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ARTICLE INFO ABSTRACT

Keywords: Background: Pressure ulcers are a kind of troublesome disease which caused by long-term pressure and subse-
Pressure ulcers quently lead to tissue festering necrosis because of sustained ischemia, hypoxia and malnutrition. In our study,
Hypoxia we used hypoxia to stimulate human umbilical vein endothelial cells (HUVECs) to mimic pressure ulcers and
Eigl;lslt:;ine investigated the effects of Ligustrazine (Lig) with multi-activities on HUVECs.

Methods: HUVECs were treated by hypoxia to induce cell injury. HUVECs were administrated with Lig and/or
transfected with miR-135b inhibitor or negative control. Cell viability and cell apoptosis were detected by Cell
Counting kit-8 assay and flow cytometry, respectively. The protein expression of Cyclin D1 and p53, the
apoptosis-related proteins (Bcl-2, Bax, pro-/Cleaved-Caspas-3), and the JNK/SAPK and PI3K/AKT/mTOR
pathways related proteins was examined by western blot.

Results: Hypoxia-induced injury presented by decreasing cell viability and increasing cell apoptosis. Then Lig
administration enhanced cell viability and inhibited cell apoptosis. Importantly, miR-135b was upregulated by
the treatment of Lig. Further studies revealed that transfection with miR-135b inhibitor led to the opposite result
with decreasing cell viability and increasing cell apoptosis. In addition, Lig increased the phosphorylation of
JNK, SAPK, PI3K, AKT and mTOR.

Conclusion: Lig promoted hypoxia-treated HUVECs cell growth as evidenced by increasing cell viability and
reducing cell apoptosis. This process might be modulated by upregulation of miR-135b and subsequent acti-

JNK/SAPK, PI3K/AKT/mTOR

vation of JNK/SAPK and PI3K/AKT/mTOR pathways.

1. Introduction

Pressure ulcers, also known as pressure sores, are due to long-term
pressure on local tissues, which cause tissue festering necrosis because
of sustained ischemia, hypoxia, malnutrition (McInnes et al., 2015).
Pressure ulcers are a kind of common issue for people with limited
mobility, nerve damage, especially for seniors (Allman, 1997; Moore
and Cowman, 2014). Recent years, pressure ulcers are frequently oc-
curred with the increasing population of the elders. Therefore, different
strategies and approaches have been used for preventing and de-
creasing the incident of pressure ulcers, or increasing cure rate (Niu
et al.,, 2016). For disease prevention, pressure ulcer risk assessment
tools are used for diagnosis and identify the possibility for developing
pressure ulcers (Moore and Cowman, 2014). For disease treatment,
surgical treatment and nonsurgical treatment are the two important
methods (Niu et al., 2016). However, till now, the outcome for pressure

ulcers patients are not optimistic. New therapies or medicine are ur-
gently needed for the treatment of pressure ulcers.

Ligustrazine (Lig, Fig. 1) is an important ingredient extracted from
traditional herb Chuanxiong (Chen et al., 2015). Currently, over-
whelming evidence revealed protective effects in various different dis-
eases. For instance, Lig could ease renal dysfunction in murine (Feng
et al., 2004); Lig alleviated burned induced liver injury in rats (Zheng
et al., 2006). Importantly, Lig has been reported to be closely associated
with pressure ulcers. Study from Niu et al. elucidated that Lig admin-
istration added with holistic nursing could be applied as a novel com-
bination therapy for the treatment of pressure ulcers (Niu et al., 2016).
However, the underlying mechanisms are still not well studied. This
crucial information motivated us to explore deeper relationship be-
tween Lig and pressure ulcers.

The aberrant expression of microRNAs (miRNAs) was closely re-
lated with incidence or management of diseases, such as acute
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Fig. 1. The molecular formula of Ligustrazine.

myocardial infarction (Dong et al., 2009), liver injury (Meng et al.,
2012), and pressure ulcers (Ji et al., 2017). Importantly, among these
experimentally validated miRNAs, miR-135b was an interesting miRNA
which revealed strongly response to hypoxia stimulation (Umezu et al.,
2014; Zhang et al., 2013). Meanwhile, previous data suggested that
tissue hypoxia was a main reason for the cause of pressure ulcers
(Haleem et al., 2008). Therefore, we intend to elucidate whether miR-
135b was involved in reducing hypoxia-induced response and the un-
derlying mechanisms.

