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 Background: We aimed to investigate the role of PDCD4-mediated Akt signaling pathway in vascular endothelial cell injury 
caused by ischemia-reperfusion in the lower extremities.

 Material/Methods: Ten rats were used as control, while 50 rats were used for creating disease models and were assigned to 
5 groups: model group (no injection), NC group (injected with vectors containing PDCD negative control se-
quence), sh-PDCD4 group (injected with vectors containing sh-PDCD4 sequence), IGF-1 group (injected with 
IGF-1), and sh-PDCD4+IGF-1 group (injected with IGF-1 and vectors containing sh-PDCD4 sequence).

 Results: Compared with the control group, the expression levels of PDCD4 mRNA and protein, as well as levels of circu-
lating endothelial cells, von Willebrand factor, thrombomodulin, and malondialdehyde, increased in the other 
5 groups, while the mRNA and protein expression levels of Akt and eNOS, the protein expression levels of p-Akt 
and p-eNOS, and superoxide dismutase content decreased in these groups (all P<0.05). Compared with the 
model group, the sh-PDCD4 and sh-PDCD4+1GF-1 groups had lower mRNA and protein expressions of PDCD4 
(all P<0.05), whereas the IGF-1 group had similar levels (all P>0.05). These 3 groups had lower levels of circu-
lating endothelial cells, von Willebrand factor, thrombomodulin, and malondialdehyde, and higher mRNA and 
protein expressions of Akt and eNOS, protein expressions of p-Akt and p-eNOS, and superoxide dismutase con-
tent (all P<0.05). The NC group did not differ from the model group (all P>0.05).

 Conclusions: PDCD4 gene silencing can activate the Akt signaling pathway and attenuate vascular endothelial cell injury 
caused by ischemia-reperfusion in the lower extremities in rats.
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Background

Ischemia-reperfusion injury (IRI) in the lower extremities re-
fers to a series of physiological and biochemical changes that 
occur when blood supply returns to tissues after a period of 
vessel occlusion in the lower limbs, and it is a common patho-
logical change in clinical practice. In some severe cases, lower-
extremity IRI can even cause systemic complications such as 
organ dysfunctions [1,2]. It has been reported that the func-
tionality of vascular endothelial cells (VEC) is associated with 
the degree of lower-extremity IRI, and the tissue microcircu-
lation can be affected by abnormalities of vascular endothe-
lium and changes in intima permeability, thereby further ag-
gravating the injury [3,4].

Programmed cell death 4 (PDCD4) gene has recently been dis-
covered to be closely related to cell apoptosis. Studies have 
shown that this gene can regulate programmed death of cells, 
as well as transcription and translation of proteins, which can 
influence the growth of cancer cells [5,6]. Moreover, in recent 
years, some studies have found that PDCD4 plays a crucial 
role in cardiovascular disease, as it can affect VEC homeosta-
sis [7]. A myocarditis study by Su et al. reported that suppres-
sion of PDCD4 expression helps attenuate the progression of 
myocarditis, indicating that PDCD4 can serve as an essential 
target in the treatment of this disease [8]. However, there have 
been few studies on the correlation between PDCD4 expres-
sion and lower-extremity IR.

It has been documented that the Akt signaling pathway is in-
volved in cardiocyte apoptosis and myocardial IRI [9]. In their 
research on myocardial IR, Pei et al. found that activation of 
the Akt signaling pathway can downregulate the protein ex-
pression of Bax in the mouse model of myocardial IR, and 
this downregulation can noticeably protect the tissue against 
IRI [10]. However, it is still unclear whether the upstream gene 
can regulate the role of the Akt signaling pathway in lower-ex-
tremity IR. Therefore, in our present study, we created a mouse 
model of lower-extremity IRI and investigated the relation-
ships among PDCD4 gene, Akt signaling pathway, and VEC in-
jury caused by lower-extremity IR.

