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Abstract: Human thoracic aortic aneurysm (TAA) is one of the most fatal cardiovascular diseases. However, the 
underlying molecular mechanism behind this disease remains uncertain. Previous studies have proven the im-
portance of angiotensin II receptor type 2 (AT2) and endothelial cells in aneurysm pathology. This study aimed to 
elucidate the effect of CD8+AT2+ lymphocytes in TAA pathogenesis. The expression levels of CD8, AT2, IL-2, and 
IFN-r were determined by real-time quantitative PCR. CD8+AT2+ lymphocytes were counted by semi-quantitative im-
munofluorescence and flow cytometric analysis. The wound-healing assay was used to detect endothelial cell migra-
tion. The expression levels of CD8 and AT2 in human nonsyndromic TAA tissues were significantly higher than those 
of the control. TAA tissues have more CD8+AT2+ lymphocytes than the controls. Furthermore, circulating CD8+AT2+ 
lymphocytes were significantly elevated in TAA patients. The expression levels of IL-2 and IFN-r in CD8+AT2+ lym-
phocytes were significantly increased compared with those in CD8+AT2- lymphocytes. The CD8+AT2+ lymphocytes 
had a greater inhibitory effect on endothelial migration compared with CD8+AT2- cells. Our findings showed that the 
increment of CD8+AT2+ lymphocytes in human TAA exhibited a protective effect by downregulating the release of 
pro-inflammation cytokines and the inhibition of endothelial cell migration.
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Introduction

Thoracic aortic aneurysm (TAA) is a life-threat-
ening disease characterized by progressive dil-
atation of the thoracic aorta. Usually, the dis-
ease continues to develop without any symp-
toms until the terminal stage, which is detect- 
ed by computed tomographic scans. Patients 
with TAA die because of aorta rupture [1]. Un- 
fortunately, the current standard therapeutic 
options are limited and include open surgical 
replacement or endovascular aortic repair [2]. 
Pharmaceutical treatment is only applied pre-
operationally for surgical preparation [3]. There- 
fore, molecular pathogenesis is necessary for 
pharmacotherapy.

The pathogenesis of aneurysms is well known 
to involve tissue remodeling and chronic inflam-
mation. Aneurysmal arteries are characterized 
by leukocyte infiltrates, particularly lymphocy- 

tes that interact with each other to elicit im- 
mune responses and vascular disease [4]. Ly- 
mphocytes facilitate pathological changes th- 
rough release of cytokines and endothelial ac- 
tivation [5]. Evidence shows that endothelial 
cells (ECs) may trigger macrophage infiltration, 
as well as inflammation in the adventitia and 
media by upregulating the expression of adhe-
sion molecules [6]. Naturally, endothelial cells 
are regularly arranged only in inner layer and 
secret little cytokines. However, the behavior 
and function of endothelial such as migration 
and neoangiogenesis, are proved abnormal in 
aortic aneurysm [7, 8]. Angiogenesis contrib-
utes to the dilation of the aneurysm wall and 
plays a key role in the development and rupture 
of aneurysms [9]. Our previous study demon-
strated that ECs in aneurysm walls abnormal- 
ly secreted more Matrix metalloproteinase 2 
(MMP2), which is the main cytokine in extra-
cellular matrix degradation [10, 11]. Therefore, 
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ECs indirectly interfere in the pathological prog-
ress of aortic aneurysms.

The chronic infusion of angiotensin II (Ang II) 
into hypercholesterolemic mice promotes the 
formation of thoracic aortic aneurysms and 
augments atherosclerotic lesions [12-15]. Ang 
II exerts its bioactive effects mainly through 
binding to AT1 and AT2 receptors [16]. AT2 is 
sparsely expressed in normal healthy adult tis-
sues but strongly upregulated damage such as 
myocardial infarction [17]. AT2 exhibits tissue-
protective properties by inhibiting inflamma-
tion, fibrosis, and apoptosis [16]. We previous- 
ly identified a new cell population, the CD4+ 
AT2+ T lymphocytes, in TAA and defined its 
functions in the inhibition of cell growth and 
MMP2 expression, and promotion of apoptosis 
in ECs. In the present study, we found another 
cell population, the CD8+AT2+ lymphocytes, in 
TAA tissues. Although CD8+AT2+ lymphocytes 
have been observed in ischemic heart injury 
and show cardioprotective functions [18], the 
role of this cell subpopulation in TAA has not 
been explored.

