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Abstract— The side effects of doxorubicin (Dox) may influence the long-term survival of 
patients with malignancies. Therefore, it is necessary to clarify the mechanisms generat-
ing these side effects induced by Dox and identify effective therapeutic strategies. Here, 
we found that interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-
alpha (TNF-α) levels were significantly increased in vascular tissues of Dox-treated mice 
and Dox-treated vascular smooth muscle cells (VSMCs). Furthermore, we revealed that 
Dox downregulated the phosphatase and tension homology deleted on chromosome 10 
(PTEN) level while upregulated p-AKT and p65 level in VSMCs in vitro. Overexpression 
of PTEN in VSMCs partly reversed Dox-induced inflammation. Importantly, we demon-
strated that Morin could inhibit Dox-induced inflammation by facilitating an increase of 
PTEN, thus inhibiting the activation of protein kinase B (AKT)/nuclear factor kappa B 
(NF-κB)/pathway. Additionally, we showed that Morin could reduce the miR-188-5p level, 
which was increased in Dox-treated VSMCs. Inhibition of miR-188-5p suppressed Dox-
induced vascular inflammation in vitro. In conclusion, Morin reduced the Dox-induced 
vascular inflammatory by moderating the miR-188-5p/PTEN/AKT/NF-κB pathway, indi-
cating that Morin might be a therapeutic agent for overcoming the Dox-induced vascular 
inflammation.
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INTRODUCTION

Worldwide, cancer by far is the fatal disease with 
the second highest mortality rate which leads to 606,520 
deaths in 2020 in the USA [1]. Despite the development 
of novel diagnostic technologies, the emergence of tar-
geted drugs, and the recent advancements in radiother-
apy technology, chemotherapy remains the cornerstone 
of cancer treatment [2–5]. Pleasingly, in the last decade, 
approximately 50% patients with malignancies have been 
clinically cured and have a long-term survival due to 
chemotherapy [1]. However, part of survivors who have 
exposed to the chemotherapeutics may suffer from the 
long-term side effects, of chemotherapeutics which can 
adversely affect their quality of life [6–8]. Therefore, it 
is necessary to clarify the mechanisms generating these 
side effects and identify effective therapeutic strategies.

Doxorubicin (Dox) is an anthracycline antibiotic 
that has been used widespread in treatment of multifari-
ous malignancies, including solid tumors and hematologi-
cal neoplasms [9]. The most widely and popular research 
studies have focused on the Dox-induced cardiotoxicity 
[10, 11]. Nevertheless, the side effects of Dox are not 
merely restricted to cardiotoxicity, but also include hepa-
totoxic, nephrotoxicity, and vascular injury [12, 13]. Vas-
cular inflammation ultimately leads to the development 
of cardiovascular disorders by dysregulation of prolifera-
tion and apoptosis of VSMCs, vascular remodeling, and 
fibrosis. More importantly, vascular inflammation is also 
the pathophysiology basis of organ dysfunction [14–17]. 
Therefore, elucidating the molecular mechanism of vas-
cular inflammation induced by Dox and finding the thera-
peutic or prevention strategies are urgent requirements.

Morin (3,5,7,2’,4’-pentahydroxyflavone) is a fla-
vonoid which is separated from fruits and vegetables of 
the Moraceae family [18]. Extensive studies have con-
firmed that Morin has multiple pharmacological effects, 
such as anti-atherosclerosis, antidiabetic, anti-oxidative, 
anti-inflammatory, and anti-tumor activity by regulating 
the PTEN/AKT pathway [19–21]. Consistent with several 
other studies, our previous research has demonstrated that 
Morin has an anti-leukemia effect on leukemia cells by 
regulating miR-188-5p/PTEN/AKT pathway [22]. There-
fore, we hypothesized that whether Morin could decrease 
the Dox-induced vascular inflammation by moderating 
the activation of PTEN/AKT pathway.

In the present study, we revealed that Dox could 
induce the vascular inflammation in vivo and in vitro 
by regulating miR-188-5p/PTEN/AKT/NF-κB pathway. 

