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Abstract. The aim of the present study was to characterize 
the effects of early growth response factor-1 DNA enzyme 
(EDRz) in a rat abdominal aortic aneurysm (AAA) model 
to determine the mechanism by which EDRz inhibits AAA 
and affects the formation of AAA by regulating the activity 
of matrix metalloproteinase (MMP)-2 and MMP-9. EDRz 
was transfected into the abdominal aorta of rats using the 
jetPRIME transfection reagent following infusion with elas-
tase. Fluorescent microscopy, hematoxylin and eosin staining, 
ultrastructural analysis, reverse transcription-quantitative 
polymerase chain reaction, western blotting and immunohisto-
chemical analysis were performed to characterize the response 
to EDRz. The EDRz group showed minimal aneurysm forma-
tion when compared with the control group, with significantly 
lower aortic diameter expansion (2.5±0.1 vs. 3.5±0.1 mm; 
P<0.05). Early growth response factor 1 (Egr-1) mRNA and 
protein levels were significantly decreased in the EDRz 
group, as expected. The decrease in Egr-1 was accompanied 
by decreases in the mRNA and protein levels of MMP-2 and 
MMP‑9 (P<0.05). Transfection of the Egr‑1 specific synthetic 
DNA enzyme EDRz significantly reduced AAA following 
elastase infusion in rats, at least in part due to the decreased 
expression of downstream MMP-2 and MMP-9.

Introduction

Abdominal aortic aneurysm (AAA) is a serious disease with 
high morbidity and high mortality, and its incidence has 

increased with lifestyle changes and aging. Many factors 
affect the occurrence and development of AAA, such as 
hypertension, peripheral arterial disease, and smoking, among 
others. Thus, early detection and early treatment as well as 
joint screening play an important role in the occurrence and 
development of AAA (1,2). However, no drugs or methods have 
been developed to inhibit the formation and development of 
AAAs in an early stage. AAA is pathologically characterized 
by chronic inflammation of the aortic wall, degradation of the 
extracellular matrix (3), extensive destruction and re-formation 
of the medial layer during neovascularization, and attenuation 
of vascular smooth muscle cells (4). These changes destroy 
medial membranes and promote aortic aneurysm expansion. 
Thus, the aorta gradually expands and eventually breaks down.

Early growth response factor 1 (Egr‑1) is a zinc finger tran-
scription factor and member of the early gene family. Egr-1 
participates in various pathophysiologic processes, such as cell 
proliferation, differentiation, and apoptosis (5), inflammatory 
reaction (6), thrombosis (7), and extracellular matrix degrada-
tion and synthesis (8). Egr-1 expression can be rapidly induced 
by various stimulating factors, such as growth factors, proin-
flammatory cytokines, lipopolysaccharides, hypoxia, shear 
stress, and vascular damage. Once activated, Egr-1 controls 
the expression of several genes implicated in the pathogenesis 
of AAA, indicating that this transcription factor represents a 
key molecular target for controlling the formation of AAA. 
Bioinformatics analysis showed that Egr-1 is a key transcrip-
tion factor in the formation and pathogenesis of AAA (9). Egr-1 
has been also observed to be involved in thrombus formation 
and the inflammatory pathogenesis of AAA (10). The role of 
Egr-1 as a mechanical stress-response gene causing aneurysm 
formation was also demonstrated (11). Thus, Egr-1 is consid-
ered as a target for AAA prevention and control.

Early growth response factor-1 DNA enzyme (EDRz) is a 
small single-stranded DNA fragment with enzymatic activity 
that can specifically cut Egr‑1, inhibit the protein expression of 
Egr-1, and block the expression of other Egr-1-regulated genes. 
As a biological tool, EDRz can specifically block gene expres-
sion. However, it is unclear whether EDRz inhibits AAA or the 
expression of other genes related to Egr-1.
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In the present study, EDRz was introduced into rats 
with AAA, and the effect of EDRz on AAA formation was 
examined. In addition, the expression of Egr-1 and matrix 
metalloproteinase (MMP)-2, MMP-9 were examined after 
introducing EDRz into vessels. This study aimed to examine 
the inhibitory effects of EDRz on the formation of AAA and 
verify the feasibility of this enzyme for AAA gene therapy.

