BIOENGINEERED Tavior &F .
2021, VOL. 12, NO. 1, 4452-4463 aylor o rrancis
https://doi.org/10.1080/21655979.2021.1956672 Taylor & Francis Group

RESEARCH PAPER 8 OPEN ACCESS W) Check for updates

Dendrobine suppresses endoplasmic reticulum stress-induced apoptosis
through upregulating microRNA miR-381-3p to decrease caspase-4
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ABSTRACT ARTICLE HISTORY
Dendrobine has been reported to reduce blood lipid levels and apoptosis. The present study was Received 6 June 2021
designed to observe the effect of dendrobine in a model of ERS using vascular endothelial cells Revised 12 July 2021
and to reveal the biological mechanisms and pathways responsible for the therapeutic effects of Accepted 13 July 2021
dendrobine on AS. Human umbilical vein endothelial cells (HUVECs) were pre-treated with various KEYWORDS
concentrations of dendrobine, followed by treatment with tunicamycin (TM) for the establishment Dendrobine; miR-381-3p;
of the cell models of ERS. The proliferation and apoptosis of HUVECs were detected by bromo- caspase-4; endoplasmic
deoxyuridine staining and flow cytometry, respectively. The target binding association was reticulum stress;
verified through dual luciferase reporter assay. It was found that TM treatment resulted in a low proliferation; apoptosis
expression of miR-381-3p. Dendrobine treatment not only promoted the proliferation, but also

inhibited the apoptosis of HUVECs induced by TM. The reduced expression of 78-kDa glucose-

regulated protein, inositol-requiring enzyme 1, caspase-4, C/EBP homologous protein and cas-

pase-3 was also observed following treatment with dendrobine. Dendrobine reduced the apop-

tosis of endothelial cells in the model of ERS by increasing miR-381-3p expression, and partially

restored the cell proliferation level. This effect was significantly reduced after the expression of

miR-381-3p was blocked. On the whole, the present study demonstrated that dendrobine upre-

gulated miR-381-3p expression to inhibit apoptosis induced by ERS in HUVECs and this process

was found to be mediated by caspase-4. The findings of the present study may provide new

insight into the causes of endothelial cell apoptosis during AS and reveal the potent therapeutic

effects of dendrobine in AS.
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Introduction
diseases, which are one of the most challenging

Atherosclerosis (AS) represents the main patholo-  problems in current medicine [1]. AS is a complex
gical basis of the majority of cardiovascular  process involving a variety of metabolic and
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signaling pathways. In recent years, increasing evi-
dence has indicated that endoplasmic reticulum
stress (ERS) is closely associated with AS [2]. The
apoptosis of vascular endothelial cells is a key
mechanism of AS. ERS and the subsequent induc-
tion of apoptosis play an important role in the
early stages of AS [3,4].

Dendrobine is widely distributed in tropical and
subtropical regions of Europe, Asia and Oceania.
Dendrobine is mainly derived from Dendrobium
nobile, and its bioactivity is similar to that of
picrotoxin. Dendrobium was determined to be
the first picrotoxane-type alkaloid detected by che-
mical and spectral methods [5,6]. MicroRNAs
(miRNAs/miRs) are a class of endogenous small-
molecule non-coding single-stranded RNAs,
which are composed of ~22 single nucleotides.
miRNAs interact with targets through the comple-
mentary base pairing of the seed region of
miRNAs with the 3X-untranslated region (UTR)
of their homologous target mRNAs [7-9]. One of
the mechanisms through which miRNAs affect
endothelial dysfunction is through their effects
on endothelial apoptosis [10,11]. Endothelial cell
injury can lead to the destruction of endothelial
completion and barrier function, and can promote
lipid deposition, leading to the development of
(AS) [12]. The coding gene of human miR-381
(hsa-miR-381) is located on the long arm of chro-
mosome 14 and belongs to the miR-154 gene
family, which is involved in the apoptosis and
proliferation of endothelial cells [13]. A previous
study demonstrated that miR-381-3p was signifi-
cantly downregulated in the AS group compared
with the normal group [14]. Another study
reported that there was a direct negative associa-
tion between the miR-381-3p levels and the sensi-
tivity to apoptosis; the ectopic expression of miR-
381-3p exerted an inhibitory effect on the activa-
tion of caspase-3 [15]. Dendrobine has been
shown to have the ability to lower glucose and
lipid levels, exert antitumor effects, reduce inflam-
mation and apoptosis, and to attenuate cell senes-
cence [16,17]. However, the underlying molecular
mechanisms remain unclear.

