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Abstract: Background: The formation and rupture of aneurysms is a reversible process involving the destruction
and repair of smooth muscle cells, and the proliferation of vascular smooth muscle cells (VSMC) and inflammation
play an important role. In our study, we investigated whether Interleukin-10 (IL-10) treatment delays and prevents
the development of aneurysms, and the molecular mechanism whereby IL.-10 could inhibit proliferation of VSMC
by inhibiting inflammatory responses in abdominal aortic aneurysms. Methods: Models of rabbit abdominal aortic
aneurysm (AAA) were established by elastin pressurization and perfusion, and recombinant IL-10 was used as a
drug to intervene in treatment of the AAA model by rabbit ear vein injection. 1 week, 2 weeks and 4 weeks after
establishing the AAA model, color Doppler ultrasound and H&E staining was used to observe the development of
AAA. Western blotting and RT-qgPCR were used to detect the gene expression of PCNA, OPN and a-SMA, Th1/Th2
cytokines were detected by RT-gPCR, Nf-kB and MCP-1 protein was analyzed by immunochemistry. Activation of
Macrophage was analyzed by immunofluorescence. Results: Compared with the model group without any interven-
tion, after treatment with IL-10, a decreased cell number was recorded and number of layers of smooth muscle
cells in rabbit abdominal aortic aneurysms were significantly reduced, as was elastin breakage and smooth muscle
cell degradation. The gene expression of PCNA and OPN, the mRNA expression of IFN-y and TNF-a, and the protein
expression of NF-kB and MCP-1 were elevated (P < 0.05), but a-SMA, IFN-y, TNF-&, IL-4 and IL-13 were decreased
(P < 0.05) in abdominal aortic aneurysm. The M2/M1 macrophage ratio increased significantly. Conclusion: With
treatment by IL-10, the development of rabbit abdominal aortic aneurysm was delayed. The molecular mechanism
may have been that IL-10 treatment inhibits inflammation in aneurysm tissue by promoting the activation of M2
macrophages and altering Th1/Th2 cytokine production.Tthe inhibited inflammatory response promoted the prolif-
eration and phenotypic transformation of VSMC.
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flow. In China, the incidence of AAA is 2%, and
has a yearly rising trend. Because of the limita-
tions in the understanding of the molecular
mechanisms underlying the development and

Introduction

Aneurysm damages the normal structure of the
aortic wall, especially the the elastic fiber layer

of the arterial wall, which is caused by congeni- rupture of AAA, we have no effective drug to

tal or acquired diseases. Itleads to the gradual delay or cure AAA without surgical treatment [2,
expansion or enlargement of the aorta. In gen- 3].

eral, an aneurysm is defined as an artery with

a diameter greater than 50% of normal [1].
Abdominal aortic aneurysm (AAA) is a high-risk
disease that refers to the abnormal expansion
or limited expansion of a segment of the
abdominal aorta that ultimately renders the
wall unable to withstand the impact of blood

The formation and rupture of aneurysm is a pro-
gressive process from the inner to middle and
outer layers, and the degeneration of smooth
muscle cells plays an important role during the
formation of the entire aneurysm. In other
words, the formation and rupture of aneurysms
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is a reversible process with the destruction and
repair of smooth muscle cells, and the rupture
of aneurysm is the result of damage caused by
blood flow shear stress. Inflammation is then
much greater than the repair of the smooth
muscle cell layer [4, 5]. Vascular smooth mus-
cle cells (VSMC) are a highly specialized cell
with the functions of constricting blood ves-
sels, regulating vascular tone, and maintaining
blood pressure [6]. VSMC play an important
role during the formation and rupture of AAA.
When the rate of apoptosis of VSMC exceeds
proliferation, the number of smooth muscle lay-
ers gradually decreases. When the number of
smooth muscle layers decreases to a certain
extent, the wall of the aneurysm ruptures,
endangering life [7, 8]. Therefore, the prolifera-
tion of VSMC is very important.

