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Abstract: Thoracic aortic dissection (TAD) is a highly lethal vascular disease characterized by medial degeneration.
Heat shock protein 90 (HSP90) had been proved as a potential target for a variety of diseases. The aim of this study
was to identify the effect of HSP9O inhibitor on TAD progress, and to explore the potential utility of HSP9O inhibi-
tors as therapeutic avenue for TAD. In clinical samples, the elevated HSP90 expression was detected in aortic walls
from TAD patients (n=20) by real-time PCR and western blot, and was positively correlated with osteopontin (OPN),
a synthetic phenotypic marker of smooth muscle cells (SMCs), while negatively correlated with SM22, a contractile
phenotypic marker. In a B-aminopropionitrile fumarate-induced AD mice model, 17-DMAG, a HSP9O0-inhibitor, ef-
fectively reduced the incidence and mortality of TAD. Histological examination confirmed that 17-DMAG significantly
alleviated the loss of elastic fibers integrity. Meanwhile, the phenotypic switch of SMCs was significantly suppressed
by 17-DMAG, demonstrated by the change of phenotypic markers expression. On the cellular level, 17-DMAG sup-
pressed phenotypic switch of SMCs induced by PDGF-bb, and significantly depressed the excessive proliferation and
migration of SMCs. Flow cytometry analysis showed that 17-DMAG induced cell cycle arrest in G1 phase. In sum-
mary, 17-DMAG could effectively alleviate the TAD progress by suppressing SMCs phenotypic switch, and inhibition
of HSP90 might be a potential avenue for TAD therapy.
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Introduction

Thoracic aortic dissection (TAD) is estimated
to occur at a rate of 3 cases per 100,000
individuals per year, which is a highly lethal vas-
cular disease [1, 2]. Since acute TAD renders
the aorta prone to rapid dilation and rupture,
overall about 20% of patients died before hos-
pital admission, 30% during hospitalization,
and a further 20% over the next 10 years [3].
Currently, dissection formation, progression
and rupture cannot be reliably prevented phar-
macologically, because the molecular mecha-
nism of TAD pathogenesis are poorly under-
stood [4, 5]. However, the exploration of novel
drugs effectively alleviating TAD progress never
cease.

The key histopathologic feature of TAD is medial
degeneration, which is characterized by smooth
muscle cells (SMCs) depletion and extracellular
matrix degradation [6, 7]. SMCs play important
roles in maintaining the structure integrity and
function of vessels. Under pathologic stimula-
tion, the quiescent contractile SMCs could
transform to activated synthetic state, resulting
in the increase of SMCs migration and extracel-
lular matrix secretion [8, 9]. This de-differentia-
tion process, known as phenotype switch, is
closely related to the aortic progressively dila-
tion and ultimately rupture [10].

Heat shock protein 90 (HSP9O) is a highly
conserved molecular chaperone, which might
assemble various types of client proteins and
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Table 1. Clinical characteristics of patients with TAD and

donors control

Control (n=8) TAD (n=20) P
Ages [Year] 51.949.1 49.8412.8 0.680
Male [n (%)] 6 (75.0%) 17 (85.0%) 0.533
Smoking history [n (%)] 4 (50.0%) 12 (60.0%) 0.952
SBP [mmHg] 124.1+5.1 141.7420.2 0.001**
DBP [mmHg] 81.0+5.6 83.3+16.6  0.590
Blood glucose [mmol/L] 7.00£1.03 6.75+1.56 0.675
WBC [x10°/L] 8.24+2.15 9.65+2.53  0.179
NEUT [%] 69.4+8.3 71.7+12.6  0.633
LDL [mmol/L] 3.20+0.64 4.11+1.77 0.056

SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC,
white blood cell; NEUT, neutrophil count; LDL, low-density lipoprotein.

and approved by the Medical Ethics
Committee in Shanghai Changhai Hos-
pital. Written informed consent was
obtained from all the participants prior
to enroliment.