In our study, we used hypoxia to induce human umbilical vein en-
dothelial cells (HUVECs) injury to establish an in vitro model of pressure
ulcers. Our experiments were design to investigate the effects of Lig on
hypoxia-induced injury and to identify the function of miR-135b in the
biological process. We also detected the expression of cell cycle-related
factors, such as CyclinD1. Because Cyclin D1 is a nuclear protein re-
quired for cell cycle progression in G1 (Baldin et al., 1993). Hope our
study might provide a basement for the treatment of pressure ulcers in
the future.

2. Material and methods
2.1. Cell model establish

HUVECs were purchased from Procell life science and technology
Co., Ltd. (Cat. No.: CL-0122, Wuhan, China). The culture medium for
HUVECs was Ham's F-12K medium (Thermo fisher scientific, Rockford,
IL, USA), 100 pg/ml Heparin (Sigma #H3149), 50 ug/ml ECGs (BD
#354006) plus 10% FBS (Gibco #10099141) according to the HUVECs
cell culture instructions. Of note, HUVECs were enacted hypoxia
treatment by cultured at 37 °C with 3% O, and 5% CO, while the
normoxia culture was set at 21% O,, meanwhile make sure that all the
other conditions were same. The culture medium was renewed every 3
to 4 days.

2.2. Cell treatment

Lig was purchased from National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China). In our ex-
periment, we dissolved Lig in dimethylsulfoxide (DMSO) and then
pretreated cells were maintained in condition with or without Lig for
24 h.

2.3. Cell viability assay

Cell Counting Kit-8 (CCK-8, Yeasen, Shanghai, China) was used to
examine cell viability. Firstly, HUVECs were seeded in 96-well plate at
the density of 2 x 10° cells/well. Cells were maintained at 37 °C in
humidified air with 5% CO,. Secondly, added 10 pl CCK-8 solution and
cells were incubated for 1h. After incubation, absorption values for
detecting cell viability were read at 450 nm using a Microplate Reader
(Bio-Rad, Hercules, CA).

2.4. Apoptosis assay

Propidium iodide (PI) and fluorescein isothiocyanate (FITC)-con-
jugated Annexin V staining (Yeasen, Shanghai, China) was used for
determining cell apoptosis. In brief, the cells at the density of 100,000
cells/well were seeded in 6 well-plate. Treated cells were washed twice
with precooling phosphate buffer saline (PBS) and centrifuged to
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resuspend in binding buffer. Then added 5 pl Annexin V-FITC, mixed
gently and put in the dark and incubated for 15 min. In addition, added
5 ul PI to the sample. The apoptotic cells rate was measured with flow
cytometer (Beckman Coulter, USA) according to the manufacture's in-
struction.

2.5. Cell transfection

miR-135b inhibitor and its negative control (NC, GenePharma Co.,
Shanghai, China) were transfected into HUVECs. Pre-treated cells at the
density of 2 x 10° cells/well were seeded and incubated until the cells
arrived at 70-80% confluence, they were transfected with miR-135b
inhibitor and NC using Lipofectamine 2000 reagent (Invitrogen).

2.6. Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was obtained from HUVECs using Trizol reagent
(Invitrogen, Carlsbad, CA, USA). The Tagman MicroRNA Reverse
Transcription Kit (Cat. No: 4366596, Thermo Fisher Scientific,
Rockford, IL, USA) was used for converting miRNA to cDNA. The
Tagman Universal Master Mix II (Cat. No: 4440040, Thermo Fisher
Scientific) used for cDNA be generated in a reverse transcription reac-
tion. These two cooperate with TagMan MicroRNA Assay (Cat. No.
4427975, Assay ID: 002261, Thermo Fisher Scientific) were used for
determining the miR-135b and U6 expression in HUVECs. U6 (Cat. NO.
4427975, Assay ID: 001973, Thermo Fisher Scientific) was the internal
control for miR-135b.