Until now, the pathogenesis of AAA was not
clear. However, it is certain that AAA is a chron-
ic inflammatory disease, and many inflamma-
tory related factors are closely related to the
incidence of abdominal aortic aneurysm [9,
10]. IL-10 is a cytokine that suppresses and ter-
minates inflammatory responses, and it can
prevent the secretion of inflammatory cyto-
kines and regulate the differentiation and pro-
liferation of T cells, B cells, and NK cells [11].
IL-10 had been widely used to treat inflamma-
tory bowel diseases such as chronic ulcerative
colitis [12, 13] and Crohn’s disease [14, 15].

In our study, we used IL-10 to treat a rabbit AAA
model, and investigated whether Interleukin-10
(IL-10) treatment delays and prevents the devel-
opment of aneurysms. The molecular mecha-
nism is that IL-10 can inhibit proliferation of
VSMC by inhibiting inflammatory responses in
abdominal aortic aneurysms. Collectively, our
study offers a new therapeutic strategy for
treating or preventing AAA by inhibiting in-
flammation.

Materials and methods
Experimental animals and groups

There were 70 New Zealand male rabbits
(SCXK2006-0006) with weight (2.5 + 0.20) kg
chosen as research subjects. After adaptive
feeding (room temperature 20-24°C, half day
and night, air humidity 60%) for one week, they
were randomly divided into A, B, C, D, E, F, and
H groups. Group A was the sham group, and
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groups B, C, D, E, F, and H were AAA model
groups. In groups E, F, and H, 5 yl of recombi-
nant IL-10 (CYT-500, Amyjet Scientific, China)
(dissolved in 5 mol/L NaP) was injected into
rabbit ear vein immediately after the model
was completed, and the same dose was inject-
ed weekly until rabbits were Killed. Groups A, B,
C, and D were injected with 5 mol/L NaP sol-
vent. One week after the completion of the rab-
bit AAA model, the rabbits in B and E groups
were sacrificed. 2 weeks later we killed Cand F
groups, and D and H groups rabbits were sacri-
ficed after 4 weeks. Group A was defined as the
Sham group, groups B, C, and D were defined
as the Model group, and groups E, F, and H
were defined as the IL-10 treatment group. The
study was approved by Ethics committee of
Yantai Yuhuangding Hospital.

Rabbit abdominal aorta aneurysm model

The rabbit AAA model was established by elas-
tase pressurization and perfusion, and the
details of methods was as follows: all experi-
mental animals fasted and were denied water
for 4 h before surgery. 10% chloral hydrate
(Sinopharm Chemical Reagent Co.,Ltd, China)
3.5 ml/kg was used for intraperitoneal injec-
tion, strictly aseptically. To free the femoral
artery: The common femoral artery was isolat-
ed and dissociated 0.5-1 cm, and was threaded
on the proximal end and distal end, respective-
ly. Laparotomy: We did a midline abdominal
incision and exposes the abdominal aorta. We
selected a 1.5-2.0 abdominal aortic segment
with less branches and dissociated the abdom-
inal aorta. We placed rubber filters on the proxi-
mal and distal ends. Femoral artery was punc-
tured and we placed the catheter (4F Forgaty,
Beijing Life Oasis Technology Co., Ltd., China):
the catheter was gently delivered to the aortic
segment of the patient through the femoral
artery incision, and the proximal end of the
abdominal aorta was blocked with an arterial
clamp and a rubber filter. The distal end was
blocked by a rubber filter, forming a closed
chamber that communicates with the catheter,
and the blood in the chamber was drained and
flushed with physiological saline 3 times.
According to the group design, 10 ul saline
(Sham group) or 100 U/mL porcine trypsin solu-
tion (Model group and IL-10 treatment group)
(45124, Sigma-aldrich, USA) was injected into
the arterial cavity through the low pressure of
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the double-lumen catheter. After 7 minutes of
perfusion, the solution was withdrawn and the
heparin saline (H32021978, Suzhou Xinbao
Pharmaceutical Co., Ltd., China) was injected
from the auxiliary tube. The tube was aspirated
from the main tube and washed repeatedly in
the lumen of the artery. We removed the filter,
removed the microcatheter and closed the
abdomen.