Material and Methods

The flow diagram of the study is displayed in Figure 1.

Generating a mouse model of lower-extremity IR

Sixty healthy adult male Sprague-Dawley rats (Shanghai 
Laboratory Animal Research Center, China) were used for this 
study. The rats were fasted for 12 h prior to the operation and 
were given ad libitum access to water. Fifty rats were picked 

randomly and received intraperitoneal injections of pento-
barbital sodium for anesthesia (dosage 50 mg/kg, Haling 
Biotechnology, China). Then, the rats were fixed on an operat-
ing table (Shengruida, China) in supine position with the tem-
perature of the table set at 37°C. An abdominal incision was 
made and the peritoneum was cut. The aorta (about 10 mm) 
was exposed and clamped using an atraumatic Bulldog vas-
cular clamp. Next, the abdominal wall was closed with a sin-
gle-layer suture. No blood flow signal was detected by Laser 
Doppler Flowmetry (LDF). After 2 h, the laparotomy was per-
formed again, and the clamp was removed to restore the aorta 
blood flow. The blood flow signal could then be detected by 
LDF, and the mouse model of lower-extremity IR was thus cre-
ated [11]. The same procedures, except for the clamping of 
abdominal aorta, were performed on the remaining 10 rats. 
The study was approved by the Animal Ethics Committee of 
the Sir Run Run Shaw Hospital, Zhejiang University School of 
Medicine (dated 2 April 2014).

Grouping

The 10 rats in which the models were not established as men-
tioned above were assigned to a control group (untreated), 
while the other 50 rats were randomized into the following 
5 groups of 10 rats each: the model group (no injection of any 
sequence), the NC group (subjects received injections of vectors 
containing PDCD negative control sequence through tail vein), 
the sh-PDCD4 group (subjects received injections of vectors 
containing sh-PDCD4 sequence through tail vein), the insulin-
like growth factor 1 (IGF-1) group (subjects received injections 
of IGF-1, an activator of Akt signaling pathway, through tail 
vein), and the sh-PDCD4+IGF-1 group (subjects received in-
jections of IGF-1 and vectors containing sh-PDCD4 sequence 
through tail vein). All sequences used were synthesized by 
RiboBio, Guangzhou, China. IGF-1, the activator of the Akt 
signaling pathway, was purchased from R&D Systems, USA. 
All rats were fed with a normal diet and had ad libitum ac-
cess to water. One week after the injections, rats were sacri-
ficed, and blood from the aorta and the vascular endothelium 
tissues was collected.

Measurement of circulating endothelial cell (CEC) count in 
each group

CECs were isolated using Hladovec’s method. The serum 
sample (4.5 mL) containing anticoagulant was centrifuged at 
1500 rpm for 20 min. The supernatant was then discarded, 
CEC precipitation was obtained, and we added 0.1 mL 0.9% 
NaCl solution. A sample of the solution was then placed into 
the blood counting chamber, and the CECs were counted un-
der a light microscope.
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Determination of thrombomodulin (TM) and von 
Willebrand factor (vWF) in each group

According to the instruction manual of the vWF kit (ab208980, 
Abcam, UK) and TM kit (ab209880, Abcam, UK), vWF and TM val-
ues were measured as follows: 1) 8 standard wells were used in 
this assay, and we added 00 μL dilutions to 7 of them, while an-
other well was used as a control for creating a standard curve; 
2) samples were loaded into each well (100 μL per well); 3) plates 
were shaken for mixing and then incubated at 37°C for 2 h; 
4) plates were washed in washing buffer 4–6 times and then air 
dried; 5) enzyme conjugates were added into each well (100 μL 
per well) for 1-h incubation at 37°C; 6) plates were washed in 
washing buffer 4–6 times and then air dried; 7) substrate solution 
was added into each well (100 μL per well) for incubation at 37°C 
for 10 min in the dark; 8) stop solution was added into each well 
(50 μL per well), and plates were agitaged to mix the solution; 
9) absorbance at 492 nm and 450 nm was measured and the con-
centrations were calculated based on these absorbance values.