Materials and methods

Human aorta specimen

A total of 20 TAA patients participated in  
the present study. Patients with Marfan syn-
drome or aortic dissection were excluded. In 
addition, 20 non-aneurysmal thoracic aortic 
samples were collected from patients with  
coronary heart disease undergoing coronary 
artery bypass surgery. The protocol was appro- 
ved by the Ethical Committee of Renji Hospi- 
tal. Informed consent was obtained from all in- 
cluded participants in the study. All the proce-
dures performed in studies involving human 
participants agreed with the ethical standards 
of the institutional and/or national research 
committee, as well as the 1964 Helsinki decla-
ration and its later amendments, or compara-
ble ethical standards.

Immunofluorescence (IF) staining

Aorta tissues for IF staining were fetched from 
the operation room and immediately delivered 
to the laboratory. Tissues around the dilated 
region were cut and frozen for examination. 
Cryo-tissue section preparation and examina-
tion was performed as previously described 
[10].

Real-time quantitative PCR (RT-qPCR)

Total RNA was isolated with TRIzol Reagent 
(Invitrogen, USA), according to the manufac- 
turer’s instructions. Briefly, 1 μg of total RNA 
was used to synthesize complementary DNA 
(cDNA) with PrimeScript™ RT Reagent Kit with 
gDNA Eraser (Takara, Dalian, China), according 
to the manufacturer’s instructions. RT-qPCR 
was performed in triplicate with the SYBR 
Premix Ex TaqII kit (Takara, Dalian, China) on  
an ABI 7900 system (Applied Biosystems, CA, 
USA), according to the manufacturer’s instru- 
ctions. The following primer sequences were 
used: β-actin, 3’-AGAAAATCTGGCACCACACC- 
5’ (forward) and 3’-AGAGGCGTACAGGGATAG- 
CA-5’ (reverse); AT2, 3’-ACTGGCTCTTTGGACC- 
TGTG-5’ (forward) and 3’-GCCATACACCAAACA- 
AGGGG-5’ (reverse); CD8, 3’-GCCAGTGACCAT- 
TCCGGTA-5’ (forward) and 3’-GACCTAGCCTG- 
GACCTTGGA-5’ (reverse); IL-2, 3’-GAATCACGT- 
TACGTTCTGTCCT-5’ (forward) and 3’-CTTAGG- 
GTTTGAGTGGTCCTAC-5’ (reverse); IFN-r 3’-AC- 
CTGTAAGTTCAGTCAATGGCT-5’ (forward) and 
3’-CGTCGATTTTGTCCCTTCGCT-5’ (reverse). The 
relative expression levels of CD8, AT2, IL-2,  
and IFN-r were calculated and normalized by 
the 2-ΔΔCt method relative to β-actin.

Flow cytometry analysis and sorting

Peripheral blood was collected prior to surgery. 
Mononuclear cell extraction from blood and its 
analysis was previously described [10]. After 
sorting, the cell subpopulations was kept in a 
mixed liquid for 30 min at 25°C and resuspend-
ed for incubation.

Wound-healing assay

To measure endothelial cell migration, the 
wound-healing assay was performed. ECs were 
plated on 24-well culture plates. The culture 
medium contained PromoCell Cell Growth me- 
dium (PromoCell) and RPMI 1640 (3:1). After 
treatment for 3 days, the transwells were re- 
moved and the endothelial cell plates were 
wounded with pipette tips of the same seize. 
Photographs of the wounded area were taken 
every 6 h with a microscope (Nikon, Tokyo, Ja- 
pan). Three different fields from each sample 
were considered for quantitative estimation of 
the distance between the borderlines. In each 
image, three different equidistant points were 
measured to better estimate the real width of 
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the wounded area. Three independent series  
of experiments were performed. The distance 
of cell migration from the initial wound was 
measured with the NIS-Elements D software 
(Nikon, Tokyo, Japan).

