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Abstract

Purpose Thoracic aortic dissection (TAD) is characterized by an inflammatory response. Angiopoietin-like protein 8
(ANGPTLS) is a hormone involved in the regulation of lipid metabolism and inflammation. However, the relationship between
ANGPTLS and TAD remains unknown.

Methods This case-control study included 78 TAD patients and 72 controls. The aortic diameter was evaluated by computed
tomography and used to assess TAD severity. Circulating ANGPTLS levels were measured by enzyme-linked immunosorbent
assay. Associations of ANGPTLS8 with TAD were determined by multivariate logistic regression.

Results Serum ANGPTLS levels were significantly higher in TAD patients compared with controls (562.50 =20.84 vs. 419.70 £
22.65 pg/mL, respectively; P < 0.001). After adjusting for confounding factors, circulating ANGPTLS levels were an indepen-
dent risk factor for TAD (odds ratio = 1.587/100 pg ANGPTLS, 95% confidence interval [CI]=1.121-2.247, P<0.001) and
positively associated with diameter (3= 1.081/100 pg ANGPTLS, 95% CI=0.075-2.086, P =0.035) and high-sensitivity C-
reactive protein (hs-CRP) (5= 0.845/100 pg ANGPTLS, 95% CI=0.020—1.480, P = 0.009). The area under the curve (AUC) on
receiver operating characteristic (ROC) analysis of the combination of ANGPTLS, hs-CRP, and D-dimer was 0.927, and the
specificity and sensitivity were 98.46% and 79.49%, respectively. ANGPTLS was significantly increased in TAD tissue com-
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pared with controls. In vitro, ANGPTL8 was increased in angiotensin I (Angll)-treated macrophages and vascular smooth
muscle cells (VSMCs), while ANGPTLS8 siRNA-mediated knockdown decreased inflammatory factors in Angll-treated mac-

rophages and decreased apoptosis in Angll-treated VSMCs.

Conclusion ANGPTLS is associated with TAD occurrence and development, which may involve pro-inflammatory effects on
macrophages. ANGPTLS combined with D-dimer and hs-CRP might be a useful clinical predictor of TAD.
Trial Registration ChiCTR-COC-17010792 http://www.chictr.org.cn/showproj.aspx ?proj=18288

Keywords Thoracic aortic dissection - Angiopoietin-like protein § - Inflammation

Introduction

Acute thoracic aortic dissection (TAD) is a severe cardio-
vascular disease with characteristics including acute onset,
rapid development, and high morbidity and mortality [1].
TAD results in approximately 10,000 deaths in the USA
annually [2]. Many studies have shown a close association
of an inflammatory response with the onset and progres-
sion of TAD [3]. Local chronic inflammation causing aor-
tic medial degeneration is involved in the pathophysiology
of TAD [4]. Indeed, high-sensitivity C-reactive protein (hs-
CRP) is used to predict in-hospital events in patients with
acute aortic dissection [5]. However, CRP has been prelim-
inarily shown to have less predictive value for aortic dis-
ease [6].

There is increasing evidence for a role of the
perivascular adipose tissue that surrounds the vasculature
in controlling vascular tone and inflammation through lo-
cal release of adipokines, which contributes to vascular
dysfunction [7]. For example, the pleiotropic adipokine
adiponectin was reported to inhibit the expression of in-
flammatory cytokines and mast cell protease in angioten-
sin II (Angll)-induced abdominal aortic aneurysm [8].
Angiopoietin-like protein 8 (ANGPTLS) is an adipokine
and circulating ANGPTLS is related to metabolic and in-
flammatory parameters, and oxidative stress, in patients
with type 2 diabetes mellitus [9]. ANGPTLS was also
reported to be a novel regulator of inflammation via se-
lective autophagic degradation of Ikappa B kinase IKKy
[10]. Furthermore, ANGPTL2 was abundantly expressed
in infiltrating macrophages within the vessel walls of pa-
tients with abdominal aortic aneurysms and in a CaCl,-
induced abdominal aortic aneurysm mouse model, while
ANGPTL2-deficient mice showed decreased abdominal
aortic aneurysm development compared with wild-type
mice and lower expression of pro-inflammatory cytokines
[11]. However, the associations of ANGPTLS and TAD,
and the role of ANGPTL8 in TAD development, are un-
known. Thus, the aim of the present study was to inves-
tigate the association of serum ANGPTLS levels with the
occurrence and severity of TAD, and the potential under-
ling mechanisms.
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Materials and Methods
Patient Recruitment and Specimens

This case-control study was conducted between August 2018
and January 2019 at the Beijing An Zhen Hospital. A final 150
subjects were recruited into this study, including 78 patients
with TAD and 72 controls. The study design is described in
detail in Supplemental Figure S1. All participants gave written
informed consent before enrollment. The protocol was ap-
proved by the Medicine Ethics Committee of Beijing An
Zhen Hospital and adhered to the Declaration of Helsinki.
This study was registered in the Chinese Clinical Trial
Registry (no. ChiCTR-COC-17010792).

A total of 162 TAD patients were consecutively enrolled in
this study in the Vascular Department of Beijing An Zhen
Hospital. The criteria for diagnosis of TAD were according
to the latest diagnostic standard [12]. Patients undergoing con-
ventional open-heart surgery for TAD after pre-operative
computed tomography (CT) were included in this study
[13]. The maximum axial aortic diameter in the ascending
aorta was assessed by CT at the time of presentation in TAD
patients [14, 15]. Exclusion criteria included the presence of
inherited connective tissue disorders (for example, Marfan
syndrome and Ehlers-Danlos syndrome), patients with aortic
trauma, pseudo-aneurysm, history of heart failure, renal dys-
function, severe pulmonary diseases, active cancer, previous
aortic surgery, or previous treatment with non-steroidal anti-
inflammatory drugs or steroids [14, 16]. Finally, we enrolled
78 patients with TAD.