Materials and methods

Construction of EDRz. The DNA enzyme EDRz was synthe-
sized by Sangon Biotech Co. (Shanghai, China) according to 
the sequence published in GenBank. Fig. 1 shows the EDRz 
sequence as follows: 5'-CCG CTG CCA GGC TAG CTA CAA 
CGA CCC GGA CGT-3'. The 3' termini of the oligonucleotides 
were protected from exonucleases by phosphorothioate linkage. 
Fluorescence microscopy was applied to determine the nucleo-
tide distribution by using marked 5'‑end carboxyl fluorescein. 
A total of 495 µg of EDRz was added to 80 µl of diethyl 
pyrocarbonate solution (1:1,000) and mixed after centrifuga-
tion. Next, 120 µl of jetPRIME (Polyplus-transfection SA, 
Illkirch, France), 32 µl of 1 mM MgCl2, and 568 µl of 30% 
F-127 pluronic gel (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) were added. This 800 µl solution was shock-mixed 
and stored at 4˚C (7).

Ninety male SD rats (Liaoning Changsheng Biotechnology, 
Dalian, China) weighing 250-300 g were used in this study. 
This study was carried out in strict accordance with the 
recommendations in the Guide for the Care and Use of 
Laboratory Animals of the National Institutes of Health. The 
animal use protocol was been reviewed and approved by the 
Institutional Animal Care and Use Committee (IACUC) of 
Jiamusi University. The rats were randomly divided into three 
groups: control group (only elastase perfusion), jetPRIME 
group (elastase perfusion + jetPRIME transfection reagent), 
and EDRz group (elastase perfusion + jetPRIME transfection 
reagent + Egr-1 DNA enzyme). Thirty rats were included in 
each group. The rats were anesthetized with 3% pentobarbital 
sodium (40 mg/kg, intraperitoneal injection). The skin was 
prepared and disinfected, and then the rodents were fixed 
on an operating table in the supine position. A SXP-1C-type 
microscope (x10 magnification; Smoif, Shanghai, China) was 
used for sterile surgery. The inferior vena cava and abdominal 
aorta were separated (Fig. 2). The abdominal aortic trunk with 
a length of about approximately 1 cm located inferior to the 
left renal vein was separated and the infrarenal aortic diameter 
was measured. To block the blood flow on the upper part of 
this segment, we inserted a PE10 catheter (Smiths Medical, 
Minneapolis, MN, USA) into the left common iliac artery to 
the separated abdominal aorta. The lower part of the aorta was 
ligated temporarily to create a closed lumen, and 1 ml (20 µ) of 
elastase (Beijing Solarbio Science and Technology Co., Ltd., 
Beijing, China) was perfused for 20 min. For the EDRz group, 
20 µl of the mixture containing DEPC, jetPRIME, MgCl2, 
EDRz, and F-127 pluronic gel was used and evenly coated on 
the peri-adventitial of the elastase perfused abdominal aorta. 
The specimens were collected after 28 days.

Detecting transfection of EDRz. The specimens were fixed and 
dehydrated in a sucrose gradient. The sections were embedded 

and sliced into 5-µm-thick sections with a constant freezing 
microtome. Transfection of EDRz was observed under a fluo-
rescence microscope.

Ultrastructural analysis. Animal pressure perfusion was 
fixed with 3% glutaraldehyde solution in 0.1 M of phosphate 
buffer (pH 7.4) via a catheter for 30 min at 20˚C with a pres-
sure of 100 mmHg. Specimens were dehydrated with alcohol 
and embedded in EPON. The sections were stained with lead 
citrate and uranyl acetate and observed with a transmission 
electron microscope.