We predicted that miR-381-3p could be
involved in the effects of dendrobine on AS. The
aim of the present study was to elucidate the
molecular mechanisms through which dendrobine
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inhibits ERS and protects human umbilical vein
endothelial cells (HUVECs) from apoptosis, and to
determine the role of miR-381-3p in this process.

Materials and methods

Cells and cell culture. The HUVEC cell line
(ATCC® CRL-1730" American Type Culture
Collection) was cultured in DMEM containing
10% FBS with 100 mg/l penicillin/streptomycin
in 37°C with 5% CO,. The endothelial cells were
cultured in a 6-well plate and the medium was
changed every two days. When the cell confluence
reached 70-80%, the cells in a proliferative state
were cultured with DMEM containing 1% FBS for
24 h to synchronize cell proliferation. The HUVEC
model of ERS was established by the use of tuni-
camycin (TM, 2 pM) for 12 h. HUVECs in the
tauroursodeoxycholic acid (TUDCA) or dendro-
bium groups were treated with TUDCA or den-
drobium for 12 h prior to TM treatment, followed
by the addition of TM for 12 h. Dendrobium was
purchased from Shanghai yuanye Bio-Technology
Co., Ltd (HPLC=98%, Shanghai, China). TUDCA
has been investigated to be as an endoplasmic
reticulum stress inhibitor [18,19], which was used
to be as a positive control group in this study. TM
was used to establish an ERs model, As descripted
previously [20].

Cell Counting Kit (CCK)-8 assay. HUVECs
(2x10* cells) were seeded into a 96-well plate and
subjected to various treatment conditions. After
24 h, 10 ul CCK-8 solution (Thermo Fisher
Scientific, Inc.) were added to each well. The
absorbance at 450 nm was detected after 4 h
using a microplate reader.

Bromodeoxyuridine (BrdU) staining. HUVECs
(1.5x10°/ml) were seeded into cell culture dishes.
Following experimental intervention, BrdU
(Thermo Fisher SCIENTIFIC. Inc) was added to
the cell culture dishes followed by incubation for
40 min at 37°C. The culture medium was then
discarded and the cells were fixed with 100%
methanol for 10 min. Subsequently, the cells were
incubated overnight at 4°C with AlexaFluor® 647
Anti-BrdU antibody (ab220075, Abcam), followed
by the labeling of nuclear DNA with DAPIL

TUNEL assay. The apoptotic levels of HUVECs
were assessed using a TUNEL assay kit following
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the manufacturer’s protocol (Roche Diagnostics).
The cells were washed with PBS and then fixed
with 4% paraformaldehyde. PBS containing 0.1%
Triton X-100 was then added followed by incuba-
tion for 2 min. A total of 50 ul TUNEL solution
was then added to samples followed by incubation
at 37°C for 60 min in the dark. The apoptotic cells
of 5 random fields were observed under
a fluorescence microscope (OLYMPUS) after
fluorescence quenching solution was used to seal
the plates.

Western blot analysis. After each group was
treated, total protein was extracted using RIPA
lysis solution (Sigma Aldrich) and the protein
concentration was determined by the Bradford
method. A total of 50 pg protein sample was
loaded into each well and subjected to SDS-
PAGE gel electrophoresis to separate target pro-
teins. Subsequently, proteins were transferred into
PVDF membrane. The protein bands were then
blocked in 5% skimmed milk powder at room
temperature for 2 h and then incubated with pri-
mary antibodies (GRP78, cat.no ab108615, dilu-
tion of 1:1000. IRE1, cat.no ab124945, dilution of
1:1000. Caspase4, cat.no ab25898, dilution of
1:1000. Chop, cat.no ab11419, dilution of 1:500.
Caspase3, catno ab32351, dilution of 1:5000.
GAPDH, ab8245, dilution of 1:10,000, Abcam) at
4°C overnight, followed by incubation with sec-
ondary antibodies (goat anti-mouse IgG, cat. no.
ab216772; Goat Anti-Rabbit IgG, cat. no. ab9705,
1:10,000.). After ECL solution (Pierce™ ECL
Western  Blotting  Substrate, =~ ThermoFisher
Scientific. Inc) was used to develop color, the
gray value was analyzed using Image] 142 r
(National Institutes of Health).

