
© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2020;10(2):107-123 | http://dx.doi.org/10.21037/cdt.2019.12.08

Introduction

Abdominal aortic aneurysms (AAAs) are defined as the 
permanent dilation of the abdominal aortic wall beyond 
a maximum diameter of >3 cm, or exceeding the standard 
vessel diameter by 50% (1). In western countries, 1.3% 
mortality over the age of 65 was shown to be caused by 

AAA. AAA is affected by a variety of risk factors, including 
age, gender, lipoprotein levels, smoking, hypertension, 
and family history, and has a complex pathogenesis (2,3). 
Inflammation is a critical initial factor in the progression 
of AAA. Many studies have focused on the impact of 
inflammatory responses and the immune system on 
AAA progression (2). In clinical practice, imaging 
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techniques and blood parameters were used to evaluate 
inflammatory changes in AAA. Previous studies reported 
that inflammatory changes in AAA were associated with its 
growth and rupture (4).

Zhou and colleagues (5) reported that kallistatin (KS) 
was significantly decreased in postsurgical sera compared 
with pre-surgical sera from AAA patients according to their 
serum proteomics result. KS, encoded by SERPINA4, is a 
member of the serine proteinase inhibitor (SERPIN) family. 
KS regulates several signaling pathways and biological 
functions via two crucial structural elements, an active 
site, and heparin-binding domain, and has direct vascular 
effects (6-11). Additionally, Li and colleagues (6) proposed 
a hypothesis that KS has an important role in AAAs. 
However, the potential role of KS in AAA has not been 
proved.

The Wingless (Wnt) signaling pathway is involved 
in AAA pathogenesis by mediating a variety of cellular 
activities including proliferation, apoptosis, migration, 
inflammatory responses, and differentiation (12,13). Many 
factors associated with inflammation and angiogenesis, 
including vascular endothelial growth factor (VEGF), 
intercellular adhesion molecule (ICAM)-1, and tumor 
necrosis factor (TNF)-α, are regulated through the Wnt 
signaling pathway (14). Moreover, evidence suggests 
that KS competes with Wnt via its heparin-binding 
domain for binding to the cell surface co-receptor, low-
density lipoprotein receptor-related protein 6 (LRP6) to 
block Wnt canonical signaling, thereby antagonizing the 
biological effects (15). This hypothesizes that KS might 
play a protective role in AAA by inhibiting activation of the 
Wnt signal pathway. Nevertheless, there is no evidence to 
support this hypothesis.

In this study, we focus on the potential anti-inflammatory 
role of KS in AAA. We analyzed the expression of KS in 
plasma, peripheral blood mononuclear cells (PBMCs), and 
aortic walls of AAA patients and controls, and its association 
with clinical data, for example, rupture. We examined KS 
expression in individual cell types within AAA, and found 
that KS expression correlated with inflammatory genes and 
Wnt signaling in AAA. We also established angiotensin II 
(AngII)-infused apolipoprotein E-deficient (ApoE–/–) mice 
as a model of AAA, and detected the protective role of KS 
in this AAA mouse model. Our results provide compelling 
evidence for a role of KS in AAA and its potential as a novel 
therapeutic strategy for the management and treatment of 
AAA.

Methods

Participants and sample collection

Participants gave written informed consent before the 
study, and the study protocol was approved by the Ethics 
Committee of the First Hospital of China Medical 
University, in accordance with the Declaration of Helsinki.

From January 2011 to December 2018, our team 
collected AAA tissue samples and matched peripheral 
blood samples, and the corresponding clinical data of 36 
consecutive patients from the Department of Vascular 
Surgery of the First Hospital of China Medical University. 
Computed tomography angiography (CTA) was also 
performed for the diagnosis of AAA. All 36 AAA patients 
undergoing the elective open surgery were eligible for 
inclusion in the current study.

Inclusion criteria for the AAA group included sufficient 
quality of AAA tissue samples and blood samples and the 
availability of corresponding patient history and clinical 
data, including demographic and clinical characteristics, 
symptoms, and blood parameters. Exclusion criteria for 
the AAA group included Ehlers-Danlos syndrome, Marfan 
syndrome, other known vascular or connective tissue 
disorders, cancer, infection, and any other immune-related 
disease.

AAA tissue samples were collected using standard 
procedures from the anterior sac of the infrarenal abdominal 
aorta and divided into two parts: one was stored in liquid 
nitrogen, and the other was fixed in 4% paraformaldehyde 
for paraffin sections.

Twelve healthy aortic tissue samples obtained from organ 
donors in Department of Transplant Surgery and matched 
with 36 AAA tissue samples were used as controls. Exclusion 
criteria for the control group included cancer, infection, or 
any other immune-related disease that may influence the 
study.

Venipuncture was performed with written informed 
consent of the participants, who were aware of the intended 
use of the samples, and the Ethics Committee of the First 
Hospital of China Medical University approved the venous 
blood collection protocol in accordance with the declaration 
of Helsinki. Venipuncture was performed after a 12-h fast 
and specimens were collected in ethylenediaminetetraacetic 
(EDTA) plastic tubes (BD Vacutainer® lavender, 5.0 mL).

Twenty-seven control blood samples from healthy 
volunteers were collected as the control group. Exclusion 
criteria for the control group included cancer, infection, or 
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any other immune-related disease that may influence the 
study.

Plasma samples were collected from blood samples in 
EDTA tubes after centrifugation (3,000 r/min, 10 min) 
and stored at –80 ℃. PBMCs were isolated by Ficoll-
Hypaque density gradient centrifugation according to the 
manufacturer’s protocols (TBD, Tianjin, China). Collected 
PBMCs were suspended in radioimmunoprecipitation assay 
(RIPA) lysis buffer (Beyotime, Jiangsu, China) and stored at 
–80 ℃.

Purification and characterization of recombinant KS

Recombinant human KS with a C-his Tag was obtained 
from Sino Biological Inc. (Beijing, China). Briefly, a 
pCMV3-SP-N-Myc-his-C plasmid encoding SERPINA4 
was transiently transfected into human embryonic kidney 
cells (HEK293H). Recombinant human KS was expressed 
in cultured HEK293H cells, and cultured medium was 
concentrated by ammonium sulphate precipitation followed 
by immobilized metal affinity chromatography. Purified 
recombinant human KS was identified by Coomassie blue 
staining and western blot.