Crucially, we revealed that Morin inhibited inflammation 
which induced by Dox by suppressing miR-188-5p and 
subsequently upregulating PTEN expression.

MATERIAL AND METHODS

Animal Model
All animal studies were approved by the local Ani-

mal Care and Use Committee of Hebei Medical Univer-
sity. Six- to eight-week-old male C57BL/6 mice were 
housed in a climatically controlled environment, and 
all efforts were made to minimize suffering. In the Dox-
induced vascular inflammation models, male C57BL/6 
mice were randomly divided into two groups, namely the 
control group and the Dox group, and each group con-
tained eight mice. Mice were intraperitoneal injected with 
6 mg/kg DOX twice a week for 2 weeks while the con-
trol group was treated with an equivalent amount saline. 
In the Morin-reduced Dox-induced vascular inflamma-
tion mouse model, male C57BL/6 mice were randomly 
divided into three groups, namely the control group, Dox 
group, and Morin combination with Dox group, and each 
group contained eight mice. In the Dox group or Morin 
combination with Dox group, mice were intraperitoneally 
injected with 6 mg/kg DOX twice a week for 2 weeks 
while the control group was treated with an equivalent 
amount saline. In Morin combination with Dox group, the 
mice were intraperitoneal injected with 25 mg/kg Morin 
five times per week for 2 weeks. Fourteen days later, all 
animals were anesthetized, and the abdominal aorta was 
taken. The vascular tissues were fixed in paraformalde-
hyde or stored at −80 °C for the future experiments.

Immunohistochemistry

Immunohistochemistry was carried out as previ-
ously described [23]. The antibodies were used  as fol-
lows: anti-IL-1β (1:100, Proteintech, 16,806–1-AP), anti-
IL-6 (1:100, Proteintech, 21,865–1-AP), and anti-TNF-α 
(1:100, Proteintech, 6029–1-Ig). Images were acquired 
using a Leica microscope (Leica DM6000B).

Immunofluorescence

The fixed smears of vascular tissues or VSMCs were 
permeabilized by incubation with 0.1% Triton X-100 in  
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PBS for 30 min. After blocking by incubation with 10%  
normal goat serum (710,027, KPL, USA) for 1 h, the  
smears were incubated for 2 h at 37℃ with the following 
antibodies: anti-IL-1β (1:100, Proteintech, 16,806–1-AP), 
anti-IL-6 (1:100, Proteintech, 21,865–1-AP), and anti-
TNF-α (1:100, Proteintech, 6029–1-Ig). The smears were 
washed with 0.1% Triton X-100 in PBS for three times and 
stained with secondary antibodies which were fluorescein- 
labeled (1:50, KPL, 021,516) and 4′,6-diamidino- 
2-phenylindole (DAPI). Images were captured by confocal 
microscopy (DM6000 CFS, Leica Microsystems).

Enzyme‑Linked Immunosorbent Assay (ELISA)

ELISA was performed in accordance with manufac- 
turer’s instructions. Using a commercial ELISA kit (Pro- 
teintech, KE10002, KE10003, KE10007) to test the concen- 
trations of IL-1β, IL-6, and TNF-α which obtained from 
mouse serum. The absorbance at 450 nm was detected 
with a Multiskan Ascent (SPECTRAFluor Plus, Tecan).

Cell Culture and Transfection

Mice VSMCs were cultured in low-glucose Dulbec-
co’s modified Eagle’s medium (DMEM, Gibco Life Tech-
nologies, Rockville, MD) and 10% fetal bovine serum 
(GEMINI, USA) in the incubator at 37 °C with 5% CO2.

Cells were transfected with Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s protocols. 
The miR-188-5p inhibitor, si-PTEN, and PTEN overex-
pression  plasmid were selected as previously [22].