A total of 162 volunteers from the Health Examination
Center at Beijing An Zhen Hospital were enrolled as controls.
Control patients were enrolled only if the CT revealed no
evidence of aortic diseases. Maximum axial aortic diameters
in the ascending aorta were assessed by CT [13]. Exclusion
criteria were the same as the TAD cases. The presence of risk
factors in patients, including hypertension, dyslipidemia, dia-
betes, coronary artery disease, and tobacco and alcohol use,
were collected from medical records, as previously described
[17]. We enrolled 72 controls, who were matched for sex, age,
and body mass index (BMI). No sex-based or race/ethnicity-
based differences were present.
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TAD tissues were dissected during surgery. Control aortic
samples were obtained from heart transplantation donors in
Beijing An Zhen Hospital, as previously described [18], while
donors with collagen disease or aortic aneurysm/dissection were
excluded. Tissue specimens were fixed in 10% formalin, embed-
ded in paraffin, and sectioned at 5 um thickness (n =6 per

group).
Diagnostic Criteria

Demographic data, risk factors, and laboratory parameters
were obtained from clinical records. Hypertension was de-
fined as systolic blood pressure (SBP) > 140 mmHg, and/or
diastolic blood pressure (DBP) > 90 mmHg, and/or being un-
der antihypertensive treatment [19]. Diabetes was defined as
fasting serum glucose (FPG) > 7 mmol/L (126 mg/dL) and/or
being on treatment for diabetes [20]. At least one of the fol-
lowing was present in patients with dyslipidemia: high triglyc-
eride (TG), high cholesterol (TC), high low-density lipopro-
tein cholesterol (LDL-C), high non-high-density lipoprotein
cholesterol (non-HDL-C), and low HDL-C levels. High serum
TG level was defined as a serum TG >1.7 mmol/L. High
serum TC level was defined as a serum TC >5.2 mmol/L.
High serum LDL-C level was defined as a serum LDL-C >
3.4 mmol/L. High serum non-HDL-C level was defined as a
serum non-HDL-C >4.1 mmol/L. Low serum HDL-C level
was defined as a serum HDL-C < 1.0 mmol/L [21].

Anthropometric Measurements

Anthropometric determinations and blood extractions were
performed on a single day. Height and weight were measured
with participants wearing light indoor clothing and barefoot
using calibrated portable electronic weighing scales and por-
table inflexible height measuring bars. Blood pressure was
measured after a 5-min rest in a seated position. Blood pres-
sure was determined at least three times on the right upper
arm, and the mean value was used for final analyses. BMI
was calculated using the standard BMI formula: body mass
(kg) divided by square of height (m?).

Blood Sample Preparation

Blood samples were collected after the participants had fasted
overnight. Samples were centrifuged for 10 min at 3000xg at
4 °C, and plasma samples were stored at — 80 °C before anal-
ysis. Serum TG, TC, LDL-C, and HDL-C levels, along with
other routine serum biochemical parameters, were measured
in a biochemical analyzer (Hitachi-7600; Hitachi, Tokyo,
Japan) using blinded quality control specimens in the
Department of the Biochemical Laboratory at Beijing An
Zhen Hospital. Circulating full-length ANGPTLS levels were
measured using an enzyme-linked immunosorbent assay kit

(#11644h; Wuhan ELAAB Science, Wuhan, China) accord-
ing to the manufacturer’s instructions. Intra- and inter-assay
coefficients of variation for ANGPTLS levels were < 5% and
< 10%, respectively.

Histology and Immunohistochemistry

Immunohistochemical staining was performed as previously
described [22] using primary antibodies against ANGPTLS
(1:200 dilution; Abcam, Cambridge, UK), a-smooth muscle
actin («x-SMA) (1:200 dilution; ZM0003, ZSGB-BIO,
Beijing, China), or galectin 2 (MAC-2) (1:200 dilution;
Abcam, Cambridge, UK), followed by staining with second-
ary antibodies. Images were obtained with a Ni-UNikon
Upright Microscope equipped with a DS-Ri2 color CCD
(Nikon, Tokyo, Japan).

Cell Culture and Conditions

Human umbilical artery smooth muscle cells (HUASMCs;
Shanghai Xinyu Biotech Co., China Ltd.) were cultured in
low-glucose DMEM medium (Science Cell, CA, USA) sup-
plemented with 10% fetal bovine serum and 1% penicillin/
streptomycin. RAW264.7 cells (American Type Culture
Collection, Manassas USA) were cultured in DMEM
(Science Cell) with 10% fetal bovine serum and 1% penicil-
lin/streptomycin. Cells were divided into four groups: control
group, ANGPTLS small interfering RNA (siRNA) group,
Angll group, and Angll + ANGPTLS siRNA group.

siRNA Studies

ANGPTLS-specific siRNA and control siRNA were purchased
from Life Technologies Co. The ANGPTLS siRNA sequences
were as follows: sense 5'-GAGAAUUUGAGGUCUUAAA(t-3'
and sense 5'-GGAUAUUCUGCAGCUGCAGTT-3".
HUASMCs and RAW264.7 cells were plated in dishes
(60 mm) and grown to 40% confluence prior to transfection.
Cells were transfected with 25 pmol siRNA using
Lipofectamine Plus (Invitrogen, CA, USA) following the manu-
facturer’s instructions. After culturing for 12 h, cells in the Angll
group and Angll + ANGPTLS siRNA group were treated with
Angll at 25, 50, or 100 nmol/L. After culturing for 24 h, the
mRNA levels of interleukin (IL-1B, IL-6), tumor necrosis factor
(TNF-«), matrix metalloproteinase (MMP9), B cell lymphoma/
leukemia-2 (Bcl-2), and Bel-2-interacting mediator of cell death
(Bim) in the RAW264.7 and HUASMC cells of each group were
measured.