Color doppler ultrasound

Experimental animals were subjected to color
ultrasonography of the abdominal aorta before
surgery, 7 days after surgery, and before sacri-
fice (ClearVue 580, Philips, Holland). The longi-
tudinal and transverse sections were examined
separately, and the maximum lumen diameter
was measured by the ultrasound instrument
post-processing software. We tookthe average
value as the diameter of the experimental ani-
mal tumor; abdominal aortic expansion rate =
(AAA diameter-average abdominal aortic diam-
eter)/average abdominal aortic diameter; ab-
dominal aortic mean diameter = (upper end of
tumor + lower end of tumor)/2.

H&E staining

The experimental rabbits were anesthetized,
and then we cut the abdomen to get the perfu-
sion arterial segments and collected aneurysm
specimens. A portion of the specimen was
dehydrated, transparently and paraffin-embed-
ded, and the specimen was cut into 5 um slices
by a serial slicer (SLEE, CUT4062, Germany).
Paraffin sections were routinely dewaxed and
washed with staining kits for H&E staining
(G1120, Solarbio, USA) as follows: staining with
hematoxylin for 5 to 10 minutes, washing for 3
to 5 minutes, placing in 0.5 to 1% hydrochloric
acid in alcoholic solution for several seconds,
washing for 3 to 5 minutes, coloring with alka-
line aqueous solution for 1 min, washing with
water for about 10 min. We then examined the
extent of staining under the microscope. After
suitable coloring, it was washed 1 or 2 times,
stained with 0.5% Yihong alcohol for 1 to 2 min-
utes, dehydrated with alcohol, transparent with
xylene, and neutral resin was used for sealing.
Optical microscope (LSM800, Olympus, Japan)
was used to observe the pathologic changes
after H&E staining of each slice.
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Immunofluorescence

We removed the prepared tissue section and
placed it at room temperature for 20 minutes.
After drying, we marked the area of immunohis-
tochemical tissue, washed 3 times for 5 min-
utes at room temperature with PBS (135 mM
NaCl, 2.7 mM KCI, 1.5 mM KH,PO,, 8 mM
K,HPO,, adjusted pH to 7.2 with HCl and NaOH),
and then sealed with goat serum (Hyclone, MA,
USA) at 37°C for 1 hour. The goat serum was
removed and it wa incubated with anti-Galectin
3 (ab76245, 1:1000) and anti-iNOS antibody
(@b178847, 1:100) at 4°C overnight. The PBS
was rinsed 3 times for 5 minutes at room tem-
perature in the dark. The goat anti-rabbit sec-
ondary antibody was incubated at 37°C for 1 h
and washed 3 times with PBS for 5 mins at
room temperature. The slides were sealed and
observed by fluorescence microscopy (Carl
Zeiss, Weimar, German). Unless otherwise
specified, all antibodies were purchased from
Abcam.

Western blotting

The experimental rabbits were anesthetized,
and then we cut the abdomen to get the perfu-
sion arterial segments and collected aneurysm
specimens. AAA tissue and RIPA lysate (1 mM
PSMF was added in advance, Beyotime, China)
were added into a glass homogenizer (Shang-
hai Broadcom Chemical Technology Co., Ltd.,
China), and then placed on ice for 10 min, cen-
trifuged at 12000 rpm for 10 min to collect the
supernatant, and we measured total tissue
protein.

