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expressions of CyclinA2, proliferating cell nuclear antigen 
(PCNA), and phospho-histone-H3 (H3P), vascular density, 
and infarct area were assessed by Western blot, immuno-
histochemistry, immunofluorescence, and Masson staining. 
As a result, the combination of rAAV9-CyclinA2 and FG 
increased ejection fraction and fractional shortening com-
pared with FG or rAAV9-CyclinA2 alone. The expression 
level of CyclinA2 was significantly higher in the rAAV9-
CyclinA2 + FG + MI group compared with the rAAV9-
CyclinA2 + MI and FG + MI groups (70.1 ± 1.86% vs. 
14.74 ± 2.02%, P < 0.01; or vs. 50.13 ± 3.80%; P < 0.01). A 
higher expression level of PCNA and H3P was found in the 
rAAV9-CyclinA2 + FG + MI group compared with other 
groups. Comparing with other experiment groups, collagen 
deposition and the infarct size significantly decreased in 
rAAV9-CyclinA2 + Fibrin + MI group. The vascular den-
sity was much higher in the rAAV9-CyclinA2 + FG + MI 
group compared with the rAAV9-CyclinA2 + MI group. 
We concluded that fibrin glue combined with rAAV9-
CyclinA2 was found to be effective in cardiac remodeling 
and improving myocardial protection.

Keywords  CyclinA2 · Fibrin glue · Myocardial 
infarction · Myocardial protection

Introduction

Myocardial infarction (MI) is a serious threat to human 
health worldwide, often leading to a high rate of mortal-
ity and morbidity (Yusuf et  al. 2014). The incidence of 
MI in China has increased in recent years (Li et al. 2015). 
After MI, various inflammatory reactions lead to the for-
mation of scar tissue, left ventricular wall remodeling, 
ventricular wall thinning, and continuous deterioration of 

Abstract  The present study aimed to investigate the pro-
tective effects of rAAV9-CyclinA2 combined with fibrin 
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with an equal volume of normal saline or FG at the same 
sites. Five weeks after injection, echocardiography was 
performed to evaluate the left ventricular function. The 
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heart function, eventually causing heart failure (Van Aelst 
et al. 2015). At present, the treatments of MI include drug 
therapy, percutaneous coronary intervention, and coronary 
artery bypass graft, which can neither reverse the deterio-
ration of cardiac function nor promote the regeneration of 
myocardial cells.

However, studies have shown that in nontreated MI, a 
very small number of cardiomyocytes can restart the cell 
cycle (Li et  al. 2013). CyclinA2, an important cell cycle 
regulator, plays a key role in promoting entry of cells 
into mitosis (G1/S phase, G2/M phase) (Li et  al. 2013). 
Previous studies have confirmed that the transfection of 
CyclinA2 into cardiomyocytes could promote the regenera-
tion of cardiomyocytes after MI (Cheng et  al. 2007; Woo 
et  al. 2006; Shapiro et  al. 2014). Also, tail vein injection 
was used in this study to transfect rAAV9-CyclinA2 into 
cardiomyocytes after infarction, and the feasibility and 
safety of rAAV9-CyclinA2 were demonstrated (Ma et  al. 
2015). Studies have shown that AAV9 can achieve efficient 
and uniform myocardial transfection (White et  al. 2011; 
Prasad et al. 2011; Pleger et al. 2011).

While using CyclinA2 alone can promote cardiomyo-
cytes to reenter the cell cycle, it is difficult to achieve a bet-
ter outcome because the poor microenvironment can affect 
the expression of CyclinA2, and a large number of adenovi-
ruses entering the heart are lost.

Fibrin glue (FG), a new scaffold material for tissue engi-
neering, has been applied to repair MI as an ideal choice 
(Roura et  al. 2016). It provides a biomechanical support 
for cardiomyocytes until they are able to produce their own 
extracellular matrix (Guo et al. 2011). Furthermore, it can 
effectively improve the microenvironment surrounding 
cardiomyocytes, induce angiogenesis after MI, and pro-
vide excellent conditions for regeneration of cardiomyo-
cytes (Christman et  al. 2004; Xiu et  al. 2014). Therefore, 
it was hypothesized that transplanting rAAV9-CyclinA2 
combined with injectable FG had a protective effect on the 
infarcted myocardium of Sprague–Dawley (SD) rats. The 
aim was to explore whether more cardiomyocytes could be 
promoted to reenter the cell cycle and whether the mitosis 
of cells could be promoted further to decrease the infarction 
area and improve cardiac function after infarction based on 
the aforementioned combination.