Real-Time qPCR

RNA was extracted from thoracic aortic samples using
TRIzol, and 1 pg RNA was reverse transcribed using a
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GoScript™ reverse transcription system (Promega), accord-
ing to the manufacturer’s instructions. The iQ5 system (Bio-
Rad, Hercules, CA, USA) with SYBR Green I (Takara, Shiga,
Japan) was used for real-time qPCR. Samples were amplified
by incubation at 95 °C for 5 min, followed by 45 cycles of
95 °C for 45 s and 60 °C for 60 s. The housekeeping gene
glyceraldehyde 3-phosphate dehydrogenase was used as a
control. Relative mRNA levels were calculated using the
2722C method and normalized to glyceraldehyde 3-
phosphate dehydrogenase mRNA levels.

Western Blot

Protein from RAW264.7 and HUASMC cells was extracted
using a protein extraction kit containing protease inhibitors
and a protein phosphatase inhibitor cocktail. Equal amounts
of protein (40 pg/lane) were separated by 15% SDS-PAGE
and then transferred onto a PVDF membrane. Blots were
probed overnight at 4 °C with anti-3-actin (1:1000; Abcam)
or anti-ANGPTLS (1:1000; Abcam) antibodies, washed with
Tris-buffered saline containing Tween 20, and then incubated
with secondary antibodies (1:10,000; ZSGB-BIO) for 1 h at
room temperature. Blots were then washed, incubated with
SuperSignal™ WestFemto Maximum Sensitivity Substrate
(Thermo Fisher Scientific, Waltham, MA, USA), and ana-
lyzed using a ChemiDoc™ Touch Imaging System (Bio-Rad).

TUNEL Staining

Terminal deoxynucleotidyl transferase dUTP nick end label-
ing (TUNEL) staining was performed according to the manu-
facturer’s instructions (Roche #12156792910). In short,
HUASMCs were plated in dishes (60 mm) with slides, and
after Angll and/or ANGPTS siRNA treatment, cells were em-
bedded in paraffin for 30 min and then treated with 0.01%
Triton for 2 min on ice. Slides were then treated with
TUNEL reaction mixture in a humidified chamber and
washed with PBS. Finally, slides were mounted using
Vectashield mounting medium with DAPI (ZLI-9557,
ZSGB-BIO, Beijing, China). Images were obtained with a
Ni-UNikon Upright Microscope equipped with a DS-Ri2 col-
or CCD (Nikon, Tokyo, Japan).

Enzyme-Linked Immunosorbent Assay

The inflammatory cytokines in the culture supernatant of
RAW264.7 cells treated with Angll and ANGPTLS siRNA
were quantified using enzyme-linked immunosorbent assay
(ELISA) kits (RayBiotech, Inc. Systems, Minneapolis, USA)
following the manufacturer’s instructions, including IL-6,
TNF-o, IL-1$ and monocyte chemotactic protein-1 (MCP-
1) ELISA kits. The absorbance was measured in a microplate
reader at 450 nm. The concentrations of IL-6, TNF-«, IL-1f3,
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and MCP-1 were normalized and calculated based on the lin-
ear calibration curves obtained by standard solutions.

Statistical Analysis

Continuous variables are expressed as mean =+ standard devi-
ation and categorical variables as numerals (percentages). The
independent Student ¢ test for normal distribution and the
Wilcoxon rank-sum test for asymmetric distribution were used
to analyze the differences in continuous variables. The chi-
square test was used to analyze categorical variables. The
association of circulating full-length ANGPTLS levels with
TAD was determined by multivariate logistic regression anal-
ysis. The association of circulating full-length ANGPTLS8
levels with hs-CRP was also evaluated using multivariable
linear regression analysis. The variables that may influence
the expression of ANGPTLS and the occurrence of TAD were
selected for adjustment [16, 23]. A P value <0.05 was con-
sidered statistically significant. In addition, receiving operator
curves (ROC) were calculated for the prediction of TAD based
on ANGPTLS, hs-CRP, and D-dimer levels and the area under
the curve (AUC), sensitivity, and specificity. An AUC of 0.5
indicated no predictive power, whereas an AUC of 1 indicated
perfect prediction. Statistical analyses were performed with
statistical software (SPSS v20.0; IBM Co., Armonk, NY,
USA).

Results

Baseline Clinical Characteristics of the Study
Population

The clinical characteristics of the TAD patients and controls
are shown in Table 1. There were no differences in LDL-C
(P=0.952), TC (P=0.318), TG (P=0.287), or FPG (P=
0.207) levels between the two groups. Patients with TAD
had significantly higher SBP (P <0.001), DBP (P <0.015),
homocysteine(Hcy; P<0.031), hs-CRP (P<0.001), D-
dimer levels (P<0.001), diameter (P<0.001), and lower
HDL-C levels (P=0.004), compared with controls.
Circulating ANGPTLS levels were also significantly higher
in the TAD group compared with controls (562.50 = 20.84 pg/
mL vs. 419.70 £22.65, respectively; P<0.001). Human se-
rum hs-CRP levels were significantly higher in TAD patients
compared with controls (10.95 = 1.24 mmol/L vs. 1.67 £ 0.16,
respectively; P <0.001).

