-exo diminished
0ePDCD4 increased lidocaine-induced PDCD4
expression (Fig. 5C). Consistent with these ob-
servation, over-expression of PDCD4 increased
lidocaine induced apoptosis was significantly alle-
viated by administration of oePDCD4-exo (Fig.
5D).
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Fig. 5: miR-21-5p regulated lidocaine-induced injury probably through targeting PDCD4.
PDCD#4 plasmids were used to transfect SH-SY5Y to overexpress PDCD4. (A) Q-PCR and (B) immunoblot analysis
of PDCD4. ***P < 0.001 vs. Vector. PDCD4-overexpression SH-SY5Y cells were treated with idocaine (2mM) and
BMSC-exo (100pg/ml) for 24 hours. (C) Immunoblot analysis of PDCD4. (D) Flow cytometry analysis of apoptosis.
kP < 0.01 vs. Control; ##P < 0.01 vs. 2 mM_ Lid+Vehicle+Vector; +++P < 0.001 vs. 2 mM_Lid+exo+Vector

Discussion

This study, for the first time, showed that BMSC-
derived exosomal miRNA-21-5p inhibits lid-
induced apoptosis of SH-SY5Y via directly tar-
geting PDCD4. miRNAs play a pivotal role in
neurotoxicity and neurodegenerative diseases
(24). For instance, studies showed that miR-497
increased neuronal death (25). Pietrao et al. re-
ported that miR-425-5p was sharply decreased in
traumatic brain injury (IBI) and can be used as a
prognostic indicator (26). Low level of miR-153
has been demonstrated to cause A accumulation
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(27). All these studies support that miRNAs play
a very important role in neurotoxicity. Apoptosis
is responsible for the maintenance of organismal
homeostasis (28). Apoptosis also plays a critical
role in various diseases including neurodegenera-
tive diseases (29). Here, we showed that miR-21-
5p protects SH-SY5Y cells against lidocaine in-
duced apoptosis. These results improve our un-
derstanding of the lidocaine induced neurotoxici-
ty.
miR-21-5p is involved in different pathological
processes. For example, miR-21-5p was increased
in tumors to promote invasiveness (30). miR-21-
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5p also involves in neuronal toxicity. Li et al.
have showed that exosomal miR-21-5p protected
TBI through suppressing autophagy (31). Anoth-
er study showed that miR-21 protects against is-
chemic neuronal death (32). In consistent with
published data, this study indicated that miR-21-
5p from BMSC-exo protected SH-SY5Y cells
against lidocaine induced apoptosis. Our data re-
vealed a new role of miR-21-5p in the lidocaine
induced neuronal toxicity, showing that exosomal
miR-21-5p exerts its protective effect on SH-
SY5Y cell apoptosis.

miRNAs work as small guide molecules in RNA
silencing (34). One miRNA may regulate multiple
downstream target genes (35). Different target
genes of miR-21-5p have been discovered. For
example, miR-21-5p promoted tumor peritoneal
metastasis via targeting SMAD7 (36). Liu et al.
have showed that miR-21-5p enhanced glycolysis
via targeting PDHA1 (37). PDCD4 is a key pro-
tein involved in apoptosis (38). Overexpressing
PDCD4 in breast cancer cells induced apoptosis
(39). In another study, researcher showed that
overexpressing PDCD4 led to hepatoma cell
apoptosis (40). Wan et al. demonstrated that in-
hibiting miR-150 enhanced PDCD4-dependent
caspase-8 activation to promote apoptosis of
melanoma (38). miR-21-5p has been shown to
target PDCD4 to regulate apoptosis and inflam-
mation (41). Our results confirmed that overex-
pressing miR-21-5p  sharply down-regulated
PDCD4, suggesting that miR-21-5p targets
PDCD4. This was further proved by luciferase
reporter assay result that miR-21-5p suppressed
PDCD4. These results broaden our understand-
ing of miR-21-5p/PDCD4 in apoptosis, also help
to expand our understanding of lidocaine-
induced neurotoxicity. It could be inferred that
exosomal miR-21-5p exerts its protective effect
on lidocaine induced neuronal toxicity in SH-
SY5Y cells probably through inhibiting PDCDA4.
It is worth to mention that only one cell line (SH-
SY5Y) is used in this study, future studies using
more cell lines will help to prove the findings of
this study. To further elucidate the role of miR-
21-5p/PDCD#4 in lidocaine induced neurotoxici-
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ty, patient samples would provide more relevant
data.

Conclusions

This study indicated a novel role of miR-21-
5p/PDCD4 axis, suggesting that BMSC-exos
protected SH-SY5Y cells against lidocaine in-
duced apoptosis through miR-21-5p by targeting
PDCD4. These results highlighted the important
role of miR-21-5p/PDCD4 signaling in lidocaine
induced apoptosis, and may help to develop new
strategy in the management of lidocaine-induced
neurotoxicity.
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