Materials and methods

Construction of adenovirus vectors

The adeno-associated virus serotype 9 vector carrying 
the green fluorescent protein (GFP) or CyclinA2 gene 
was packaged and synthesized by Virovek (Hayward, CA, 
USA). The cytomegalovirus was used as the promoter. The 

fragments of murine CyclinA2 were P1 (F): 5′-ATA​TGA​
ATT​CCA​CCA​TGC​CGG​GCA​CCT​CGA​GGCA-3′ and P2 
(R): 5′-GGC​CGT​CGA​CTC​ACA​CAC​TTA​GTG​TCT​CTG​
-3′. After polymerase chain reaction amplification, the 
viruses were packaged. The obtained recombinant virus 
concentration was 2.39 × 1013 vg/ml.

Fibrin glue

The fibrin (RAAS. Shanghai, China) is a two-component 
system. One component consists of fibrinogen and apro-
tinin, and another comprises thrombin and CaCl2. These 
components were mixed in an injector to rapidly form a 
gelatinous product. The ratio of fibrinogen to thrombin in 
the mixture was 1:1.

Myocardial infarction and intramyocardial injection

A total of 90 male, clean-grade SD rats (weighing 
200–250 g) were selected for this study. The animals were 
purchased from the Experimental Animal Center of Xinji-
ang Medical University [permission number: SYXK (Xin) 
2010-0002]. They were housed in comfortable conditions 
with an illumination time of 12 h and free access to food 
and water. All of the experimental procedures were per-
formed according to the requirements of the ethics commit-
tee of the Xinjiang Medical University, China.

The rats were randomly divided into 6 groups (15 
in each group): sham, MI, rAAV9-GFP + MI, rAAV9-
CyclinA2 + MI, FG + MI, and rAAV9-CyclinA2 + FG + MI. 
The rats were anesthetized with ketamine (80 mg/kg), xyla-
zine (20 mg/kg), and atropine (0.006 mg/kg), and the ante-
rior descending branch of the left coronary artery was ligated 
with a 7-0 silk suture, as described previously (Miyahara 
et al. 2006), after thoracotomy. The sham group underwent 
the same surgical procedure without coronary ligation.

After establishing MI models, 5 × 1011 vg/ml packed 
virus of rAAV9-GFP and rAAV9-CyclinA2 was diluted 
in 150  μl of normal saline or FG, respectively; the solu-
tion was then transfected into myocardial cells through 
an intramyocardial injection in the rAAV9-GFP + MI 
(rAAV9-GFP in normal saline), rAAV9-CyclinA2 + MI 
(rAAV9-CyclinA2 in normal saline), and rAAV9-
CyclinA2 + FG + MI (rAAV9-CyclinA2 in FG) groups. The 
sham and MI groups were injected with an equal volume of 
normal saline at the same sites, while the FG + MI group 
was injected with FG (Fig. 1I).

Echocardiography

Five weeks after the operation, echocardiography was 
performed on five to seven rats from each group. The 
echocardiography was spread with a 14-Hz ultrasound 
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probe (Hewlett Packard Sonos 5500, USA). The left ven-
tricular 2D image-guided M-mode curves were collected 
for the measurement, and three to six cardiac cycles were 
recorded. To obtain relevant data, heart rate, left ventric-
ular end-systolic diameter (LVESD), and left ventricular 
end-diastolic dimension (LVEDD) were measured. The 
left ventricular short-axis ejection fraction (EF) and frac-
tional shortening (FS) were calculated using the follow-
ing formulae: EF = [(EDD3 − ESD3)/EDD3] × 100 and 
FS = [(EDD − ESD)/EDD] × 100. The average values 
were obtained for analyses.

Measurement of infarct size

After echocardiography, the rats were sacrificed by 
injecting excessive pentobarbital (200  mg/kg). The 

maximum infarction area was obtained through resection 
along the horizontal axis of the heart. The tissues were 
fixed with optimum cutting temperature fixative (Sakura 
Finetek, CA, USA) and sliced into 10-μm sections using 
a freezing microtome. Eight to ten frozen sections from 
each group were randomly selected, and the A, B, C, and 
D solutions in the Masson reagent kit (Invitrogen, USA) 
were sequentially used according to the instructions. The 
staining results were observed under a microscope to 
avoid excessive staining. The infarct area (blue area), as 
determined by percent of the left ventricular mass, was 
measured after staining. The Image-Pro Plus 6.0 image 
analysis software was used to calculate the percentage of 
areas in the same field of view in the immunohistochem-
istry analysis.