Hematoxylin and eosin (H&E) staining. AAA specimens were 
fixed in 4% polyformaldehyde for at least 24 h, and the conven-
tional paraffin‑embedded sections were cut into 5‑µm‑thick 
slices. Changes in the morphological characteristics of the 
aortic wall were observed by H&E staining.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted with TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) from the medial membrane of AAA, and the 
purity and concentration of RNA were determined using a 
NanoDrop1000 (NanoDrop; Thermo Fisher Scientific, Inc.; 
Wilmington, DE, USA). The RNA was reverse-transcribed 
into cDNA using the PrimeScript RT reagent Kit (Takara Bio, 
Inc., Otsu, Japan). qPCR was performed using SYBR Premix 
Ex Taq™ II (Takara Bio, Inc.) on an ABI 7500 Real-Time 
PCR System (Applied Biosystems; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). The qPCR parameters were as 
follows: 95˚C of denaturation for 30 sec, 95˚C for 5 sec, and 
60˚C for 30 sec for a total of 40 times. The sequences of 
the primers were as follows: Egr-1: 5'-CAG GAG TGA TGA 
ACG CAA GA-3' (forward) and 5'-GGG GAT GGG TAG GAA 
GAG AG-3' (reverse). MMP-2: 5'-GAT ACA GGT GTG CCA 
AGG TG-3' (forward) and 5'-AAA GGG CAA ACA AAG 
CAA AC-3' (reverse). MMP-9: 5'-CTG CAG TGC CCT TGA 
ACT AA-3' (forward) and 5'-TAT CCG GCA AAC TAG CTC 
CT-3' (reverse); β actin: 5'-TGT CAC CAA CTG GGA CGA 
TA-3' (forward) and 5'-GGG GTG TTG AAG GTC TCA AA-3' 
(reverse). The expression of the target gene was determined 
using β-actin as a reference using the 2-ΔΔCq method. Samples 
were examined in triplicate.

Western blotting. Total protein was extracted from the frozen 
medial membrane of the AAA with Lysis Buffer RIPA 
(Beyotime Institute of Biotechnology, Beijing, China). The 
protein concentration was determined using the BCA (Science 
Fdbiao, China) protein concentration assay kit. Protein extracts 
were separated by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis in 12 sodium dodecyl sulfate and transferred 
to a polyvinylidene fluoride membrane. Skim milk or bovine 
serum albumin was added to Tris-buffered saline, blocked for 
1 h, and then incubated with Egr-1 antibody [EGR1 (15F7) 
Rabbit mAb, cat. no. 4153, 1:1,000; Cell Signaling Technology, 
Inc., Danvers, MA, USA], MMP-2 (MMP-2 Polyclonal 
Antibody, cat. no. A6247, 1:1,000; ABclonal Technology, 
Woburn, MA, USA), MMP-9 (MMP-9 Polyclonal Antibody, 
cat. no. A11147, 1:1,000; ABclonal Technology), and β-actin 
(cat. no. TA-09, 1:2,000; ZSGB-BIO, Beijing, China) antibody 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  16:  141-148,  2018 143

overnight at 4˚C. Horseradish peroxidase‑labeled goat anti-
rabbit IgG (Peroxidase-Conjugated Goat anti-Rabbit IgG, 
cat. no. ZB-2301, 1:2,000; ZSGB-BIO) was used. Image 
analysis was conducted using Image lab software (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA).

Immunohistochemistry. The specimens were fixed with 4% 
formalin. The slices were immersed in dewaxing xylene and 
ethanol. The sections were incubated in 3% H2O2 for 10 min 
to inhibit endogenous peroxidase activity. These sections 
were blocked with 5% bovine serum albumin or milk powder. 
Egr-1 antibody [EGR1 (15F7) Rabbit mAb, cat. no. 4153, 
1:1,000; Cell Signaling Technology, Inc.], MMP-2 (MMP-2 
Polyclonal Antibody, cat. no. A6247, 1:1,000; ABclonal 
Technology), and MMP-9 (MMP-9 Polyclonal Antibody, 
cat. no. A11147, 1:1,000; ABclonal Technology) were incu-
bated at 4˚C overnight. After washing 3 times, biotin‑labeled 
secondary antibody was added and incubated for 30 min. 
The three membranes were washed and incubated with 
biotin-horseradish-peroxidase complex at room temperature 
for 30 min. The films were then washed with PBS and DAB, 
counterstained with hematoxylin, and mounted with neutral 

balata. As a negative control, the primary antibody was 
substituted with PBS.