AngII-infused AAA models and sample collection

ApoE–/– mice on a C57BL/6 background were purchased 
from Vital River Laboratories (Beijing, China). All mice 
were housed in a pathogen-free barrier facility at 22±2 ℃ 
with a relative humidity of 55%±5% and a 12-h dark: light 
cycle. As previously reported (16), from week 10, mice were 
fed a standard commercial diet for 2 weeks, then maintained 
on high-fat diets (Keao Xieli Feed, Beijing, China) (48.6% 
kcal from fat, 0.2% cholesterol) with water provided ad 
libitum for 4 weeks. Subsequently, male ApoE–/– mice were 
divided into the following 3 groups: (I) ten mice were 
infused with saline using mini-osmotic pumps (Model 2004, 
Alzet, DURECT Corporation, San Diego, CA, USA) for 
28 days, as the Saline group; (II) ten mice were infused 
with AngII (1,000 ng/kg/min; MCE, Shanghai, China) for 
28 days by mini-osmotic pumps as the AngII group; and 
(III) AngII + KS group. Ten mice were infused with AngII 
(1,000 ng/kg/min) using mini-osmotic pumps for 28 days. 
Recombinant human KS (0.5 mg/kg/day) was administered 
daily through subcutaneous injection from day 7 to 28 after 
AngII infusion. Mice in these three groups were sacrificed 
on day 28 under pentobarbital anesthesia. Obtained aortic 

walls were divided into two parts and either stored at –80 ℃ 
or fixed in 4% paraformaldehyde for paraffin sections.

RNA extraction and quantitative real-time PCR (qRT-
PCR) analysis

Total mRNA was extracted from aortic tissue samples using 
TRIzol reagent (Takara Bio, Shiga, Japan) as described 
previously (17). High-quality RNA samples had an A260/
A280 ratio of >1.8. qRT-PCR was performed using SYBR 
Premix Ex TaqII (RR820A; Takara Bio, Shiga, Japan), 
after synthesizing cDNA using PrimeScript RT reagent 
kits (RR037A; Takara Bio), with a modified amplification 
protocol: initial denaturation step at 95 ℃ for 30 s, then 
40 cycles of 95 ℃ denaturation for 5 s, and annealing and 
extension at 60 ℃ for 30 s. RT-PCR analysis for all samples 
was independently repeated at least twice. All primers were 
purchased from Sangon (Shanghai, China): KS (SERPINA4), 
GAPDH, MSR-1, CD45, CD3, SMTN, MYH10, MYH11, 
VCAM-1, and Coll I, wnt3, beta-catenin (CTNNB1), 
GSK3B, ICAM-1, VEGFA, and TNFA, and their sequences 
are shown in Table S1.

Western blot analysis

Protein samples were analyzed by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis. After electrophoresis, 
the separated proteins were transferred onto polyvinylidene 
difluoride membranes, blocked with 5% non-fat dry milk 
in Tris-buffered saline with 0.05% Tween 20 (pH 7.4) 
for 1 h at room temperature, followed by incubation with 
the primary antibody overnight at 4 ℃. The antibodies 
used in the study were: anti-KS (dilution 1:1,000; Abcam, 
Cambridge, UK), anti-LRP6 (dilution 1:500; Cell Signaling 
Technology, Beverly, MA, USA), anti-phospho-LRP6 
(P-LRP6) (dilution 1:500; Cell Signaling Technology), anti-
GAPDH (dilution 1:2,000; Zsbio, Beijing, China), anti-
ICAM-1 (dilution 1:500, Proteintech, Wuhan, China), and 
anti-TNF-α (dilution 1:500; Absin, Shanghai, China). After 
three washes, blots were incubated with the appropriate 
horseradish peroxidase-conjugated secondary antibodies 
(dilution 1:10,000, Zsbio) for 1 h at room temperature, and 
proteins were detected using BeyoECL Star (Beyotime, 
Beijing, China). Image J software 1.47 (Research Services 
Branch, National Institutes of Health, Bethesda, MD, USA) 
was used for protein analysis. GAPDH expression was used 
for normalization.
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Histological analysis

Representative sections of human and mouse aortic tissue 
samples (2–3 µm) were used for staining. Paraffin sections 
were routinely stained with hematoxylin and eosin (HE) and 
Elastica van Gieson (EvG) to examine tissue morphology, 
cellular composition, the degree of infiltration by 
inflammatory cells, and the content of elastin and collagen 
fibers in AAA samples, according to standard protocols.

We characterized the elastin integrity of aortas in mice 
using EvG staining, which demonstrated extensive elastin 
degradation within the aortic wall, as previously described 
(13,18). Semi-quantitative evaluation of elastin filament 
integrity was performed by a blinded observer on digital 
images, as previously described (12,18). Briefly, they were 
graded as follows: 1—no elastin filament degradation; 2—
mild elastin filament distension; 3—moderate-to-severe 
elastin filament degradation; and 4—severe elastin filament 
degradation.

Immunohistochemical (IHC) staining analysis

For IHC, paraffin sections were deparaffinized and 
rehydrated in gradient concentrations of ethanol. They 
were then boiled in EDTA acid or citrate buffer to retrieve 
antigen epitopes, washed with phosphate-buffered saline, 
and treated with the appropriate antibodies. Consecutive 
slides were prepared for co-localization analysis. One slide 
was stained with an antibody to detect the specific cell type 
and a consecutive slide was stained with an antibody against 
the individual biomarker factor of interest. Smooth muscle 
cells (SMCs) were detected by an anti-alpha-smooth muscle 
actin (anti-α-SMA) antibody (dilution 1:1,000; Absin), 
endothelial cells (ECs) by an anti-CD34 antibody (dilution 
1:1,000; Proteintech), white blood cells by an anti-CD45 
antibody (dilution 1:500; Proteintech), macrophages by 
an anti-CD68 antibody (dilution 1:500; Proteintech), and 
T lymphocytes by an anti-CD3 antibody (dilution 1:400; 
Absin) according to the manufacturer’s instructions. The 
quality of each slide was evaluated twice independently 
as follows: 0—no staining; 1—weak positive staining; 2—
scattered positive staining; 3—majority of positive staining; 
and 4—strong overall positive staining.

Enzyme-linked immunosorbent assay (ELISA)

ELISA was performed for the quantitative determination of 
KS concentrations in plasma according to the manufacturer’s 

protocols (Cusabio, Wuhan, China). The intensity of color 
was measured at 450 nm. A standard curve was constructed 
and used to determine the KS concentration in plasma.

