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Abstract

effective concentration. As for cytokines, rapamycin or paclitaxel
concentrations ≥1 ug/mL could significantly increase the level of
inflammatory cytokines IL-6 (P<0.05 or P<0.01), which was enhanced
with the increase of drug concentration. However, rapamycin
or paclitaxel concentrations ≥1 μg/mL could significantly reduce
the levels of anti-inflammatory cytokines IL-35 and transforming
growth factor beta (TGF-β) (P<0.05 or P<0.01), which decreased
with the increase of drug concentration. In addition, rapamycin or
paclitaxel combined with anti-IL-1β, anti-IL-6, anti- TNF-α or anti-IL-35
had no significant effect on foam cell proliferation compared to the
drug alone. However, rapamycin or paclitaxel combined with antiIL-10 or anti-TGF-β can significantly enhance foam cell proliferation
(P<0.01). In addition, there was no difference in the effects of the
same concentrations of rapamycin and paclitaxel on foam cells.
Conclusion: Although rapamycin or paclitaxel can reduce
foam cell proliferation, too high or too low concentrations could
decrease effectiveness. In particular, a high dose can induce foam
cells to increase inflammatory cytokines secretion, reduce antiinflammatory cytokines secretion, and thus affect the inhibiting
proliferation. For rapamycin- and paclitaxel-eluting stents, this
conclusion may explain the clinical observation of in-stent restenosis
after percutaneous coronary intervention. DES coated with an
appropriate concentration of rapamycin or paclitaxel may, at least
to some extent, contribute significantly to reducing incidence of late
in-stent restenosis.
Keywords: Foam Cells. Drug-Eluting Stents. Sirolimus. Paclitaxel,
Cytokines. Coronary Restenosis. Transforming Growth Factor beta.
Anti-Inflammatory Agents. Percutaneous Coronary Intervention.
Myocytes, Smooth Muscle.

Introduction: Drug-eluting stents (DES) coated with rapamycin
or paclitaxel as antiproliferative substances significantly reduced
the incidence of clinical restenosis and had fewer side effects after
percutaneous coronary intervention. However, DES coated with
rapamycin or paclitaxel still cause restenosis due to abnormal tissue
growth which remained a therapeutic problem, particularly in
certain subgroups, possibly due to drug concentrations. This study
examined the impact of different concentrations of rapamycin and
paclitaxel on cytokine, cell viability and proliferation in human aortic
smooth muscle cells (HASMC)-derived foam cells.
Methods: The foam cell model was established in vitro by
incubating HASMC with 20 μg/mL oxidized low-density lipoprotein
(ox-LDL) for 48 hours. Subsequently, foam cells were treated with
different concentrations (0.01 μg/mL, 0.1 μg/mL, 0.5 μg/mL, 1 μg/mL,
5 μg/mL and 10 μg/mL) of rapamycin or paclitaxel for 48 hours, to
measure cytokine, cell viability and proliferation by ELISA and MTT,
respectively. Finally, viability and proliferation were measured by
MTT after the foam cells were treated with 1 μg/mL rapamycin or
paclitaxel combined with cytokine antibody for 48 hours.
Results: After incubation of HASMC with ox-LDL, the ratios
of cholesterol ester and total cholesterol increased significantly
(55.29%) (P<0.01). Lipid staining with Oil Red O showed many lipid
vacuoles and red dye particles in the cells. Meanwhile, cell viability
and proliferation significantly increased compared with the control.
This indicated that HASMC had been transformed into foam cells
(P<0.01) while rapamycin or paclitaxel concentrations ≥0.1 μg/mL
can significantly decrease the foam cell proliferation (P<0.05 or
P<0.01), and 1 μg/mL of rapamycin or paclitaxel appeared the most
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Abbreviations, acronyms & symbols
ANOVA
ATCC
DES
ELISA
FBS
HASMC

= Analysis of variance
= American Tissue Culture Collection
= Drug-eluting stents
= Enzyme-linked immunosorbent assay
= Fetal bovine serum
= Human aortic smooth muscle cells

mTOR
Ox-LDL
PBS
SMC
SPSS
TGF-β

= Mammalian target of rapamycin
= Oxidized low-density lipoprotein
= Phosphate-buffered saline
= Smooth muscle cells
= Statistical Package for the Social Sciences
= Transforming growth factor beta