Isolation of RNA and Reverse 
Transcription‑Quantitative Polymerase Chain 
Reaction (RT‑qPCR)

Total RNA was extracted from the tissues or cultured 
cells by using QIAzol Lysis Reagent (79,306) according to  
the manufacturer’s protocol. Then, 2 µg RNA was used to  
reverse transcription reaction by using M-MLV First-Strand  
Kit (Life Technologies) for mRNA and the miScripIIRT 
kit (QIAGEN GmbH) for microRNA. Platinum SYBR 
Green qPCR SuperMix UDG Kit (Invitrogen) and miScript 
SYBR Green PCR kit were used qRT-PCR for mRNA and 
microRNA respectively according to the manufacturer’s 
instructions. As an internal control, β-actin and U6 were 
used for the internal control of mRNA and microRNA, 
respectively. Relative transcripts were calculated using the 
2−ΔΔCt method.

Western Blot

Proteins from vascular tissue and cultured VSMCs 
were lysed by protein lysis buffer. Proteins were run  
on 8–10% SDS-PAGE to separation and then electro- 
transferred to PVDF membranes (Millipore). The  
membranes were blocked with 5% milk in TTBS for 2 h  
at room temperature and incubated overnight at 4 °C using 
the primary following antibodies: anti-IL-1β (1:1000,  
Proteintech, 16,806–1-AP), anti-IL-6 (1:1000, Proteintech, 
21,865–1-AP), anti-TNF-α (1:1000, Proteintech, 6029–1-
Ig), anti-PTEN (1:1000, Abcam, ab32199), anti-pan-AKT 
(1:1000, Abcam, ab8805), anti-pan-AKT (phospho T308; 
1:1000, Abcam, ab38449), and 1:1000 anti-β-actin (1:2000, 
Santa, sc-47778). In the next day, after washing in the TTBS 
for three times, membranes were incubated with a 1:5000 
dilution of anti-rabbit or anti-mouse antibody (Santa Cruz) 
for 1 h at room temperature. Protein bands were detected 
by enhanced chemiluminescence (ECL) Fuazon Fx (Vilber 
Lourmat).

Statistical Analysis

The Student t test was performed to analyze the 
significant differences between two groups. P < 0.05 was 
considered the statistically significant.

RESULTS

Dox Induces Inflammation of Vascular Tissues 
In Vivo

To determine the side effect of Dox in vascular tis-
sues, we first established the Dox-induced inflammation 
model in vivo and then detected the key inflammatory 
cytokines, interleukin-6 (IL-6), interleukin-1β (IL-1β), 
and tumor necrosis factor-alpha (TNF-α) level in vas-
cular tissues and mice serum. As shown in Fig. 1A, B, 
the immunohistochemical staining and immunofluores-
cence staining on mice vascular tissues showed that the 
expression levels of IL-1β, IL-6, and TNF-α were greatly 
increased in the Dox model group compared with the neg-
ative control group. Furthermore, we obtained the protein 
and mRNA from vascular tissues of mice. Western blot 
and qRT-PCR results also showed that the mRNA and 
protein levels of IL-1β, IL-6, and TNF-α were higher than 
those in negative control group (Fig. 1C, D). Moreover, 
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we detected the level of cytokines in the serum of mice. 
As shown in Fig. 1E, the levels of IL-1β, IL-6, and TNF-α 
in Dox-treated group were increased over twofold in the 
mice serum compared with the negative control group. 
Together, these results suggest that Dox induces vascular 
inflammation in vivo.

Dox Induces Inflammation of VSMCs In Vitro

To further explore the effect of Dox-induced inflam-
mation response on the VSMCs, we detected the IL-1β, 
IL-6, and TNFα expression in Dox-stimulated VSMCs. 
First, we stimulated VSMCs with 0.5 µM Dox for 24 h 
or 48 h. qRT-PCR and western blot results showed that 
stimulation of Dox markedly increased the mRNA and 

protein levels of IL-1β, IL-6, and TNF-α in VSMCs in 
a time-dependent manner compared with the negative 
control (Fig. 2A, B). There was a significant increase 
(approximately 2–threefold higher) in the levels of IL-1β, 
IL-6, and TNF-α in the Dox-treated-48 h group compared 
to the controls. Simultaneously, stimulation of Dox with 
0.5 or 1 µM for 48 h led to more than a twofold increase 
level of IL-1β, IL-6, and TNF-α compared with the neg-
ative control. Moreover, immunofluorescence staining 
showed that the fluorescence intensity of TNF-α (green), 
IL-1β (red), and IL-6 (red) was obviously enhanced fol-
lowing stimulation of Dox-with 1 µM for 48 h in VSMCs 
(Fig. 2E). These data demonstrate that Dox could induce 
inflammation in VSMCs in vitro in a time- and dose-
dependent manner.