Immunofluorescence (IF) staining of KS and α-SMA

Representa t ive  para f f in  sec t ions  (2–3  μm)  were 
deparaffinized and rehydrated in gradient concentrations of 
ethanol, boiled in EDTA acid or citrate buffer to retrieve 
antigen epitopes, washed with phosphate-buffered saline, 
and incubated with a mixture of rabbit anti-KS antibody 
(dilution 1:350; Abcam) and goat anti-α-SMA antibody 
(dilution 1:400; Abcam) overnight at 4 ℃ in a humidified 
chamber. Sections were washed 3 times with Tris-buffered 
saline, incubated with the mixture of FITC coupled to 
donkey anti-rabbit antibody (dilution 1:200; Abcam) and 
TRITC coupled to donkey anti-goat antibody (dilution 
1:200; Abcam) for 1 hour. The sections were acquired with 
a confocal microscope (Nikon CI plus, Tokyo, Japan).

Chromogenic in situ hybridization (CISH)

CISH was performed according to manufacturer 
instructions as described previously. All reagents and 
instruments were treated with diethylpyrocarbonate 
(DEPC) and the whole process was carried out in the 
DNase/RNase-free environment. In brief, aortic tissue 
samples were fixed in 4% paraformaldehyde for paraffin 
sections. tissue sections (2–3 μm) were deparaffinized, 
rehydrated, and treated with 20 μg/mL of proteinase K 
(G1004, Servicebio, Wuhan, China) for 20 minutes at 37 ℃. 
After blockaded peroxidase with 3% H2O2 for 15 minutes, 
the sections were covered with in situ hybridization solution 
(G3016-3, Servicebio) for 1 hour. Then hybridization was 
performed overnight in a humid chamber at 37 ℃ with a 
digoxin-labeled (DIG-labeled) SERPINA4 probe. After 
three washes, the sections were blocked by bovine serum 
albumin for 30 minutes. To detect the hybridization signal, 
the sections were incubated with a mouse anti-DIG-labeling 
antibody conjugated with horseradish peroxidase (200-
002-156, Jackson ImmunoResearch Inc., USA) at 37 ℃  
for 40 minutes. The hybridization signal was detected by a 
diaminobenzidine substrate kit (G1211, Servicebio). After 
development, the slides were mounted with coverslips. 
The specific sequence of DIG-labeled SERPINA4 probe: 
5'-DIG-GGTTGCGTCTCCTTTGTAATCCATCCGT
AG-3'.
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Statistical analysis

We used SPSS for Windows version 22.0 (SPSS Inc., 
Chicago, IL, USA) for statistical analysis. Kolmogorov-
Smirnov’s one sample nonparametric test was used to 
determine the normal distribution of variables. Continuous 
variables were compared either by the parametric t-test for 
unpaired samples or the non-parametric Mann-Whitney 
U test for comparisons between two groups. Comparisons 
among three groups were performed by one-way analysis 
of variance (ANOVA), followed by Tukey’s post-hoc test, 
or nonparametric tests, followed by Kruskal-Wallis 1-way 
ANOVA test, according to the normality of the values. 
Correlations between continuous variables were analyzed 
by Pearson’s correlation coefficient for normally distributed 
values or Spearman’s rank correlation coefficient for non-
parametric samples. Chi-square test was used to determine 
differences in categorical variables between groups. In 
addition, binary logistic regression analysis was performed 
to assess the independent associations between KS levels 
and cardiovascular risk factors. Data were presented as the 
mean ± standard deviation (SD) for variables with a normal 
distribution or median (min, max) for variables without 
a normal distribution. P values <0.05 were considered 
statistically significant.

Results

Characteristics of study subjects

Demographic  charac ter i s t i c s  and  preva lence  o f 
comorbidities of AAA patients and controls were 
summarized in Table 1. For the tissue samples included in 
this study, the two groups were similar in age and gender 
(P=0.127, and P=1.000). And there were no significant 
differences between AAA patients and controls regarding 
the prevalence of comorbidities, including diabetes mellitus 
(DM), hypertension, smoking history, carotid disease, 
cardiac disease, renal disease and hyperlipidemia (P=0.441, 
P=0.302, P=0.208 P=0.404, P=0.614, P=0.614, and P=0.371 
respectively) (Figure S1). No obvious atherosclerotic 
changes within the aortic walls of control subjects were 
observed by light microscopy. For the blood samples 
included in this study, there were no significant differences 
in age and gender between the two groups (P=0.716, and 
P=0.710 respectively). Moreover, there were no significant 
differences between AAA patients and controls regarding 
the prevalence of comorbidities, including diabetes 
mellitus (DM), hypertension, history of smoking, carotid 
disease, cardiac disease, and renal disease and hypertension 
(P=0.106, P=0.195, P=0.125, P=0.213, P=0.418, P=0.173, 
and P=0.177 respectively). AAA patients included in this 

Table 1 Demographic and clinical characteristics of AAA patients and controls included in this study

Characteristics
AAA group 

(N=36)

Tissue samples Blood samples

Control group (N=12) P value Control group (N=27) P value

Age, mean ± SEM (year) 64.69±1.05 61.33±1.68 0.127 64.22±0.76 0.716

Female, n 3 1 1.000 3 0.710

Maximum AAA diameter, mean ± SEM (mm) 66.15±18.78 18.93±0.86 P<0.001a 19.22±0.99 P<0.001a

Comorbidity, n

DM 10 2 0.441 3 0.106

Hypertension 15 3 0.302 7 0.195

Smoking 13 2 0.208 5 0.125

Carotid disease 2 0 0.404 0 0.213

Cardiac disease 5 1 0.614 2 0.418

Renal disease 5 1 0.614 1 0.173

Hyperlipidemia 7 1 0.371 2 0.177
a, statistically significant. AAA, abdominal aortic aneurysm; DM, diabetes mellitus; SEM, standard error of the mean.
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study had a relative healthy peripheral vascular system 
as checked by CTA and no evidence or medical history 
of other autoimmune diseases. Individuals included in 
the control groups had no evidence or medical history of 
vascular disorders. Table 2 shows the symptoms and blood 
parameters and their corresponding cut-off value of AAA 

patients included in the present study.