20% SDS buffer solution was added to the
supernatant until the final concentration of SDS
was 1%, and the mixture was boiled at 100°C
for 5 min. The concentration of protein was
determined by BCA protein concentration assay
kit (Beyotime, China). 75 ug of total protein was
loaded into each lane and separated by 15%
SDS-PAGE (90 V, 0.5 h; 120V, 1 h) and trans-
ferred (400 mA, 1.5 h) to polyvinylidene fluoride
film (Amersham Biosciences, UK), fixed with
methanol for 1 min, washed three times (5 min
each) with TBST (10 mM Tris-HCI, 150 mM
NaCl, 0.1% tween 20, pH = 7.6) and blocked
with blocking buffer (5% skim milk in TBST) for
1 h. anti-PCNA (ab29, 1:10000), anti-OPN
(@b8448, 1:200) or anti-a-SMA [EPR5368]
(@b124964, 1:1000), or anti-GAPDH antibody
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Table 1. RT-gPR specific primer sequences

Gene Primer sequences (5'-3")
PCNA F: GTTTAAGTATCTTCACGTTC

R: CGGGTTCCTTCGACATTCCT
OPN F: CGTGATTTGCTTTTGTCTCTTG

R: TGGGGTACACAGTGACTTCATC
o-SMA F: TGCTGTCCTTCTGGCTGAACATT
R: GAATCAGACAGCTTTCGGAAGTTGG

TNF-o F: ACCCTCACACTCACAAACCA
R: ATAGCAAATCGGCTGACGGT
IFN-y F: CCTCATGGCTGTTTCTGGCT
R: TCCTTTTGCCAGTTCCTCCA
IL-13 F: TGCCATCTACAGGACCCAGA
R: CTCATTAGAAGGGGCCGTGG
IL-4 F: GGATGACAACTAGCTGGGGG

R: ATGGATGTGCCAAACGTCCT
GAPDH F: GATGAACCTAAGCTGGGACCC
R: TGTGAACGGATTTGGCCGTA

(@b8227, 1:2000) or anti-NF-kB p65 (ab16502,
1:2000) or anti-MCP-1 (ab124964, 1:1000)
diluted by 5% skim milk was added and incu-
bated at 4°C overnight. We washed with TBST
for 3 times (10 min each). Sheep anti-rabbit
secondary antibody (ab205718, 1:2000) or
Sheep anti-mouse secondary antibody (ab-
6808, 1:2000) was added and incubated for 1
h at room temperature, and then ECL solution
was added for detection. The expression of the
target protein was analyzed by Image J soft-
ware, and the relative expression level of target
protein was characterized by the gray value of
the target protein/gray value of B-actin or lamin
A protein. Unless otherwise specified, all anti-
bodies were purchased from Abcam.

Real-time fluorescence quantitative PCR

The experimental rabbits were anesthetized,
and then we cut the abdomen to get the perfu-
sion arterial segments and collected aneurysm
specimens. AAA tissue and Trizol (Takara Bio-
medical Technology (Beijing) Co., Ltd., China)
were added into a glass homogenizer. Total
RNA was extracted by the Trizol method. DEPC
(Takara, China) water was added to dissolve
the RNA according to RNA concentration, and
RNA concentration was measured by NanoDrop
2000 Ultramicro Spectrophotometer (Thermo
Scientific, USA). The extracted RNA was reverse
transcribed into cDNA by using PrimeScript™RT
Master Mix reverse transcription kit (RRO36B,
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Takara, China). PCR parameters set: 37°C/60
minutes, 85°C/5 seconds.

RT-gPCR: 20 pl RT-gPCR system was prepared
according to the SYBR Green qPCR Master Mix
Kit instructions (638320, TakaRa, China) and
amplified using ABI 7500 fluorescence quanti-
tative PCR instrument (Applied Biosystems,
USAA). PCR parameters set: 95°C/30 s,
[90°C/5 s, 65°C/30 s] -40 cycles. B-actin was
used as an internal control. The relative expres-
sion level of the target gene was calculated by
22t method. RT-qPCR specific primer sequenc-
es are shown in Table 1.

Statistical analysis

The data were analyzed by SPSS 20.0 software
package for statistical analysis and the data
were expressed as (mean + standard devia-
tion). Student’s t test, x? test and Fisher’s exact
test were used to compare the differences
between groups. P < 0.05 indicated a signifi-
cant difference.