2.7. Western blot

Western blot was used in our study to detect all the proteins ex-
pression. Protein was obtained from HUVECs using RIPA lysis buffer
(Cat. No:R0010, Solarbio, Beijing, China) supplemented with protease
inhibitors (Thermo Fisher Scientific). The BCA™ Protein Assay Kit
(Pierce, Appleton, WI, USA) was used for determining proteins con-
centration. The western blot system was established using a Bio-Rad
Bis-Tris Gel system following the manufacturer's instructions. Primary
antibodies against the following: Cyclin D1 (ab134175), p53
(ab131442), B-actin (ab8227), Bcl-2 (ab32124), Bax (ab32503), pro-
Caspase-3 (ab32499), cleaved-Caspase-3 (ab32042), all from Abcam
(Cambridge, UK), stress-activated kinase/c-Jun N-terminal kinase
(JNK/SAPK) (9252), phospho-SAPK/JNK (4668), phosphatidylinositol
3’-kinase (PI3K) (4249), Phospho-PI3K (13857), protein kinase B (AKT)
(4685), phospho-AKT (4060), mammalian target of rapamycin (mTOR)
(2983), phospho-mTOR (2971), all from Cell Signaling Technology
(Beverly, MA, USA). Primary antibodies were prepared in 5% blocking
buffer and diluted according to the product instruction. These primary
antibodies were incubated in membrane and maintained at 4 °C over-
night at recommended concentration. Then for second antibody in-
cubation, incubate with horseradish peroxidase (HRP) conjugated
second antibody. Detection was performed by capturing the signals and
analyzing the intensity of the bands was quantified using Image Lab™
Software (Bio-Rad, Shanghai, China).

2.8. Statistical analysis

—+

All data presented in our experiment showed as the mean
standard deviation (SD) which based on at least three times experi-
ments. Statistical analyses were performed using Graphpad 6.0 statis-
tical software (GraphPad, San Diego, CA, USA). The P-values for Fig. 4A
were calculated using student's t-test, while P values for all the rest
figures were detected using a one-way analysis of variance (ANOVA). *
(P < 0.05), ** (P < 0.01), and *** (P < 0.001) all considered to be
statistically difference.
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Fig. 2. Ligustrazine (Lig) alleviated hypoxia-induced human umbilical vein endothelial cells (HUVECs) injury. (A-B) Cell viability was detected by Cell Counting kit-8
with or without Lig administration in hypoxia treated HUVECs. (C-D) The protein expression of Cyclin D1 and p53 was analyses by western blot. (E) Cell apoptosis
was examined by flow cytometry. (F-G) The expression of apoptosis-related proteins Bcl-2, Bax, pro-/Cleaved-Caspas-3 were detected by western blot. All data
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standard deviation (SD). P value was detected by a one-way analysis of variance (ANOVA). Asterisk * (P < 0.05), ** (P < 0.01) and ***
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3. Results
3.1. Lig alleviated hypoxia-induced HUVECs cell injury

HUVECs cells were exposed under hypoxia conditions in various
time span (0, 3, 6 and 12h), cell viability was detected. As shown in
Fig. 2A, cell viability was significantly decreased with the increasing
treatment time (3h, P < 0.05;6h, P < 0.01;and 12h, P < 0.001) as
compared to the normoxia control. Hypoxia treatment time 6h was
chosen as the treatment time in the following experiments due to it was
the half reducing time. Then we found that, for the hypoxia treated
HUVEGs cells, Lig supplement could statistically increase cell viability
in a dose-dependent manner (50uM, P < 0.05; 100 and 200 uM,
P < 0.01). 100uM was chosen in the subsequence experiments.
Compared with control, hypoxia treatment significantly decreased the
expression of Cyclin D1 (P < 0.05) and increased the expression of p53
(P < 0.001) while administration with Lig reversed the trend by up-
regulation of Cyclin D1 and downregulation of p53 (both P < 0.05,
Fig. 2C-D). In the other hand, the percentage of apoptotic cells was
dramatically increased by hypoxia treatment (P < 0.001) while de-
creased by after Lig administrated (P < 0.01, Fig. 2E). Simultaneously,
the relative expression of apoptosis-related proteins was validated the
results of apoptosis. As shown in Fig. 2F-G, anti-apoptotic protein Bcl-2
was downregulated (P < 0.05) while pro-apoptotic protein Bax
(P < 0.01), and the ratio of cleaved-Caspase-3/pro-Caspase-3 were
significantly increased (P < .001). On the other hand, the group with
Lig led to the opposite results. Above all, Lig alleviated hypoxia-induced
HUVEGCs cell injury.

3.2. Lig upregulated the expression of miR-135b

miR-135b was related with various cancers, such as myeloma
(Umezu et al., 2014) and colorectal cancer (Xu et al., 2012). Im-
portantly, miR-135b was reported to play vital roles in inflammation
(Halappanavar et al., 2013), and miR-135b was also found to be in-
volved in modulating hypoxia-treated HUVECs injury (Yang et al.,
2018). In our study, we found that the expression of miR-135b was
downregulated by hypoxia (P < 0.05) and upregulated by the ad-
ministration with Lig (P < 0.01, Fig. 3). This result suggested that
miR-135b might be involved in the protective effects of Lig on hypoxia-
induced injury.