The expression and cellular localization of KS in AAA 
tissues

KS expression at the protein level was significantly higher 

Table 2 Clinical data of AAA patients

Characterization Parameters N=36 Mean ± SEM Cut-off value

Symptom Pulsating sensations in the abdomen 13

Abdominal pain 20

Ruptured AAA 10

Comorbidity-Iliac artery aneurysms 7

AAA diameter ≥55 mm 23

Blood routine LY (×109/L) 36 1.70±0.07 3.2

WBC (×109/L) 36 8.03±0.44 9.5

NE (×109/L) 36 5.67±0.42 6.3

MONO (×109/L) 36 0.76±0.12 0.6

EO (×109/L) 36 0.21±0.04 0.52

BASO (×109/L) 36 0.06±0.02 0.06

RBC (×1012/L) 36 4.26±0.08 5.8

HGB (g/L) 36 128.86±2.27 175

HCT (L/L) 36 0.39±0.01 0.5

MCV (fL) 36 92.72±0.65 100

MCH (pg) 36 30.65±0.27 34

MCHC (g/L) 36 330.65±1.95 354

RDW-CV (%) 36 12.97±0.12 14.3

PLT (×109/L) 36 202.28±10.18 350

PDW (10 GSD) 36 14.04±2.44 21.6

PCT (L/L) 36 0.22±0.01 0.4

MPV (fL) 36 10.24±0.10 12.7

Serum electrolyte concentration Ca (mmol/L) 34 2.20±0.02 2.57

K (mmol/L) 36 4.03±0.05 5.3

Cl (mmol/L) 36 105.26±0.41 110

Mg (mmol/L) 34 0.89±0.01 1.28

Na (mmol/L) 36 140.62±0.44 147

P (mmol/L) 34 1.10±0.03 1.52

Table 2 (continued)
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Table 2 (continued)

Characterization Parameters N=36 Mean ± SEM Cut-off value

Serum glutamic pyruvic transaminase ALB (g/L) 36 37.18±0.75 55

TP (g/L) 36 63.68±0.90 85

PA (mg/dL) 28 22.24±0.82 42

ALT (U/L) 36 18.87±1.68 50

AST (U/L) 30 23.00±3.50 40

GGT (U/L) 36 32.9±3.97 60

ALP (U/L) 36 77.80±2.76 125

CK (U/L) 19 99.83±11.13 308

LDH (U/L) 19 239.93±22.10 225

CHE (U/L) 36 7,135.53±216.03 12,920

TBA (umol/L) 28 4.88±0.59 10

TBIL (u/mol) 36 12.30±0.69 20.5

Serum lipid profile TC (mmol/L) 20 4.51±0.11 5.72

TG (mmol/L) 20 1.67±0.21 1.7

HDL-C (mmol/L) 20 1.02±0.04 1.92

LDL-C (mmol/L) 20 2.97±0.10 3.64

Renal function Crea (mmol/L) 29 92.63±12.08 104

Urea (mmol/L) 36 6.82±0.39 7.14

AG (mmol/L) 28 15.97±0.32 16

HCO3
– (mmol/L) 36 27.73±0.31 29

Cys-C (mg/L) 28 1.20±0.11 0.95

GLU (mmol/L) 36 5.47±0.14 6.1

Blood coagulation function PT (s) 36 13.78±0.18 13.7

Fg (g/L) 36 3.63±0.16 4

APTT (s) 36 39.63±0.81 43.5

PTA (%) 36 90.86±1.46 120

INR 36 1.08±0.02 1.15

D-dimer (ug/mL) (FEU) 36 3.05±2.64 0.5

Erythrocyte rheological properties Shear rate, 1 s (L/s) 36 19.74±0.54 21.35

Shear rate, 5 s (L/s) 36 8.89±0.22 9.95

Shear rate, 30 s (L/s) 36 5.21±0.12 5.94

Shear rate, 200 s (L/s) 36 3.96±0.09 4.65

Plasma viscosity 36 1.36±0.01 1.6

Whole blood high shear relative index 36 2.91±0.07 3.87

Table 2 (continued)
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Table 2 (continued)

Characterization Parameters N=36 Mean ± SEM Cut-off value

Whole blood low shear relative index 36 14.50±0.41 17.79

Whole blood low shear relative viscosity 36 39.68±0.50 50.38

Whole blood high shear relative viscosity 36 5.59±0.12 8.62

Red cell aggregation index 36 4.98±0.07 6.05

Red cell rigidity index 36 4.11±0.09 7.19

Red cell deformation index 36 0.75±0.01 1.05

Hematocrit (L/L) 36 0.46±0.01 0.49

ESR (mm/h) 36 22.30±3.24 15

AAA, abdominal aortic aneurysm; SEM, standard error of the mean; LY, lymphocyte; WBC, white blood cells; N, neutrophil; MONO,  
monocyte; EO, eosinophils; BASO, basophil; RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume;  
MCH, mean corpuscular hemoglobin; RDW-CV, red blood cell volume distribution width; MCHC, mean corpuscular hemoglobin  
concentration; PLT, platelets; PDW, platelet distribution width; PCT, platelet hematocrit; MPV, mean platelet volume; Ca, serum calcium; 
K, serum kalium; CL, serum chlorine; Mg, serum magnesium; Na, serum sodium; P, serum phosphate; ALB, albumin; TP, total protein; 
PA, pre-albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase; ALP, alkaline 
phosphatase; CK, creatine kinase; LDH, lactate dehydrogenase; CHE, cholinesterase; TBA, total bile acid; TBIL, total bilirubin; TC, total 
cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; Crea, creatinine; 
AG, anion gap; Cys-C, cystatin C; GLU, fasting plasma glucose; PT, prothrombin time; APTT, activated partial thromboplastin time; PTA, 
prothrombin activity, INR, international normalized ratio; ESR, erythrocyte sedimentation rate.

in AAA tissue samples compared with control aortic samples 
(P<0.001, Figure 1A,B) as assessed by western blot analysis, 
which was also supported by IHC analysis (P<0.001). 
Representative images of these results were shown in Figure 
1C,D.

Subsequently, we analyzed the cellular localization of 
KS within the AAA wall by IHC in consecutively stained 
sections. KS was strongly co-localized with SMCs. And 
there was predominantly granule-like KS staining in the 
media, adventitia and intramural. However, the staining 
patterns of KS were not observed to co-localized with 
CD34+ ECs, leucocytes, macrophages, and T cells (Figure 
1E). To further investigate the expression of KS in SMCs of 
AAA samples, IF staining was performed to evaluate KS and 
α-SMA. IF staining results also showed that KS was located 
in the SMCs (Figure S2).