Results

IL-10 delays the development of elastase-
induced AAA

Color Doppler ultrasonography was used to
detect and measure abdominal aortic diame-
ter. The results showed that the maximum
diameter of rabbit abdominal aorta increases
with time after elastin perfusion induction, but
IL-10 treatment could significantly reduce the
expansion of the abdominal aorta (Figure 1A,
1B). The results of H&E staining showed that
the rabbit abdominal aortic aneurysm wall
(Figure 1D) was damaged and gradually disap-
peared compared with the normal blood vessel
wall (Figure 1C). The elastic fibers ruptured, the
smooth muscle cells atrophied, and the sm-
ooth muscle number and number of layers
decreased. During the development of the
aneurysm, the destruction of the elastic layer
of the tumor wall increased. The number of
smooth muscle cells became less. The wall of
the blood vessel became thinner. At the 4th
week, the aneurysm wall was the thinnest
(Figure 1D). This may be related to extracellu-
lar matrix degradation, proteolytic enzymes,
smooth muscle inflammation, apoptosis, and
the like. After IL-10 treatment, atrophy of
smooth muscle cells, breakage of elastic fibers,
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Figure 1. IL-10 delays the development of abdominal aortic aneurysm. A. Diameter of rabbit abdominal aortic an-
eurysm in different groups which were measured by color Doppler ultrasonography; B. The expansion rate of rabbit
AAA model in different groups; C. The H&E staining of normal rabbit abdominal aorta (400x); D. H&E staining of AAA
model and IL-10 treatment group (400x%); Compared with the model group, # was P > 0.05, * was P < 0.05, ** was

P <0.01, and *** was P < 0.001.

decrease in the number and number of smooth
muscle cells, and thinning of the wall of the
aneurysm still occurred. However, compared
with the Model group, the degree of decrease
in the number and number of layers of smooth
muscle cells was significantly reduced, and the
extent of breakage of elastic fibers and degra-
dation of smooth muscle cells was also
reduced.

IL-10 promotes proliferation of VSMC in rabbit
AAA

a-SMA is a marker of cells derived from smooth
muscle, but the content of cells in different

1264

mature states is different. In the less-differenti-
ated VSMC, the content is minimal, but oppo-
site in differentiated and matured VSMC. The
expression of a-SMA would decrease and cell
replication activity would also decrease during
the development of organisms, which was a
sign of cell contraction [16, 17]. It was found
that the degree of OPN expression was posi-
tively correlated with the degree of arterioscle-
rosis, but negatively correlated with the expres-
sion of a-SMA. In the study, OPN was commonly
used as a marker of VSMC'’s synthetic pheno-
type, i.e., the higher the expression of VSMC in
aneurysm, the stronger the proliferation activity
of VSMC [18, 19]. Proliferating cell nuclear anti-

Int J Clin Exp Pathol 2019;12(4):1260-1271



IL-10 promotes proliferation in AAA

A 1TW

2W 4w

Sham Model IL-10
treatment

PCNA —
A-SMA  — — —
OPN

GAPDH — S s

Model IL-10  Model  IL-10
treatment treatment

R

B PCNA OPN a-SMA

0.8 0.59

[ Model = - 101 23 Model
c B 1L-10 treatment c 0 Model c E 1L-10 treatment
o -g 044 B IL-10 treatment S
2 T 0.6+ 2 T W o~ #
= o o 1 9 = 0.8
ao E% B_D . #
58 3§ 031 3 3
[

§ B 04 s E £3 .
Q= -
5 E 5§ 021 . g 2 06
g5 g5 - .
& £ 021 EE £e
[ ] 0.1 3 -
e « £ 04

0.0- 0.0 r T -

0 1 2 4 0 1 2 4 0 i 2 4
Time/week Time/week Time/week
C PCNA OPN a-SMA
0.4+
3 Model 0.6
BB IL-10 treatment -l | D3 Model

109 3 Model e @B IL-10 treatment
c I IL-10 treatment - 2 = 03 £ or .
2 08 ] [=] I 2T L
9T a% - ]
g . o 5% 0.6 T
2< <3 g0 R
s9 08 Zx <3