INTRODUCTION

Preparation and Culture of HASMC-Derived Foam Cells

Intimal hyperplasia after stent placement and the resultant
restenosis remain problematic despite numerous improvements
in stent technology and placement technique[1-5]. In the last
decade, drug-eluting stents (DES) coated with antiproliferative
agents have been the focus of considerable research due to their
potential to eliminate restenosis[6,7]. DES coated with rapamycin
or paclitaxel as antiproliferative substances significantly reduced
the incidence of clinical restenosis and had fewer side effects[8,9].
However, DES coated with rapamycin or paclitaxel may lead
to restenosis due to abnormal tissue growth, which remains a
therapeutic problem, particularly in certain subgroups, possibly
due to insufficient local drug concentrations[10-12]. In general,
DES contains a fixed amount of rapamycin or paclitaxel per unit
of metal surface area (about 140 mg per cm2)[13,14]. Meanwhile,
after treated with DES coated with rapamycin or paclitaxel, the
in-stent restenosis rate is 37% and 21%, respectively[3,15,16].
Rapamycin inhibits smooth muscle cell (SMC) proliferation
and migration by inhibiting the mammalian target of rapamycin
(mTOR). This will lead to a cell cycle arrest at the point from G1
to the S phase[17]. Paclitaxel reduces the availability of tubulin,
essential for mitosis, via stabilizing microtubules[18], thereby
preventing migration and causing a cell cycle arrest at the GO/
G1 or G2/M transition[18,19]. Delivering medication directly to the
vascular injury site via polymer-coated stents seems a rational
approach to achieve adequate local drug delivery. In addition,
the increased risk of late stent thrombosis is a major concern
after DES implantation[20-23].
In this study, we determined the effects of different
concentrations of rapamycin and paclitaxel on inflammatory
cytokine, cell viability and proliferation in human aortic smooth
muscle cells (HASMC)-derived foam cells. To further evaluate such
effectiveness, an additional study of activation and proliferation
of foam cells via rapamycin or paclitaxel combined with cytokine
antibody was conducted.

Human aortic smooth muscle cells line in T25 flask were washed
and dissociated, and subsequently placed into a 6-well plate
(6×106 cells/well). When cell proliferation was at approximately
50%, the culture medium was discarded, and the cell monolayers
were washed twice with phosphate-buffered saline (PBS). Then,
the cells were added with 3 mL of culture medium containing 20
μg/mL of human lipoprotein oxidized-low density (ox-LDL), and
then incubated at 37 oC with 5% CO2 for 48 hours. Culture medium
without ox-LDL was used as a control.
Staining of HASMC-Derived Foam Cells
When HASMC growth was at about 80%, they were seeded
in coverslips in 6-well plates, and then incubated for 48 hours
in 2 mL DMEM/F12 medium containing 20 μg/mL of ox-LDL.
Thereafter, the media were aspirated, and the cells were rinsed in
PBS followed by formalin fixation for 10 minutes. Then, the cells
were rinsed once again with PBS (1 min) and 60% isopropanol (15
s). This was followed by staining of cells with Oil Red O solution
0.5% for 15 minutes at room temperature; cells were destained
with 60% isopropanol for 15 seconds followed by PBS washing.
Nuclei were stained with Harris hematoxylin and coverslips
were mounted on glycerin jelly. Images were obtained using an
Olympus BX40 microscope at 4× magnification.
Quantification of Cholesterol Uptake of HASMC-Derived
Foam Cells
Total cholesterol and free cholesterol content were
analyzed using the Total Cholesterol Assay Kit and the Free
Cholesterol Assay Kit (Applygen, Beijing, China), according to
the manufacturer’s instructions. Total cholesterol consists of free
cholesterol and cholesterol ester, so cholesterol ester content is
equal to the total cholesterol content minus the free cholesterol
content.

METHODS

Proliferation of HASMC-Derived Foam Cells

Culture of HASMC

Primary HASMC cultures were plated (8×104 cells/well)
in 96-well tissue culture plates in 2 mL DMEM/F12 medium
containing 20 μg/mL of ox-LDL. After incubation for 48 hours,
20 μL of 0.5 mg/L MTT solution were added to each well, and it
was maintained in 5% CO2 at 37 oC for 4 hours in a humidified
incubator. Thereafter, the culture supernatant was removed, 150
μL of DMSO were added to each well, and it was shaken in a

The HASMC line purchased from China Shanghai 3Bio
Biotechnology Co., Ltd was cultured in DMEM/F12 medium
(Gibco, Grand Island, USA) supplemented with 10% fetal bovine
serum (FBS) (Gibco, Grand Island, USA) and 1% penicillin–
streptomycin (Gibco, Grand Island, USA). Cells were maintained
in 5% CO2 at 37 oC in a humidified incubator.
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shaker at 37 oC for 10 minutes. The OD value of each well was
measured at 490 nm after the crystallization was dissolved.

considered significant. The results were expressed as mean±SD.
The analysis was performed with the SPSS software.

