
66

Cellular and Molecular Biology
E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org 
Original Research
Effects of dendrobium polysaccharides on human brain microvascular endothelial cell 

injury induced by ox-LDL via regulating the miR-378 expression

Lai Chen1, Shaohui Zhang2, Xiaoying Liu1, Jiong Dai3*, Zhenguo Yan1, Chunlan Wu1

1 Neurology Department, Shanghai TCM-Integrated Hospital Affiliated to Shanghai University of TCM, Shanghai, 200082, China
2 Rehabilitation Department, Shanghai Jiangwan Hospital, Shanghai, 200434, China

3 Neurosurgery Department, Renji Hospital, Shanghai Jiao Tong University, School of Medicine, Shanghai, 200127, China

*Correspondence to: zg18836@163.com

Received March 1, 2020; Accepted June 24, 2020; Published October 31, 2020

Doi: http://dx.doi.org/10.14715/cmb/2020.66.7.11

Copyright: © 2020 by the C.M.B. Association. All rights reserved.

Abstract: Brain microvascular endothelial cells are a key part of the blood-brain barrier. This experiment was set up to investigate the effect and molecular 
mechanism of Dendrobium polysaccharide on oxidized low-density lipoprotein (ox-LDL)-induced damage to the human brain microvascular endothelial cells. 
For this purpose, human brain microvascular endothelial cells HBMEC were divided into control group (without any treatment), ox-LDL group (50 μg/mL ox-
LDL), Dendrobium polysaccharide low, medium and high concentration group (0.1 μg/L, 0.2 μg/L, 0.4 μg/L Dendrobium polysaccharide+50 μg/mL ox-LDL), 
ox-LDL+miR-NC group (transfection miR-378 mimic negative control+50 μg/mL ox-LDL), ox-LDL+miR-378 group (transfected miR-378 mimics+50 μg/mL 
ox-LDL), ox-LDL+DP+anti-miR-NC group (transfected miR-378 inhibitor negative control +0.4 μg/L Dendrobium polysaccharide+50 μg/mL ox-LDL), ox-
LDL+DP+anti-miR-378 group (transfected miR-378 inhibitor+0.4 μg/L Dendrobium polysaccharide+50 μg/mL ox-LDL ). The kit was used to detect the levels 
of malondialdehyde (MDA) and the activities of superoxide dismutase (SOD) and catalase (CAT); flow cytometry to detect apoptosis; and Western blot to detect 
B-cell lymph tumor/leukemia-2 (Bcl-2) and Bcl-2 related X (Bax) protein expression; real-time fluorescence quantitative PCR (RT-qPCR) was used to detect the 
expression of miR-378. Results showed that after treatment with different concentrations of Dendrobium polysaccharides, MDA levels were decreased in ox-LDL-
induced human brain microvascular endothelial cells, SOD and CAT activities were increased, apoptosis rate was decreased, Bcl-2 expression was increased, 
Bax expression was decreased, miR-378 expression was increased, in a dose-dependent manner (P<0.05). Overexpression of miR-378 inhibits ox-LDL-induced 
oxidative stress and apoptosis in human brain microvascular endothelial cells. Inhibition of miR-378 expression reversed the effect of Dendrobium polysaccharide 
on ox-LDL-induced damage to human brain microvascular endothelial cells. Then dendrobium polysaccharide may inhibit ox-LDL-induced oxidative stress and 
apoptosis in human brain microvascular endothelial cells by up-regulating the expression of miR-378.
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Introduction

The blood-brain barrier (BBB)   is the area between 
the extracellular fluid of the brain in the central nervous 
system and the circulatory system in the body so that if 
colored substances are injected into the bloodstream, it 
can be seen that there is no trace of this substance in the 
brain. This curtain or barrier consists of special capilla-
ries that, unlike the normal structure of capillaries, do 
not have the usual pores and the intercellular connection 
in them is of the strong connection type, and as a result, 
many molecules and micro-molecules as well as bac-
teria are able to pass through them (via diffusion) and 
reaching the cerebrospinal fluid is not in the brain. In 
turn, the endothelial surface of these capillaries is cove-
red with special proteins that allow glucose to enter the 
brain as a nutrient. Also, gas exchange (oxygen-carbon 
dioxide) between the circulating blood and the brain of 
this dam can be done without any problems (1-3). Brain 
microvascular endothelial cells are an important part of 
the blood-brain barrier, which plays a role in maintai-

ning normal cerebral vascular function; dysfunction or 
even death of vascular endothelial cells can cause va-
rious vascular diseases (1). 