Fig. 1   I Methods of intramuscular injection. After MI, the solution 
containing viruses or normal saline or FG was injected into myo-
cardial tissue at five points (each 30 µL) at the junction of infarcted 
and normal tissues, which was divided into five equal sections. II 
Immunofluorescence staining of CyclinA2 in the myocardium of 
FG + CyclinA2 group. It shows a section containing papillary mus-
cle after 5 weeks of myocardial injection. Arrows show the posi-

tive expression of CyclinA2. (a–d) Blue DAPI; red α-SMA; green 
CyclinA2. Scale bar 5 µm. III Immunohistochemical staining showed 
the expression of CyclinA2 and PCNA in each group. (e) The arrows 
showed that CyclinA2 express positively in the cytoplasm of myo-
cardial cells without in the nucleus. (f) The arrows show the positive 
expression of PCNA in the nuclei of myocardial cells (×200, 5 µm). 
(Color figure online)
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Western blot

The myocardial tissues were lysed using 600–700  μl of 
tissue protein lysis buffer (Beyotime Institute of Biotech-
nology, China). Also, the phosphatase and proteinase 
inhibitors were added to the tissues at a ratio of 1:100. The 
tissues were placed in a homogenizer for ultra-speed rota-
tional grinding into a paste form. The rotationally ground 
tissues were placed on ice for lysis for approximately 1 h. 
The protein concentration was determined using the bicin-
choninic acid method. All the manipulation procedures 
were performed according to the instructions. A total of 
80 μg of protein was loaded for electrophoresis and trans-
ferred onto a 0.45-μm polyvinylidene difluoride mem-
brane. After blocking in 5% nonfat milk for 1 h, the mem-
brane was incubated with CyclinA2 (1:500, Santa Cruz, 
sc53227), PCNA (1:1000, Cell Signaling, 2586), and H3P 
(1:1000, Abcam, ab115152) antibodies that were diluted 
at the proper dilution ratio in 5% bovine serum albumin 
(BSA) on a shaker at 4 °C overnight. The membrane was 
washed with 0.05% Tris-buffered saline with Tween 20. 
The corresponding secondary antibodies were added and 
incubated at room temperature for 1 h. The expression of 
the target proteins was detected using the enhanced chemi-
luminescence method. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used as the internal control. Opti-
cal density (OD) values of the target bands and the internal 
control were measured, and the ratio of OD values between 
these two measurements was used as the expression level of 
the target protein.

Immunohistochemistry

The tissues were fixed in 4% paraformaldehyde, embedded 
in paraffin, and cut into 5-μm sections. The sections were 
deparaffinized at 65 °C for 40 min, dehydrated in gradient 
alcohol, blocked with 3% hydrogen peroxide, and rehy-
drated in 0.01 mmol/L citrate buffer at 92–98 °C for 10 min 
for antigen retrieval. After cooling down to room tempera-
ture, the sections were washed with phosphate-buffered 
saline (PBS) three times, and nonspecific antigens were 
blocked with 5% goat serum for 15  min. The CyclinA2, 
PCNA, and H3P antibodies were added. After the primary 
antibodies were diluted in BSA following the instruction, 
the sections were incubated overnight at 4 °C with primary 
antibodies. The sections were washed with PBS, followed 
by a 1-h incubation with a biotinylated goat anti-mouse 
immunoglobulin G antibody. The sections were washed 
with PBS three times after incubation, and the diaminoben-
zidine (DAB) developing solution was added. The develop-
ment time was controlled under a microscope. The sections 
were placed in hematoxylin to stain the nuclei. Images were 
acquired using a Leica inverted fluorescence microscope.