Statistical analysis. Data were expressed as the mean ± stan-
dard deviation or χ2 test for the difference between groups. 
Three or more groups were compared by one-way analysis of 
variance and Bonferroni post hoc test for multiple comparisons. 
A Student's t-test was used for comparisons between 2 groups. 
Data were analyzed with Prism GraphPad 6 (GraphPad, Inc., 
La Jolla, CA, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

EDRz transfection. Blood vessels were collected 24 h and 
28 days after transfection, and transfection was confirmed by 
fluorescence microscopy. In the control group and jetPRIME 
group, no fluorescence was detected. A wide range of green 
fluorescence was observed in the intima and media of the 
blood vessels in EDRz the group. This result demonstrates 
that EDRz was transfected into the inner and media (Fig. 3Aa). 
After 28 days of transfection, green fluorescence was observed 
in the vessel wall, indicating that EDRz was a persistent trans-
fection process (Fig. 3Ab).

Transmission electron microscopy. Transmission electron 
microscopy showed that the medial layer of the vessels was 
disordered and that elastic fibers were broken and arranged 
irregularly. The phenotype of smooth muscle cells was secre-
tory. Moreover, smooth muscle cells were significantly reduced 
and irregularly arranged in the control group (Fig. 3Ba) 
compared to in the EDRz group (Fig. 3Bb).

EDRz inhibits the formation of AAA. AAA is a dilatation of 
the abdominal aorta, typically above the normal diameter of 
the artery by more than 50%. By measuring the diameter of 
the abdominal aorta, all arteries reached the diagnostic criteria 
for aneurysms. After 28 days, elastase was perfused into the 
abdominal aorta in rats to determine the inhibitory effect of 
EDRz on AAA development by observing the aortic diameter 
in the EDRz group.

Aneurysm formation in the abdominal aorta at 28 days was 
observed in each group. Representative macroscopic images 
immediately before AAA induction (Normal: Fig. 4Aa) 
and 28 days after AAA induction in the groups are shown 
in Fig. 4A. The EDRz group (Fig. 4Ad) showed minimal 
aneurysm formation compared to the control (Fig. 4Ab) and 
transfection reagent group (Fig. 4Ac). The abdominal aortic 
diameter in the three groups gradually increased after AAA 
induction, with significantly smaller diameters in the EDRz 
group (2.5±0.1 mm) than in the control group (3.5±0.1 mm) 
and transfection reagent group (3.6±0.1 mm). No significant 
difference was observed between the control and transfection 
reagent group (P>0.05; Fig. 4B).

H&E staining. We histologically examined the thickness of 
the medial membrane of the artery (Fig. 5). H&E staining 
showed that the number of smooth muscle cells per unit area 
decreased in the control group (Fig. 5A) and jetPRIME group 
(Fig. 5B), and the medial was obviously thinner than in the 

Figure 1. Construction conceptual diagram of Egr-1 DNA enzyme shear and 
its substrate. Egr‑1, early growth response factor‑1; FAM, fluorescein.

Figure 2. Schematic of the abdominal aortic aneurysm model, which used 
intraluminal elastase infusion.
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EDRz treatment group (Fig. 5C). The media layer thickness of 
the control group was slightly lower in the EDRz group (control 
group: 72.8±18.3 µm, EDRz group: 125.2±20.8 µm; P<0.05). 
No significant difference was observed between the control 
and transfection reagent group (control group: 72.8±18.3 µm, 
transfection reagent group: 76.3±22.8 µm; P>0.05).

Egr‑1, MMP‑2, and MMP‑9 mRNA levels. Compared to the 
control group, the EDRz group showed significantly lower 
mRNA expression levels of Egr-1 (control group: 1.00±0.23, 
EDRz group: 0.46±0.09, P<0.01) and MMP-2 (control 
group: 1.01±0.09, EDRz group: 0.39±0.17; P<0.01) and 
MMP-9 (control group: 1.00±0.08, EDRz group: 0.34±0.53; 
P<0.01). Compared to the jetPRIME group, the EDRz group 
showed significantly lower mRNA expression levels of Egr‑1 
(jetPRIME group: 1.09±0.24, EDRz group: 0.46±0.09, P<0.01) 
and MMP-2 (jetPRIME group: 1.08±0.24, EDRz group: 
0.39±0.17, P<0.01) and MMP-9 (jetPRIME group: 0.95±0.15, 
EDRz group: 0.34±0.53, P<0.01). The expression levels of 
Egr-1, MMP-2, and MMP-9 in the control and transfection 
reagent group did not differ significantly (P>0.05; Fig. 6).