Oxidized low-density lipoprotein (ox-LDL) is an 
important factor that causes injury to vascular endothe-
lial cells, which plays an important role in cardiovas-
cular disease. Therefore, the protection of the vascular 
endothelial cell against injury has a close relation to 
the treatment and prevention of vascular diseases (2). 
Traditional Chinese medicine polysaccharide is a natu-
ral macromolecular compound with a wide range of 
sources, which has a variety of pharmacological acti-
vities and demonstrates immunomodulatory, anti-tu-
mor, antioxidant effects (3). Dendrobium candidum is 
a traditional valuable Chinese medicinal material and 
Dendrobium polysaccharides also have antioxidant, 
bacteriostatic and immunomodulatory effects (4). Stu-
dies have shown that dendrobium polysaccharides 
(DP) have a protective effect on high glucose-induced 
endothelium-dependent diastolic function (5). Dendro-
bium polysaccharides can inhibit high glucose-induced 
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apoptosis of vascular endothelial cells, which prevents 
diabetic vascular disease to a certain extent (6). Dendro-
bium polysaccharides also inhibit high glucose-induced 
oxidative stress injury in human umbilical vein endo-
thelial cells (7). However, the effect and mechanism 
of Dendrobium polysaccharides on ox-LDL-induced 
injury to human brain microvascular endothelial cells 
remain unclear. Studies have reported that miR-378 can 
alleviate oxygen-sugar deprivation-induced ischemic 
injury to neuroblastoma N2A cells in mice, and helps 
to provide a potential therapeutic target for ischemic 
stroke from the level of miRNAs (8). It indicates that 
miR-378 may have a certain effect on ischemic brain 
diseases. Therefore, this paper investigates whether the 
effect of Dendrobium polysaccharide on ox-LDL-in-
duced injury to human brain microvascular endothelial 
cells and its mechanism is related to miR-378, with a 
view to providing strong evidence for the treatment of 
vascular diseases with Dendrobium polysaccharide and 
thereby better guiding clinical medication.

Materials and Methods

Materials
Human brain microvascular endothelial cells HB-

MEC were purchased from Shanghai Kanglang Bio-
technology Co., Ltd.; fetal bovine serum and RPMI-
1640 medium were purchased from Shenzhen Ziker 
Biotechnology Co., Ltd.; oxidized low-density lipo-
protein (ox-LDL), Dendrobium polysaccharides were 
purchased from Beijing Chreagen Biological Techno-
logy Co., Ltd.; superoxide dismutase (SOD) kit, malo-
naldehyde (MDA) kit, catalase (CAT) were purchased 
from Nanjing Jiancheng Bioengineering Institute; An-
nexin V-FITC/PI apoptosis detection kit was purchased 
from Beijing Solarbio Science & Technology Co., Ltd.; 
real-time fluorescence quantitative PCR detection kit, 
protein extraction kit, and bicinchoninic acid (BCA) kit 
were purchased from Beijing Biao Laibo Technology 
Co., Ltd.

Cell processing and grouping
Human brain microvascular endothelial cells HB-

MEC were cultured in RPMI-1640 medium containing 
10% fetal bovine serum. After the cells had grown to 
80% confluence, they were digested and passaged. Lo-
garithmic growth phase HBMEC cells were taken and 
cultured in 50 μg/mL ox-LDL to establish a cell injury 
model which was recorded as an ox-LDL group; the 
control group (Con) was added with an equal amount 
of medium; 0.1 μg/L, 0.2 μg/L. 0.4 μg/L Dendrobium 
polysaccharide was cultured for 2 h and then added with 
50 μg/mL ox-LDL for continued cultivation, which was 
recorded as low, medium and high-concentration Den-
drobium polysaccharide groups.

miR-NC and miR-378 were transfected into HB-
MEC cells, added with 50 μg/mL ox-LDL for culture 
and recorded as an ox-LDL+miR-NC group, ox-
LDL+miR-378 group; anti-miR-NC, anti-miR-378 
were transfected into HBMEC cells, added with 0.4 μg/L 
Dendrobium polysaccharide and 50 μg/mL ox-LDL for 
culture, which was recorded as an ox-LDL+DP+anti-
miR-NC group, ox-LDL+DP+anti-miR-378 group.