Reverse transcription-quantitative PCR (RT-
gqPCR). Total RNA and miRNA of the cells to be
tested were extracted using the total RNA extrac-
tion kit and miRNEasy Mini kit (QIAGEN,
Germany), respectively. The concentration and
purity of RNA were determined by ultraviolet
spectrophotometry. Using RNA as a template,
cDNA was synthesized by reverse transcription
according to the protocol provided with the corre-
sponding reverse transcription kit (Takara Bio,
Inc.). The cDNA template was then used for fluor-
escence qPCR detection using the miRNA qRT-
PCR SYBR” kit (Clontech, USA). For the detection

of caspase4 mRNA, PCR quantification was per-
formed using SYBR Green qPCR Master Mix
(MedChemExpress). The PCR cycle condition
contains preheat for 5 min at 94°C, 35 cycles of
degeneration at 94°C for 10s, annealing at 55°C for
10s and extension at 72°C for 30s and at 72°C for
10 min. U6 or GAPDH was used as the internal
reference and the relative levels of miR-381-3p or
caspase4 mRNA were calculated using the 27444
method [21]. The primers used in this study are as
following: miR-381-3p: Forward, 5'-
TACTTAAAGCGAGGTTGCCCTT-3";  Reverse,
5-GGCAAGCTCTCTGTGAGTA-3".  Caspase4:
Forward, 5' - CAAGAGAAGCAA
CGTATGGCA-3'; Reverse, 5 - AGGC
AGATGGTCAAACTCTGTA-3". U6 Forward, 5'-
CTCGCTTCGGCAGCACA-3'; Reverse,
5’AACGCTTCACGAATTTGCGT-3'. GAPDH,
Forward, 5 - TGACGTGCCGCCTGGAGAAC
-3 Reverse, 5 -
CCGGCATCGAAGGTGGAAGAG -3".

Dual-luciferase reporter assay. The online target
gene prediction database, starBase, was used to
predict the target genes of miR-381-3p. The plas-
mids containing the binding site (wt-caspase-4)
and mutation sequence (mut-caspase-4) were
designed and synthesized according to the pre-
dicted binding sites mentioned above from gas-
phase electrophoretic molecular mobility analysis.
Wt-caspase-4 or mut-caspase-4 was cloned into
a luciferase reporter vector psiCHECK2 (Ke Lei
Biological Technology Co., Ltd. Shanghai, China)
to construct a fluorescence reporter plasmid. The
cells were subjected to the cotransfection of miR-
NC and miR-381-3p. After 48 h at 37°C, the luci-
ferase activity was then detected. The specific
operation method was performed according to
the requirements of the dual luciferase reporter
assay kit (Yeasen, Shanghai, China), and the luci-
ferase activity of firefly and renal fluorescein were
recorded.

miRNA  transfection. miR-381-3p  mimic
(50 nM), inhibitor (50 nM) or negative control
were synthesized and purchased from Shanghai
GenePharma Co., Ltd. These miRNA reagents
were  transfected into HUVECs  using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.) at 37°C for 24 h according to
manufacturer’s protocol and subsequently used in



further experiments. Untransfected cells were used
to be as control groups. The sequences of miR
reagent are as following: miR-381-3p mimic 5'-
UAUACAAGGGCAAGCUCUCUGU-3, miR

mimic-NC, 5"-UAUCCUAUGGC
UAGGAAGUACC-3". miR-381-3p inhibitor,
5’AUAUGUUCCCGUUCGAGAGACA-3’, miR
inhibitor-NC, 5" - GGACAUGUGUAAUCCA

UCUGCA-3'

Statistical analysis. All the tests were repeated at
least three times, and GraphPad Prism 7. 0 statis-
tical software (GraphPad Software, Inc.) was used
to analyze the data and prepare statistical graphs.
The experimental data were presented as mean +
standard deviation (SD). One-way ANOVA was
used for comparisons between multiple groups
followed by Tukey’s post hoc test. P < 0.05 was
considered to indicate a statistically significant
difference.