Western blotting analysis. Based on the western blotting 
results, Egr-1 protein expression levels in the control group 
and jetPRIME group were significantly higher than in the 
EDRz group (control group: 0.72±0.10, jetPRIME group: 
0.75±0.09, EDRz group: 0.35±0.06) (Fig. 7A). MMP-2 
protein expression levels in the control and jetPRIME group 
were significantly higher than in the EDRz group (control 
group: 1.05±0.17, jetPRIME group: 1.00±0.13, EDRz group: 
0.63±0.10) (Fig. 7B). MMP-9 protein expression levels in the 
control and jetPRIME group were significantly higher than in 
the EDRz group (control group: 1.04±0.18, jetPRIME group: 
0.93±0.08, EDRz group: 0.53±0.11) (Fig. 7C). However, 
the expression levels of Egr-1, MMP-2, and MMP-9 in the 
control group and jetPRIME group did not differ signifi-
cantly (P>0.05; Fig. 7).

Immunohistochemistry. Immunostaining for Egr-1 revealed 
a significantly higher proportion of positive area in the 
control group (29.3±4.3%; Fig. 8Aa) and jetPRIME group 
(27.1±5.0%; Fig. 8Ab) than in the EDRz group (14.3±3.3%, 
P<0.05; Fig. 8Ac). MMP‑2 showed a significantly higher 
proportion of positive area in the control group (24.2±5.8%; 
Fig. 8Ba) and jetPRIME group (24.9±6.2%; Fig. 8Bb) than 
in the EDRz group (11.3±2.6%; P<0.05; Fig. 8Bc). MMP-9 
showed a significantly higher proportion of positive area in 
the control group (20.8±3.3%; Fig. 8Ca) and jetPRIME group 
(21.1±5.3%; Fig. 8Cb) than in the EDRz group (14.1±6.3%, 
P<0.05; Fig. 8Cc). However, the expression levels of Egr-1, 
MMP-2, and MMP-9 in the control and jetPRIME group did 
not differ significantly (P>0.05; Fig. 8).

Discussion

Egr‑1, a zinc finger early transcription factor, is a member 
of the early gene family. In the study of AAA, Egr-1 has 
attracted much attention. Egr-1 is poorly expressed in the 
normal artery wall. However, it is induced by acute mechan-
ical injury, other vascular stresses, growth factors, and 
proinflammatory cytokines (12,13). Egr-1 also regulates the 
expression of genes related to the development of vascular 
diseases (14). Bioinformatics analysis showed that Egr-1 is 
a key transcription factor in the formation and pathogenesis 
of AAA (15). Egr-1 was found to be involved in thrombus 
formation and the inflammatory pathogenesis of AAA. 
The role of Egr-1 as a mechanical stress-response gene that 
causes aneurysm formation was also demonstrated (11). 
Thus, Egr-1 is being considered as a new target for AAA 
prevention and control.

Figure 3. (Aa) Depicts a large amount of green fluorescence in the intima and 
media following 24 h of EDRz transfection, while in (Ab), green fluorescence 
is still evident in the arterial wall following 28 days of transfection. Scale 
bars=1,000 µm. (B) Images representing the ultrastructure of the abdominal 
aorta in (Ba) control and (Bb) EDRz groups 28 days following elastase perfu-
sion. Scale bars=5 µm. EDRz, early growth response factor-1 DNA enzyme.