In addition, we also detected the expression of 
SERPINA4 mRNA in AAA tissue samples using qRT-PCR. 
Compared with control aortic tissue samples, the expression 
of SERPINA4 was significantly decreased in AAA samples 
(P=0.018, Figure 1F). And the expression of SERPINA4 
mRNA was observed located in the healthy aorta using 
CISH analysis (Figure S3).

We were unable to isolate individual cells from AAA tissue 

samples to confirm the location of SERPINA4; therefore, 
we correlated SERPINA4 mRNA expression with markers 
indicative of different cell types. Smoothelin (SMTN) and 
smooth muscle myosin heavy chain (SM-MHC, MYH11) 
were selected to represent the contractile phenotype, while 
SMemb/non-muscle MHCB (MYH10) and collagen I (Coll 
I) were chosen to represent the synthetic phenotype. MSR1 
was selected to represent macrophages, CD3 represented 
T lymphocytes, and CD45 represented leucocytes. We 
also analyzed the correlation between SERPINA4 and 
vascular cell adhesion molecule-1 (VCAM-1), which 
plays an important role in the development of AAA (19).  
In AAA group, significantly negative correlations were 
observed between SERPINA4 and CD45, CD3, Coll I, 
MYH10, SM-MHC, and VCAM-1 (r=–0.688, –0.605, –0.597, 
–0.582, –0.644 and –0.750, and P<0.001, P<0.001, P<0.001, 
P=0.023, P<0.001 and P<0.001, respectively) (Table 3).  
In control group, significantly negative correlations in 
control tissue between SERPINA4 and MYH10, Coll I and 
SM-MHC (r=–0.657, –0.636 and –0.867, and P<0.001, 
P=0.020 and P=0.026, respectively). However, significant 
correlations were not observed between SERPINA4 and 
CD45 and CD3. The correlations in AAA group were 
stronger than them in the control group.
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Table 3 Correlation between SERPINA4 and cell markers

r (SERPINA4) CD45 CD3 MSR1 SMTN MYH10 Coll I SM-MHC VCAM-1

AAA group (n=36) –0.688*** –0.605*** 0.098 –0.309 –0.582*** –0.597*** –0.644*** –0.750***

Control group (n=12) –0.147 0.378 0.231 –0.084 –0.657*** –0.636* –0.867* –0.301

All (n=48) –0.656*** –0.480*** 0.107 –0.053 –0.327* –0.606*** –0.505*** –0.641***

Significant differences between SERPINA4 and cell markers: *, P<0.05; ***, P<0.001. AAA, abdominal aortic aneurysm.

KS is correlated with the canonical Wnt/β-catenin pathway 
in human AAA

Previous studies (20) showed that KS (SERPINA4) blocked 
the canonical Wnt/β-catenin pathway by competing 
with Wnt3 and Wnt3a to bind to LRP6. We therefore 
investigated the correlation between KS (SERPINA4) 
and the canonical Wnt/β-catenin pathway in AAA. Wnt3 

mRNA expression was significantly positively correlated 
with SERPINA4 expression in AAA (r=0.590, P<0.001). 
Subsequently, significantly negative correlations with 
SERPINA4 expression were identified for the expression of 
Wnt pathway-related genes including CTNNB1, GSK3B, 
and Wnt pathway downstream genes including VEGFA and 
ICAM-1 (r=–0.664, –0.640, –0.560, –0.433, and P<0.001, 

Figure 1 Proteins and genes expressions in AAA patients compared with the controls. (A) Representative Western blots of KS and (B) the 
expression analysis of KS in AAA and healthy aorta using the parametric t-test; (C) representative images of HE staining and KS staining 
in control healthy aortic tissues (i) and AAA (ii), and (D) the analysis of the score of KS positive staining by Mann-Whitney U test; (E) 
analysis of KS in AAA using IHC for cellular localization. Overview image (left panel) of the whole AAA tissue sample with areas selected for 
cellular localization of KS expression. The magnified images depict consecutive staining of individual cell types, as revealed by staining for 
indicated markers, within the AAA wall and indicated corresponding substrates; (F) SERPINA4 level in AAA tissue samples versus controls 
as examined by RT-PCR and analyzed by Mann-Whitney U test; (G) representative western blots of total LRP6 and P-LRP6 and (H) the 
analysis of P-LRP6/total LRP6 in AAA and healthy aorta using the parametric t-test; (I) analysis of correlation between plasma KS levels 
and SERPINA4 mRNA expression in AAA patients; (J) representative western blots of KS and (K) the expression analysis of KS in PBMCs 
from AAA patients versus controls as examined by using Mann-Whitney U test; (L) SERPINA4 level in PBMCs from AAA patients versus 
controls as examined by RT-PCR and analyzed by Mann-Whitney U test. P values <0.05 were considered statistically significant: *, P<0.05; 
**, P<0.01; ***, P<0.001. Scale bar, white: 10 µm; black: 50 µm. AAA, abdominal aortic aneurysm; KS, kallistatin; HE, hematoxylin and eosin; 
IHC, immunohistochemical; RT-PCR, real-time PCR; SMC, smooth muscle cell; EC, endothelial cell.
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Table 4 Correlation between SERPINA4 and Wnt signal pathway

r SERPINA4 GSK3B CTNNB1 WNT3 TNFA ICAM1 VEGFA

SERPINA4 –

GSK3B –0.640*** –

CTNNB1 –0.664*** 0.832*** –

WNT3 0.590*** –0.313* NC –

TNFA NC NC 0.289* 0.648*** –

ICAM1 –0.433** 0.473** 0.652*** NC 0.721*** –

VEGFA –0.560*** 0.851*** 0.723*** –0.333* NC 0.541*** –

Significant differences between SERPINA4 and Wnt signal pathway: *, P<0.05; **, P<0.01; ***, P<0.001. NC, no correlation.

P<0.001, P<0.001, P=0.002, respectively) (Table 4).
Western blotting also showed that the ratio of P-LRP6 to 

total LRP6 was significantly upregulated (P=0.0002, Figure 
1G,H) in AAA, representing activation of the Wnt signaling 
pathway at the receptor level. We observed that the relative 
quantity of KS was significantly positively correlated with 
the ratio of P-LRP6 to total LRP6 (r=0.391, and P=0.0095), 
which may indicate an immune reactive increase in KS.