Immunofluorescence

The tissues were fixed in 4% paraformaldehyde for 8 h and 
dehydrated in 20% sucrose overnight. The tissues were sec-
tioned in a freezing microtome after they were embedded in 
OCT compound. The sections were fixed in acetone, washed 
with PBS three times, and added to goat serum for block-
ing for 1 h, followed by incubation with the properly diluted 
primary α-smooth muscle actin (SMA) (1:100; Proteintech; 
551351-AP) and c-TnT (1:200; Abcam; ab8295) antibodies 
overnight at 4 °C. The sections were removed at room tem-
perature for 30 min, washed with PBS, and incubated with 
fluorescein isothiocyanate (1:1000; Abcam; ab6717) and 
Alexa Fluor (1:1000; Abcam; ab150077) in a 37 °C incu-
bator for 1 h. After being washed with PBS. The sections 
were added to a DAPI (1:500, Santa Cruz Biotechnology; 
sc-3598) dilution solution after washing with PBS and incu-
bated in the dark for 7 min. The sections were washed with 
a formaldehyde solution for 5 min and placed in PBS. They 
were photographed under a Leica inverted fluorescence 
microscope; five regions were randomly selected to observe 
the expression of the corresponding factors.

Statistical analysis

All data are presented as the mean ± standard deviation. 
The comparison among multiple groups was analyzed 
using one-way analysis of variance, while pairwise com-
parisons were analyzed by a least significant difference test 
(P < 0.05). The Image-Pro Plus 6.0 image analysis software 
was used to calculate the percentage of areas in the same 
field in the immunohistochemistry analysis.

Results

Specific expression of CyclinA2 in cardiac muscles

The Western blot showed that after 5 weeks of treat-
ment, the expression of CyclinA2 in the CyclinA2 group 
increased significantly compared with that in the GFP 
group (50.13 ± 3.80 vs. 14.07 ± 1.64%, P < 0.001). Also, the 
expression in the rAAV9-CyclinA2 + FG group increased 
significantly compared with that in the FG and CyclinA2 
groups (70.1 ± 1.86% vs. 14.74 ± 2.02%, P < 0.01; and vs. 
50.13 ± 3.80%; P < 0.01, respectively) (Fig. 2a, b).

Immunohistochemistry and immunofluorescence analy-
ses showed that after CyclinA2 was transfected into the 
cardiac muscles for 5 weeks, the expression of CyclinA2 
in the cytoplasm of the myocardial cells of SD rats was 
observed, whereas low expression was noted in the cell 
nuclei (Fig.  1II,III). Positive results were not observed in 
the sham group.
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Expression of proliferation‑related antigens

After the transfection of CyclinA2 combined with FG 
into the cardiac muscles for 5 weeks, the expression of 
PCNA increased significantly compared with that in the 
other groups. The comparison between the GFP + MI 
and rAAV9-CyclinA2 + MI groups (0.142 ± 0.0092 vs. 
0.16 ± 0.0095%, P < 0.001), and the rAAV9-CyclinA2 + MI 
and rAAV9-CyclinA2 + FG + MI groups (0.16 ± 0.0095 
vs. 0.179 ± 0.0145%, P < 0.05) both displayed significant 
differences (Fig.  2c). The immunohistochemistry showed 
that the expression of PCNA increased significantly in the 
rAAV9-CyclinA2 + FG group (Fig. 2d).

Cardiac function

FS and EF are indicators of cardiac systolic func-
tion. FS showed a statistically significant increment 

in the rAAV9-CyclinA2 + FG + MI group compared 
with that in the FG + MI and rAAV9-CyclinA2 + MI 
groups (39.2 ± 3.91% vs. 35.69 ± 3.21%, P < 0.01 and 
26.07 ± 2.51%, P < 0.05, respectively). FS between the 
GFP and CyclinA2 groups was significantly different 
(13.97 ± 1.91 vs. 35.69 ± 3.21%, P < 0.05) (Fig.  3a). EF 
showed a statistically significant increment in the rAAV9-
CyclinA2 + FG group compared with that in the FG 
and CyclinA2 groups (75.37 ± 4.69% vs. 56.88 ± 4.07%, 
P < 0.01 and 70.57 ± 3.76%, P < 0.05, respectively) 
(Fig. 3b).

Furthermore, LVESD and LVEDD are indicators of car-
diac diastolic function (Fig. 3c, d). The LVESD values were 
as follows: 4.37 ± 5.18  mm in the rAAV9-CyclinA2 + FG 
group, 5.14 ± 1.11  mm in the CyclinA2 group, 
5.68 ± 0.79  mm in the FG group, and 6.56 ± 0.67  mm in 
the MI group. The LVESD in the rAAV9-CyclinA2 + FG 
group was significantly higher than that in the CyclinA2 

Fig. 2   Expressions of Cyclin-A2, PCNA, and H3P in the myo-
cardium of the six groups using Western blot. a The representa-
tive Western blot of the expression of CyclinA2, PCNA, and H3P 
in each group. b The expression level of CyclinA2 in each group. 
c The expression level of PCNA showed a difference between the 

FG + CyclinA2 and other groups. d The expression of H3P showed 
a significant difference in the six groups. The size of proteins: 
CyclinA2: 49 kDa; PCNA: 36 kDa; H3P: 17 kDa; GAPDH: 36 kDa. 
#P < 0.05, *P < 0.01, **P < 0.001
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(P < 0.05) and FG groups (P < 0.01). The LVEDD values 
did not differ significantly among all groups (P > 0.05).