AD mice model

AD mice model was induced by B-ami-
nopropionitrile fumarate (BAPN, Sigma)
and angiotensin Il (Ang Il, Sigma) as
described previously [17, 18]. Male FVB
mice, weighing from 16 to 18 g, were
randomly divided into 3 groups (n=40
for each group): Control, BAPN and
17-DMAG groups. Briefly, mice were fed

**pP<0.01.

regulate protein folding, signal transduction,
translocation and transcription [11, 12]. Cur-
rently, HSPOO has attracted a great deal of
interest as a potential anticancer target. The
clinical trials in cancer patients had indicated
that combination of HSPQO inhibitors and other
drugs could be administered with acceptable
toxicity [13, 14]. Recent studies had proved
that HSP9O could be the potential target for
cardiovascular diseases, including abdominal
aortic aneurysm and pulmonary arterial hyper-
tension [15, 16]. In this study, we aimed to
investigate the therapeutic impact of 17-2-di-
methylamminoethylamino-17-demethoxygelda-
namycin (17-DMAG), an inhibitor of HSP9O0, on
dissection formation, progression and rupture,
and explore the potential utility of HSP9O inhib-
itors as therapeutic avenue for TAD.

Materials and methods
Clinical samples

All clinical aorta samples from TAD patients
were collected after aortic replacement sur-
gery at Department of Cardiovascular Surgery,
Changhai Hospital. TAD diagnosis was made
following clinical history, physical examinations,
and computed tomographic angiography of the
aorta. Patients with connective tissue diseases
(Marfan syndrome, Ehlers-Danlos syndrome,
etc.), bicuspid aortic valve malformation, syphi-
lis or family history of aortic diseases, were
excluded. All normal aorta samples were col-
lected from cadaver donors.

This study was carried out in accordance to
the principles of the Declaration of Helsinki

510

on a regular diet and administered

BAPN dissolved in drinking water (1 g/
kg per day) for 4 weeks. Then, osmotic mini
pumps (Alzet) filled with angiotensin Il (Ang Il, 1
pug/kg per minute) were subcutaneously im-
planted for 48 hours. In 17-DMAG group, mice
were subcutaneously injected with 17-DMAG
(10 mg/kg, Sigma) every 2 days during BAPN
administered stage.

The animal work performed in this study was
approved by institutional review board of the
local university, and the experiment protocols
were carried out according to the guidelines for
the care and use of laboratory animals estab-
lished by the US National Institutes of Health.

Cell culture and intervention

Rat aortic smooth muscle cells were isolated by
type I collagenase (2 mg/mL, Sigma) digestion
of aortas and cultured in Dulbecco modified
Eagle medium supplemented with 10% fetal
bovine serum. SMCs (passage 3-5) were seed
in plates, and stimulated by PDGF-bb (10 ng/
mL, Peprotech) with or without 17-DMAG (1
pmol/L, Sigma).

Histological analysis

The de-paraffinized and rehydrated sections
were stained with hematoxylin-eosin (HE) and
Victoria Blue (VB) for histological observation
[19]. For immunohistochemical analysis, after
antigen retrieval and blocking the endogenous
peroxidases, the sections were incubated with
the primary antibodies overnight followed by
incubation with HRP-conjugated secondary an-
tibody. The staining was developed by using a
DAB chromogen kit (Beyotime) according to the
instruction.
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Figure 1. Elevated expression of HSP9O and synthetic phenotypic markers in aortic walls from TAD patients. A.
Detection of HSP9OO expression in aortic walls from patients with TAD (n=20) and healthy control (n=8) by real-time
PCR. The expression of HSP9O in aortic walls from patients with TAD higher than healthy control. 3-actin was used as
an internal control. *P<0.05 vs Normal group. B. Representative image of immunohistochemistry of HSP9OO staining
in aortic walls tissues lesions. The staining of HSP9O in aortic walls tissues of TAD patients was higher than normal
group. C. Western blot analysis of SM22, OPN and HSP9O0 expression in aortic walls tissues. Compared with normal
group, the expression of HSP90 and OPN were higher in TAD group, while SM22 was lower expressed. D. Spearman
analysis of the correlation between protein expression of HSP90 and SMCs phenotypic markers in TAD patients. The
protein levels were determined according the densitometry from western blot assay, which was evaluated by Image
J software. The expression of HSP90 was positively correlated with OPN while negatively correlated with SM22.