Determination of superoxide dismutase (SOD) value in 
each group

Serum samples were centrifuged at 3000 rpm for 10 min at 
room temperature. The supernatant was then collected and 
kept at –70°C. SOD concentration was measured using xan-
thine oxidase method according to the manufacturer’s instruc-
tions (kit supplier: Nanjing Jiancheng Bioengineering Institute, 
China) [12]. Colorimetry was conducted at a wavelength of 
550 nm. Total SOD activity=((absorbance of control–absor-
bance of sample)/(absorbance of control))/50%×dilution factor 
of the reaction system×sample dilution factor before the test.

Determination of malondialdehyde (MDA) level in each 
group

Blood serum samples were centrifuged at 3000rpm for 10 min 
at room temperature, and the supernatant was collected and 
kept at –70°C. The MDA concentration was measured using 
TBA method (kit supplier: Nanjing Jiancheng Bioengineering 
Institute, China) [13]. Absorbance at 532 nm was measured 
in each tube. The formula for calculating MDA content was as 
follows: MDA value=((absorbance of the sample–absorbance 
of the blank)/(absorbance of the standard–absorbance of the 
blank standard))×standard concentration×sample dilution fac-
tor before the assay.

qRT-PCR

Total RNAs were extracted from rats’ vascular endothelium 
using a TRIzol kit (Invitrogen, USA). The extraction was per-
formed in accordance with the manufacturer’s instructions, 
and ultrapure water treated with DEPC (Sangon, China) was 
used. Absorbance at 260 nm and 280 nm was measured by 
use of a UV-Vis spectrophotometer (ND-1000, Nanodrop, 
Thermo Fisher Scientific, USA). The quality of total RNA was 
checked and the concentration was adjusted. Next, RNA sam-
ples were reversely transcribed using a cDNA reverse tran-
scription kit (K1622, Fermentas, USA). According to the in-
struction manual, the reaction conditions were set as follows: 
70°C for 5 min, ice bath 2 min, 42°C for 50 min, and 70°C for 
8 min. The cDNAs obtained from the reverse transcription were 
kept at –80°C. TaqMan probe method was conducted for qRT-
PCR, and the reaction system was set up in accordance with 
the manufacturer’s instructions (TAG207, Baiaolaibo, China). 
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Figure 1.  Flow diagram of the study. 
PDCD4 – programmed cell death 4; 
IGF-1 – insulin-like growth factor 1; 
CEC – circulating endothelial cell; 
vWF – von Willebrand factor; 
SOD – superoxide dismutase; 
MDA – malondialdehyde.
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Primer sequences are presented in Table 1. The running pa-
rameters were set as follows: 95°C for 30 s (pre-denaturation), 
95°C for 10 s (denaturation), 60°C for 20 s (anneal), and 70°C 
for 10 s (extension) for 40 cycles. Real-time quantitative PCR 
(Bio-Rad iQ5, Bio-Rad, USA) was used for the test. U6 was taken 
as an internal control for miRNA-20b-5p, while b-actin was cho-
sen as an internal control for other target genes. The relative 
quantitative method was employed and the relative gene ex-
pression was calculated by 2–DDCt method. Each reaction was 
done in triplicate.