Statistical analyses

Data were expressed as mean ± SEM. Com- 
parison between two groups was performed by 
the two-tailed Student’s t-test. Multiple com-
parisons were analyzed with one-way ANOVA 

followed by the Bonferroni post hoc test. Dif- 
ferences were considered significant at P < 
0.05.

Results

Increased CD8+AT2+ lymphocytes in TAA tis-
sues

To investigate the presence of CD8+AT2+ lym-
phocytes in TAA tissues, we first examined the 
expression levels of CD8 and AT2 in the aneu-

Figure 1. The expression levels of CD8 and AT2 in human TAA tissues. Both CD8 (A) and AT2 (B) were significantly 
upregulated in TAA tissues. *P < 0.05, ***P < 0.001.

Figure 2. Immunofluorescence staining of CD8 and AT2 
in aortic wall. The CD8+AT2+ lymphocyte (arrows) in TAA 
tissues (A) was more frequently presented than controls 
(B). Relative cell number in TAA tissues was significantly 
increased compared to controls (C). *P < 0.05. 
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rysmal walls and controls. Both CD8 (P < 0.05) 
and AT2 (P < 0.001) were significantly upregu-
lated in TAA tissues compared with the control 
(Figure 1). Furthermore, we examined the pro-
tein levels of CD8 and AT2 in the aortic wall by 
immunofluorescence. CD8+AT2+ lymphocytes 
were rarely detected in the control. However, 
more cellular distribution was observed and 
the CD8+AT2+ lymphocytes had the tendency 
to cluster in TAA tissues (Figure 2). The density 
of CD8+AT2+ lymphocytes in TAA tissues (1.08 
± 0.23 cells/mm2, n = 16) was notably increas- 
ed relative to the control (0.38 ± 0.16 cells/
mm2, P < 0.05, n = 16; Figure 2).

Increased circulation of CD8+AT2+ lympho-
cytes in TAA patients

Alteration of peripheral lymphocyte subsets 
implies the local response of the immune sys-
tem. The percentage of CD8+AT2+ lymphocy- 
tes from PBMCs was 8.87 ± 0.91% (n = 13)  
in TAA patients, which was significantly higher 

than that in the control (4.70 ± 0.65%, P = 
0.001, n = 13; Figure 3).

Downregulated IFN-r and IL-2 levels in 
CD8+AT2+ lymphocytes

Lymphocytes participate in local immune re- 
sponse by releasing pro-inflammation cytokin- 
es. We examined the expression levels of IFN-r 
and IL-2 in CD8+AT2+ and CD8+AT2- lympho-
cytes. RT-qPCR revealed that the expression 
levels of IFN-r (n = 6, P < 0.01) and IL-2 (n = 6, 
P < 0.05) in CD8+AT2- lymphocytes were signifi-
cantly higher than those in CD8+AT2+ lympho-
cytes (Figure 4).

Effect of CD8+AT2+ lymphocytes on the migra-
tion of aortic ECs

To investigate the effect of CD8+AT2+ lym- 
phocytes on aortic aneurysms, we examined 
the different migration abilities of aortic ECs 
co-cultured with CD8+AT2+ lymphocytes, CD8+ 

Figure 3. Circulating CD8+AT2+ lymphocyte. The percentage of CD8+AT2+ lymphocyte in TAA patients was signifi-
cantly increased than those in controls. **P < 0.01.

Figure 4. The expression levels of IL-2 (A) and IFN-r (B) in CD8+AT2+ lymphocytes were increased than those in 
CD8+AT2- lymphocytes. *P < 0.05, **P < 0.01.
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AT2- lymphocytes, and ECs alone. As shown in 
Figure 5, the distance migrated by ECs with 
CD8+AT2+ lymphocytes (121 ± 25 μm, n = 3, 6 
h; 289 ± 47, n = 3, 12 h) was shorter than either 
CD8+AT2- lymphocytes (232 ± 16 μm, 6 h, P < 
0.05; 619 ± 60 μm, 12 h, P < 0.05) or ECs 
alone (225 ± 27 μm, 6 h, P < 0.05; 618 ± 17 
μm, 12 h, P < 0.01) within 6 or 12 h. However, 
no statistically significant differences were ob- 

served in the migration distance of ECs betw- 
een the CD8+AT2- lymphocyte and EC groups  
(n = 3 for each group).