Association of Plasma ANGPTLS8 with Clinical
or Biochemical Variables

As shown in Table 2, Spearman’s correlation analysis indicat-
ed that ANGPTLS levels were associated with Hcy, maximum
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Table 1 Anthropometric and

biochemical characteristics of the Control (n=72) TAD (n="78) P

subjects included in the study
Age (years) 53.09+13.29 51.05+12.36 0.342
BMI (kg/m?) 25.22+3.59 26.10+5.59 0.276
Male (n, %) 50 (69.44%) 60 (76.92%) 0.301
SBP (mmHg) 119.34+10.59 135.77 £20.50 <0.001*
DBP (mmHg) 73.21£8.10 77.36+11.41 0.015*
FPG (mmol/L) 5.17+0.43 5.29+0.67 0.207
TG (mmol/L) 1.17 (0.76-1.90) 1.23 (0.94-1.90) 0.287
TC (mmol/L) 430+0.71 4.09+0.89 0.128
LDL-C (mmol/L) 2.57+0.61 2.56+0.77 0.952
HDL-C (mmol/L) 1.15+£0.31 1.00£0.26 0.004*
Hypertension 3 (4.17%) 48 (61.54%) <0.001%*
Diabetes 2 (2.78%) 3 (3.85%) 0.538
Hyperlipidemia 10 (13.89%) 15 (19.23%) 0.256
Smoker (n, %) 18 (25.00%) 27 (34.62%) 0.134
Drinker (n, %) 22 (30.56%) 20 (25.64%) 0314
Hey (umol/L) 11.10 (9.07-15.53) 14.60 (9.50-18.30) 0.031*
ANGPTLS (pg/mL) 419.70£22.65 562.50+20.84 <0.001%**
hs-CRP (mmol/L) 1.67+0.16 10.95+1.24 <0.001%*
D-Dimer (pg/mL) 0.07 (0.04-0.11) 0.64 (0.13-1.52) <0.001%*
Diameter (mm) 30.08 +£4.88 46.52+11.40 <0.001%*

Date are expressed as mean + standard deviation, median (interquartile range), or n (%). Differences between the
groups were analyzed by an independent Student’s ¢ test, x> text, or Wilcoxon test

TAD thoracic aortic dissection, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure,
FPG fasting plasma glucose, TG triglycerides, TC total cholesterol, LDL-C low-density lipoprotein cholesterol,

HDL-C high-density lipoprotein cholesterol, Hcy homocysteine

*P<0.05, ¥**P<0.001

axial aortic diameter, D-dimer, and hs-CRP. To investigate the
effect of TAD and hypertension on ANGPTLS expression,
TAD patients were grouped according to hypertension status.
However, ANGPTLS levels were not significantly different in
TAD subjects according to the presence or absence of hyper-
tension (584.95 +30.49 pg/mL vs. 548.45 +28.05 pg/mL, re-
spectively; P = 0.40; Supplemental Figure S2). These results
suggest that ANGPTLS in TAD patients was not affected by
hypertension. We also analyzed the association of antihyper-
tensive drugs with serum ANGPTLS levels (Supplemental
Figure S3). However, patients undergoing drug treatment
showed no differences in serum ANGPTLS levels compared
with patients without drug treatment.

Association of Circulating ANGPTLS8 Levels with TAD

The association of TAD with circulating full-length
ANGPTLS levels was tested in different models of logistic
regression. After adjustment for age, sex, BMI, SBP, DBP,
TG, TC, LDL-C, HDL-C, FPG, Hcy, and hs-CRP, increasing
circulating ANGPTLS levels conferred a higher odds ratio
(OR) of TAD (OR=1.587/100 pg ANGPTLS, 95% confi-
dence interval [CI]=1.121-2.247, P=0.009; Table 3). In

Table 2 Associations of clinical or biochemical variables with

ANGPTLS

Correlation coefficient P value
Age (year) 0.102 0.225
Sex (male = 1, female = 0) 0.060 0.473
BMI (kg/m?) —0.086 0.304
SBP (mmHg) 0.136 0.105
DBP (mmHg) 0.005 0.949
TG (mmol/L) -0.030 0.717
TC (mmol/L) —0.140 0.094
LDL-C (mmol/L) -0.020 0.815
HDL-C (mmol/L) -0.079 0.345
FPG (mmol/L) 0.109 0.193
hs-CRP (mmol/L) 0.302 <0.001%*
Diameter (mm) 0.271 0.023*
Hcey (umol/L) 0.174 0.038*
D-Dimer (pg/mL) 0.251 0.002*

Spearman correlation test

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood
pressure, FPG fasting plasma glucose, TG triglycerides, 7C total choles-
terol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density
lipoprotein cholesterol, Hey homocysteine, *P < 0.05, **P < 0.001
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Table 3 Multivariate logistic regression analyses of circulating full-length ANGPTLS levels and TAD

Unadjusted Model 1 Model 2

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
ANGPTLS (per 100pg increase) 1.525 (1.246-1.866)  <0.001** 1.630 (1.297-2.048)  <0.001** 1.587 (1.121-2.247)  0.009*

Model 1: adjusted for age, sex, and BMI; Model 2: adjusted for Model 1 + SBP, DBP, TG, TC, LDL-C, HDL-C, Hcy, FPG, and hs-CRP

ANGPTLS angiopoietin-like protein 8, 7AD thoracic aortic dissection, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure,
TG triglycerides, 7C total cholesterol, LDL-C low-density lipoprotein cholesterol, /DL-C high-density lipoprotein cholesterol, Hcy homocysteine, FPG

fasting plasma glucose, 4s-CRP high-sensitivity C-reactive protein
*P <0.05, **P <0.001

addition, we divided the TAD patients into low rupture risk
(<50 mm) and high rupture risk (> 50 mm) groups according
to artery diameter. Multivariate logistic regression analysis
showed that, after adjustment for age, sex, BMI, SBP, DBP,
TG, TC, LDL-C, HDL-C, FPG, Hcy, and hs-CRP, increased
circulating ANGPTLS levels were associated with a higher
OR in TAD with high rupture risk (OR =2.224/100 pg
ANGPTLS, 95% CI=1.274-3.883, P=0.005; Table 4).