Fig. 1   Dox induces inflammation of vascular tissues in vivo. A Immunohistochemical staining was used to measure the protein level of IL-1β, IL-6, 
and TNF-α in mice vascular tissues of Dox-treated group and control group. B Immunofluorescence staining was used to measure the protein level 
IL-1β (red), IL-6 (red), and TNF-α (green) in mice vascular tissues of Dox-treated group and control group. C Western blot was used to detect the 
protein levels of IL-1β, IL-6, and TNF-α in mice vascular tissues of Dox-treated group and control group. D qRT-PCR was used to detect the mRNA 
levels of IL-1β, IL-6, and TNF-α in Dox-treated group and control group. Normalized to β-actin. *P < 0.05, **P < 0.01 vs. control group. E ELISA 
assay was used to detect the cytokines levels of IL-1β, IL-6, and TNF-α in the mice serum. **P < 0.01, ***P < 0.001 vs. control group.
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Dox Induces Inflammation in VSMCs 
by Moderating the PTEN/AKT/NF‑κB Pathway

Previous studies have confirmed that the PTEN/
AKT/NF-KB pathway plays an essential role in inflam-
mation. Consequently, we then sought to know whether 
Dox could moderate the activation of PTEN/AKT/NF-KB 
in vitro. As shown in Fig. 3A, stimulation of Dox in 
VSMCs dramatically increased phosphorylated AKT 
(p-AKT) protein level compared with the control group, 
indicating that Dox could promote phosphorylation of 
AKT. Meanwhile, qRT-PCR and western blot analysis 
results showed that the stimulation of Dox to VSMCs 
upregulated the protein level of p65 while downregu-
lated the mRNA and protein levels of PTEN (Fig. 3B, 
C). Subsequently, to further identify the role of PTEN in 

Dox-induced inflammation in VSMCs, we performed res-
cued experiments. As shown in Fig. 3D, overexpression 
of PTEN in VSMCs led to a decrease of the expression 
levels of IL-1β, IL-6, and TNF-α. In contrast, overex-
pression of PTEN could partly reverse Dox-induced the 
increase in IL-1β, IL-6, and TNF-α in both protein and 
mRNA levels (Fig. 3D, E). Collectively, these findings 
suggest that the activation of the PTEN/AKT pathway 
plays an important role in Dox-induced inflammation in 
VSMCs.

Morin Attenuates Dox‑Induced Inflammation 
in VSMCs

Morin (3,5,7,20,40-pentahydroxyf lavone, 
C15H10O7) has the structure of one oxygen-containing 

Fig. 2   Dox induces inflammation of VSMCs in vitro. A VSMCs were treated with 0.5 µM Dox for 24 or 48 h. Western blot was used to detect 
the protein level of IL-1β, IL-6, and TNF-α. B Cells were treated as A; qRT-PCR was used to detect the protein levels of IL-1β, IL-6, and TNF-α. 
*P < 0.05, **P < 0.01 vs. negative control. C VSMCs were treated with the 0.5 or 1 µM Dox for 48 h; western blot was used to detect the protein 
levels of IL-1β, IL-6, and TNF-α. D Cells were treated as C; qRT-PCR was used to detect the mRNA levels of IL-1β, IL-6, and TNF-α. *P < 0.05, 
**P < 0.01, ***P < 0.001 vs. negative control. E VSMCs were treated with 1 µM Dox for 48 h. Immunofluorescence staining was used to measure 
the protein levels IL-1β (red), IL-6 (red), and TNF-α (green).
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heterocyclic ring connecting with two aromatic rings. 
Previous data showed that Morin could function as a 
potent anti-inflammatory agent by regulating several cell 
signaling pathways, especially the PTEN/AKT pathway. 
Therefore, we sought to investigate whether Morin could 
exert the anti-inflammatory effect on Dox-induced inflam-
mation of VSMCs. To do this, first we treated VSMCs 
with 1 µM Dox combination with 25 µM Morin at the 
same time for 48 h. Western blot and qRT-PCR results 
showed that Morin inhibited the levels of IL-1β, IL-6, 