Treatment of HASMC-Derived Foam Cells with Rapamycin
or Paclitaxel

RESULTS
Foam Cell Transformation of Smooth Muscle Cells Induced
by Ox-LDL

HASMC-derived foam cells were treated with different
concentrations (0.01 μg/mL, 0.1 μg/mL, 0.5 μg/mL, 1 μg/mL, 5
μg/mL and 10 μg/mL) of rapamycin or paclitaxel for 48 hours for
cytokine and proliferation analysis.

After incubation of human smooth muscle cells (SMC) with
20 μg/mL of ox-LDL for 48 hours, lipid staining with Oil Red O
became positive, meanwhile there were many lipid vacuoles
and many red lipid drops in the cells (Figure 1B). This indicates
that the SMC of the aorta have been transformed into foam cells.
Detectable foam cell transformation did not occur in the control
(Figure 1A).
Measuring the amount of cholesteryl ester and total cholesterol
confirmed the cellular accumulation of sterol, which increased
significantly after 48 hours of incubation with ox-LDL, compared
with the control (Figure 2A and B) (P<0.01). Meanwhile, the ratios of
cholesterol ester and total cholesterol also increased significantly
in the ox-LDL-induced human SMC (55.29%) compared with the
control (12.70%) (Figure 2C) (P<0.01).
In addition, the effects of ox-LDL on SMC proliferation were
examined after 48 hours of co-culturing. Compared with the
control, ox-LDL significantly increased SMC proliferation (Figure
2D) (P<0.01).
In conclusion, all these results suggested that foam cell
transformation of SMC was induced after 48 hours of incubation
with 20 μg/mL of ox-LDL.

Quantification of Cytokines
After the media were collected and centrifuged, the released
levels of cytokines (IL-1β, IL-6, TNF-α, IL-10, IL-35 and TGF-β) were
determined with commercial ELISA kits (Applygen, Beijing, China), according to the manufacturer’s protocols. In general, cytokine antibody-coated plates were cultured with 5-fold dilutions of
sample at 37 oC for 30 minutes. The plates were washed and then
incubated for 30 minutes with horseradish peroxidase-conjugated cytokine antibody. The plates were then washed, treated
with tetramethylbenzidine, and incubated for 15 minutes. Finally,
sulfuric acid was added to end the reaction. The absorbance was
then examined at 450 nm UV with a microplate reader (Potenov,
Beijing, China) and the inflammatory cytokine concentration was
calculated based on the standard curve.
Treatment of HASMC-Derived Foam Cells with Rapamycin
or Paclitaxel Combined with Cytokine Antibody
HASMC-derived foam cells were treated with 1 μg/mL of
rapamycin or paclitaxel combined with anti-IL-1β (1:500), antiIL-6 (1:2500), anti-TNF-α (1:500), anti-IL-10 (1:50000), anti-IL-35
(1:300) or anti-TGF-β (1:300) for 48 hours for proliferation analysis
(Abcam, Cambridge, UK).

Treatment of HASMC-Derived Foam Cells with Rapamycin
or Paclitaxel
To assess the impact of different concentrations of
rapamycin or paclitaxel administration on HASMC-derived foam
cells, inflammatory and anti-inflammatory cytokines were first
analyzed by ELISA after 48 hours after treatment.
As for inflammatory cytokines, the treatment of HASMCderived foam cells with rapamycin or paclitaxel had no significant

Statistical Analysis
A statistical comparison of the data was carried out using the
two-way analysis of variance (two-way ANOVA) and P<0.05 was

Fig. 1 - Foam cell transformation of HASMC after incubated with 20 ug/mL of ox-LDL as shown by staining with Oil Red O at 4× magnification.
a: control; b: ox-LDL. The lipid vacuoles are indicated by arrows.
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Fig. 2 - Effects of ox-LDL on HASMC. a: cholesterol ester content; b: total cholesterol content; c: ratio of cholesterol ester to total cholesterol; d:
proliferation.
**P<0.01 ox-LDL versus control.