Infarction area

Masson staining was performed to evaluate the content 
of collagen fibers in the infarction region so as to meas-
ure the infarct size in the left ventricle. Infarct size in the 
MI group was 28.93 ± 2.40%, which did not differ signifi-
cantly from that in the GFP group (P = 1.01). However, the 
infarction area was significantly less in the CyclinA2 + FG 
(16.63 ± 2.12%), FG (23.3 ± 11.97%), and CyclinA2 
(19.88 ± 1.20%) groups than that in the MI and GFP groups 
(all P < 0.01). The combination of CyclinA2 and FG was 
more beneficial for decreasing myocardial fibrosis in the 
infarction region and preventing left ventricular remodeling 
compared with the single use of each (P < 0.05). (Fig. 4 I, 
II).

Neovascularization

Neovasculature was evaluated by immunofluorescence 
staining using α-SMA antibody and labeled and meas-
ured as previously described (Rybinski et al. 2015). After 
5 weeks, the extent of neovasculature in the marginal zone 
of the infarction region with different interventions was 
determined (Fig.  4III). The results showed 46.73 ± 3.87/
mm2 neovasculature in the sham group, 12.27 ± 1.88/mm2 
in the MI group, 12.62 ± 1.05/mm2 in the GFP group, 
28.35 ± 3.17/mm2 in the FG + MI group, 13.07 ± 1.82/
mm2 in the CyclinA2 group, and 27.91 ± 3.91/mm2 in 
the FG + CyclinA2 group. No significant difference 
was found between the FG and FG + CyclinA2 groups 
(P = 0.057). A significant difference in vessel density was 
observed between the FG + CyclinA2 and CyclinA2 groups 
(P < 0.05). The difference between CyclinA2 and MI 
groups was not significant (P > 0.05) (Fig. 4IV).

Fig. 3   Cardiac function indicators in each group 5 weeks after 
intramyocardial injection. a, b Left ventricular fractional shortening 
and ejection fraction after MI was measured by echocardiography, 
respectively. c The levels of left ventricular end-systolic diameter 

in the FG + CyclinA2, CyclinA2, and FG groups were significantly 
smaller than the MI group. d Left ventricular end-diastolic dimension 
showed no significant differences among the six groups after injec-
tion. #P < 0.05, *P < 0.01, **P < 0.001
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Discussion

The present study showed that rAAV9-CyclinA2 combined 
with FG promoted the mitosis of myocardial cells, slowed 
down ventricular wall remodeling, reduced infarction 
areas, and promoted the regeneration of microvessels of 
the infarct area, finally improving left ventricular function 
after MI. The low rate of cell survival and the rapid loss of 
molecules in the injection area are the key issues that must 
be addressed (Roura et al. 2015). Using different treatment 
methods to increase the number of survived myocardial 
cells and improve the environment in cardiac muscles after 
infarction has become the focus of current studies.

It was shown that myocardial cells could be regenerated 
after establishing the MI model in CyclinA2 transgenic 
mice, which was consistent with the findings of Shapiro 

et al. (2014). This regeneration was considered to be associ-
ated with the restart of the cell cycle after persistent expres-
sion of CyclinA2 (Cheng et al. 2007). CyclinA2 plays the 
role of cell cycle promotion in the G1/S and G2/M phases 
(Li et  al. 2013). CyclinA2 activates CyclinA2-dependent 
kinase-2 (CDK2) by binding with it. Activated CDK2 
phosphorylates a series of substrates, thus promoting DNA 
synthesis and mitosis regulation. The expression levels of 
CyclinA2, PCNA, and H3P in the combined group were 
higher than those in the CyclinA2 group. It might be due to 
FG can slow the release of cytokines (Melhem et al. 2015). 
This further shows that the presence of FG limits the rapid 
loss of rAAV9-CyclinA2, inducing the synthesis of DNA 
in the cell cycle after cytoplasmic aggregation. Therefore, 
the expression of PCNA (DNA synthesis marker) and H3P 
(mitotic marker) increases.