KS levels in blood samples from AAA patients and its 
correlation with clinical data

We determined the plasma KS concentration by ELISA. 
Although there was no significant difference in plasma KS 
levels observed between two groups (P=0.11), plasma KS 
levels were negatively correlated with the matched mRNA 
expressions in the AAA group (r=–0.452, and P=0.0056; 
Figure 1I).

A lower expression of KS in PBMCs was noted in AAA 
compared with controls (P<0.001, Figure 1J,K). Similarly, 
SERPINA4 expression in PBMCs extracted from AAA 
patients was significantly downregulated compared with the 
control group by qPCR analysis (P=0.0015, Figure 1L).

The association of tissue SERPINA4 mRNA level and 
plasma KS levels with human AAA and their combined 
effects on AAA

Although there was no significant difference in plasma 
KS levels between two groups, Spearman correlation 
analysis showed a significantly negative correlation between 
SERPINA4 mRNA levels and matched plasma KS levels in 
the AAA group.

Subsequently, we analyzed the correlations between 

SERPINA4 mRNA levels and clinical blood parameters. 
In routine blood examination, SERPINA4 levels were 
significantly correlated with lymphocyte count, monocyte 
count, monocyte ratio, red blood cell count, hemoglobin 
and platelet count (r=–0.383, –0.344, –0.395, –0.396, –0.338 
and –0.339, and P=0.021, P=0.040, P=0.017, P=0.017, 
P=0.044 and P=0.043, respectively). SERPINA4 were 
also significant correlated with LDH and D-dimer (r= 
0.520 and 0.366, and P=0.022 and P=0.028, respectively). 
Furthermore, plasma KS levels were significantly correlated 
with hemoglobin and D-dimer (r=0.340 and –0.343, and 
P=0.042 and P=0.041, respectively).

The adjusted logistic regression analysis was performed 
to show the effects of SERPINA4 mRNA, plasma KS and 
their combination on the AAA rupture, AAA diameter and 
other symptoms or signs (Table 5). As shown in Table 5, 
SERPINA4 levels were significantly negatively associated 
with the comorbidity of iliac artery aneurysm [odds 
ratio (OR): 0.017; 95% confidence interval (CI): 0.001, 
0.835; P=0.040]. Additionally, lower levels of plasma KS 
represented a higher risk of AAA rupture (OR: 0.837; 95% 
CI: 0.710, 0.987; P=0.034). Subsequently, we evaluated the 
combined effects of SERPINA4 and plasma KS on AAA. 
According to our results, the combination of SERPINA4 
mRNA and plasma KS was negatively associated with AAA 
rupture (OR: 0.661; 95% CI: 0.472, 0.926; P=0.016).

Recombinant KS results in attenuated aneurysm formation 
and inhibits the Wnt signaling pathway in AngII-infused 
ApoE–/– mice

Purified recombinant human KS was identified by 
Coomassie blue staining and western blot (Figure S4). 
Although AngII infusion for 28 days in ApoE–/– mice 
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contributed to AAA formation, the phenotype did not 
show complete penetration. The representative pictures of 
the mice in three groups were shown in Figure 2A. In our 
study, 6 mice in the AngII group (n=10) developed AAA 
at day 28 visibly, while 1 mouse developed AAA after KS 
infusion (Figure 2B). Approximately 20% (2/10) of AngII-
infused aged mice died from aortic rupture, one at day 21 
and one at day 26 respectively, while all mice in saline group 
and AngII + KS group had survived at day 28 (P=0.12). 
Additionally, AngII infusion caused a greater increase in 
maximal abdominal aortic diameter (P=0.001; Figure 2C),  
while compared with the AngII group, KS infusion 
decreased maximal abdominal aortic diameter (P=0.045).

Histological characteristics, including tissue morphology, 
cellular composition and inflammatory cell infiltration, 
were evaluated by HE staining (Figure 2D). Semi-
quantitative analysis of CD45 IHC statining was used to 
reflect the inflammatory cell infiltration in aortic walls in 

the control group, the AngII group and the AngII + KS 
group (Figure S5). EvG staining was performed to evaluate 
the elastin integrity in the three groups. Semi-quantitative 
measurements of elastin degradation showed significantly 
increased elastin degradation in the AngII group compared 
with mice in the saline group (P<0.001, Figure 2D,E,F). 
After KS infusion, elastin degradation was decreased 
(P=0.037).

Western blotting showed that P-LRP6 and beta-
catenin were significantly increased in the AngII groups 
compared with the saline groups (Figure 2G,H,I), P=0.004 
and P<0.001, respectively). By contrast, KS treatment 
resulted in a significant decrease in P-LRP6 (P=0.013) and 
beta-catenin levels (P<0.001). Similarly, ICAM-1 protein 
levels were significantly increased after AngII infusion 
(P=0.008, respectively; Figure 2J,K), as measured by western 
immunoblot. Its levels in the AngII + KS groups were lower 
than in the AngII groups (P=0.045).

Table 5 The adjusted logistic regression analysis of SERPINA4 expression, plasma KS and their combination at baseline and association with 
AAA clinical symptoms or signs

Symptoms or signs
Model 1 Model 2 Model 3

β OR (95% CI) P value β OR (95% CI) P value β OR (95% CI) P value

SERPINA4

Ruptured AAA –1.178 0.308 (0.068, 1.479) 0.144 –1.228 0.293 (0.058, 1.479) 0.137 –1.203 0.300 (0.053, 1.713) 0.176

Abdominal pain –0.546 0.579 (0.248, 1.352) 0.207 –0.472 0.624 (0.266, 1.466) 0.279 –0.641 0.527 (0.148, 1.874) 0.322

Pulsating sensations in 
the abdomen

0.68 1.974 (0.810, 4.811) 0.135 0.79 2.202 (0.827, 5.864) 0.114 1.098 2.997 (0.761, 11.809) 0.117

Comorbidity-Iliac artery 
aneurysms

–2.955 0.052 (0.002, 1.206) 0.065 –2.909 0.055 (0.002, 1.253) 0.069 –4.057 0.017 (0.001, 0.835) 0.040

AAA diameter ≥55 mm 0.183 1.201 (0.566, 2.548) 0.633 0.313 1.367 (0.571, 3.273) 0.483 0.430 1.537 (0.578, 4.090) 0.389

Plasma KS

Ruptured AAA –0.115 0.892 (0.783, 1.016) 0.085 –0.126 0.882 (0.769, 1.011) 0.071 –0.178 0.837 (0.710, 0.987) 0.034