. i

43 £ E =
] o E - E T 05 L
£ g 0.4+ 2 2 g E
£5 * g =01 52
5 < g2 |l| & 041 3
['4

0.0- 0.0 x T v T 03 v v

0 1 2 4 0 1 2 4 0 1 2 4
Time/week Time/week Time/week

Figure 2. IL-10 promotes the expression of PCNA, a-SMA and OPN gene in rabbit AAA. A. Western blotting was used
to detect the protein expression of PCNA, a-SMA and OPN in different rabbit AAA; B. The statistics of PCNA, a-SMA
and OPN protein expression gray value; C. RT-gPCR was used to detect the protein expression of PCNA, a-SMA and

OPN in different rabbit AAA. Compared with the model
*** was P < 0.001.

gen (PCNA) existed only in normal proliferating
cells, played an important role in the initiation
of cell proliferation, and was a good indicator of
cell proliferation status [20].

In order to study the effect of IL-10 treatment
on the proliferation of rabbit AAA wall smooth
muscle cells, the expression of PCNA, a-SMA,
and OPN genes was detected by western blot-
ting and RT-qPCR in this study. The results
showed that the PCNA and OPN genes in rabbit
AAA that were treated with IL-10 were signifi-
cantly higher than those in the untreated Model
group (P < 0.05), while a-SMA was significantly
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group, # was P > 0.05, * was P < 0.05, ** was P < 0.01, and

decreased (Figure 2), This suggests that IL-10
in the treatment of abdominal aortic aneu-
rysms in rabbits can promote a proliferation of
smooth muscle cells in the abdominal aortic
aneurysm and promote the conversion of
VSMCs from contractile to synthetic.

IL-10 inhibits inflammation in rabbit AAA

The formation of AAA is closely related to the
inflammatory response. At present, AAA is con-
sidered to be a chronic inflammatory disease. A
variety of inflammatory related factors are
closely related to the incidence of AAA. This
study found that the expression of IFN-y and

Int J Clin Exp Pathol 2019;12(4):1260-1271
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Figure 3. IL-10 inhibits the expression of inflammatory factors in rabbit AAA. A. RT-gPCR was used to detect the mRNA expression of IFN-y, TNF-«, IL-4, and IL-13 in
the tissue of rabbit AAA; B. Western blot was used to detect the expression of NF-kB and MCP-1 protein in abdominal aortic aneurysms in the tissue of rabbit AAA;
Western blot was used to detect the expression of MCP-1 protein in abdominal aortic aneurysms; Compared with the model group, # was P > 0.05, * was P < 0.05,

** was P < 0.01, and *** was P < 0.001.
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Figure 4. 1L.-10 promotes activation of M2 macrophages in rabbit AAA. A. 4 weeks after IL-10 treatment, immuno-
fluorescence was used to detect markers of M1 and M2 macrophages in rabbit AAA. iNOS for M1 macrophages,
arginase for M2 macrophages; B. The ratio of M2/M1 macrophage in rabbit AAA; Compared with the model group *

was P < 0.05 and *** was P < 0.001.

TNF-a mRNA in the tumor tissue of rabbit AAAs
that were treated with IL-10 was significantly
higher than that of the Model group without any
treatment (P < 0.05). The expression of IL-4
and IL-13 was significantly decreased (P <
0.05), as shown in Figure 3A. It intimated that
IL-10 could inhibit the expression of inflamma-
tory factors in abdominal active tissue.

NF-kB is one of the hubs of pro-inflammatory
gene expression. Recent studies have shown
that an NF-kB transcriptional regulatory binding
site is located in many pro-inflammatory cyto-
kines, which could initiate the expression of
some pro-inflammatory genes at the transcrip-
tional level. It may play an important role in the
formation and development of experimental
abdominal active tumors [21, 22]. MCP-1 is a
downstream pro-inflammatory protein that reg-
ulates the transcriptional level of NF-kB, and it
plays an important role in the regulation of
macrophage infiltration [23]. This study had
found that after one week of induction with
elastase, the expression of NF-kB and MCP-1
protein was significantly increased in AAA
model rabbit abdominal active lesions, and
then decreased with time. However, at the
fourth week after the completion of the AAA
model it was still at a relatively high level. In the
AAA rabbit model treated with IL-10, the expres-
sion of NF-kB and MCP-1 protein were signifi-
cantly lower than that of the untreated Model
group (Figure 3B), which suggested that IL-10
treatment in the AAA model may inhibit the
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inflammatory response of abdominal aortic
aneurysm tissue by inhibiting the expression of
NF-kB protein.