Association of Circulating ANGPTLS Levels
with Diameter, hs-CRP

Multivariate linear regression analysis was used to exam-
ine the association of circulating ANGPTLS levels with
the maximum axial aortic diameter, hs-CRP. After adjust-
ment for age, sex, BMI, SBP, DBP, FPG, TG, TC, LDL-
C, and HDL-C, circulating full-length ANGPTLS levels
were associated with maximum axial aortic diameter (3=
1.081/100 pg ANGPTLS, 95% CI=0.075-2.086, P=
0.035, Table 4). After adjusting for age, sex, BMI, SBP,
DBP, FPG, TG, TC, LDL-C, HDL-C, and Hcy, circulating
full-length ANGPTLS levels were positively associated
with hs-CRP (3=0.845/100 pg ANGPTLS, 95% CI=
0.020-1.480, P=0.009, Table 5). However, ANGPTLS
was not associated with D-dimers (P=0.059). These re-
sults suggest that ANGPTL8 may affect the maximum
axial aortic diameter and inflammation.

ROC Curve Analysis for ANGPTLS, hs-CRP,
and D-Dimer

ROC curve analyses were constructed to evaluate the predic-
tive values of plasma ANGPTLS and hs-CRP levels for the
identification of TAD (Table 6). The results of ANGPTLS
showed an AUC of 0.746 (95% CI=0.663-0.829;
P <0.001). The hs-CRP for the identification of TAD with
an AUC of 0.807 (95% CI=0.736-0.878, P<0.001), the
AUC of D-dimer was 0.877 (95% CI1=0.821-0.932;
P<0.001).

Combination of Plasma ANGPTLS, hs-CRP
with D-Dimer

Next, we analyzed the combined use of plasma
ANGPTLS8 and D-dimer or hs-CRP. Indeed, calculation
of the AUC on ROC analysis demonstrated better perfor-
mance of a combination of ANGPTLS and D-dimer than
plasma D-dimer alone (AUC 0.909 vs. 0.877); the speci-
ficity increased from 66.67% when used alone to 89.39%.
A combination of ANGPTLS and hs-CRP also increased
the AUC (0.849 vs. 0.807); the specificity increased from
89.23 to 93.85% (Table 6, Fig. 1). The AUC combination
of ANGPTLS, hs-CRP, and D-dimer was up to 0.927
(Table 7), and the sensitivity and specificity were
98.46% and 79.49%, respectively (Table 7).

Table 4 Multivariate logistic regression analyses of circulating full-length ANGPTLS levels and TAD with high rupture risk (diameter > 50 mm)

Unadjusted Model 1 Model 2
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
ANGPTLS (per 100pg increase) 1.431 (1.148-1.784) 0.001* 1.707 (1.290-2.258) <0.001** 2.224 (1.274-3.883) 0.005%*

Model 1: adjusted for age, sex, and BMI; Model 2: adjusted for Model 1 + SBP, DBP, TG, TC, LDL-C, HDL-C, Hcy, FPG, and hs-CRP

ANGPTLS angiopoietin-like protein 8, 7AD thoracic aortic dissection, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure,
TG triglycerides, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, Hcy homocysteine, FPG

fasting plasma glucose, 4s-CRP high-sensitivity C-reactive protein
*P<0.05, **P <0.001
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Table 5 Multivariate linear regression analyses of circulating full-length ANGPTLS levels and diameter

Unadjusted Model 1 Model 2

B (95% CI) P value B (95% CI) P value B (95% CI) P value
ANGPTLS (per 100 pg increase) 1.312 (0.317-2.306) 0.010%* 1.280 (0.291-2.268) 0.012%* 1.081 (0.075-2.086) 0.035°%*

Model 1: adjusted for age, sex, and BMI; Model 2: adjusted for Model 1 + TG, TC, LDL-C, HDL-C, and FPG
ANGPTLS angiopoietin-like protein 8, BMI body mass index, TG triglycerides, 7C total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C

high-density lipoprotein cholesterol, FPG fasting plasma glucose
*P<0.05

ANGPTLS8 Expression in Human TAD Tissues

Next, we evaluated ANGPTLS expression in TAD tis-
sues by immunofluorescence staining. ANGPTL8 ex-
pression was significantly increased in TAD tissues
compared with controls (P<0.05; Fig. 2a). Double im-
munofluorescence staining showed that vascular smooth
muscle cells (VSMCs) and macrophages expressed
ANGPTLS (Fig. 2b, c).