Figure 4. (A) Aneurysm formation in the abdominal aorta in 28 days is evident 
in each group: (Aa) normal; (Ab) control group; (Ac) jetPRIME group; and 
(Ad) EDRz group. Scale bars=1 mm. (B) Time course of the abdominal aortic 
diameter by ultrasound imaging. Values are presented as the mean ± standard 
deviation. EDRz, early growth response factor-1 DNA enzyme.
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DNA enzymes (deoxyribozyme, DRz) are DNA molecules 
with catalytic capabilities that cleave specific RNA strands. 
The ‘10-23’ DNA enzyme is the 23rd clone of the 10th cycle 
of in vitro selection. Therefore, the enzyme activity center is 
a ‘10-23 motif’ (16,17). AUG (816-818 sequence) is a selected 
target of Egr‑1 mRNA. A phosphorothioate modification was 

made in the 3' end to resist nuclease degradation, and the 5' end 
was labeled with carboxy fluorescein for detection purposes. 
Base 816 (A) of the Egr-1 mRNA did not base pair with 
EDRz. However, the remaining EDRz sites base paired with 
Egr-1 mRNA, followed by conformational changes. Moreover, 
nucleophilic attack occurred on the adjacent phosphate. The 

Figure 5. Hematoxylin and eosin staining revealed the morphological alterations in abdominal aortic aneurysm. (A) Control group, (B) jetPRIME group and 
(C) early growth response factor-1 DNA enzyme group. Scale bars=50 µm.

Figure 6. Expression of mRNA was detected by reverse transcription-quantitative polymerase chain reaction. Graphs representing the levels of (A) MMP-2 
mRNA expression, (B) MMP-9 mRNA expression and (C) Egr-1 mRNA expression. **P<0.01 vs. control. MMP, matrix metalloproteinase; Egr-1, early growth 
response factor-1.

Figure 7. Western blotting results of Egr-1, MMP-2 and MMP-9 protein expressions. Results are presented as the mean ± standard deviation. (A) Egr-1, 
(B) MMP-2 and (C) MMP-9 protein expression. **P<0.01 vs. control group. Lane 1, Control group; lane 2, jetPRIME group; lane 3, EDRz group. MMP, matrix 
metalloproteinase; Egr-1, early growth response factor-1; EDRz, early growth response factor-1 DNA enzyme.
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Egr-1 mRNA molecular structure was dissociated by two 
transesterification reactions. Our previous study demonstrated 
the specificity and efficacy of synthetic EDRz for inhibiting 
Egr-1 (7,18,19). However, whether the development of AAA 
can be suppressed by inhibiting Egr-1 expression remains 
unknown.

Synthetic DNA enzymes that specifically degrade Egr‑1 
mRNA prevent the induction of Egr-1 protein expression in 
human and rat aortic vascular smooth muscle cells (20-22). In 
previous studies, Egr-1 DNA enzyme reduced the mRNA and 
protein expression of Egr-1 in aortic smooth muscle cells and 
inhibited cell proliferation and migration (23). This property 
has been successfully applied to suppress gene expression. In 
our study, green fluorescence was observed in the vessel wall 
after 24 h and 28 days, indicating that EDRz was a persistent 
transfection process and that expression of Egr-1 was continu-
ously inhibited. EDRz can effectively inhibit the formation and 
development of AAA. AAA is a dilatation of the abdominal 
aorta, typically above the normal diameter of the artery by 
more than 50%. By measuring the diameter of the abdominal 
aorta, all arteries reached the diagnostic criteria for aneu-
rysms. The EDRz group showed minimal aneurysm formation 
compared to the control and transfection reagent group. These 
results suggest that EDRz inhibits AAA by inhibiting Egr-1 
expression.

Elastase perfusion degrades the elastic fiber in the media 
and forms elastic fragments. In our study, H&E staining and 

transmission electron microscopy showed that the medial 
layer of the vessels was disordered and that elastic fibers were 
broken and arranged irregularly in the control group and 
jetPRIME group. In the control group, the media was signifi-
cantly thinner than in the EDRz group.