Western blot analysis

Samples of vascular endothelium were placed in centrifuge 
tubes and incubated with 100 μL RIPA buffer containing 
1 mmol/L PMSF (Solarbio, China) followed by centrifugation 
at 3000 rpm for 3 min and homogenization for complete lysis. 
Next, the samples were placed on ice for 30 min and centri-
fuged again at 1200 rpm at 4°C for 4 min. The supernatant was 
obtained and kept at –80°C. BCA protein assay kit (AR0146, 
Boster, China) was used for measuring the protein concen-
tration in tissues. The sample concentration was adjusted 
to 3 μg/μL before adding loading buffer and heating at 95°C 
for 10 min. Then, the protein samples were loaded into wells 
(30 μg per well) and separated by 10% SDS-PAGE. Afterward, 
the proteins were transferred to a PVDF membrane (Sigma, 
USA) using a semi-dry transfer method, and were blocked in 5% 
BSA (Zhongshenglikang, China) for 1 h at room temperature. 
Samples were then incubated at 4°C overnight with antibodies 
as follows: anti-PDCD4 primary antibody (rabbit anti-mouse, 
dilution 1: 1000, ab51495, Abcam, UK), Akt primary antibody 
(rabbit anti-mouse, dilution 1: 1000, 2966S, Cell Signaling 
Technology, USA), p-Akt primary antibody (rabbit anti-mouse, 
dilution 1: 1000, 4070S, Cell Signaling Technology, USA), anti-
endothelial NOS (eNOS) primary antibody (rabbit anti-mouse, 
dilution 1: 1000, ab199956, Abcam, UK), anti-eNOS primary 
antibody (rabbit anti-mouse, dilution 1: 1000, ab215717, 

Abcam, UK), and anti-GADPH primary antibody (rabbit anti-
mouse, 1 µg/mL, ab37168, Abcam, UK). Afterward, membranes 
were washed 3 times in TBST (5 min per wash) and we added 
goat anti-rabbit secondary antibody (dilution 1: 2000, ab6721, 
Abcam, UK) for 1-h incubation at room temperature before be-
ing washed again 3 times (5 min per wash). The Gel Doc EZ 
Imager (Bio-Rad, USA) was used to yield images, and the gray 
value of the target band was analyzed by Image J software.

Statistical analysis

SPSS 21.0 statistical software was used for data analysis. 
Measurement data are expressed as mean ± standard devi-
ation. Comparisons across multiple groups were conducted 
by one-way ANOVA, and comparisons of 2 groups were per-
formed by t test if the data were normally distributed. A value 
of P<0.05 was considered statistically significant.

Results

CEC count in each group

Results of the CEC count in rat serum in each group can be 
seen in Figure 2. In comparison with the control group, the CEC 
counts in other groups were all elevated considerably (all 
P<0.05). The sh-PDCD4, IGF-1, and sh-PDCD4+IGF-1 groups had 
much lower CEC counts than in the model group (all P<0.05), 
whereas no intergroup differences were found between the 
model group and the NC group (P>0.05). The sh-PDCD4+IGF-1 
group had lower CEC counts than the sh-PDCD4 group (P<0.05), 
and the CEC count in the IGF-1 group did not differ from that 
in the sh-PDCD4 group (P>0.05).

Gene Primer

PDCD4
Forward: 5’-GTG ACG CCC TTA GAA GTG GA-3’

Reverse: 5’-CTG CAC CAC CTT TCT TTG GT-3’

Akt
Forward: 5’-GTGCTGGAGGACAATGACTACGG-3’

Reverse: 5’-AGCAGCCCTGAAAGCAAGGA-3’

eNOS
Forward: 5’-GCTCTCACTTACTTCCTGGACATCA-3’

Reverse: 5’-GAACCACTTCCATTCTTCGTAGC-3

GADPH
Forward: 5’-GTTTCTTACTCCTTGGAGGCCAT-3’

Reverse: 5’-TGATGACATCAAGAAGTGGTGAA-3’

Table 1. Primer sequences for qRT-PCR.

PDCD4 – programmed cell death 4; eNOS – endothelial NOS.