CCK-8 cell viability assay

Rat aortic smooth muscle cells were seeded in
96-well plates followed by different treatment.
After 24 h, cells were stained with 10 yL CCK-8
solution (Beyotime) per well for 2 h. The absor-
bance was measured at 450 nm using a micro-
plate reader (BioTek).

Flow cytometry analysis

For apoptosis detection, SMCs were harvested
and stained by Annexin V/propidium iodide at
room temperature for 15 minutes. For cell cycle
analysis, SMCs were fixed with cold 70% etha-
nol, and incubated in staining solution (20 ug/
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mL propidium iodide and 50 yg/mL RNase A in
phosphate-buffered saline) at room tempera-
ture for 30 minutes. All samples were analyzed
using FACSort flow cytometer and Cell Quest
Pro (BD).

Real-time quantitative polymerase chain reac-
tion (Real-time PCR)

Total RNA (200 ng/uL) extracted from SMCs
was used to generate cDNA by using Prime-
Script RT reagent Kit (TAKARA) with oligo-dT
and random primer. Real-time PCR was per-
formed on a LightCycler 480 Il quantitative PCR
system (Roche) using SYBR Green (TAKARA).
B-actin was detected as loading control. The

Am J Transl Res 2019;11(1):509-518



17-DMAG alleviated TAD progress

A BAPN all B 30
A100-'*'1;'_'_'1'—' >
X E =
~ 80+ ~1 525 -
2 L3
c ! Control : >20 4 ——es— Control
17-DMAG(*) 3 v— 17-DMAG (**)
40 : ; : ; - T 15 T T T T T
0 5 10 15 20 25 30 0d 7d 14d 21d 28d
days after BAPN treatment days after BAPN treatment
C %3 PR . S——
80 - Jok 120 - & 60 -~ *%
P *k o - _ F s
£ 60 - = £ 90 - = N T
- z il T
£ 40 - € 60 A & E
€ 19 A
& 20 - & 30 - R
0 7 &
0 N N . AN
'30 vgé ?_0 \(0 §$ v,O .60 §é ?‘0
& ¥ & o N & o N
0 \«' C) \«r 0 N«r

Figure 2. HSP9O inhibitor effectively reduced the incidence and mortality of TAD in mice. A. Survival curves of BAPN-
treated mice with or without 17-DMAG treatment (n=40 initially for each group). The mortality of mice in 17-DMAG
group was significantly decreased compared with that in BAPN group. ##P<0.01 vs BAPN group. B. The body weight
change in BAPN group with or without 17-DMAG treatment. The weight gains of mice in BAPN and 17-DMAG groups
were significantly decreased compared with that in control group. No significant difference was detected between
BAPN and 17-DMAG groups. **P<0.01 vs control group. C. The blood pressure change in BAPN-induced mice with
or without 17-DMAG treatment. DBP, diastolic blood pressure. SBP, systolic blood pressure. **P<0.01.

sequences of primers used in real-time PCR
were listed in Table S1.

Western blot

Protein was extracted from aorta tissues or
SMCs by RIPA buffer plus protease inhibitors.
Equal amount of protein (about 30 pg) was
separated by SDS-PAGE and transferred to the
PVDF membrane. After blocking, the mem-
brane was incubated with diluted primary anti-
bodies overnight followed by incubation with
HRP-conjugated secondary antibody. Proteins
were visualized by ECL Plus Western Blotting
Substrate (Thermo Scientific) on ImageQuant
LAS500 (GE). B-actin was detected as loading
control.

Statistical analysis

All statistical analyses were performed by SP-
SS version 17.0. The qualitative data was com-
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pared with Chi-square test or Fisher’'s exact
test when necessary. The quantitative data
were analyzed by One-way ANOVA followed by
the post-hoc tests of Tukey. The correlation
analysis was performed by Spearman test.
P-values less than 0.05 were considered sta-
tistically significant difference.

Results
Patients characteristics

Atotal of 20 TAD patients and 8 cadaver control
were enrolled in this study. The clinical and lab-
oratory features of the subjects are shown in
Table 1. There was no significant difference in
clinical characteristics between two groups,
except systolic blood pressure. Compared with
the normal tissues, the loss of SMCs and frag-
mentation of elastic fibers were significantly
found in aortic walls from TAD patients by histo-
logical examination (Figure S1).