effect on IL-1β and TNF-α levels (Figure 3A and B), whereas the
treatment significantly increased the IL-6 level at concentrations
of 1 ug/mL, 5 ug/mL and 10 ug/mL (Figure 3C) (P<0.05 or P<0.01).
As for anti-inflammatory cytokines, the treatment of HASMCderived foam cells with rapamycin or paclitaxel had no significant
effect on the levels of IL-10 (Figure 3D), while it significantly
decreased IL-35 and the levels of transforming growth factor beta
(TGF-β) at concentrations of 1 ug/mL, 5 ug/mL and 10 ug/mL
(Figure 3E and F) (P<0.05 or P<0.01). To determine the influence
of rapamycin and paclitaxel on the foam cell proliferation, MTT
experiments were performed. Proliferation was found to be
significantly reduced after 48 hours after treatment of SMC with
rapamycin or paclitaxel at concentrations of 0.1 ug/mL, 0.5 ug/
mL, 1 ug/mL, 5 ug/mL and 10 ug/mL, compared to untreated cells
(Figure 3G) (P<0.05 or P<0.01). Meanwhile, the lowest proliferation
rate was observed in the treatment of SMC with rapamycin or
paclitaxel at a concentration of 1 ug/mL (Figure 3G).

foam cells were treated with rapamycin or paclitaxel combined
with cytokine antibody for 48 hours. The proliferation showed no
significant difference in the foam cells treated with rapamycin
or paclitaxel combined with anti-IL-1β, anti-IL-6, anti-TNF-α or
anti-IL-35 compared with the control (Figure 4). However, the
proliferation was significantly enhanced in foam cells treated
with rapamycin or paclitaxel combined with anti-IL-10 or antiTGF-β (Figure 4) (P<0.01).
DISCUSSION
The HASMC-derived foam cell proliferation plays a key role in
the pathogenesis of atherosclerosis. A large number of studies
suggested that the insudation of LDL in HASMC can invoke
foam cell transformation[24,25]. Meanwhile, ox-LDL is known to
accumulate in HASMC to transform foam cells in vitro[26-28]. In
our study, foam cell model was established in vitro by incubating
HASMC with 20 μg/mL of ox-LDL for 48 hours.
To study the effect of rapamycin or paclitaxel on foam cell
proliferation, the foam cells were subsequently treated with
different concentrations (0.01-10 ug/mL) of rapamycin or
paclitaxel for 48 hours. It was found that rapamycin or paclitaxel
could reduce foam cell proliferation.

Effect of Treatment with Rapamycin or Paclitaxel Combined
with Cytokine Antibody on Foam Cell Proliferation
To demonstrate the hypothesis that rapamycin or paclitaxel
affected the foam cell proliferation by affecting cytokines, the
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Fig. 3 - Effects of different concentrations of rapamycin or
paclitaxel administration on HASMC-derived foam cells. a:
IL-1β; b: TNF-α; c: IL-6; d: IL-10; e: IL-35; f: TGF-β; g: proliferation.
*P<0.05 and **P<0.01 paclitaxel versus control; &P<0.05
&&P<0.01 rapamycin versus control.
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As for rapamycin and paclitaxel-eluting stents, this may
explain the clinical observation of in-stent restenosis after
percutaneous coronary intervention[35].
CONCLUSION
DES coated with an appropriate concentration of rapamycin
or paclitaxel may, at least to some extent, contribute significantly
to reducing the incidence of late in-stent restenosis.
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Fig. 4 - Effect of treatment with rapamycin or paclitaxel combined
with cytokine antibody on foam cells proliferation. **P<0.01
paclitaxel versus control; &&P<0.01 rapamycin versus control.
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Although concentrations of rapamycin or paclitaxel ≥0.1
μg/mL could significantly decrease foam cell proliferation, the
proliferation was the lowest after treatment of foam cells with
1 ug/mL of rapamycin or paclitaxel. Some studies demonstrated
that DES coated with rapamycin or paclitaxel could still cause instent restenosis after percutaneous coronary intervention[8,9,29,30].
Meanwhile, our study supported the hypothesis that such
restenosis was induced by insufficient local drug concentrations,
which was also speculated by other researchers[29,30]. In addition,
we found that drug concentrations ≥1 μg/mL resulted in
decreased therapeutic efficacy.
Some studies showed that cytokines secreted by foam cells
can induce abnormal proliferation[31-34]. Thus, our study also
investigated the effect of rapamycin or paclitaxel on cytokine
secretion of foam cells. Rapamycin or paclitaxel concentrations
≥1 μg/mL could significantly increase the level of inflammatory
cytokines IL-6, meanwhile the higher the drug concentration,
the higher the level of IL-6. However, rapamycin or paclitaxel
concentrations ≥1 μg/mL can significantly reduce the levels of
anti-inflammatory cytokines IL-35 and TGF-β, and the higher
the drug concentration, the lower the levels of IL-35 and TGF-β.
Considering the above results, it was speculated that the drug in
high doses could induce foam cells to secrete cytokines, which
thereby decreases the effect of inhibiting proliferation.
To verify the validity of the hypothesis, the study investigated
the effect of treatment with rapamycin or paclitaxel combined
with cytokine antibody on foam cell proliferation. It was found
that the proliferation was significantly enhanced in the foam
cells treated with rapamycin or paclitaxel combined with antiIL-10 or anti-TGF-β, which demonstrated that the hypothesis was
correct.