Control Model
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Figure 2.  Comparison of CEC count among each group. * P<0.05 
vs. the control group, # P<0.05 vs. the model group, 
& P<0.05 vs. the sh-PDCD4 group. CEC – circulating 
endothelial cell; PDCD4 – programmed cell death 4; 
IGF-1 – insulin-like growth factor 1.
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TM and vWF values in each group

Results of the TM and vWF levels in rat serum in each group is 
shown in Figure 3. Compared with the control group, the TM 
and vWF values in other groups all rose significantly (all P<0.05). 
Moreover, these 2 values in the sh-PDCD4 group, IGF-1 group, 
and sh-PDCD4+IGF-1 group were much lower than those in the 
model group (all P<0.05), whereas no differences were observed 
between the model group and the NC group (both P>0.05). 
Compared with the sh-PDCD4 group, the TM and vWF values 
in the sh-PDCD4+IGF-1 group were lower (all P<0.05), while 
similar values were found in the IGF-1 group (both P>0.05).

SOD level in each group

The SOD levels in rat serum in each group is shown in Figure 4. 
Compared with the control group, the SOD levels in other 

groups were much lower (all P<0.05). Meanwhile, the SOD val-
ues in the sh-PDCD4 group, IGF-1 group, and sh-PDCD4+IGF-1 
group were much higher than that in the model group (P<0.05), 
and no intergroup difference was found between the NC group 
and the model group (P>0.05). Moreover, the sh-PDCD4+IGF-1 
group had a much higher SOD value (P<0.05), and the IGF-1 
group had a similar SOD value, when compared with the 
sh-PDCD4 group (P>0.05).

MDA level in each group

The MDA values in rat serum in each group is shown in Figure 5. 
Compared with the control group, the MDA values in other 
groups all increased significantly (all P<0.05), and the MDA 
levels in the sh-PDCD4, IGF-1, and sh-PDCD4+IGF-1 groups 
were much lower than that in the model group (all P<0.05). 
However, no difference was found between the NC group 
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Figure 4.  Comparison of SOD level among groups. * P<0.05 vs. 
control group, # P<0.05 vs. model group, & P<0.05 vs. 
sh-PDCD4 group. SOD – superoxide dismutase; 
PDCD4 – programmed cell death 4; IGF-1 – insulin-like 
growth factor 1.
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Figure 5.  Comparison of MDA level among each group. 
* P<0.05 vs. the control group, # P<0.05 vs. 
the model group, & P<0.05 vs. the sh-PDCD4 group. 
PDCD4 – programmed cell death 4; IGF-1 – insulin-like 
growth factor 1; MDA – malondialde NC.
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Figure 3.  Comparison of TM and vWF levels among groups. (A) TM level in each group. (B) vWF level in each group. * P<0.05 vs. 
control group, # P<0.05 vs. model group, & P<0.05 vs. sh-PDCD4 group. TM – thrombomodulin; vWF – von Willebrand factor; 
PDCD4 – programmed cell death 4; IGF-1 – insulin-like growth factor 1.
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and the model group (P>0.05). Moreover, the MDA level in 
the sh-PDCD4+IGF-1 group was much lower (P<0.05), and the 
MDA level in the IGF-1 group was similar (P>0.05), compared 
with the sh-PDCD4 group.

Levels of PDCD4, Akt, and eNOS mRNAs in endothelium of 
each group as measured by qRT-PCR

The qRT-PCR results are presented in Figure 6. Compared with 
the control group, the expression levels of PDCD4 mRNA were 
significantly upregulated in the other 5 groups, whereas the 
expression levels of Akt and eNOS mRNAs were markedly 

downregulated in these groups (all P<0.05). Compared with 
the model group, the sh-PDCD4 and sh-PDCD4+IGF-1 groups 
had lower mRNA expression level of PDCD4 and higher mRNA 
expression levels of Akt and eNOS (all P<0.05), while the IGF-1 
group had similar mRNA expression level of PDCD4 (P>0.05) and 
higher mRNA expression levels of Akt and eNOS (both P<0.05). 
No differences in these indices were observed between the 
NC group and the model group (all P>0.05). Moreover, com-
pared with the sh-PDCD4 group, the sh-PDCD4+IGF-1 group 
had greater reduction in the mRNA expression level of PDCD4 
and greater increase in the mRNA expression levels of Akt and 
eNOS (all P<0.05), whereas the IGF-1 group had higher mRNA 
expression of PDCD4 (P<0.05) and similar mRNA expression 
levels of Akt and eNOS (both P>0.05).