Fig. 4   Infarct size and arteriole density in the infarct area 5 
weeks after injection. I Infarct area (blue area) of different groups 
were measured 5 weeks after injection. II The infarct size of the 
FG + CyclinA2 group was markedly smaller than other groups after 
measuring. III New blood vessels were formed in the myocardium of 

FG + CyclinA2 group 5 weeks after injection. The green ones are the 
newborn vessels. IV Arteriole density of the FG + CyclinA2 group 
was much higher than the CyclinA2 group. #P < 0.05. (Color figure 
online)
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The arteriole density in the rAAV9-CyclinA2 group did 
not increase significantly compared with the GFP group in 
this study. The result indicated that CyclinA2 could only 
promote cells to reenter the cell cycle but could not pro-
mote arteriole regeneration, which was consistent with the 
results of Shapiro et al. (2014). However, FG improved the 
microenvironment by promoting capillary regeneration 
because (1) FG contained an arginine–glycine–asparagine 
sequence, which could activate the vascular endothelial 
growth factor receptor-related α5β3 integrin (Soldi et  al. 
1999); (2) FG provided a better matrix environment for 
the migration and division (branching morphogenesis) of 
endothelial cells (Bach et  al. 1998); (3) FG contained a 
large amount of fibroblast growth factors that could pro-
mote angiogenesis; fibrin fragment E, a degradation prod-
uct of FG, could also promote revascularization (Bootle-
Wilbraham et al. 2001).

Moreover, decreasing the infarct area is also important to 
improving cardiac function. The present study showed that 
the infarct size in the combination group was smaller than 
those in the CyclinA2 alone and FG alone groups, and the 
size in the CyclinA2 group was smaller than that in the MI 
group. Previous studies have demonstrated that CyclinA2 
promotes myocardial cell repair and improves myocar-
dial infarct size (Shapiro et al. 2014). CyclinA2 alone can 
reduce infarct size and improve cardiac function; however, 
its effect in combination with FG is better in this study. 
Because FG reduced the mechanical stretch of cardiac 
muscle in the infarcted area at the early stage of MI when 
a scar has not yet formed (Christman et  al. 2004). It pro-
vided internal and mechanical support for cardiac muscles 
by increasing stiffness in the infarction area and infarcted 
border zone. These effects might occur at the early stage 
of MI. Matrix metalloproteinase was unregulated to cause 
extracellular matrix degradation, thus reducing the endur-
ance of infarction areas (Christman et  al. 2004). These 
results confirmed the initial echocardiographic findings that 
FG as well as CyclinA2 improved heart function. Unfortu-
nately, the difference in LVESD between the experimental 
and control groups was not statistically significant. It might 
be due to the small sample size. A larger sample size may 
reflect a significant increase in the effect of CyclinA2 and 
FG treatment.

CyclinA2 promoted myocardial cell repair, and FG 
matrix induced myoblast proliferation. Also, as an extracel-
lular matrix, FG could affect the local microenvironment of 
cardiac muscle at the molecular level and also promote the 
regenerated arterioles to provide nourishment for myocar-
dial cells in infarction and border areas after MI. The com-
bination of rAAV9-CyclinA2 and FG was chosen to treat 
MI in a rat MI model, which increased the survival rate of 
the newly generated myocardial cells and improved cardiac 
function. The present study indicated that rAAV9-CyclinA2 

combined with FG had synergistic effects on myocardial 
protection, and was more effective compared with rAAV9-
CyclinA2 or FG alone.

The present study had its limitations. This study chose 
5 weeks as the observation time because previous studies 
indicated that FG degraded completely in approximately 5 
weeks. If the observation time was prolonged, the advan-
tage of rAAV9-CyclinA2 combined with FG over rAAV9-
CyclinA2 or FG alone might no longer be significant. 
Finally, large-animal studies are required to prove the safety 
and feasibility of the present findings.

In summary, this study indicated that rAAV9-CyclinA2 
combined with FG could promote mitosis and increase 
the survival of cardiac muscle cells. Hence, FG provides a 
more ideal microenvironment for myocardial cell regenera-
tion, thus decreasing infarction size and improving cardiac 
function. Therefore, rAAV9-CyclinA2 combined with FG 
may be used as a new strategy for treating MI.
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