Am J Transl Res 2019;11(1):509-518



17-DMAG alleviated TAD progress

Table 2. Incidence and mortality of AD mice with or

without 17-DMAG treatment

blood pressure was not significantly cha-
nged among the three groups. Correspon-

Incidence (n [%])

Mortality (n [%])

dingly, the pulse blood pressure was sig-

Group (n=40)

nificantly increased in BAPN group, but

TAD AAD TAD AAD
BAPN 21[52.5%] 13 [32.5%] 14 [35.0%] O [0]
17-DMAG 9[22.5%] 15[37.5%] 2[5.0%] 0]0]
P-value 0.010™ 0.815 0.001™  1.000

improved in 17-DMAG group (P>0.05. Fig-
ure 2C). Generally, AD occurred in 85.0%
mice (34/40) from BAPN group, including

TAD, thoracic aortic dissection; AAD, abdominal aortic dissection.
Fisher’'s exact test was applied for statistical analysis. “*P<0.01.

Elevated expression of HSPO0 and synthetic
phenotypic markers in aortic walls from TAD
patients

The expression of HSP9O0 in aortic walls from
TAD patients was first detected by real-time
PCR. Compared with normal group (n=8),
HSP90 was up-regulated in aortic walls from
TAD patients (n=20, P<0.05, Figure 1A). Im-
munohistochemistry showed that strong stain-
ing of HSP9O, which mainly located in aortic
medium, could be detected in 90% (18/20)
TAD patients (Figure 1B). Western blot assay
further confirmed this result (Figures 1C and
S2). Then, Spearman analysis was performed
on the expression of HSP90 and SMCs pheno-
typic markers in TAD patients. Expression of
HSPO0 was positively correlated (r,=0.573,
P<0.01) with OPN, a synthetic phenotypic mark-
er, while negatively correlated (rs=-0.705, P<
0.01) with SM22, a contractile phenotypic
marker (Figure 1D).

HSPIO0 inhibitor effectively reduced the inci-
dence and mortality of TAD in mice

To test whether inhibition of HSPQO impacted
the development of AD, we investigated the
effect of 17-DMAG on an AD mice model
induced by BAPN plus Ang Il. In BAPN group,
15% of mice (6/40) died at BAPN administra-
tion stage, and 20% of mice (8/40) died at Ang
Il intervening stage. There were only 5% mice
(2/40) died in 17-DMAG group at Ang Il inter-
vening stage (Figure 2A). Compared with BAPN
group, the mortality was significantly decreased
in 17-DMAG group (P<0.01). Compared with
control group, the weight gain of mice were sig-
nificantly decreased in BAPN and 17-DMAG
groups (both P<0.01). There was no significant
difference between BAPN and 17-DMAG group
(P>0.05. Figure 2B). The diastolic blood pres-
sure was significantly reduced in BAPN group,
but improved in 17-DMAG group. The systolic
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21 TAD (15 mice died for dissection rup-

ture) and 13 abdominal aortic dissection

(AAD), and in 60.0% mice (24/40) from

17-DMAG group, including 9 TAD (2 mice
died for dissection rupture) and 15 AAD. There
was no significant change on AAD incidence
between BAPN and 17-DMAG groups (P>0.05).
However, the incidence of TAD was significant-
ly reduced in 17-DMAG group (P<0.01). Mean-
while, the mortality due to TAD rupture was also
significantly reduced after 17-DMAG treatment
(P<0.01). All the dissection did not rupture in
17-DMAG group (Table 2).