Levels of PDCD4, Akt, p-Akt, eNOS, and p-eNOS proteins 
as measured by Western blot in each group

Results of Western blot analysis can be seen in Figure 7. 
In comparison with the control group, the protein expressions of 
PDCD4 were all upregulated and the protein expressions of Akt, 
p-Akt, eNOS, and p-eNOS were all downregulated in the other 
groups (all P<0.05). Compared with the model group, the sh-
PDCD4 group and the sh-PDCD4+IGF-1 group had lower protein 
expression levels of PDCD4 and higher protein expression levels 
of Akt, p-Akt, eNOS, and p-eNOS (all P<0.05), while the IGF-1 
group had a similar protein expression level of PDCD4 (P>0.05) 
and higher protein expression levels of Akt, p-Akt, eNOS, and 
p-eNOS (all P<0.05). No differences were found between the 
NC group and the model group (all P>0.05). Compared with 
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Figure 6.  Comparison of mRNA expressions among groups after 
transfection. * P<0.05 vs. the control group, # P<0.05 vs. 
the model group, & P<0.05 vs. the sh-PDCD4 group. 
PDCD4 – programmed cell death 4; eNOS – endothelial 
NOS; IGF-1 – insulin-like growth factor 1.
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Figure 7.  Comparison of protein expression in each group after transfection. (A) Western blot result. (B) protein expression level in 
each group. * P<0.05 vs. control group, # P<0.05 vs. model group, & P<0.05 vs. sh-PDCD4 group. PDCD4 – programmed cell 
death 4; eNOS – endothelial NOS; IGF-1 – insulin-like growth factor 1.
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the sh-PDCD4 group, the protein expression level of PDCD4 
in the sh-PDCD4+IGF-1 group was lower, while the protein ex-
pression levels of Akt, p-Akt, eNOS, and p-eNOS in this group 
were higher (all P<0.05). However, the protein expression level 
of PDCD4 in the IGF-1 group was higher than in the sh-PDCD4 
group (P<0.05), and no differences were found in the protein 
expression levels of Akt, p-Akt, eNOS, and p-eNOS between the 
IGF-1 group and the sh-PDCD4 group (all P>0.05).

Discussion

Lower-extremity IRI is a common cardiovascular disease, and 
oxidative stress is currently believed to be the key mechanism 
behind the pathogenesis of this disease [14]. When lower-ex-
tremity IR occurs in humans, huge amounts of reactive oxy-
gen species (ROS) can exist in reperfused tissue. Meanwhile, 
due to the oxygen resupply, a series of inflammatory media-
tors such as lipid mediators and ROS will be generated. Since 
most of the lipid mediators and ROS come from endothelial 
cells, endothelial cells are often regarded as an essential com-
ponent in the occurrence of IRI [15,16].

NOS, which can catalyze NO formation, is one of the essen-
tial compounds involved in oxidative stress and inflammatory 
response [17]. NO can clean up oxygen free radicals through 
cGMP and suppress the expression of intercellular adhesion 
molecule 1, thereby reducing neutrophil adhesion and infil-
tration, and protecting cellular structure and function [18]. 
However, NO, if overproduced, can combine with superoxide 
anions to form superoxide nitrite ions, which can lead to cyto-
toxicity and aggravate damage to cells and tissues [19]. Studies 
have confirmed that eNOS plays a protective role in vascular 
injury. It can regulate vasodilation, improve microcirculation, 
and reduce the occurrence of thrombus [20,21]. After examin-
ing the levels of PDCD4, Akt, and eNOS, and activation status 
of the Akt signaling pathway, we found that PDCD4 gene si-
lencing activated the Akt signaling pathway and promoted the 
expression of eNOS. These findings demonstrate that PDCD4 
gene silencing may play a protective role in vascular injury. 
Wang et al. have confirmed in their studies that PDCD4 gene 
participates in vascular remodeling through regulation of the 
JNK signaling pathway [22].