Effect of ANGPTL8 on Macrophage Inflammation

Western blot analysis showed that Angll administration
promoted ANGPTLS8 expression in macrophage cells in
a concentration-dependent manner (Fig. 3a, b), while
ANGPTLS8 siRNA inhibited the effect of Angll on
ANGPTLS induction (Fig. 3c, d). A similar trend was
observed for ANGPTLS, IL-6, IL-13, TNF-«, and
MMP-9 mRNA levels after Angll treatment in macro-
phages. ANGPTLS siRNA decreased the mRNA expres-
sion of ANGPTLS, IL-6, IL-1p3, TNF-«, and MMP-9 in
macrophages (Fig. 3e—i). In addition, we detected cyto-
kines and chemokines secreted by macrophages using
ELISA and found that Angll treatment could increase
IL-13, IL-6, TNF-&, and MCP-1 secretion. Furthermore,
ANGPTLS8 siRNA decreased the Angll-induced expres-
sion of cytokines and chemokines detected in the macro-
phage culture media (Fig. 3j—m).

Effect of ANGPTL8 on HUASMC Apoptosis

Western blot analysis showed that Angll administration also
promoted ANGPTLS8 expression in HUASMCs in a
concentration-dependent manner (Fig. 4a, b), while
ANGPTLS8 siRNA inhibited the effect of Angll on
ANGPTLS induction (Fig. 4c, d). Angll administration also
promoted ANGPTL8 mRNA expression in HUASMC:s (Fig.
4e). Further, ANGPTL8 siRNA increased Bcl-2 mRNA
levels, but reduced Bim mRNA levels, in HUASMCs (Fig.
41, g). In addition, we detected the number of apoptotic
HUASMC:s via TUNEL staining and found that AngIl admin-
istration increased the apoptosis of HUASMCs. Furthermore,
ANGPTLS siRNA decreased the Angll-induced apoptosis of
HUASMC:s (Fig. 4h, 1).

Discussion

In this study, we found that circulating ANGPTLS levels in
Chinese TAD patients were significantly elevated compared
with controls. Our results also showed that ANGPTLS was
independently associated with the occurrence of TAD, while
increased ANGPTLS levels were positively correlated with
arterial diameter and hs-CRP, after adjusting for confounding
factors in the study population. ANGPTLS combined with hs-
CRP and D-dimer may be a predictor of TAD. We also found
that Angll promoted the expression of ANGPTLS, accompa-
nied by an increase in inflammatory factors, while inhibition

Table 6 Multivariate linear regression analyses of circulating full-length ANGPTLS levels and hs-CRP

Unadjusted Model 1 Model 2
B (95% CI) P value B (95% CI) P value B (95% CI) P value
ANGPTLS (per 100 pg increase) 1.211 (0.519-1.904) 0.001%* 1.096 (0.440-1.751) 0.001* 0.845 (0.020-1.480) 0.009%*

Model 1: adjusted for age, sex, and BMI; Model 2: adjusted for Model 1 + SBP, DBP, TG, TC, LDL-C, HDL-C, and FPG

ANGPTLS angiopoietin-like protein 8, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, 7G triglycerides, 7C total
cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, FPG fasting plasma glucose, Hcy homocysteine,

hs-CRP high-sensitivity C-reactive protein
*P<0.05
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Fig. 1 Receiving operator curves using ANGPTLS and hs-CRP plasma
levels for prediction of TAD. The area under the curve (AUC) for the
plasma ANGPTLS levels was 0.746, for hs-CRP levels was 0.807, for D-
dimer was 0.877, and for the combination of ANGPTLS, hs-CRP, and D-
dimer was 0.927

of ANGPTL8 by ANGPTLS siRNA reversed these effects.
Together, these results highlight the potential role of
ANGPTLS in TAD and inflammatory pathways. Further,
ANGPTLS increased apoptosis and apoptosis-related mRNA
levels in HUASMCs, while inhibition of ANGPTLS8 by
ANGPTLS siRNA reversed these effects.

Many studies have reported roles for inflammation in the
pathogenesis of TAD, as evidenced by the presence of inflam-
matory cells, especially neutrophils and macrophages [24]. hs-
CRP, a marker of inflammation, can promote atherosclerosis
and predict cardiovascular events [25]. It has been demonstrat-
ed that a patient’s initial hs-CRP level may be a simple and
readily available biomarker that could help emergency care
staff identify cardiovascular disease patients at high risk of
cardiovascular events and who could benefit from inflamma-
tion modulation therapy to reduce cardiovascular risk [26]. In

addition, there were time-dependent changes in plasma in-
flammatory biomarkers including hs-CRP and IL-6 in type
A aortic dissection patients. The time to the peak level of hs-
CRP was shorter and the duration of persistently high hs-CRP
level was longer in the aortic dissection with complication
patients [27]. Furthermore, we previously found that hs-CRP
was associated with abdominal aortic aneurysms [28]. In the
present study, serum hs-CRP levels were significantly in-
creased in TAD patients compared with controls, which pro-
vides further support for increased inflammation in TAD
patients.

ANGPTLs are widely expressed in many tissues including
the liver, as well as in the vascular system, and these proteins
play important roles in lipid metabolism, inflammation, and
angiogenesis [29]. ANGPTL2 has been proven to play an
important role in the damage of vascular endothelial cells
and the promotion of macrophage infiltration in atheromatous
plaques [30], and it has become a hotspot in cardiovascular
disease research. ANGPTL4 was also involved in inflamma-
tion, and the production of pro-inflammatory cytokines in-
cluding TNF-«, IL-13, and IL-6 were decreased in
ANGPTL4 knocked down mesangial cells. Inhibition of
ANGPTL4 markedly suppressed the expression of extracellu-
lar matrix (ECM) proteins, collagen IV, and fibronectin, in
high glucose-stimulated mesangial cells [31]. Previous studies
found a positive association between ANGPTLS8 expression
and degenerative grades of intervertebral disc degeneration.
Silencing ANGPTLS attenuated the degradation of the ana-
bolic protein type collagen II, and IL-6 through inhibition of
NF-kB signaling activation [32]. This study suggests that
ANGPTLS plays an important role in the degradation of
ECM and inflammation regulation. The pathophysiology of
TAD is characterized by changes in the ECM and inflamma-
tion; however, the role of ANGPTL8 on TAD has not been
reported. In the present study, serum ANGPTLS levels were
independently associated with serum hs-CRP in TAD patients.
Our in vitro results showed that ANGPTLS was increased in
Angll-induced macrophages, accompanied by increased IL-6,
IL-13, TNF-&, and MMP9 mRNA expression in macro-
phages, while knockdown of ANGPTLS decreased inflamma-
tion in Angll-induced macrophages. In addition, AnglII