HSPOO inhibitor effectively alleviated the loss
of elastic fibers integrity

To further investigate the effect of 17-DMAG on
medial degeneration, HE and VB staining were
performed on paraffin sections of mice aorta.
The elastic fibers were regularly arranged in
control group, while serious degeneration and
fragmentation of elastic fibers could be found
in aortic walls from BAPN group. However, the
breakage of elastic fibers was significantly alle-
viated in 17-DMAG group (Figure 3A). Consistent
with the results from clinical samples, the
increase expression of HSP9O was also detect-
ed in aortic walls from BAPN group. The syn-
thetic phenotypic marker (OPN) was significant-
ly upregulated, while the contractile phenotypic
marker (SM22) was significantly downregulated
in aortic walls from BAPN group. Moreover, the
inhibition of HSP9O via 17-DMAG significantly
attenuated the upregulation of OPN and down-
regulation of SM22 (Figures 3B, 3C and S3).
Immunofluorescence microscopy assay further
confirmed that HSP9O expression was signifi-
cantly up-regulated in aortic walls from BAPN-
treated mice, and mainly located in smooth
muscle cells (Figure 3D).

HSP9O0 inhibitor suppressed phenotypic switch
of SMCs induced by PDGF-bb

Since abnormal phenotypic switch of SMCs is
a hallmark of AD, we investigated the effect of

Am J Transl Res 2019;11(1):509-518
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Figure 3. HSP9O inhibitor 17-DMAG alleviated the loss of elastic fibers integrity and reduction of SMCs contraction.
A. Representative image of hematoxylin-eosin (HE) and victoria blue (VB) staining in aortic walls. Serious degen-
eration and fragmentation of elastic fibers in BAPN group, however the breakage of elastic fibers was significantly
alleviated in 17-DMAG group. B and C. The mRNA and protein expression of SM22, OPN and HSP9O0 in aortic walls
tissues. Real-time PCR and western blot assays were performed on aortic walls tissues from control, BAPN and
17-DMAG groups (n=6 for each group) respectively. Treatment of 17-DMAG could significantly attenuate the expres-
sion change of SM22, OPN and HSP90. **P<0.01 vs control group, ##P<0.01 vs BAPN group. D. Representative
image of immunofluorescence staining with HSP90 antibody (red) and a-SMA antibody (green). HSP90 was highly
expressed in aortic walls from BAPN-treated mice, and mainly located in smooth muscle cells. DAPI (blue) was used
for nuclei staining.

HSP9O0 inhibitor on phenotypic switch of SMCs assays identified that PDGF-bb induced up-reg-
induced by platelet derived growth factor-bb ulation of synthetic phenotypic marker (OPN)
(PDGF-bb). Real-time PCR and western blot and down-regulation of contractile phenotypic
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Figure 4. HSP9OO0 inhibitor 17-DMAG suppressed phenotypic switch of SMCs induced by PDGF-bb. A and B. The
mRNA and protein expression of SM22 and OPN in PDGF-bb induced SMCs with or without 17-DMAG treatment.
Real-time PCR and western blot assays were repeated for 3 times. Treatment of 17-DMAG could significantly attenu-
ate the expression change of SM22, and OPN induced by PDGF-bb. **P<0.01 vs Control group, and ##P<0.01 vs
PDGF group. C, D. The effect of 17-DMAG on proliferation and migration of SMCs. The cell viability was detected
by CCK-8 assay. The migration ability of SMCs was detected by wound healing assay. Treatment of 17-DMAG sig-
nificantly reduced excessive proliferation and migration of SMCs induced by PDGF-bb. **P<0.01 vs control group
and ##P<0.01 vs PDGF group. E. The effect of 17-DMAG on cell cycle of SMCs. Flow cytometry analysis proved that
treatment of 17-DMAG induced SMCs cell cycle arrest in the G1 phase. *P<0.05 and **P<0.01 vs control group.

#P<0.05 and ##P<0.01 vs PDGF group.

marker (SM22), but treatment with 17-DMAG
significantly attenuated these effects of PDGF-
bb (P<0.01, Figures 4A, 4B and S4). CCK-8 cell
viability assay identified an increase of ~1.5-
fold following 24-hours of PDGF-bb stimulation,
whereas 17-DMAG caused a reduction irrespe-
ctive of stimulation (P<0.04, Figure 4C). Further-
more, 17-DMAG treatment displayed a strong
inhibitory effect on SMCs migration (Figure 4D).
Result of flow cytometry analysis identified an
increasing G1 phase-cell population (58.21+
3.31% to 71.70+1.91%, P<0.01), and decreas-
ing S phase-cell population (34.52+1.20% to
17.51+1.33%, P<0.01) in 17-DMAG-treated
cells under PDGF-bb-stimulated condition (Fig-
ure 4E).