YK

Substantial contributions to the conception or design of the
work; or the acquisition, analysis or interpretation of data
for the work; drafting the work or revising it critically for
important intellectual content; final approval of the version
to be published

YC

Substantial contributions to the conception or design of the
work; or the acquisition, analysis or interpretation of data
for the work; drafting the work or revising it critically for
important intellectual content; final approval of the version
to be published

WP

Substantial contributions to the conception or design of the
work; or the acquisition, analysis or interpretation of data
for the work; drafting the work or revising it critically for
important intellectual content; final approval of the version
to be published

REFERENCES
1. Elgendy IY, Kumbhani DJ, Mahmoud AN, Wen X, Bhatt DL, Bavry AA.
Routine invasive versus selective invasive strategies for Non-ST-elevation
acute coronary syndromes: an updated meta-analysis of randomized
trials. Catheter Cardiovasc Interv. 2016;88(5):765-74. doi:10.1002/
ccd.26679.
2. Holmes DR Jr. Drug-eluting coronary-artery stents. N Engl J Med.
2013;368(16):1558. doi:10.1056/NEJMc1301999.
3. Alfonso F, Byrne RA, Rivero F, Kastrati A. Current treatment of in-stent
restenosis. J Am Coll Cardiol. 2014;63(24):2659-73. doi:10.1016/j.
jacc.2014.02.545.
4. Elgendy IY, Mahmoud AN, Elgendy AY, Mojadidi MK, Elbadawi A,
Eshtehardi P, et al. Drug-eluting balloons versus everolimus-eluting stents
for in-stent restenosis: a meta-analysis of randomized trials. Cardiovasc
Revasc Med. 2019;20(7):612-8. doi:10.1016/j.carrev.2018.08.010.
5. Weissman NJ, Wilensky RL, Tanguay JF, Bartorelli AL, Moses J, Williams DO,
et al. Extent and distribution of in-stent intimal hyperplasia and edge