CEC count is a major indicator used in monitoring vascular en-
dothelial injury [23]. Normally, some CEC exists in human tis-
sues as the result of normal body metabolism. However, under 
pathological conditions, the CEC count can rise markedly [24]. 
TM and vWF are also key markers used in monitoring endothe-
lial injury [25–27]. Wu et al. reported that miR-26a can inhibit 
PFKFB3 in a targeted manner, thereby reducing VEC injury 
caused by lower-extremity ischemia-reperfusion. After miR-
26a overexpression or silencing of PFKFB3 expression in VEC, 

it was reported that CEC count and expression levels of TM and 
vWF all were markedly decreased in vascular tissues of mice 
with IRI [28]. In the present study, we found that the control 
group had lower CEC, TM, and vWF levels than in the other 
groups. Moreover, compared with the model group, the CEC 
count and TM and vWF levels were greatly decreased in the 
sh-PDCD4, IGF-1, and sh-PDCD4+IGF-1 groups, which further 
suggests that PDCD4 gene silencing can help activate the Akt 
signaling pathway, thereby attenuating VEC injury caused by 
lower-extremity IRI. In addition, Moake et al. found that cere-
bral cavernous malformation is closely related to PDCD gene 
mutation [29].

Studies have documented that oxygen free radicals are essen-
tial in causing extremity IRI [30]. Excessive production of oxy-
gen free radicals not only harm limbs but also leads to organ 
injury, as these free radicals are likely to travel to different 
organs [31]. MDA is a major metabolite in the oxidizing reac-
tion induced by oxygen free radicals in humans, and its level 
can directly reflect the content of oxygen free radicals [32]. 
Meanwhile, SOD, as an essential protein in human body that 
carries a negative charge, can help clean up free radicals in 
the body. The level of SOD and the ability SOD to scavenge 
free radicals are closely correlated [33]. From the results of the 
MDA and SOD levels in each group, it can be seen that the 
sh-PDCD4 group and sh-PDCD4+IGF-1 group had much lower 
MDA values and much higher SOD values than in the model 
group. In addition, the increase in SOD value and the decrease 
in MDA value in the sh-PDCD4+IGF-1 group were more signifi-
cant. Tran et al. reported that patients with lower-extremity IRI 
experience elevation of MDA level and reduction in SOD level, 
which helps to verify our results [34]. A study by Zeng et al. 
on the attenuating effect of pretreatment with total flavonoid 
extract from Dracocephalum moldavica L. on ischemia-reper-
fusion-induced apoptosis documented that pretreatment with 
total flavonoid extract from Dracocephalum moldavica L. re-
duced MDA level and an increase SOD level in IRI mice [35]. 
Our study has provided some new insights into the treatment 
of lower-extremity IRI. However, more studies are needed to 
determine whether the upstream gene is regulated by miRNA.

PDCD4 gene silencing can activate the Akt signaling pathway 
and attenuate VEC injury caused by lower-extremity IRI in rats. 
PDCD4 may become an essential target in the treatment of 
lower-extremity IRI. However, more in vivo and in vitro stud-
ies are required for verification of our results.

Conclusions

PDCD4 expression can be markedly elevated in rats with lower-
extremity IRI, while silencing PDCD4 can activate the Akt sig-
naling pathway, reduce CEC count and levels of TM and vWF, 
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inhibit MDA level, and increase SOD level in rat serum, which 
demonstrates the protective effects against VEC injury induced 
by lower-extremity IRI.
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