Discussion

As the most devastating complication, patients
with TAD always need the emergency operation
currently. However, over 20% of TAD patients
died before reaching hospital because of the
rapid dilation and rupture. Thus, it is urgent to
seek for the ideal drugs which can alleviate the
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progress of TAD. Our results confirmed that
HSP9O inhibitor 17-DMAG could improve the
vascular remodeling induced by BAPN, and sig-
nificantly reduce the incidence of dissection
rupture on the mice model. Therefore, HSP9O
inhibitors might be the potential drugs to pre-
vent the dissection formation and progression,
even delay or avoid the rupture.

As a highly conserved molecular chaperone,
HSP90 would be up-regulated in response to
stress of temperature, hypoxia, and other stim-
ulations. The formation and progression of AD
might be the inducing factors of HSP90 expres-
sion. In our previous study, significant fragmen-
tation and loss of elastic fibers began to be
found at 3 week of BAPN treatment [18].
However, HSP90 expression was significantly
increased at 1% week, and maintained at high
level during the period of BAPN treatment
(Figure S5). Moreover, inhibition of HSP90
could significantly alleviate the breakage of
elastic fibers. Therefore, it might be believed
that up-regulation of HSP9O was the causal
factor for TAD development.

Am J Transl Res 2019;11(1):509-518
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As the potential anticancer target, the inhibi-
tors of HSP9OO also aroused a lot of interests in
cardiovascular diseases. Several research had
proved that 17-DMAG could alleviate several
vascular diseases processes. In experimental
atherosclerosis development, 17-DMAG could
interfere with oxidative stress through reduc-
tion in pro-oxidative factors [20]. In cerebral
ischemic stroke model, inhibition of HSP9O by
17-DMAG could protect blood-brain barrier
integrity via decreasing NF-kB dependent
MMP9 expression [21]. Upregulation of MMP9
has been shown to play a key role in the devel-
opment of AD. In the present study, upregula-
tion of MMP-9 expression was also confirmed
in vascular wall tissues from TAD patients
(Figure S6). Moreover, treatment of 17-DMAG
could significantly reduce the expression of
MMP9 in vascular wall tissues from AD mice
(Figure S7). It might be the mechanism of
17-DMAG on alleviating the loss of elastic fibers
integrity.

Phenotypic switch of aortic SMCs is the causal
factor for AD development. The transformation
from contractile to synthetic phenotype of
SMCs is associated with the increase of prolif-
eration and migration [8, 22]. It had been
reported that inhibition of HSP90O could
decrease migration and proliferation of SMCs
by repressing ERK1/2 and Akt signaling path-
way [23]. In the present study, the activation of
ERK1/2 signaling could also be detected in
PDGF-bb-stimulated SMCs, but significantly
inhibited by 17-DMAG (Figure S8). Therefore, it
might be supposed that 17-DMAG might sup-
press SMCs phenotypic switch by repressing
ERK1/2 signaling pathway.

The systemic activation of the inflammatory
system throughout the entire development pro-
cess of AD, and the infiltration of inflammatory
cells is an important cause of AD rupture [24].
Recent reports showed that HSP9O inhibitors
could attenuate inflammatory response in ath-
erosclerosis and pulmonary arterial hyperten-
sion [16, 25]. Our data demonstrated that
treatment with 17-DMAG effectively protected
from AD rupture. It might also be due to the
anti-inflammatory of HSP9O inhibitors.

Many inhibitors of HSP90 had been developed
and undergone clinical trials. Geldanamycin
(GA), the natural HSP9O inhibitor, could inhibit
the ATPase cycle by binding to the N-terminal
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ATP-binding site of HSP9O, but its hepatotoxici-
ty and poor solubility properties limited the
clinical application [26]. Therefore, the less
toxic GA derivatives, 17-allylamino-17-demetho-
geldanamycin (17-AAG), 17-DMAG, and retaspi-
mycin (IPI-504) had been developed as poten-
tial drugs for a variety of cancers. Recently,
specific HSP9O small molecular inhibitors had
been demonstrated anti-tumor activity, such as
STA-9090, PF-4470296 and PF-3823863 [27,
28]. Our study proved that more effective
HSP9O0 inhibitors would be applied in treatment
of AD.