and TNF-α which were largely upregulated by Dox 
stimulation alone (Fig. 4A, B). Specifically, Morin could 
decrease the mRNA levels of TNF-α by 61%, IL-1β by 
41%, and IL-6 by 53% in Dox-treated VSMCs. In addi-
tion, we detected the levels of p-AKT, p65, and PTEN 
by western blot and qRT-PCR. As shown in Fig. 4C, 
D, the protein levels of p-AKT and p65 were obviously 
downregulated in Morin combination treatment group 
compared with Dox stimulation alone. Correspondingly, 
PTEN expression both at the mRNA and protein levels 

Fig. 3   Dox induces inflammation in VSMCs by moderating the PTEN/AKT/NF-κB pathway. A VSMCs were treated with 1 µM Dox for 48 h. 
Western blot was used to detect the protein levels of AKT and p-AKT. B Cells were treated as A; western blot was used to detect the protein levels 
of p65 and PTEN. C Cells were treated as A; qRT-PCR was used to detect the mRNA level of PTEN. **P < 0.01 vs. negative control. D VSMCs 
were transfected with overexpression of PTEN plasmid or empty vector respectively and then treated with Dox or not. Western blot was used to 
detect the protein levels IL-1β, IL-6, and TNF-α. E Cells were treated as D. qRT-PCR was used to detect the protein levels of IL-1β, IL-6, and TNF-
α. *P < 0.05, **P < 0.01, ***P < 0.001, # P < 0.05, ##P < 0.01 vs. corresponding control.
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of VSMCs was increased after treatment with Morin, 
indicating that Morin could suppress the activation of 
AKT pathway by increasing PTEN expression. To further 
investigate the role of PTEN in Morin-reduced VSMC 
inflammation, we knocked down PTEN expression in 
VSMCs using si-RNA and then treated with Morin or not. 
Western blot and qRT-PCR results showed that knock-
down of PTEN induced the protein and mRNA levels of 
IL-1β, IL-6, and TNF-α consistent with the Dox effect, 
while Morin could partly reverse the induced effect by 

PTEN depletion in VSMCs (Fig. 4E, F). Based on the 
above data, Morin could decrease Dox-induced inflam-
mation by regulating the PTEN/AKT/NF-κB pathway in 
VSMCs.

miR‑188‑5p Mediates the Morin‑Reduced 
Inflammation in VSMCs

Our previous study has reported that miR-188-5p 
reduced PTEN expression by directly targeting its 

Fig. 4   Morin attenuates Dox-induced inflammation in VSMCs. A VSMCs were treated with 1 µM Dox alone or combination with 25 µM Morin 
for 48 h. Western blot was used to detect the protein levels of IL-1β, IL-6, and TNF-α. B Cells were treated as A. qRT-PCR was used to detect the 
mRNA levels of IL-1β, IL-6, and TNF-α. *P < 0.05, **P < 0.01 vs. Dox alone group. C Cells were treated as A; western blot was used to detect the 
protein levels of AKT, p-AKT, p65, and PTEN. D Cells were treated as A; qRT-PCR was used to detect the mRNA level of PTEN. ***P < 0.001 
vs. Dox alone group. E VSMCs were transfected with si-PTEN or si-control respectively and then treated with Morin or not. Western blot was used 
to detect the protein levels of IL-1β, IL-6, and TNF-α. F Cells were treated as E. qRT-PCR was used to detect the protein levels of IL-1β, IL-6, and 
TNF-α. *P < 0.05, **P < 0.01, ***P < 0.001, # P < 0.05 vs. corresponding control.
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3′-UTR. Morin was implicated in the regulation of the 
proliferation and apoptosis of chronic myelogenous 
leukemia (CML) cells by moderating the miR-188-5p/
PTEN axis. Therefore, we hypothesized that Morin 
could enhance the level of PTEN by suppressing the 
miR-188-5p expression in Dox-induced inflammation 
of VSMCs. To identify this hypothesis, we stimulated 
the VSMCs with Dox and performed the qRT-PCR to 
detect the miR-188-5p expression. As Fig. 5A shows, 
miR-188-5p level was obviously increased sixfold in 
the Dox stimulation group compared with the control 