Cell viability (%)

Brdu 3

Control TM (Model)
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Results

Dendrobine attenuates the proliferation-suppressive
and apoptosis-inducing effects of TM on HUVECs.
In order to examine the effects of dendrobine on
ERS in HUVECS:, the cells were treated with var-
ious concentrations of dendrobine, followed by
treatment with TM. We used TUDCA to suppress
ERs, which has been investigated to be as an
endoplasmic reticulum stress inhibitor [18,19]. As
shown in Figures 1 and 2, increased cell viability
was observed following treatment with the med-
ium concentration of dendrobine, an effect which
was also appeared in the TUDCA-treated cells
(P < 0.05, Figure la). When BrdU staining was
performed to the proliferation of
HUVECs, an evident increase in green fluores-
cence was observed only with the medium con-
centration of dendrobine, an effect which was also
observed with TUDCA treatment (Figure 1b). By

examine
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Figure 1. Effects of dendrobine on HUVEC proliferation. (a) Results of Cell Counting Kit-8 assay. (b) Evaluation of HUVEC proliferation
through BrdU staining. Dend-L: the low concentration of dendrobine, 1 pM; Dend-M: the medium concentration of dendrobine,
5 uM; Dend-H: the high concentration of dendrobine, 10 uM. HUVEC, human umbilical vein endothelial cell; BrdU, bromodeoxyur-
idine. ***P < 0,001 Vs Control, *P < 0.05 Vs TM+Dend-L, ®®P < 0.01 VS TM (Model).

Control TM (Model) TM+Dend-L TM+Dend-M TM+Dend-H TM+TUDCA

- ------
TUNEL------
DAPI ------

Figure 2. Effects of dendrobine on apoptosis. (a and b) Results of TUNEL staining for apoptosis. ***P < 0.001 Vs Control,
###P < 0.001 Vs TM (Model), ***P < 0.001 Vs TM+Dend-L, %&p < 0.001 Vs TM+Dend-M, ®®®P < 0.01 VS TM (Model).
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Figure 3. Assessment of endoplasmic reticulum stress-related proteins levels following treatment with dendrobine. Results of
western blot analysis of GRP78, Ire1, caspase-4, CHOP and caspase3 expression. GRP78, 78-kDa glucose-requlated protein; Irel,
inositol-requiring enzyme 1; CHOP, C/EBP homologous protein. ***P < 0.001 Vs Control, #P < 0.05 Vs TM (Model), P < 0.05, $$
°P < 0.001 or Vs TM+Dend-L, P < 0.05, ¥*P < 0.01 or **¥pP < 0.001 Vs TM+Dend-M, ®®®P < 0.01 VS TM (Model).

contrast, the results of TUNEL assay for the ana-
lysis of the cell apoptosis levels revealed that the
fluorescence intensity in response to treatment
with the medium concentration of dendrobine
was significantly decreased when compared with
the model group (P < 0.001, Figure 2b). Similar
effects were also observed in the positive control
group treated with TUDCA. These results indi-
cated that the alteration in proliferation and apop-
tosis induced by treatment with the medium
concentration of dendrobine was similar to the
effect induced by the ERS inhibitor. Thus, dendro-
bine plays a protective role in HUVECs subjected
to ERS.

Alteration of ERS-related protein expression
through dendrobine treatment. To examine the

molecular mechanisms involved in the effects of
dendrobine, focus was mainly paid to the ERS
pathway. Western blot analysis of the expression
of 78-kDa glucose-regulated protein (GRP78), ino-
sitol-requiring enzyme 1 (Irel), caspase-4, C/EBP
homologous protein (CHOP) and caspase-3
demonstrated that the expression of these proteins
was markedly reduced following dendrobine treat-
ment at the medium concentration (P < 0.05)
when compared with the model group; the expres-
sion of these proteins was not markedly altered
following treatment with dendrobine at the low
concentration, with the exception of Irel
(Figure 3). Under conditions of ERS, the
HUVECs expressed low levels of miR-381-3p;
however, dendrobine pre-treatment significantly
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Figure 4. Assessment of miR-381-3p expression following treat-
ment with dendrobine. Results of reverse transcription-
quantitative PCR analysis for miR-381-3p expression. miR,
microRNA. ***P < 0.001 Vs Control, #P < 0.05 Vs TM (Model),
P < 001 or Vs TM+Dend-L, **P < 0.01 Vs TM+Dend-M,
€eep < 0.01 VS TM (Model).

recovered these levels in a concentration-
dependent manner (P < 0.05). In addition, no
significant changes in miR-381-3p expression
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were observed following treatment with TUDCA
(Figure 4), suggesting that there was no direct
association between TUDCA and miR-381-3p
levels; thus, TUDCA may regulate ERS through
other pathways.