Detection of MDA level and SOD, CAT activity by 
MDA, SOD and CAT kits

After 48 hours of cell culture, cells of each group 
were collected and processed according to the kit ins-
tructions.

Apoptosis detection by flow cytometry
Cells in each group were cultured for 48h, rinsed 

twice with pre-chilled PBS, added with 10 μL Annexin 
V-FITC, and then added with 5 μL PI, mixed well and 
incubated in the dark for 10 min; flow cytometry was 
used to detect the apoptosis rate.

Detection of Bcl-2, Bax protein expression by Wes-
tern Blot

Total protein was extracted and protein concentra-
tion was determined by the BCA method. The sample 
was loaded according to 40μg/well protein. After SDS-
PAGE, membrane transfer, blocking, the membrane 
was cleaned, added with primary antibody (1:500) and 
incubated at 4°C overnight. The membrane was cleaned 
with TBST, added with an HRP-labeled secondary anti-
body (1:1000), incubated at room temperature for 2h on 
the shaker, followed by membrane cleaning with TBST, 
ECL color development, and development and fixation 
of X-ray film in a dark room. Quantity-One software 
was used to analyze the gray value of protein bands. The 
relative expression of protein = gray value of the target 
protein / gray value of internal reference GAPDH.

Detection of miR-378 expression level by real-time 
fluorescence quantitative PCR (RT-qPCR) 

Total cellular RNA was extracted, reverse transcri-
bed into cDNA, and subject to PCR amplification. Each 
sample was repeated 3 times. The cyclic conditions were 
95 ℃ 30 s, 60 ℃ 30 s; 72 ℃ 30 s, a total of 40 cycles. 
The relative expression level was calculated using the 
2-∆∆Ct method. Taking U6 as internal reference, miR-
378 upstream primer sequence: 5'-CTCCTGACTC-
CAGGTCCTGT-3', downstream primer sequence: 
5'-GCCTTCTGACTCCAAGTCCA-3'; U6 upstream 
primer sequence: 5'-CTCGCTTCGGCAGCACA-3', 
downstream primer sequence: 5'-AACGCTTCAC-
GAATTTGCGT-3'.

Statistical analysis
SPSS 20.0 software was used for statistical analysis. 

The measurement data were expressed as mean ±stan-
dard deviation (x±s), t-test was used for comparison 
between two groups, one-way analysis of variance was 
used for comparison between multiple groups, LSD t-
test was used for pairwise comparison. P<0.05indicates 
statistically significant differences.

Results

Effect of Dendrobium polysaccharides on ox-LDL-
induced oxidative stress in human brain microvas-
cular endothelial cells

Compared with Con group, the ox-LDL group has 
increased MDA level, decreased SOD and CAT activi-
ties (P<0.05); compared with the ox-LDL group, low, 
medium, and high-concentration Dendrobium polysac-
charides groups have decreased MDA level, increased 
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SOD and CAT activities in a dose-dependent manner 
(P<0.05) (Table 1).

Effect of Dendrobium polysaccharides on ox-LDL-
induced apoptosis of human brain microvascular 
endothelial cells

Compared with Con group, the ox-LDL group has 
increased apoptosis rate, decreased Bcl-2 expression 
level and increased Bax expression level (P<0.05); 
compared with ox-LDL group, low, medium, and high-
concentration Dendrobium polysaccharides groups 
have decreased apoptosis rate, increased Bcl-2 expres-
sion level and decreased Bax expression level in a dose-
dependent manner (P<0.05) (Figure 1, Table 2).

Effect of Dendrobium polysaccharides on the expres-
sion of miR-378 in human brain microvascular en-
dothelial cells induced by ox-LDL

Compared with Con group, the ox-LDL group has 
decreased miR-378 expression level (P<0.05); compa-
red with the ox-LDL group, low, medium, and high-
concentration Dendrobium polysaccharides groups 
have increased miR-378 expression level in a dose-de-
pendent manner (P<0.05) (Table 3).