group. Moreover, VSMCs treated with Morin and Dox 
combination downregulated miR-188-5p expression 
which was induced by Dox alone (Fig.  5B). Then, 
we performed rescued experiments to test the role of 
miR-188-5p in Dox-induced inflammation of VSMCs. 
As shown in Fig. 5C, D, knockdown of miR-188-5p 
in VSMCs treated with Dox could partly alleviate the 
increase levels of cytokines caused by Dox treated alone 
(Fig. 5C, D). Altogether, these results indicate that 
miR-188-5p participates in the Dox-induced inflam-
mation in VSMCs.

Fig. 5   miR-188-5p mediates the Morin-reduced inflammation in VSMCs. A VSMCs were treated with 1  µM Dox 48  h. qRT-PCR was used to 
detect miR-188-5p expression. Normalized to U6. ***P < 0.001 vs. negative control. B VSMCs were treated with 1 µM Dox alone or combination 
with 25 µM Morin for 48 h. qRT-PCR was used to detect miR-188-5p expression. ***P < 0.001, # P < 0.05 vs. corresponding control. C VSMCs 
were transfected with miR-188-5p inhibitor or inhibitor control respectively and then treated with Dox or not. Western blot was used to detect the 
protein levels of IL-1β, IL-6, and TNF-α. D Cells were treated as C; qRT-PCR was used to detect the mRNA levels of IL-1β, IL-6, and TNF-α. 
*P < 0.05, **P < 0.01, ***P < 0.001, # P < 0.05 vs. corresponding control.

2413



Yu et al.

Morin Suppresses the Dox‑Induced Vascular 
Inflammation In Vivo

To further confirm the above findings that Morin 
could suppress the Dox-induced inflammation in VSMCs, 
we performed in vivo experiments as follows. Mice were 
either treated with Dox respectively or co-treated with 
Dox and Morin together. First, we assessed the expression 
of inflammatory cytokine in vascular tissues. As shown 
in Fig. 6A, B, Morin effectively decreased the levels of 
IL-1β, IL-6, and TNF-α by more than 50% in both protein 

and mRNA levels, which were increased by Dox treat-
ment. Consistent with the above results, ELISA analysis 
showed that treatment with Morin could reduce the level 
of cytokines in serum compared with the Dox alone group 
(Fig. 6C). Subsequently, we detected whether the acti-
vation of the PTEN/AKT pathway was changed in the 
vascular tissues of Dox-induced inflammation model. As 
shown in Fig. 6E, the mRNA and protein levels of PTEN 
were both downregulated in the Dox alone group, while 
this inhibition effect was reversed in the co-treatment 
with Morin group. Furthermore, treatment with Morin 