Table 7 Receiving operator

curves using ANGPTLS, hs-CRP, Parameters AUC 95% CI Specificity Sensitivity P

and D-dimer levels for prediction

of TAD hs-CRP 0.807 0.736-0.878 0.892 0.679 <0.001
ANGPTLS 0.746 0.663-0.829 0.621 0.795 <0.001
D-Dimer 0.877 0.821-0.932 0.667 0.985 <0.001
hs-CRP + ANGPTLS 0.849 0.784-0.912 0.939 0.679 <0.001
D-Dimer + ANGPTL8 0.909 0.857-0.959 0.894 0.833 <0.001
D-Dimer + hs-CRP + ANGPTLS 0.927 0.880-0.974 0.985 0.795 <0.001

ANGPTLS angiopoietin-like protein 8, TAD thoracic aortic dissection, SBP systolic blood pressure, DBP diastolic
blood pressure, 4s-CRP high-sensitivity C-reactive protein
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a ANGPTLS Staining
Control TAD IgG
b asmA ANGPTLS

ANGPTLS Positive area (%)

TAD ANGPTLS

DAPI

ANGPTL8

Fig.2 ANGPTLS is increased in thoracic aortic dissection (TAD) tissues
and expressed in macrophages and vascular smooth cells. a
Representative immunostaining and semiquantitative analysis of
ANGPTLS in the aortas of TAD and control patients (n =6 per group).

treatment could increase macrophage-secreted IL-1f3, IL-6,
TNF-«, and MCP-1, and ANGPTLS8 siRNA decreased
Angll-induced expression of cytokines and chemokines in
macrophage medium. Our results demonstrated that
ANGPTLS might participate in the development of TAD by
promoting inflammation.

VSMC apoptosis was also an important mechanism for
TAD development with the Bcl-2 family playing an important
role in VSMC apoptosis in TAD [33]. Previous studies
employed ultrasound-targeted microbubble destruction to de-
liver the human ANGPTLS gene to the rats with adriamycin
cardiomyopathy. ANGPTLS stimulated the proliferation of
cardiac progenitor cells located at the epicardium [34], indi-
cating ANGPTLS might regulate cell proliferation. However,
our in vitro study found that Angll decreased Bcl-2 mRNA
levels in HUASMCs and increased Bim mRNA levels, ac-
companied with increased expression of ANGPTLS; treat-
ment with ANGPTLS siRNA reversed these effects. In addi-
tion, TUNEL staining showed that ANGPTLS siRNA re-
duced the apoptosis of HUASMCs induced by Angll. Our
results indicate that ANGPTLS may change during the devel-
opment of TAD via increased apoptosis of HUASMC:s.

In the past decades, D-dimer and hs-CRP focused on eval-
uating acute TAD prognosis. However, D-dimer specificity
was low when patients presented with false lumen thrombosis,
less extensive disease, and younger age [35], and hs-CRP was
easily influenced by acute infection, trauma, and bleeding

Data are presented as mean + standard error of the mean (SEM). *P
< 0.05. b Co-staining of x-SMA (red) and ANGPTLS (green) in TAD
tissues. ¢ Co-staining of MAC-2 (red) and ANGPTLS (green) in TAD
tissues. Data are presented as mean + SEM. *P < 0.05

[36]. Therefore, a novel biomarker with superior performance
for predicting TAD is required. Recently, a combination of
different biomarkers was proposed to improve the accuracy
of predicting disease. For example, Giachino et al. reported
that a combination of MMP-8 and D-dimer can increase the
AUC of ROC curve of predicting acute aortic dissection [37].
In the recent study, a combination of tenascin-C and D-dimer
or CRP can improve the performance of predicting in-hospital
death from acute aortic dissection [38]. Proietta et al. reported
MMP-12 as a new marker of Stanford-A acute aortic dissec-
tion, and MMP-12 was significantly increased in TAD pa-
tients [39]. Our results found that compared with ANGPTLS8
alone, the AUC combination of ANGPTLS, hs-CRP, and D-
dimer was up to 0.927, and the sensitivity and specificity were
98.46% and 79.49%, respectively. These data demonstrated
that ANGPTLS can enhance D-dimer’s ability to evaluate
presence of TAD. In addition, according to the guidelines for
TAD therapy, the diameter of the aorta at > 50 mm was asso-
ciated with high rupture risk and required surgery [40]. After
dividing the TAD cases into low rupture risk group (diameter
<50 mm) and high rupture risk (diameter > 50 mm),
ANGPTLS was associated with higher rupture risk of TAD.
This result might be helpful for the clinical diagnosis and
therapy of TAD in the future.