Group MDA (nmol/mg prot) SOD (U/mg prot) CAT (U/mg prot)
Con 3.28±0.28 29.52±2.79 5.80±0.47
ox-LDL 11.81±1.07* 9.32±0.91* 0.85±0.08*
ox-LDL+DP-L 8.89±0.80# 14.58±1.32# 2.07±0.21#

ox-LDL+DP-M 6.55±0.47#& 18.47±1.21#& 3.16±0.26#&

ox-LDL+DP-H 4.51±0.56#&$ 23.60±2.12#&$ 4.85±0.43#&$

F 220.275 169.168 347.376
P 0.000 0.000 0.000

Table 1. Effect of Dendrobium polysaccharides on ox-LDL-induced oxidative stress in human brain microvascular endothelial cells(x±s, n=9).

Note: Compared with Con group, *P<0.05; compared with ox-LDL group, #P<0.05; compared with ox-LDL+DP-L group, &P<0.05; compared 
with ox-LDL+DP-M group, $P<0.05

Group miR-378
Con 1.00±0.06
ox-LDL 0.37±0.04*
ox-LDL+DP-L 0.51±0.05#

ox-LDL+DP-M 0.64±0.06#&

ox-LDL+DP-H 0.79±0.07#&$

F 166.306
P 0.000

Figure 1. The effect of Dendrobium polysaccharides on ox-LDL-
induced apoptosis of human brain microvascular endothelial cells. 
A: Expression of apoptosis-related proteins; B: Flow chart of 
apoptosis.

Note: Compared with Con group, *P<0.05; compared with ox-LDL group, #P<0.05; compared 
with ox-LDL+DP-L group, &P<0.05; compared with ox-LDL+DP-M group, $P<0.05.

Group apoptosis rate (%) Bcl-2 protein Bax protein
Con 6.71±0.67 0.67±0.04 0.15±0.02
ox-LDL 33.34±2.83* 0.24±0.02* 0.55±0.04*
ox-LDL+DP-L 24.41±2.13# 0.35±0.02# 0.42±0.03#

ox-LDL+DP-M 18.71±1.12#& 0.46±0.04#& 0.31±0.03#&

ox-LDL+DP-H 11.61±1.16#&$ 0.57±0.05#&$ 0.20±0.02#&$

F 317.873 201.946 284.250
P 0.000 0.000 0.000

Note: Compared with Con group, *P<0.05; compared with ox-LDL group, #P<0.05; compared with ox-
LDL+DP-L group, &P<0.05; compared with ox-LDL+DP-M group, $P<0.05.

Table 2. Effect of Dendrobium polysaccharides on ox-LDL-induced apoptosis of human brain microvascular 
endothelial cells(x±s,n=9).

Table 3. Effect of Dendrobium polysaccharides on the expression of miR-378 in human 
brain microvascular endothelial cells induced by ox-LDL(x±s, n=9).
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Effect of miR-378 overexpression on ox-LDL-in-
duced oxidative stress in human brain microvascu-
lar endothelial cells

Compared with the ox-LDL+miR-NC group, the 
ox-LDL+miR-378 group has increased miR-378 ex-
pression level, decreased MDA expression level, and 
increased SOD and CAT activities (P<0.05)(Table 4).

Effect of miR-378 overexpression on ox-LDL-in-
duced apoptosis of human brain microvascular en-
dothelial cells

Compared with the ox-LDL+miR-NC group, the 
ox-LDL+miR-378 group has decreased apoptosis rate, 
increased Bcl-2 expression level and decreased Bax 
expression level (P<0.05) (Figure 2, Table 5).

Inhibition of miR-378 expression reverses the effect 
of Dendrobium polysaccharides (0.4 μg/L) on ox-
LDL-induced apoptosis of human brain microvas-
cular endothelial cells

Compared with the ox-LDL+DP+anti-miR-NC 
group, the ox-LDL+DP+anti-miR-378 group has de-
creased miR-378 expression level, increased MDA le-
vel, decreased SOD and CAT activities, increased cell 
apoptosis rate, decreased Bcl-2 expression level and in-
creased Bax expression level (P<0.05)(Figure 3, Table 
6).

Discussion

Dendrobium candidum rich in polysaccharides has 
good hypoglycemic, antioxidant, anti-aging effects. 