Abdominal pain –0.007 0.993 (0.900, 0.105) 0.892 –0.010 0.990 (0.895, 1.096) 0.849 –0.050 0.951 (0.849, 1.066) 0.390

Pulsating sensations in 
the abdomen

–0.002 0.998 (0.902, 1.105) 0.972 –0.004 0.996 (0.900, 1.103) 0.946 0.004 1.004 (0.898, 1.121) 0.950

Comorbidity-Iliac artery 
aneurysms

0.127 1.136 (0.980, 1.317) 0.092 0.139 1.149 (0.986, 1.340) 0.075 0.210 1.233 (0.996, 1.527) 0.054

AAA diameter ≥55 mm –0.093 0.911 (0.809, 1.027) 0.126 –0.092 0.912 (0.808, 1.029) 0.134 –0.108 0.898 (0.787, 1.038) 0.111

Combination

Ruptured AAA –0.247 0.781 (0.649, 0.940) 0.009 –0.313 0.731 (0.518, 0.925) 0.009 –0.413 0.661 (0.472, 0.926) 0.016

Model 1: no adjustments; model 2: adjusted for age, gender; model 3: additionally adjusted for hypertension, diabetes mellitus,  
hyperlipidemia and smoking on the base of model 2. KS, kallistatin; AAA, abdominal aortic aneurysm; β, regression coefficient; OR, odds 
ratio; CI, confidence interval.
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Figure 2 The evaluation of AngII infused ApoE–/– AAA model and the role of recombinant KS in the AAA model. (A) The representative 
images of aorta in the three groups; (B) the analysis of the incidence of AAA and (C) the analysis of maximal abdominal aortic diameters 
among groups; (D) HE-stained section and the EvG-stained sections of suprarenal aortic sections from (i) Saline group, (ii) AngII group 
and (iii) AngII + KS group; (E) semi-quantitative evaluation of elastin filament integrity in aorta tissue sample. Elastin flament degradation 
was graded on a scale of 1 to 4; (F) the grade of elastin filament integrity in aorta tissue sample from the saline group, AngII group and 
AngII + KS group; (G) representative western blots of relative proteins in Wnt signal pathway and the expression analysis of (H) the ratio of 
P-LRP6/total LRP6 and (I) beta-catenin in the saline group, AngII group and AngII + KS group; (J) representative Western blots of ICAM-
1, normalized by GAPDH, and (K) the expression analysis of ICAM-1 in the saline group, AngII group and AngII + KS group. Scale bar, 
50 μm. ##, P<0.01 vs. the saline groupand *, P<0.05, **, P<0.01 vs. the AngII group. Data are presented as means ± SEM. AngII, angiotensin 
II; ApoE–/–, apolipoprotein E-deficient; KS, kallistatin; AAA, abdominal aortic aneurysm; HE, hematoxylin and eosin; EvG, Elastica van 
Gieson; SEM, standard error of the mean.

Discussion

Many studies have reported that KS has direct vascular 
effects and plays a crucial protective role in some 
cardiovascular diseases (11,21-25). However, studies on the 
involvement between KS and aortic diseases are lacking. For 
the first time, the current study demonstrates a significant 
difference in KS levels between AAA patients and controls, 
indicating the potential role of KS in the pathogenesis of AAA.

According to our results, SERPINA4 mRNA expression 
was downregulated in AAA tissues compared with controls, 
and SERPINA4 expression was significantly negatively 
correlated with the expression of inflammation-related 
genes, including CD3, CD45, ICAM-1, and VEGFA. CD3 

and CD45 are cell markers representing T lymphocytes 
and leukocytes, whereas ICAM-1 and VEGFA are critical 
pro-inflammatory and pro-angiogenesis mediators in 
vascular inflammation (26), and are also associated with 
the Wnt signaling pathway (6). The anti-inflammatory 
role of SERPINA4 has been widely recognized in different 
pathogeneses. In some inflammatory processes such 
as a Group A Streptococcus-infected mouse model, 
overexpressed SERPINA4 enhanced mouse survival and 
suppressed the viability of infiltrating cells, including 
neutrophils and T lymphocytes (27). Other studies have 
shown that the administration of KS suppresses the 
expression of many pro-inflammatory mediators including 
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VEGFA and ICAM-1 (6,14). Combining the anti-
inflammatory role of KS reported in previous studies and 
the inflammatory mechanism of AAA, our results indicated 
that the decreased expression of SERPINA4 in inflammatory 
cells may promote an inflammatory reaction in AAA, 
including the infiltration and accumulation of inflammatory 
cells and the progression of AAA. Previous in vitro and in 
vivo experiments have shown that KS inhibits inflammation 
and angiogenesis by blocking the Wnt signaling pathway (6).  
In this study, we found that SERPINA4 was negatively 
correlated with the expression of genes associated with Wnt 
signaling. The results indicated that KS may be a potential 
protective factor in aortic walls.

Interestingly, we observed that KS protein levels were 
up-regulated in AAA tissue samples, which was inconsistent 
with SERPINA4 expression. According to IHC analysis, we 
observed that KS was co-localized with SMCs, and there 
was predominantly granule-like KS staining in the media 
and adventitia. As previously reported (28,29), KS is mainly 
produced by the liver, and present at high levels in plasma, 
and can be detected in blood vessels. In addition, it has 
been previously reported (30) that subcutaneous exogenous 
KS protein administration could be detected in the lung 
tissues and prevents bleomycin-induced injury to lung 
structures in a rat model. Furthermore, KS is increasingly 
recognized as a valuable indicator for the diagnosis and 
evaluation of diseases, including diabetes (31), liver  
cirrhosis (32) and community-acquired pneumonia (33), 
and can cause a systemic inflammatory reaction as a self-
protective mechanism. Therefore, we suggested the 
following hypothesis: KS (SERPINA4) in AAA walls 
decreased with the progression of AAA. Meanwhile, plasma 
KS might enter the aneurysmal walls and contribute to 
the upregulation of KS in AAA tissues as a self-protective 
mechanism. However, immune-reactive KS only plays 
a limited protective role, and is unable to effectively 
prevent AAA progression. This may partly explain the 
inconsistencies observed between KS expression at the 
mRNA and protein levels.