3.3. Lig alleviated hypoxia-induced HUVECs injury by upregulation of miR-
135b

To validate the functions of miR-135b in HUVECs, miR-135b

*%

2.5+
2.0+
1.54
1.0+

0.5+

0.0-

Relative miR-135b expression /U6

Control Hypoxia Hypoxia+Lig

Fig. 3. Ligustrazine (Lig) upregulated the expression of miR-135b in hypoxia-
treated human umbilical vein endothelial cells (HUVECs). The expression of
miR-135b was detected by qRT-PCR. All data represented as mean = standard
deviation (SD). P value was detected by a one-way analysis of variance
(ANOVA). Asterisk * (P < 0.05) and ** (P < 0.01) were considered as sig-
nificant results.
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inhibitor and NC were transfected. As shown in Fig. 4A, downregulation
of miR-135b by transfection with miR-135b inhibitor (P < 0.01) in-
dicated high transfection efficiency. Further studies revealed that miR-
135D silence significantly decreased cell viability (P < 0.05, Fig. 4B)
and increased cell apoptosis (P < 0.05, Fig. 4E) as compared to the
group transfection with NC. Meanwhile, we found that the expression of
Cyclin D1 and p53 (Fig. 4C-D), and the apoptosis-related proteins Bcl-2,
Bax and cleaved-Caspase-3 (Fig. 4F-G) were revealed the opposite re-
sults as compared with NC, which validated the results about the effects
of miR-135b inhibitor on cell viability and cell apoptosis. Taken to-
gether, these results suggested that the protective effects of Lig on hy-
poxia-induced injury were through upregulation of miR-135b.

3.4. Lig activated JNK/SAPK and PI3K/AKT/mTOR signal pathways
through upregulation of miR-135b

JNK/SAPK and PI3K/AKT/mTOR signal pathways are closely re-
lated with pressure ulcer (Niu et al., 2016). In our study, we found that
hypoxia treatment downregulated the phosphorylation of JNK, SAPK,
PI3K, AKT, (all P < 0.05, Fig. 5A-B) and mTOR (P < 0.01, Fig. 5B)
while supplementary of Lig led to the opposite results with significantly
upregulated the phosphorylation of JNK, SAPK, PI3K, AKT and mTOR
(P < 0.01 or P < 0.001, Fig. 5A-B). On the other hand, the upregu-
lation trend induced by Lig was blocked by miR-135b silence
(Fig. 5A-B). In a word, Lig activated JNK/SAPK and PI3K/AKT/mTOR
signal pathways through upregulation of miR-135b.

4. Discussion

In our study, we investigated the effects of Lig on hypoxia-induced
HUVECs injury. Results showed that Lig significantly increased cell
viability and decreased cell apoptosis in hypoxia-stimulated HUVECs.
Further studies demonstrated that Lig upregulated the expression of
miR-135b which was dramatically downregulated by hypoxia.
Subsequently, transfection with miR-135b inhibitor made the protec-
tive effects of Lig on hypoxia-induced injury disappeared in HUVECs,
which indicated that effects of Lig on alleviating hypoxia-induced cell
injury was through upregulation of miR-135b. Importantly, we also
found that the protective effects of Lig might be through activation of
JNK/SAPK and PI3K/AKT/mTOR signal pathways.

Pressure ulcers with low outcome and increasing ulcer-related
death, bring sustainable burden both in physically and financially as-
pect to patients and their families (Bauer et al., 2016). Furthermore, for
pressure ulcers, applied pressure also causes tissue distortion, resulting
in shear stresses near the bony prominence (Dealey et al., 2015). An
inflammatory response after pressure ulcers was also observed and it
can further led to tissue damage and skin breakdown, and decreased
functional outcomes (Krishnan et al., 2016). Therefore, the diagnosis,
prevention and treatment for pressure ulcers are urgently needed. In
our study, we used hypoxia to stimulate HUVECs to mimic hypoxia-
induced pressure ulcers. Then the effects of Lig on hypoxia-induced
injury were investigated. Lig is an important ingredient which possesses
many diverse properties. Overwhelming evidence suggested that Lig
revealed protective effects in cell injuries induced by various kinds of
stimulants. For instance, Lig alleviated alcohol-induced liver injury via
decreasing oxidative stress (Lu et al., 2015); Lig protected rat liver from
acute econazole-induced injury (Liu et al., 2002); Lig revealed ob-
viously protective effects in pulmonary tissues against scald-induced
injury (Gao et al., 2012); Lig protected against tumor necrosis factor o
(TNF-a)-induced endothelial dysfunction (Wu et al., 2012). Interest-
ingly, in the current study, Lig administration increased cell viability
and inhibited cell apoptosis in HUVECs, which indicated that Lig alle-
viated hypoxia-induced injury. The result of this study was similar to
those previous studies, such as Lig alleviated hypoxia-induced vascular
endothelial cell injury (Lin et al., 2004).