No changes in cell proliferation and apoptosis are
observed in HUVECs not subjected to ERS. To verify
the target association of miR-381-3p and caspase-4,
a dual-luciferase reporter assay was performed to
determine whether miR-381-3p binds to the
3XUTR of caspase-4 mRNA. Notably, the luciferase
activity was reduced (P < 0.001) when WT caspase-4
and miR-381-3p mimic were co-transfected into the
cells with incubation for 48 h (Figure 5a, b). To
further investigate the role of miR-381-3p, the
effects of transfection with miR-381-3p mimic or
inhibitor were first examined. The results of RT-
qPCR revealed that miR-381-3p mimic or inhibitor
significantly altered the levels of miR-381-3p
(Figure 6a). However, in HUVECs not challenged
with TM, miR-381-3p did not affect the mRNA
levels of caspase-4 (Figure 6b), whereas it affected
the protein levels of caspase-4 (P < 0.01, Figure 6¢).
In addition, no significant changes were observed in
the proliferation and apoptosis of HUVECs

Caspase-4 : 5' ugcauauuuaacalUUUUGUAUu 3'

miR-381-3p: 3 ' ugucucucgaacgGGAACAUAu 5'
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Figure 5. miR-381-3p binds to the 3X-untranslated regions of caspase-4. (a) Binding sites predicted by starBase. (b) Results of dual-
luciferase reporter assay. miR, micoRNA. ***P < 0.001 Vs WT+ Caspase4+ NC mimic.
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Figure 6. miR-381-3p affected the protein levels of caspase-4. (a) Reverse transcription-quantitative PCR analysis of miR-381-3p
levels. (b) mRNA levels of caspase-4 following miR-381-3p mimic or inhibitor transfection. (c) Protein levels of caspase-4 following
miR-381-3p mimic or inhibitor transfection. miR, microRNA. ***P < 0.001 Vs miR-381-3p NC, *# P < 0.001 Vs miR-381-3p mimic.

transfected with miR-381-3p mimic or inhibitor
(Figure 7a-c). These results indicated that miR-
381-3p did not affect cell proliferation or apoptosis
when the HUVECs expressed basal caspase-4 levels
without ERS induction.

miR-381-3 mediates the effects of dendrobine on
HUVECs subjected to ERS. To determine whether
miR-381-3p inhibitor alters the effects of dendro-
bine on HUVECs challenged with TM, the TM-
induced cells were treated with dendrobine and
miR-381-3p inhibitor. The aforementioned cellular

processes, including proliferation and apoptosis,
were markedly altered in the HUVECs treated
with TM following overexpression of miR-381-3p.
Of note, miR-381-3p inhibitor significantly reversed
the effects of dendrobine on HUVECs treated with
TM (P < 0.05, Figure 8a-c). Western blot analysis
was then performed to examine the expression of
ERS-related proteins. A significant decrease in cas-
pase-4 expression was observed in the miR-381-3p-
overexpressing HUVECs subjected to ERS; however,
transfection with miR-381-3p inhibitor reversed the
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Figure 7. Effects of miR-381-3p mimic or inhibitor on cell proliferation and apoptosis. (a) Results of Cell Counting Kit-8 assay for cell
proliferation following miR-381-3p mimic or inhibitor transfection. (b and c) Results of TUNEL staining for cell apoptosis following

miR-381-3p mimic or inhibitor transfection. miR, microRNA.

effects of dendrobine on these levels (P < 0.05,
Figure 8d). Furthermore, these effects of miR-381-
3p were not observed in other proteins. Therefore,
in addition to the involvement of caspase-4-related
apoptosis mediated by miR-381-3p in the effects of
dendrobine, other ERS pathways are also involved
in the mechanisms of action of dendrobine.