IL-10 promotes activation of M2 macrophages
in rabbit AAA

In the research of the development of AAA dis-
ease, the view widely accepted by scholars at
home and abroad is that the infiltration of
inflammatory cells promotes the secretion of
matrix metalloproteinases and causes damage
to the elastic fibers and collagen fibers of the
arterial wall and the development of AAA.
Macrophages can be polarized into two major
subpopulations of M1 and M2 cells, namely the
inflamed “classically activated” macrophages
and the “alternatively activated” macrophages
that inhibit inflammation [24]. In general, acti-
vated M1 macrophages produce high levels of
infammatory cytokines (IL-12, IL-23, IL-13, TNF-
o) and cytotoxicity factor (iNOS) expression
[25]. Therefore, M1 is often described as a pro-
inflammatory cell, while M2 macrophage is the
opposite type of cell that exerts an inhibitory
effect on inflammation [26].

When the body is in a normal physiological
state, M1 and M2 macrophages are in homeo-
stasis [24].

In this study, we found there was no infiltrate of
macrophages in normal rabbit abdominal aor-
tic tissue, but macrophages began to infiltrate
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aortic aneurysm tissue after being induced by
elastase for one week, and there were more
M1 macrophages than M2 macrophages (Fig-
ure 4). Over time, the proportion of M2/M1
macrophages gradually increased, but the M2
macrophages in the Model group were still
lower than those in M1 macrophages. From the
second week of IL-10 treatment, M2 macro-
phages in rabbit abdominal aortic aneurysms
began to be more than M1 macrophages.
These results suggested that IL-10 treatment
can promote the preferential differentiation
of macrophages infiltrating the wall of active
tumors into M2 macrophages and reduce the
number of the M1 macrophage population to
make the M1/M2 ratio of macrophages in an
imbalanced state.

Discussion

The formation and rupture of aneurysm is a
progressive process from the inner to middle
and outer layers, and the degeneration of
smooth muscle cells plays an important role
during the formation of the entire aneurysm. In
other words, the formation and rupture of aneu-
rysms is a reversible process with the destruc-
tion and repair of smooth muscle cells, and the
rupture of aneurysm is due to damage caused
by blood flow shear stress, where inflammation
is much greater than the repair of smooth mus-
cle cell layer [4, 5]. The proliferation of VSMC
and inflammation plays an important role dur-
ing the process of formation and rupture of an
aneurysm. When the rate of apoptosis of VSMC
increases to more than the rate of proliferation,
the number of smooth muscle layers gradually
decreases. When the number of smooth mus-
cle layers decreases to a certain extent, the
wall of the aneurysm ruptures [7, 8]. The impact
of inflammation on aneurysms is mainly reflect-
ed in two aspects. First, infiltration of inflamma-
tory cells in the aneurysm would secrete MMPS
protein, which promotes the degradation of
elastin and collagen in the arterial wall, causes
the expansion of the arterial wall, destroys the
extracellular matrix and affectes the occur-
rence and development of aneurysms [9, 10].
On the other hand, a sustained inflammatory
response inhibits VSMC proliferation, acceler-
ates VSMC apoptosis, and promotes rupture of
the aneurysm [27]. Therefore, inhibiting the
inflammatory response of aneurysm tissue is of
great significance for delaying and preventing
rupture of the aneurysm.
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IL-10 is a secreted single-chain glycoprotein,
consisting of 178 amino acids, and its main bio-
logic function is to suppress and stop inflamma-
tion, prevent the secretion of inflammatory
cytokines, and regulate the proliferation and
differentiation of T cells, B cells, NK cells, etc.
[11]. Previous research has confirmed that
IL-10 can be used to treat chronic ulcerative
colitis [12, 13] and Crohn’s disease [14, 15]
and other inflammatory bowel diseases, rheu-
matoid arthritis, systemic lupus erythemato-
sus, and acute pancreatitis [28]. In this study,
we used IL-10 to treat rabbit AAA models and
found that IL-10 could promote the proliferation
and phenotypic transformation of smooth mus-
cle cells of abdominal aortic aneurysm, inhibit
the degradation of smooth muscle cells and
breakage of elastic fibers in rabbit abdominal
aortic aneurysm, reduce the speed of the
decrease of smooth muscle number and num-
ber of layers, and delay the development of
aneurysms.