Discussion

Previous studies have clarified the protective 
role of AT2 in aortic aneurysms of mice and 
humans [10, 19]. Similarly, our previous studies 

Figure 5. CD8+AT2+ lymphocytes inhibited ECs migration. There was significant difference in migration distance 
between ECs cocultured with CD8+AT2+ lymphocytes and CD8+AT2- lymphocytes or ECs alone for 6 h and 12 h. *P 
< 0.05, **P < 0.01.
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identified the role of CD4+AT2+ lymphocytes to 
slow the dilation of aneurysm rupture. However, 
the underlying pathogenesis is complicated 
and has not been fully explored. In this study, 
we proved that the cell population of CD8+ 
AT2+ lymphocytes is abundant in TAA aortic 
wall and the peripheral blood circulation of  
TAA patients. Similar with CD4+AT2+ lympho-
cytes, the pro-inflammation cytokines, such  
as IL-2 and IFN-r, were downregulated in CD8+ 
AT2+ lymphocytes. Naturally, IL-2 and IFN-r are 
both released by CD8+ lymphocytes and fur-
ther stimulate lymphocyte proliferation, thereby 
leading to inflammation cascades, cell infiltra-
tion, and MMP production [20, 21]. IFN-r may 
activate NK cells and upregulate their killing 
ability to cause direct tissue damage. Com- 
pared with CD8+AT2- lymphocytes, CD8+AT2+ 
lymphocytes secreted low levels of IL-2 and 
IFN-r, thereby indicating that the anti-inflam- 
mation effect of CD8+AT2+ lymphocytes may 
be mediated by the AT2 pathway. Although  
the level of CD8+AT2+ lymphocytes in both 
peripheral blood circulation and aortic wall is 
increased, it is not clear where the cell subpop-
ulation originate from. The underlying mecha-
nism of elevated level of CD8+AT2+ lympho-
cytes in TAA requires further investigation.

Another important result of our study is the in- 
hibition of endothelial migration by CD8+AT2+ 
lymphocytes. Aortic ECs play an important role 
in the dilation of aneurysmal wall [10]. ECs can 
secrete MMP2 and inflammation cytokines to 
hydrolyze the aortic media and cause invasive 
migration [10, 11]. Endothelial cell migration 
within the vessels is marked by cell rearrange-
ment, which was clearly demonstrated in our 
previous study [10, 22]. Therefore, EC-related 
neoangiogenesis could contribute to the final 
breakdown of the aortic wall [23]. The wound-
healing assay reflects the motility and prolifera-
tion of ECs [22]. Our study indicated that CD8+ 
AT2+ lymphocytes can dramatically inhibit EC 
migration. We concluded that the EC invasion 
into the aortic media could be significantly  
prevented by increasing the number of CD8+ 
AT2+ lymphocytes. EC disorder is one of the 
main causes of immune cell chemotaxis and 
aggregation. Therefore, the inflammatory reac-
tion may be notably reduced by EC inhibition. 
Although the underlying mechanism of inhibi-
tion remains unclear, the effect of CD8+AT2+ 
lymphocytes on ECs may prevent media break-

down and protect the structure of the aortic 
wall, thereby slowing the TAA progression.

In conclusion, the findings of the present study 
provide the first evidence that CD8+AT2+ lym-
phocytes are present in the TAA wall and the 
blood circulation of TAA patients. CD8+AT2+ 
lymphocytes play a protective role in TAA th- 
rough inhibition of EC migration and release of 
inflammation cytokines. However, further stud-
ies are required to elucidate the exact mecha-
nism of the effect of CD8+AT2+ lymphocytes 
on ECs.
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