Discussion

The alterations of endothelial cells lead to different
phases of AS. The influence of ER stress on

endothelial disfunction has been revealed in recent
studies [22,23]. The proliferation and apoptosis of
HUVECs play crucial roles in the pathogenesis of
AS [24,25]. Normal level of cell apoptosis is ben-
eficial for maintaining physiological homeostasis.
The apoptosis of endothelial cell is associated with
the development of AS [26]. In addition to apop-
tosis, pyroptosis or ferroptosis of endothelial cells
was also reported to be implicated in pathological
mechanisms of atherosclerosis [27,28]. Emerging
evidences have revealed that dendrobine has the
effects of lowering glucose. In the present study,
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Figure 8. Effects of miR-381-3p mimic or inhibitor on cell proliferation and apoptosis following TM induction. (a) Results of Cell
Counting Kit-8 assay. (b and c) Evaluation of apoptosis through TUNEL assay. (d) Detection of ERS-related proteins levels through
western blot analysis. TM, tunicamycin; ERS, endoplasmic reticulum stress; miR, microRNA. ***P < 0.001 Vs Control, ** P < 0.001 Vs

TM+miR-381-3p NC, <0.05, ***P < 0.001 Vs TM+Dend-M.

TM was used to induce ERS in HUVECs, which
suppressed cell proliferation and induced apopto-
sis, together with the induction of ERS-related
protein expression. TUCDA is an ERs inhibitor,
which was used to as positive control group. The
appropriate  concentration  of  dendrobine
enhanced the proliferation and promoted the
apoptosis of HUVECs exposed to TM, accompa-
nied by a marked decrease in the levels of GRP7S,
Irel, CHOP and caspase-3. Dendrobine was

reported to reduce inflammation in gestational
diabetes  mellitus (GDM) and produces
a protective effect on ameliorating the symptoms
of GDM and isoniazid - and rifampicin-induced
liver injury [29,30]. In addition, it has a potential
anti-tumor effect on non-small cell lung cancer
[16]. Therefore, we predict that dendrobine exerts
different effects on cancer and non-cancer possibly
due to the differentiation of cells environment of
different types. Persistent or excessive ER stress



would induce apoptosis transcription by transcrip-
tion factor-dependent, and caspase 12-dependent
pathways. GRP78/IRE1/CHOP axis constitutes
transcription factor-dependent pathway [31,32].
Caspase-4, an alternative to caspase-12 in humans,
is a downstream apoptotic signaling protein of
ERS, and is a specific target of free Irel, which is
mainly localized in the outer membrane of the ER
[33,34]. CHOP is another ERS apoptotic signaling
protein that is not directly regulated by Irel
[23,35]. In the present study, under non-stress
conditions, miR-381-3p mimic or inhibitor did
not have significant effects on the levels of cas-
pase4 mRNA, but markedly affect the protein
levels of caspase4, which could result from low
basal levels of caspase4. After ERs induction,
HUVEC cells displayed dramatically increased
mRNA and protein levels of caspase4 while miR-
381-3p mimic was able to markedly reduce the
mRNA and protein levels of caspase-4.
Furthermore, its inhibitor reversed the effects of
dendrobine on caspase-4 levels in HUVECs chal-
lenged with TM.

Although significant inhibitory effects of den-
drobine on GRP78, Irel, caspase-3 and CHOP
expression were observed, no significant changes
in the expression levels of these proteins were
observed following miR-318-3p overexpression.
This suggested that, apart from the promoting
role of dendrobium on miR-381-3p expression
to suppress caspase-4-mediated endothelial cell
apoptosis, dendrobine may also promote prolif-
eration and inhibit apoptosis via other mechan-
isms related to other ERS pathways. To
conclude, dendrobine at the medium concentra-
tion tested, helped the cells to combat the ERS
caused by TM by inducing the upregulation of
miR-381-3p expression, thereby reducing cas-
pase-4 levels in an attempt to decrease ERS-
mediated apoptosis.

Conclusion

The present study demonstrated that dendrobine
reduced ERS-induced apoptosis by upregulating
miR-381-3p to decrease caspase-4 expression in
HUVECs. The findings of the present study
uncovered the effects and mechanisms of action
of dendrobine in HUVECs challenged with TM.
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The data presented herein may thus provide addi-
tional insight into the role of ERS in the pathology
of AS.
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Highlights

1. Dendrobine plays a protective role against human umbilical
vein endothelial cells proliferation inhibition and apoptosis
promotion induced by ERS.2. The effects of dendrobine on
preventing ERS-induced cell injury are related to miR-381-3p.
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3. Dendrobine decreases cell apoptosis caused by ERs is
partly through decreasing caspase4, thereby blocking ERs-
induced apoptosis.

4. Dendrobine could be a potential drug for the therapy of AS.
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