In the current study, although there was no significant 
differences in plasma KS levels between AAA patients and 
controls, upregulation of plasma KS represented a lower 
risk of rupture, which suggested its potential protective role 
in AAA. The combination of plasma KS levels and tissue 
SERPINA4 mRNA levels also showed significant negative 
association with AAA rupture with a lower OR value 
compared with the OR value of plasma KS alone. Human 
AAAs are usually asymptomatic until rupture, which is 

responsible for approximately half of the deaths related to 
AAA. Therefore, our results suggest that KS (SERPINA4) 
may be a protective factor against AAA by preventing 
rupture.

Clinically, surgical repair of AAA is the only available 
treatment, which includes open surgical repair (OSR) or 
endovascular aortic repair (EVAR) of the dilated aorta 
or ruptured AAA (34). However, surgical repair of AAA 
carries certain surgical risk of mortality and morbidity 
and late complications. Therefore, increased studies have 
focused on the medical therapy of AAA. For example, beta-
blockers and angiotensin-converting enzyme inhibitors 
have been proved to be beneficial to reducing AAA growth, 
hypothetically by reducing either the wall shear stress or the 
inflammation (34). KS has the directive anti-inflammatory 
effects in cancer, sepsis and other diseases in several pre-
clinical animal experiments (6). Additionally, according to 
our results, KS showed a potential protective role in AAA 
patients. Therefore, we established AngII-infused AAA 
mouse models to detect its potential therapeutic effects in 
AAA. In our study, we found that KS infusion reduced the 
incidence of AAA formation and enhanced the survival rate 
in AngII-infused ApoE–/– mice. In addition, the expression 
of beta-catenin, ICAM-1, and P-LRP6 were decreased in 
AngII-infused ApoE–/– mice after KS infusion. KS showed 
its protective roles in AAA mouse models, which indicates 
that KS might be a new target of drug therapy for AAAs.

Limitations in the current work should be considered. 
The study comprised a relatively small sample size. 
Additionally, we had to detect the cellular localizations 
of KS in formalin fixed human AAA tissue samples using 
IHC analysis of consecutively stained sections because we 
were unable to extract individual cells from AAA tissue 
samples. Moreover, as no appropriate antibody against KS 
was available for IHC analysis in AngII-infused ApoE–/– 
mice, the detection of KS in histological structures in the 
AAA mouse model had to be omitted. Furthermore, in this 
study, we only observed that KS played a protective role in 
AAA. However, considering its diverse biological functions, 
further researches should focus on its mechanisms on 
preventing AAA growth.

Conclusions

In this study, significant difference of KS (SERPINA4) 
expression were observed in AAA, compared with the 
controls. Our findings also indicate that KS plays an 
important anti-inflammatory role and shows strong 
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clinical correlations in AAA. Additionally, decreased 
KS (SERPINA4) level is a risk factor of AAA rupture. 
Furthermore, the pre-clinical animal experiments 
demonstrate that treatment with recombination KS 
suppresses AngII-induced aortic inflammation. This study 
suggests the potential therapeutic benefit of KS therapy in 
preventing aortic aneurysm.
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Supplementary

Figure S1 In this study, significant difference of KS (SERPINA4) expression were observed in AAA, compared with the controls. KS 
(SERPINA4) shows a potential anti-inflammatory role in AAA. Decreased KS (SERPINA4) level is a risk factor of AAA rupture. Treatment 
with recombination KS suppresses AngII-induced aortic inflammation and Wnt signal pathway. This study highlights the potential 
therapeutic benefit of KS therapy in preventing aortic aneurysm. KS, kallistatin; AAA, abdominal aortic aneurysm; TCF, T-cell factor.

Figure S2 IF staining of the AAA sample. Representative images 
of IF staining for KS (green) and α-SMA (red) in the AAA sample. 
Scale bar, 50 μm. IF, immunofluorescence; AAA, abdominal aortic 
aneurysm; KS, kallistatin; α-SMA, alpha-smooth muscle actin.

Figure S3  Expression of SERPINA4 mRNA in healthy aortic 
tissues by in situ hybridization with DIG-labeled SERPINA4 probe. 
(A) and (B) representative images of in situ hybridization showing 
the expression of SERPINA4 mRNA (the arrows) in healthy aortic 
tissue. Scale bar, 50 μm. DIG, digoxin.
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Figure S4 The certification of recombinant kallistatin, which was obtained from Sino Biological Inc.
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Table S1 The sequences for gene-specific primers

Gene symbol Forward primer Reverse primer

SERPINA4 CCTGCTGGTTGGACTACTGG CTGTTACTGCAACTCTCACCAT

Wnt3 AGGGCACCTCCACCATTTG GACACTAACACGCCGAAGTCA

CTNNB1 AAAGCGGCTGTTAGTCACTGG CGAGTCATTGCATACTGTCCAT

GSK3B GGCAGCATGAAAGTTAGCAGA GGCGACCAGTTCTCCTGAATC

ICAM-1 TTGGGCATAGAGACCCCGTT GCACATTGCTCAGTTCATACACC

VEGFA AGGGCAGAATCATCACGAAGT AGGGTCTCGATTGGATGGCA

TNF GAGGCCAAGCCCTGGTATG CGGGCCGATTGATCTCAGC

CD45 ACCACAAGTTTACTAACGCAAGT TTTGAGGGGGATTCCAGGTAAT

CD3 CCTCTTATCAGTTGGCGTTTGG TTCAGTGACAGGTGATCCTCA

MSR1 GCAGTGGGATCACTTTCACAA AGCTGTCATTGAGCGAGCATC

SMTN CCCTGGCATCCAAGCGTTT CTCCACATCGTTCATGGACTC

SM-MHC GGTCACGGTTGGGAAAGATGA GGGCAGGTGTTTATAGGGGTT

SMemb GCAGGAGAACACCTAAAGTCTG TGTCCCGGAATAGGAATATAGCC

Coll I GAGGGCCAAGACGAAGACATC CAGATCACGTCATCGCACAAC

VCAM1 GGGAAGATGGTCGTGATCCTT TCTGGGGTGGTCTCGATTTTA

GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC

Figure S5 The evaluation of inflammation among the saline group, the AngII group and the AngII + KS group. (A) The representative 
images of CD45 staining and CD3 staining; (B) semi-quantitative evaluation of CD45 staining and (C) semi-quantitative evaluation of CD3 
staining in aorta tissue sample.in aorta tissue sample. Scale bar, 50 μm. **, P<0.01 among the three groups. Data are presented as means ± 
SEM. AngII, angiotensin II; KS, kallistatin; SEM, standard error of the mean.
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