Moreover, the number of smooth muscle cells was signif-
icantly reduced and these cells were irregularly arranged 
in the control group compared to in the EDRz group. 
This causes a local inflammatory reaction and produces 
proinflammatory factors, MMPs, endogenous and elastic 
proteases, among others. These processes promote elastase 
and collagen fiber degradation. Arterial wall inflamma-
tion can cause vascular smooth muscle cell apoptosis, 
MMP expression, and inflammation. Therefore, MMPs 
promote the degradation of the extracellular matrix, and 
inflammation participates in the occurrence and develop-
ment of AAA (24,25). Moreover, the suppression of MMP 
expression (26) can effectively inhibit AAA. Destruction 
of the elastic plate in blood vessels also contributes to cell 
proliferation, migration, and relocalization in the extracel-
lular matrix, which promotes arterial expansion and causes 
matrix shrinkage and aneurysm formation and rupture. 
MMPs are proteases that can promote extracellular matrix 
degradation and an inflammatory response, both of which 
contribute to aneurysm development. Particularly, MMP-2 
and MMP‑9 can significantly degrade elastin and participate 
in inflammatory responses (27).

Figure 8. Immunohistochemistry results of Egr-1, MMP-2 and MMP-9 protein expressions. (A) Egr-1, (B) MMP-2 and (C) MMP-9 expression. Image (a) 
Control group; image (b), jetPRIME group; and image (c), EDRz group. Yellow staining was positive expression and the fluorescence gray value per unit area 
was measured (scale bars, 50 µm). MMP, matrix metalloproteinase; Egr-1, early growth response factor-1; EDRz, early growth response factor-1 DNA enzyme.
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Egr-1, MMP-2, and MMP-9 levels were evaluated to 
determine the effectiveness of EDRz in inhibiting the AAA 
response. In the present study, the mRNA and protein expres-
sion levels of Egr-1, MMP-2, and MMP-9 were determined 
along with the inhibition of AAA genesis in rats transfected 
with EDRz. The results indicate that EDRz inhibits AAA 
development and reduces MMP-9 and MMP-2 expression.

Previous studies showed that Egr-1 promotes the expres-
sion of MMP-9 and MMP-2 and the migration and metastasis 
of inflammatory and cancer cells. Moreover, this phenom-
enon causes the formation and rupture of aneurysms (28). 
Shin et al (29) found that MMP2 and MMP-9 promote the 
degradation of elasticity and extracellular matrix and inflam-
mation. MMP-9 transcription caused by tumor necrosis 
factor is closely related to Egr-1. MMP-9 expression activity 
is enhanced by Egr-1 binding to its promoter. Harja et al (30) 
observed that the MMP-2 expression level in apo E-/- knockout 
mice was higher than that in C56BL6 mice with the same 
genetic background. Although it remains unclear whether 
Egr-1 can bind to MMP-2, a previous study demonstrated 
that stimulation of MMP-2 is related to the expression of 
MT1-MMP. Egr-1 can be combined with the MT1-MMP 
binding site (31). Sho et al (32) reported that mechanical 
and shear stresses can induce Egr-1 expression, whereas the 
transcription of MT1-MMP regulated by Egr-1 can activate 
MMP-2. MT1-MMP is found in endothelial and smooth 
muscle cells, which may be involved in long-term maintenance 
of MMP-2 activation and further contribute to dilatation of the 
aorta. Therefore, EDRz may inhibit the development of AAA 
by inhibiting MMP-2 and MMP-9 expression. However, the 
specific mechanism of this inhibitory effect requires further 
investigation.

This study has some limitations. The rat model of 
elastase-induced AAA used in our study is pathologi-
cally different from human AAAs. Human AAAs often 
exhibit atherosclerosis and intramural thrombosis such 
as in diabetic or hyperlipidemia rats. Whether the dose 
of EDRz used in this study was appropriate is unclear. 
We selected the EDRz dose based on our previous report, 
which showed that EDRz prevents stenosis and occlusion of 
autogenous vein graft in vivo. How to apply this informa-
tion in humans also remains unclear. Whether EDRz can 
delay or treat AAA progression when administrated after 
the onset of AAA is unknown, which will be the focus of our 
future studies.

In conclusion, we found that Egr-1 plays an important role 
in AAA formation. EDRz inhibits the mRNA and protein 
expression of Egr-1 and regulates the expression of MMP-2 
and MMP-9. Thus, the development of AAA in rats was 
inhibited. EDRz may be useful as a new drug for preventing 
or treating AAA.
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