Fig. 6   Morin suppresses the Dox-induced vascular inflammation in vivo. A Western blot was used to detect the protein levels of IL-1β, IL-6, and 
TNF-α in mice vascular tissues of Dox-treated group, Dox combination with Morin  group, and  control group. B ELISA assay was used to detect 
the cytokines levels of IL-1β, IL-6, and TNF-α in the mice serum of Dox-treated group, Dox combination with Morin group, and control group. 
**P < 0.01, ***P < 0.001, #P < 0.05, ##P < 0.01 vs. corresponding control. C qRT-PCR was used to detect the mRNA levels of IL-1β, IL-6, and 
TNF-α in mice vascular tissues of Dox-treated group, Dox combination with Morin group, and control group. **P < 0.01, ***P < 0.001, #P < 0.05, 
##P < 0.01 vs. corresponding control. D qRT-PCR was used to detect the mRNA levels of IL-1β, IL-6, and TNF-α in mice vascular tissues. 
*P < 0.05, ##P < 0.01 vs. corresponding control. E Western blot was used to detect the protein levels of IL-1β, IL-6, and TNF-α in mice vascular tis-
sues. F qRT-PCR was used to detect miR-188-5p expression in mice vascular tissues. **P < 0.01, #P < 0.05 vs. corresponding control.
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decreased the expression of p-AKT and p65 in the vas-
cular tissues compared with the Dox group (Fig. 6D). 
Importantly, qRT-PCR result showed that treatment with 
Dox induced a fourfold or greater upregulation of the 
miR-188-5p level, whereas the increased effect could be 
downregulated when co-treating with Morin (Fig. 6F). 
The above data strongly suggest that Morin could inhibit 
Dox-induced inflammation by regulating the miR-188-5p/
PTEN/AKT/NF-κB pathway in VSMCs.

DISCUSSION

In the present study, we revealed several key find-
ings as follows: (1) we identified that Dox could promote 
the inflammation in vascular tissues of the Dox-treated 
mouse model and in VSMCs. (2) Dox significantly down-
regulated the PTEN expression level and increased the 
AKT phosphorylation, thus regulating P65 level. (3) 
Morin, as an indirect activator of PTEN, increased PTEN 
level which in turn inhibited AKT pathway activation. (4) 
Morin plays an anti-inflammatory role in Dox-induced 
vascular inflammation by regulating miR-188-5p/PTEN/
AKT pathway.

Previous studies have confirmed that Morin is a 
potentially anti-infective agent that has a significant anti-
inflammatory effect in many infectious diseases. For 
example, treatment with Morin in LPS-induced mastitis 
and LPS-induced acute lung injury significant decreased 
the expression of inflammatory cytokines, including 
TNF-α, IL-1β, and IL-6. Moreover, the authors found that 
Morin could inhibit the activation of the NF-κB pathway 
in LPS-induced mastitis [24, 25]. Additionally, Morin 
could reduce the TNF-α and IL-6 levels by inhibiting the 
PI3K/AKT/NF-κB pathway atherosclerosis which consid-
ered a chronic inflammatory disease [26]. These findings 
were consistent with our results.

PI3K/AKT/NF-κB pathway is a crucial and quite 
complex pathway which is involved in physiological 
functions, including cell survival, proliferation, metab-
olism, apoptosis, and differentiation [27–29]. PI3K/
AKT activation serves an essential role in inflammatory 
responses [30, 31]. Additionally, activation of the PI3K/
AKT pathway is closely related with the NF-κB pathway. 
On the one hand, AKT phosphorylation could promote 
NF-κB activation by affecting IκB kinase activity as well 
as phosphorylation and nuclear translocation of p65. 
On the other hand, as an important transcription factor, 
activation of NF-κB could transcriptionally regulate the 

protein level of PI3K/AKT pathway, and thus contribute 
to its subsequent activity [32, 33]. In the present study, 
we revealed that Dox could accentuate the cytokine levels 
in serum. We speculated that the increase in proinflam-
matory factors was secreted by macrophages or other 
inflammatory cells. These proinflammatory factors, such 
as IL-1β, could activate AKT phosphorylation and NF-κB 
activation of VSMCs. Stimulated VSMCs secreted more 
cytokines, rendering the inflammation expanded and 
making a feedback loop. Our data validated that IL-1β, 
IL-6, and TNF-α were increased in VSMCs and vascular 
tissues after treated with the Dox in vitro and in vivo, 
respectively. Moreover, we found that  the phosphoryla-
tion of AKT and p65 were upregulated by Dox treatment 
mean that the activation of AKT/NF-κB pathway. More 
importantly, we also demonstrated that the PTEN i was 
inhibited by Dox treatment and thus could help to account 
for the activation of AKT/NF-κB pathway. Despite the 
fact that our findings elucidated the mechanism of Dox-
induced inflammation of in vascular tissues, this study 
has several limitations. One of the limitations is that we 
did not investigate the macrophage behavior in the Dox-
treated animal model and cells. However, this might form 
the basis for future research.