Studying the chemical composition and pharmacolo-
gical effects of Dendrobium candidum can provide a 
reference for its further research and clinical applica-
tion (9). Studies have reported that Dendrobium poly-
saccharides can inhibit MPP+-induced PC12 cell injury 
by inhibiting oxidative stress (10). Dendrobium poly-
saccharides have protective effects against lipopolysac-

Figure 2. The effect of miR-378 overexpression on ox-LDL-in-
duced apoptosis of human brain microvascular endothelial cells. 
A: Expression of apoptosis-related proteins; B: Flow chart of 
apoptosis.

Group miR-378 MDA (nmol/mg prot) SOD (U/mg prot) CAT (U/mg prot)
ox-LDL+miR-NC 1.00±0.06 12.23±1.16 8.31±0.78 0.82±0.07
ox-LDL+miR-378 2.96±0.24* 6.55±0.54* 18.71±1.12* 3.89±0.32*
t 23.768 13.317 22.860 28.116
P 0.000 0.000 0.000 0.000

Table 4. Effect of miR-378 overexpression on ox-LDL-induced oxidative stress in human brain microvascular endothelial 
cells(x±s, n=9).

Note: Compared with the ox-LDL+miR-NC group, *P<0.05.

Figure 3. Inhibition of miR-378 expression reverses the effect of 
Dendrobium polysaccharides on ox-LDL-induced apoptosis of hu-
man brain microvascular endothelial cells. A: Expression of apop-
tosis-related proteins; B: Flow chart of apoptosis.

Group Apoptosis Rate (%) Bcl-2 protein Bax protein
ox-LDL+miR-NC 32.00±3.07 0.23±0.02 0.59±0.05
ox-LDL+miR-378 12.53±1.16* 0.53±0.04* 0.29±0.02*
t 17.798 20.125 16.713
P 0.000 0.000 0.000

Note: Compared with the ox-LDL+miR-NC group,*P<0.05.

Table 5. Effect of miR-378 overexpression on ox-LDL-induced apoptosis of human brain 
microvascular endothelial cells (x±s, n=9).

Group miR-378 MDA
(nmol/mg prot)

SOD
(U/mg prot)

CAT
(U/mg prot)

apoptosis 
rate (%)

Bcl-2 
protein

Bax 
protein

ox-LDL+DP+anti-
miR-NC 1.00±0.07 4.30±0.42 25.14±2.15 5.04±0.47 10.60±1.03 0.60±0.04 0.18±0.02

ox-LDL+DP+anti-
miR-378 0.54±0.05* 9.62±0.74* 13.67±1.45* 0.94±0.07* 27.42±2.03* 0.30±0.02* 0.46±0.04*

t 16.042 18.757 12.124 66.903 20.125 20.125 18.783
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with the ox-LDL+DP+anti-miR-NC group, *P<0.05.

Table 6. Inhibition of miR-378 expression reversed the effect of Dendrobium polysaccharides on ox-LDL-induced injury to human brain 
microvascular endothelial cells (x±s, n=9).
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charide-induced gastric mucosal epithelial GES-1 cell 
injury (11). Dendrobium polysaccharide has a certain 
protective effect against hypoxia/reoxygenation injury 
of H9c2 cells, whose possible mechanism is to increase 
cell activity, enhance anti-oxidative injury capacity, 
and inhibit apoptosis (12). Dendrobium polysaccha-
rides reduce malonaldehyde (MDA) levels, increase 
superoxide dismutase (SOD) activity, inhibit the pro-
duction of reactive oxygen species (ROS) in cells; and 
also inhibit apoptosis of H9c2 cells (13-14). The above 
research indicates that Dendrobium polysaccharides 
have strong antioxidant and anti-apoptotic effects. In 
this experiment, to study the effect of Dendrobium poly-
saccharides on human brain microvascular endothelial 
cell injury, human brain microvascular endothelial cells 
were treated with different concentrations of Dendro-
bium polysaccharides. The result showed that ox-LDL-
induced human brain microvascular endothelial cells 
had decreased MDA levels, increased SOD and catalase 
(CAT) activities, decreased apoptosis rate, increased 
Bcl-2 expression level and decreased Bax expression 
level in a dose-dependent manner. MDA is the final 
oxidation product of lipid peroxidation, which can indi-
rectly reflect the degree of cell injury; SOD and CAT are 
antioxidant enzymes that scavenge oxygen free radicals 
in cells. Hence, this result indicates that Dendrobium 
polysaccharides can inhibit oxidative stress and apopto-
sis of human brain microvascular endothelial cells in a 
dose-dependent manner.