The ANGPTLS protein can control triglyceride levels via
regulation of LPL [41], so circulating ANGPTLS levels were
positively associated with serum TG levels. Thus, TG levels
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Fig.3 ANGPTLS expression was
increased in angiotensin II
(AnglD)-induced macrophage
cells, while inhibition of
ANGPTLS via ANGPTL8 b
siRNA decreased the expression

of ANGPTLS and inflammatory

factors. a, b ANGPTLS levels in

RAW264.7 cells were increased

after Angll treatment, as assessed

by Western blot. ¢, d ANGPTLS

siRNA decreased the expression

of ANGPTLS in RAW264.7 cells e
induced by Angll. e RAW264.7
cells were treated with 25, 50, or
100 nmol/L AnglI for 24 h. The
100 nmol/L. AnglI was used for
the ANGPTLS siRNA study. f-i
qPCR analysis of gene expression
of ANGPTLS and the inflamma-
tory factors TNF-«, IL-6, MMP-
9, and IL-1{3 in RAW264.7 cells. l
j—m ELISA analysis of macro- »
phage secreted IL-1f3, IL-6, TNF-
«, and MCP-1. The RAW264.7
cells were treated with Angll
(100 nmol/L) except for the con-
trol group. ANGPTLS siRNA-1

B-actin

g
&
i
H
H

(Corrected by B -actin)

orrected by GAPDH)

ANGPTLS mRNA level

(©

a

Control Angll 25 Angll 50 Angll 100

T

Angll 0 0
SRNA 0 + 0

Relative ANGPTLS level

(Corrected by f -actin)

-t
«Q
=2

evel
ol
vel

IL6 MRNA level
(Corrected by GAPDH)
>

TNF-a mRNA ley
(Corrected by GAPDH)

IL-18 mRNA leve
(Corrected by GAPDH)

MMP-9 mRNA I
(Corrected by GAPDH)

IL-6 (pg/ml)

iﬁ.ﬂﬁ

and ANGPTLS siRNA-2 repre- &

sent the two sequences of

ANGPTLS siRNA. #*P < 0.05 vs.

control group, *P < 0.05 vs. Angll

group. ANGPTLS siRNA de- |
creased the expression of the in-

flammatory factors induced by

Angll in RAW264.7 cells. Data

are presented as mean = SEM. *P

< 0.05

g &

MCP-1 (pg/ml)
w
8

=]

were adjusted in logistic regression in this study. ANGPTLS8
was also reported to be negatively associated with HDL-C
levels [42], while multiple logistic regression analysis showed
that ANGPTLS8 was associated with TAD after adjusting for
HDL-C. Numerous studies have demonstrated that
ANGPTLS levels are positively correlated with FPG and in-
sulin resistance [43]. However, we found no differences in
FPG levels between TAD patients and controls, and no asso-
ciation of ANGPTLS levels with FPG, in our subjects.
Multiple logistic regression analysis found that ANGPTLS
was associated with TAD after adjusting for FPG.
ANGPTLS8 was shown to be an independent biomarker for
hypertension, and the incidence of hypertension in TAD pa-
tients is very high. However, we found no effect of hyperten-
sion and no effect of antihypertension drugs on serum
ANGPTLS levels in TAD patients. Multiple logistic regres-
sion analysis found that ANGPTLS was associated with TAD
after adjusting for SBP and DBP. Several case-control studies
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have documented Hcy elevation in patients with abdominal
aortic aneurysms [44]. Furthermore, there is a correlation be-
tween Hcey levels and aneurysm size as well as high Hey levels
and aneurysm expansion [45]. Hey is also increased in Marfan
patients with severe cardiovascular manifestations, in particu-
lar aortic dissection, compared with Marfans with mild car-
diovascular disease [46]. Hcy is a significant risk factor for
hypertension [47], and hypertension has a high prevalence in
TAD patients [48]. Further, ANGPTLS plasma levels are in-
creased in hypertension patients [49]. Multiple logistic regres-
sion analysis found that ANGPTLS was associated with TAD
after adjusting for Hcy.

Care was taken to avoid bias in the present study. Evaluation
of ANGPTLS8 was performed according to the manufacturer’s
instructions by a trained experimenter who was unaware of the
patients’ clinical data. For the statistical analyses, adjustments
were made for the confounding effects of risk factors for TAD
and circulating ANGPTLS levels. The sample size and statistical
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Fig.4 ANGPTLS expression was

increased in angiotensin II
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the ANGPTLS siRNA study. f, g
qPCR analysis of the gene ex-
pression of ANGPTLS and the
antiapoptotic genes Bcl-2 and
Bim in HUASMC:s. h, i TUNEL
staining to detect the apoptosis of
HUASMCs induced by Angll.
The HUASMCs were treated with
Angll (100 nmol/L) except for the
control group. ANGPTLS
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2 represent the two sequences of
ANGPTLS siRNA *P < 0.05 vs.
control group, *P < 0.05 vs. AnglI
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by Angll. Data are presented as
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power of this explorative study were also sufficient (P =0.802,
a=0.05, Pp=0.5, n=150, OR =1.587). Nevertheless, this
study has some limitations. First, as this was a case-control study,
we can only show associations not causality. Furthermore, all
study participants were Chinese. Thus, the findings may not be
generalizable to other ethnicities. Our findings should be con-
firmed in other populations.

Conclusions

Circulating ANGPTLS levels were significantly higher in
Chinese TAD patients compared with controls. Circulating
full-length ANGPTLS levels were an independent risk factor
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for TAD and were positively associated with diameter and hs-
CRP. ANGPTL8 combined with hs-CRP concentration and
D-dimer may be a useful predictor of TAD. The association
of a combined higher ANGPTLS8 and hs-CRP levels with a
greater incidence of TAD needs to be verified in a larger sam-
ple size. Finally, increased ANGPTL8 was correlated with
inflammation, indicating a higher inflammatory condition in
TAD patients.
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