6

Brazilian Journal of Cardiovascular Surgery

Kang Y, et al. - Rapamycin and Paclitaxel Affect HASMC-Derived Foam Cells

Braz J Cardiovasc Surg 2021 - Ahead of print: 1-7

effect in a non-radiation stent population. Am J Cardiol. 2001;88(3):24852. doi:10.1016/s0002-9149(01)01635-6.
6. Nef H, Wiebe J, Achenbach S, Münzel T, Naber C, Richardt G, et al.
Evaluation of the short- and long-term safety and therapy outcomes
of the everolimus-eluting bioresorbable vascular scaffold system in
patients with coronary artery stenosis: rationale and design of the
German-Austrian ABSORB RegIstRy (GABI-R). Cardiovasc Revasc Med.
2016;17(1):34-7. doi:10.1016/j.carrev.2015.09.002.
7. Cassese S, Byrne RA, Ndrepepa G, Kufner S, Wiebe J, Repp J, et al.
Everolimus-eluting bioresorbable vascular scaffolds versus everolimuseluting metallic stents: a meta-analysis of randomised controlled trials.
Lancet. 2016;387(10018):537-44. doi:10.1016/S0140-6736(15)00979-4.
8. Sindermann JR, Verin V, Hopewell JW, Rodemann HP, Hendry
JH. Biological aspects of radiation and drug-eluting stents for the
prevention of restenosis. Cardiovasc Res. 2004;63(1):22-30. doi:10.1016/j.
cardiores.2004.02.001.
9. Wessely R, Schömig A, Kastrati A. Sirolimus and paclitaxel on polymerbased drug-eluting stents: similar but different. J Am Coll Cardiol.
2006;47(4):708-14. doi:10.1016/j.jacc.2005.09.047.
10. Prasanth P , Saravanakumari P. Drug eluting stents coated with rapamycin
crystals for the prevention of restenosis and biofilm formation. Int J
Res Ayurveda Phar. 2017;8(3):113-9. doi:10.7897/2277-4343.083155.
11. Habara S, Kadota K, Kanazawa T, Ichinohe T, Kubo S, Hyodo Y, et al.
Paclitaxel-coated balloon catheter compared with drug-eluting
stent for drug-eluting stent restenosis in routine clinical practice.
EuroIntervention. 2016;11(10):1098-105. doi:10.4244/EIJY15M02_09.
12. Byrne RA, Kufner S, Tiroch K, Massberg S, Laugwitz KL, Birkmeier A, et
al. Randomised trial of three rapamycin-eluting stents with different
coating strategies for the reduction of coronary restenosis: 2-year followup results. Heart. 2009;95(18):1489-94. doi:10.1136/hrt.2009.172379.
13. Ali RM, Abdul Kader MASK, Wan Ahmad WA, Ong TK, Liew HB, Omar AF,
et al. Treatment of coronary drug-eluting stent restenosis by a sirolimusor paclitaxel-coated balloon. JACC Cardiovasc Interv. 2019;12(6):558-66.
doi:10.1016/j.jcin.2018.11.040.
14. Gershlick A, De Scheerder I, Chevalier B, Stephens-Lloyd A, Camenzind E,
Vrints C, et al. Inhibition of restenosis with a paclitaxel-eluting, polymerfree coronary stent: the European evaLUation of pacliTaxel eluting
stent (ELUTES) trial. Circulation. 2004;109(4):487-93. doi:10.1161/01.
CIR.0000109694.58299.A0.
15. Theodoropoulos K, Mennuni MG, Dangas GD, Meelu OA, Bansilal S,
Baber U, et al. Resistant in-stent restenosis in the drug eluting stent era.
Catheter Cardiovasc Interv. 2016;88(5):777-85. doi:10.1002/ccd.26559.
16. Dangas GD, Claessen BE, Caixeta A, Sanidas EA, Mintz GS, Mehran R.
In-stent restenosis in the drug-eluting stent era. J Am Coll Cardiol.
2010;56(23):1897-907. doi:10.1016/j.jacc.2010.07.028.
17. Braun-Dullaeus RC, Mann MJ, Seay U, Zhang L, von Der Leyen HE, Morris
RE, et al. Cell cycle protein expression in vascular smooth muscle cells
in vitro and in vivo is regulated through phosphatidylinositol 3-kinase
and mammalian target of rapamycin. Arterioscler Thromb Vasc Biol.
2001;21(7):1152-8. doi:10.1161/hq0701.092104.
18. He L, Orr GA, Horwitz SB. Novel molecules that interact with microtubules
and have functional activity similar to Taxol. Drug Discov Today.
2001;6(22):1153-64. doi:10.1016/s1359-6446(01)02038-4.
19. Elias ST, Borges GA, Rêgo DF, E Silva LF, Avelino S, DE Matos Neto JN, et
al. Combined paclitaxel, cisplatin and fluorouracil therapy enhances
ionizing radiation effects, inhibits migration and induces G0/G1 cell
cycle arrest and apoptosis in oral carcinoma cell lines. Oncol Lett.
2015;10(3):1721-7. doi:10.3892/ol.2015.3458.