In fact, the blood-brain barrier is a type of support 
cell that feeds the neurons. And in fact, capillaries are 
normal, and first, the material enters the neuroglia cell, 
and then the neuron receives the nutrients it needs, of 
course, from its backup cell. Blood-Brain Barrier is a 
strong, interconnected covering of blood vessels in the 
brain that is responsible for preventing large molecules 
from entering the brain. This insulation does not allow 
drugs to enter the brain, just as it protects the brain 
against germs. One of the main problems for doctors 
and scientists in the treatment of brain diseases is the 
blood supply to the brain. Because the blood-brain bar-
rier is a very strong protector against common bacterial 
infections, the spread of infection in the brain is very 
rare. However, since antibiotics and antibiotics cannot 
cross the blood-brain barrier, brain damage It is often 
very serious and difficult to treat. However, the blood-
brain barrier becomes somewhat permeable during 
brain inflammation, and some antibiotics can enter the 
brain. There are only two types of bacteria that can cross 
the blood-brain barrier. One is spiral gram-negative bac-
teria (spirochetes), such as Borrelia, the cause of Lyme 
disease, and the other is the bacterium Treponema palli-
dum, which causes syphilis, which may enter the brain 
by physically piercing the capillary wall in the brain (1-
5).

Studies have reported that propofol-induced miR-
378 expression inhibits cell apoptosis and thus plays 
a protective role against liver ischemia-reperfusion 
injury (15). miR-378 prevents intestinal ischemia/re-
perfusion injury by inhibiting intestinal mucosal cell 
apoptosis (16). Inhibition of lncRNA NEAT1 alleviates 
hypoxia-induced cardiomyocyte injury by targeting 
miR-378a-3p (17). miR-378 alleviates ischemic injury 
by negatively regulating apoptosis-executing molecule 

caspase-3, and provides a potential therapeutic target 
for ischemic stroke (18). The results of this experiment 
suggest that ox-LDL-induced human brain microvascu-
lar endothelial cells have decreased miR-378 expression 
level, and overexpression of miR-378 can inhibit ox-
LDL-induced oxidative stress and apoptosis in human 
brain microvascular endothelial cells. This shows that 
miR-378 also has a protective effect against injury of 
human brain microvascular endothelial cells as in other 
cell injuries. Moreover, this experiment also found that 
ox-LDL- induced human brain microvascular endothe-
lial cells have increased miR-378 expression level after 
treatment with Dendrobium polysaccharides; while 
inhibition of miR-378 expression reverses the effect of 
Dendrobium polysaccharides on ox-LDL-induced hu-
man brain microvascular endothelial cell injury.

Gene expression is the process by which information 
is used within a gene to produce a functional product. 
The products of the genes are mainly amino acids, and 
non-amino acid products include rRNA, tRNA, and sn-
RNA. The process of gene expression is performed by 
all eukaryotes and prokaryotes (bacteria, etc.). Various 
steps can be considered for the gene expression process, 
which generally involves transcription, RNA binding, 
translation, and post-translational changes of a protein 
(19-24). 

Gene-to-cell regulation makes it possible to control 
its structure and function, and this is the basis for cellu-
lar differences (differentiation), evolution, and the abi-
lity of organisms to adapt to new conditions (25-28). 
Derived cells The differences and distinctions between 
cells are the results of the expression or non-expres-
sion of parts of the gene. Gene regulation can still be 
considered as one of the sub-layers of evolution because 
controlling the timing, location, and amount of genes 
can have important effects on the performance of genes 
within a cell or the whole of the organelle organism 
(26-30). In genetics, gene expression is one of the most 
important fundamental issues that help a genotype to 
appear as a phenotype. In fact, the genetic code stored 
in the DNA strands is interpreted by gene expression, 
and the characteristics and expression of the gene will 
cause a phenotype in the organism (31-35).

In this research, we investigated the effects of den-
drobium polysaccharides on human brain microvascu-
lar endothelial cell injury induced by ox-LDL via regu-
lating the miR-378 expression. To sum up, Dendrobium 
polysaccharide may inhibit ox-LDL-induced oxidative 
stress and apoptosis in human brain microvascular en-
dothelial cells by up-regulating miR-378 expression.
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