There are many different functional T cells clus-
tering on AAA tissue, and animal experiments
had confirmed that the loss of natural regula-
tory T lymphocytes (CD80-/-, CD86-/- or CD-
28-/-) would promote the development of AAA.
This may be related to the decreased expres-
sion of interleukin-10 (IL-10) caused by the loss
of natural regulatory T lymphocytes, as studies
had demonstrated that deletion of IL-10 signifi-
cantly increases Angll-induced AAA formation
[29]. Zhou et al. [30] had found that intraperito-
neal injection of recombinant Treg cells protect-
ed Angll-induced formation of AAA in ApoE-
deficient mice, but the recombinant IL-10 dele-
tion type Treg has no protective effect. It sug-
gests that the function of multiple T cells to
regulate AAA may be related to the secretion of
IL-10. In this study, we found that with the treat-
ment of IL-10, the expression of IFN-y and TNF-«
mMRNA increased, and IL-4 and IL-13 decreased
in in AAA rabbit abdominal active tissue. That
meant that IL-10 suppresses the inflammatory
response by changing the production of Thl/
Th2 cytokines in the rabbit’s abdominal active
tissue. On the other hand, IL-10 treatment sig-
nificantly reduced the expression of NF-kB
and MCP-1 proteins in AAA rabbit abdominal
aneurysms.

The occurrence, development, and rupture of
aneurysms are essentially the process of vas-
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cular remodeling. Various factors control the
inflammatory infiltrate in the lesions. Crompton
and Kosierkiewicz had confirmed that the
inflammatory cells infiltrated in the wall of
unruptured and ruptured aneurysms, and the
inflammatory reaction exists before the rupture
of the aneurysm [31, 32]. Of all the infiltrating
inflammatory cells, macrophages played the
most important role, while MCP-1 played an
important role in regulating the infiltration of
macrophages, and NF-kB regulated the expres-
sion of pro-inflammatory genes such as MCP-1
at the transcriptional level [23]. Macrophages
are innate immune cells that exist in all tissues
of the body and can engulf and kill intracellular
parasites, bacteria, tumor cells, and cells that
are aging and dead. They also exert their
immune defenses and immune self-stability,
immune surveillance, and other functions [33]
Different phenotypes of macrophages get acti-
vated in different microenvironments [34]. M1
and M2 macrophages are the two most com-
mon forms of macrophage activation, and both
mediate the inflammatory response in the
body’s diseased area. M1 is the “classically
activated” macrophage that causes inflamma-
tion and M2 acts as an anti-inflammatory agent,
that is, “alternative Activation” Macrophages
[35, 36]. This study found that IL-10 treatment
could significantly increase the ratio of M2/M1
macrophages, and promote the activation of
M2 cells, and thereby inhibit the inflammatory
response.

Conclusion

In this study, we found that IL-10 could delay
the development of aneurysms by promoting
the proliferation of VSMC, inhibiting the degra-
dation of smooth muscle cells of the abdominal
aortic aneurysm in rabbits and breaking the
elastic fibers, and reducing the number of
smooth muscle cells and the decrease in the
number of layers. These positive effects were
at least partly attributable to the fact that IL-10
treatment could inhibit the inflammation of
abdominal aortic aneurysms by altering the
secretion of Th1/Th2 cytokines and promoting
the activation of M2 macrophages.
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