20. McFadden EP, Stabile E, Regar E, Cheneau E, Ong AT, Kinnaird T, et al.
Late thrombosis in drug-eluting coronary stents after discontinuation
of antiplatelet therapy. Lancet. 2004;364(9444):1519-21. doi:10.1016/
S0140-6736(04)17275-9.
21. Lee CH, Lim J, Low A, Tan HC, Lim YT. Late angiographic stent thrombosis
of polymer based paclitaxel eluting stent. Heart. 2006;92(4):551-3.
doi:10.1136/hrt.2005.073619.
22. Koch T, Cassese S, Xhepa E, Mayer K, Tölg R, Hoppmann P, et al. Efficacy
of drug-coated balloon angioplasty in early versus late occurring drugeluting stent restenosis: a pooled analysis from the randomized ISAR
DESIRE 3 and DESIRE 4 trials. Catheter Cardiovasc Interv. 2020;96(5):100815. doi:10.1002/ccd.28638.
23. Demirci D, Ersan Demirci D, Arslan Ş. Extremely late stent thrombosis
after more than 7 years (2691 days) of sirolimus-eluting stent
implantation. Anatol J Cardiol. 2018;19(4):287-8. doi:10.14744/
AnatolJCardiol.2018.57983.
24. Chellan B, Rojas E, Zhang C, Hofmann Bowman MA. Enzyme-modified
non-oxidized LDL (ELDL) induces human coronary artery smooth muscle
cell transformation to a migratory and osteoblast-like phenotype. Sci
Rep. 2018;8(1):11954. doi:10.1038/s41598-018-30073-w.
25. Wei S, Zhang L, Bailu Wang, Zhao Y, Dong Q, Pan C, et al. ALDH2
deficiency inhibits Ox-LDL induced foam cell formation via suppressing
CD36 expression. Biochem Biophys Res Commun. 2019;512(1):41-8.
26. Minta J, Jungwon Yun J, St Bernard R. Microarray analysis of ox-LDL
(oxidized low-density lipoprotein)-regulated genes in human coronary
artery smooth muscle cells. Cell Biol Int Rep (2010). 2010;17(2):e00007.
doi:10.1042/CBR20100006.
27. Cai T, Cui X, Zhang K, Zhang A, Liu B, Mu JJ. LncRNA TNK2-AS1 regulated
ox-LDL-stimulated HASMC proliferation and migration via modulating
VEGFA and FGF1 expression by sponging miR-150-5p. J Cell Mol Med.
2019;23(11):7289-98. doi:10.1111/jcmm.14575.
28. Luo Z, Xu W, Ma S, Qiao H, Gao L, Zhang R, et al. Moderate autophagy
inhibits vascular smooth muscle cell senescence to stabilize progressed
atherosclerotic plaque via the mTORC1/ULK1/ATG13 signal pathway.
Oxid Med Cell Longev. 2017;2017:3018190. doi:10.1155/2017/3018190.
29. Serruys PW, Unger F, van Hout BA, van den Brand MJ, van Herwerden
LA, van Es GA, et al. The ARTS study (arterial revascularization therapies
study). Semin Interv Cardiol. 1999;4(4):209-19. doi:10.1006/siic.1999.0107.
30. Lafont A, Faxon D. Why do animal models of post-angioplasty restenosis
sometimes poorly predict the outcome of clinical trials? Cardiovasc
Res. 1998;39(1):50-9. doi:10.1016/s0008-6363(98)00109-6.
31. Ramji DP, Davies TS. Cytokines in atherosclerosis: key players in all stages
of disease and promising therapeutic targets. Cytokine Growth Factor
Rev. 2015;26(6):673-85. doi:10.1016/j.cytogfr.2015.04.003.
32. Gomez D, Baylis RA, Durgin BG, Newman AAC, Alencar GF, Mahan S, et al.
Interleukin-1β has atheroprotective effects in advanced atherosclerotic
lesions of mice. Nat Med. 2018;24(9):1418-29. doi:10.1038/s41591018-0124-5.
33. Alhendi AMN, Patrikakis M, Daub CO, Kawaji H, Itoh M, de Hoon M, et al.
Promoter usage and dynamics in vascular smooth muscle cells exposed
to fibroblast growth factor-2 or interleukin-1β. Sci Rep. 2018;8(1):13164.
doi:10.1038/s41598-018-30702-4.
34. Wu MY, Li CJ, Hou MF, Chu PY. New insights into the role of inflammation
in the pathogenesis of atherosclerosis. Int J Mol Sci. 2017;18(10):2034.
doi:10.3390/ijms18102034.
35. Park SJ, Shim WH, Ho DS, Raizner AE, Park SW, Hong MK, et al. A paclitaxeleluting stent for the prevention of coronary restenosis. N Engl J Med.
2003;348(16):1537-45. doi:10.1056/NEJMoa021007.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

7

Brazilian Journal of Cardiovascular Surgery