Conclusions

The present work has led us to conclude that
17-DMAG may represent an effective treatment
avenue for AD. Currently, HSP9O inhibitor ther-
apy is plagued by numerous challenge relating
to bioavailability, toxicity and sility. Moreover,
the molecular mechanisms and the drug sensi-
tivity genes have not been entirely elucidated.
Development of more efficient and specific
HSPQO inhibitors would promise new therapeu-
tic strategies for AD in future.
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Table S1. The primers sequences used in real-time PCR

Species Gene  Primer sequences (5'—3’)
Homo sapiens HSP90O Forward: GTCCTGTGCGGTCACTTAGC
Reverse: AAAGGCGAACGTCTCAACC
B-actin  Forward: CCAACCGCGAGAAGATGA
Reverse: CCAGAGGCGTACAGGGATAG
Mus musculus HSPOO Forward: TCCAGAGGATGAAGAAGAGAAAA
Reverse: GATGTCACCAATCGGTTTGA
SM22  Forward: GCCCAGACACCGAAGCTA
Reverse: GTAGGATGGACCCTTGTTGG
OPN Forward: GGAAACCAGCCAAGGTAAGC
Reverse: TGCCAATCTCATGGTCGTAG
B-actin  Forward: CTAAGGCCAACCGTGAAAAG
Reverse: ACCAGAGGCATACAGGGACA
Rattus norvegicus SM22  Forward: GCCCAGACACCGAAGCTA
Reverse: GTAGGATGGACCCTTGTTGG
OPN Forward: CAGCAGGACTGAAGGAGCTAA
Reverse: CACTGCCAGTCTCATGGTTG
B-actin  Forward: CCCGCGAGTACAACCTTCT
Reverse: CGTCATCCATGGCGAACT

Normal " TAD

Figure S1. Representative image of hematoxylin-eosin (HE) and victoria blue (VB) staining in aortic wall from donors
and TAD patients. loss of Smooth muscle cells and fragmentation of elastic fibers were significantly found in aortic
walls from TAD patients.
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Figure S2. Quantitative analysis of HSP9O (A), SM22 (B) and OPN (C) protein expression in aortic walls tissues from
normal and TAD groups. The relative expression levels were identified by Image J software according to the densi-
tometry from western blot assays.
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Figure S3. Quantitative analysis of HSP90, SM22 and OPN protein expression in aortic walls tissues from Control,
BAPN and 17-DMAG groups (n=6 for each group). The relative expression levels were identified by Image J software
according to the densitometry from western blot assays. **P<0.01 vs Control group. #P<0.05 and ##P<0.01 vs

BAPN group.
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Figure S4. Quantitative analysis of SM22 and OPN protein expression in PDGF-bb induced SMCs with or without 17-
DMAG treatment. The relative expression levels were identified by Image J software according to the densitometry
from western blot assays (n=3 for each group). **P<0.01 vs Control group. ##P<0.01 vs PDGF group.
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Figure S5. The expression of HSP9O in aortic tissues during AD development. A. The mRNA expression of HSP9O
in aortic tissues of mice. n=4 for each group. *P<0.05 and **P<0.01 vs Control group. B. The protein expression
of HSP9O in aortic tissues of mice. C. Quantitative analysis of HSPOO protein expression. n=4 for each group.
**P<0.01 vs Control group.
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Figure S6. Representative image of immunohistochemistry of MMP-9 staining in aortic walls tissues lesions from
donors and TAD patients. The expression of MMP-9 was upregulated in vascular wall tissues from TAD patients.
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Figure S7. Representative image of immunohistochemistry of MMP-9 staining in aortic walls tissues lesions from
mice model. The expression of MMP9 was increased in BAPN group, but decreased in 17-DMAG group.
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Figure S8. The effect of 17-DMAG on ERK1/2 signaling in SMCs. A. The protein expression of ERK1/2 in SMCs
stimulated by PDGF-bb and 17-DMAG. B. Quantitative analysis of the phosphorylation level of ERK1/2. n=3 for each
group. **P<0.01 vs Control group.