PTEN is a crucial negative regulator of the PI3K/
AKT pathway that can dephosphorylate phosphatidylinositol  
3,4,5-triphosphate (PIP3) to phosphatidylinositol  
4,5-biphosphate (PIP2). As an important tumor suppressor, 
depletion of PTEN promotes susceptibility to tumorigenesis 
and contributes to tumor cell proliferation, apoptosis, and cell 
survival and metabolism [34, 35]. Apart from this, PTEN  
is confirmed to be involved in the inflammatory response. 
For example, in the IL-10−/− mouse model, overexpression  
of PTEN suppressed the flagellin-promoted colonic  
inflammation in epithelial cells by disrupting Mal-TLR5 
interaction [36]. In toluene diisocyanate-induced asthma 
model, upregulation of PTEN could reduce allergen-induced 
airway inflammation by inhibiting of IL-17 expression [37]. 
In ischemia–reperfusion injury mouse model, depletion of 
PTEN by its inhibitor significantly expanded the inflammation 
and promoted acute kidney injury [38]. In the LPS-induced 
ameliorates lung damage mouse model, knockdown of PTEN 
attenuated LPS-induced lung inflammation by regulating the 
β-catenin pathway [39]. In our present study, we demonstrated 
that PTEN played a crucial role in Dox-induced vascular 
inflammation mouse model and Dox-treated VSMCs. Dox 
treatment decreased PTEN expression in vivo and in vitro, and 
PTEN upregulation could reduce the release of inflammatory 
cytokines which was induced by Dox. Our findings indicate 
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that PTEN activation might be a potential therapeutic option 
in Dox-induced vascular inflammation.

The proven mechanisms in loss-function of  
PTEN include mutation statue, transcription regulation,  
posttranscriptional regulation, and epigenetic regulation. For 
example, the high expression of DNA methyltransferase 1 
(DNMT1) in breast cancer cell influenced of methylation in 
the PTEN promoter thus leading to the loss of PTEN [40].  
Furthermore, the SALL4-NuRD complex in 293 T cells 
enhanced the histone hyperacetylation in PTEN promotor,  
resulting in the depletion of PTEN expression [41].  
Dysregulation of NEDD4 in glioblastoma cells regulated 
PTEN expression by promoting its ubiquitination and  
degradation [42]. Moreover, associated studies have confirmed  
that the transcription factors, such as p53, peroxisome  
proliferator activated receptor gamma (PPARγ), and early 
growth response 1 (EGR1), positively regulated PTEN  
expression by binding to its promotor [43–45]. Our previous 
study observed that PTEN was negatively regulated by miR-
188-5p which was overexpressed in CML cells [22]. Moreover,  
Morin was found to inhibit miR-188-5p expression in CML 
cells, resulting in the upregulation of PTEN expression. 
Consistent with the previous research, upregulation of miR-
188-5p was observed in the Dox-treated VSMCs and mouse 
model. Knockdown of miR-188-5p in Dox-treated VSMCs 
could reduce the inflammation which had the same effect as 
PTEN overexpression. Of importance, we further confirmed 
that miR-188-5p was decreased whereas PTEN was increased 
after Morin treatment in vivo and in vitro. Therefore, we 
hypothesized that Morin might be participating in the effects 
of Dox-induced vascular inflammation and anti-leukemia by 
the common molecular mechanism. Alternatively, our results 
also suggested that the dysregulation of the miR-188-5p/ 
PTEN pathway might exert an important role in Dox-induced 
inflammation as well as CML tumorigenesis. However, 
whether other mechanisms were involved in Morin-reduced 
inflammation needs further investigation.

CONCLUSION

In conclusion, as a PTEN indirectly activator, 
Morin reduced the Dox-induced vascular inflammation by 
moderating the miR-188-5p/PTEN/AKT/NF-κB pathway. 
Hence, Morin may have a therapeutic value in overcom-
ing the chemotherapy side effects in the future.
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