Cyclin D1 and p53 belong to cell cycle-related modulators (Conesa-
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standard deviation (SD). P-values for Fig. 4A were calculated using student's t-test, while P values for all the rest figures were detected using a one-way analysis of
variance (ANOVA). Asterisk * (P < 0.05), ** (P < 0.01) and *** (P < 0.001) were all considered as significant results.

Zamora et al., 2009). Cyclin D1 plays a vital role in developing of cell
cycle progression in the stage of G1 (Sherr and Roberts, 1995) while
p53 is responsible for cell cycle arrest (Bilancio et al., 2017). Im-
portantly, p53 was also reported to be involved in cell apoptosis
(Speidel, 2010), and apoptosis induced by p53 could be treated an ef-
fective approach for cancer suppression (Lebedeva et al., 2003). In our
study, Cyclin D1 was significantly upregulated while p53 was down-
regulated by the treatment of Lig in hypoxia-stimulated cells. This re-
sult provided evidence in Lig increased cell viability and decreased cell
apoptosis.

In addition, Bcl-2 is closely correlated with mitochondria, which
exerts crucial functions in cell apoptosis (Zhang et al., 2015). Bcl-2 is an
anti-apoptotic protein and Bax and cleaved-Caspase-3 are pro-apoptotic
proteins (Il'in et al., 2016; Yang et al., 2011). The upregulation of Bcl-2,
and downregulation of Bax and cleaved-Caspase-3 by the treatment of
Lig validated the conclusion that Lig inhibited cell apoptosis. Previous
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study from Zhao et al. proved that Lig reduced OGD-induced PC12 cell
apoptosis through decreasing the expression of Bax and cleaved-Cas-
pase-3 and the ratio of Bax/Bcl-2 (Zhao et al., 2018), which revealed
similar results compared to our study.

Further experiments were performed to explore the underlying
mechanisms of Lig's protective effects on hypoxia-induced HUVECs
injury. A wide range of previous literatures suggested that diversity of
miRNAs were dysregulated by the stimulation of hypoxia (Du et al.,
2012; Ghosh et al., 2010). Meanwhile, miR-135b was reported to be
highly regulated (Jia et al., 2017) and acted as a tumor promoter
(Zhang et al., 2013). On the other hand, miR-135b was found to be
downregulated in response to hypoxia-induced vascular endothelial
injury (Yang et al., 2018). In our study, we found that Lig dramatically
increased the expression of miR-135b in hypoxia-treated HUVECs.

A serious of studies was conducted to elucidate the functions of miR-
135b in hypoxia-induced injury. Results showed that transfection with
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miR-135b inhibitor (miR-135b silence) blocked the protective effects of
Lig presented by decreasing cell viability and increasing cell apoptosis.
These results were consistent with the previous studies that miR-135b
silence enhanced hypoxia-induced vascular endothelial cell injury
(Yang et al., 2018).

PI3K/AKT/mTOR are involved in pressure sores (Niu et al., 2016)
and hypoxia stimulant was reported to activate JNK/SAPK signal
pathway (Kunz and Ibrahim, 2003). JNK/SAPK and PI3K/AKT/mTOR
play important roles in cell proliferation, growth and metastasis (Heras-
Sandoval et al., 2014; Zhang et al., 2016). Also, previous evidence
proved that various medicines revealed their protective effects through
activation of JNK/SAPK and PI3K/AKT/mTOR signal pathway (Gong
et al., 2004; Zhang et al., 2014). Similar results were showed in our
results that Lig activated JNK/SAPK and PI3K/AKT/mTOR signal
pathways through upregulation of miR-135b.

5. Conclusions

In conclusion, our study investigated the effects of Lig on hypoxia-
induced cell injury, and we found that Lig could alleviate hypoxia-in-
duced HUVECs injury through upregulation of miR-135b and activation
of JNK/SAPK and PI3K/AKT/mTOR signal pathways. These findings
presented here, of potential beneficial impact of Lig on pressure ulcers
should be strengthened by additional preclinical and clinical studies in
vivo. Our study might provide a fundamental research for the treatment

of pressure ulcers in the future.
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