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Abstract

Background and aims:
In- stent restenosis (ISR) is the Achilles heel of angioplasty. AnnexinA5 as an anticoagulant has been
shown have anti-in�ammatory and anti-atherosclerotic effects. Here we aim to investigating the mRNA
expression of AnnexinA5 in peripheral white blood cell of patients with in-stent restenosis.

Methods
Patients with the history of coronary stent implantation who candidate for re-angiography were entered
the study and allocated into two groups according the results of re-angiography; in-stent restenosis
(stenosis ≥ 50% in stent) and non-in-stent restenosis (stenosis < 50% in stent). Total RNA of WBC was
extracted and cDNA was synthesized using commercial kits. AnnexinA5 expression was assessed with
real time PCR and TaqMan probe and reported in relation with GAPDH as a housekeeping gene.

Result
AnnexinA5 expression was investigated in total 50 participants including 25 ISR and 25 non-ISR. Baseline
characteristics including age, sex, smoking habits, hypertension, diabetes mellitus, dyslipidemia and stent
in LAD were statistically the same in cases and controls. AnnexinA5 expression in ISR patients was 50%
lower than controls.

Conclusion
AnnexinA5 is down-regulated in ISR and could be considered as a biomarker for predicting ISR and
furthermore it could be used as prevention for ISR occurrence.

Introduction
One of the most important methods which were developed for the treatment of coronary artery
atherosclerosis is coronary angioplasty. It revolutionized the �eld of cardiology. Coronary angioplasty
reduced the need for coronary artery bypass graft (CABG) surgery for patients suffering from coronary
artery disease (1, 2). Angioplasty was �rst performed in 1977 by Gruentzig (3).

Despite many advances in this �eld and the rate of initial success and low complication rate, restenosis
is considered as the Achilles heel of angioplasty and is a major clinical problem (4, 5). In various studies,
the rate of restenosis has been reported between 15 and 40% (6, 7). Different methods have been used to
prevent restenosis. Stent placement is one of the most important ones that has reduced the rate of
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restenosis but in-stent restenosis (ISR) is one of the clinical problems in interventional cardiology with a
success rate of 15 to 27%(8-10).

Various risk factors for ISR have been mentioned that can be divided into three groups: Patient- related
Causes such as age, sex, genetics, and underlying diseases, Lesion -related Causes such as the length of
the lesion, the location of the lesion and Procedure-related Causes such as number of stents, type of stent
(11-14).

Genetic backgrounds are one of the patients – related causes that are obtained by genome wide
association studies (GWAS) or candidate gene study based on results of previous study or biological
pathways related to restenosis (15, 16). Evidence showed that factors which are inherited, can partly
de�ne reasons for the higher risk of restenosis incidence in patients after percutaneous coronary
interventions. These agents include gene polymorphisms, which are the cause of various alterations in
the gene products. Numerous studies have been focused on polymorphic alleles of genes encoding
proteins related to restenosis (17). One of these proteins is AnnexinA5, a member of the Annexin family
that was �rst known as anticoagulant proteins (18). In addition to its inhibitory role in clot formation and
thrombosis, its role as an anti-in�ammatory and anti-atherosclerotic agent has been revealed in studies
(19-21). Increasing amounts of atherosclerotic diseases and plaque vulnerability are the causes of
vascular in�ammation which can be adjust in order to prevent disease progression (22). AnnexinA5
which is abundant in atherosclerotic plaques binds reversibly, speci�cally and with high a�nity to
externalized membrane PS (phosphatidyl-serine) of cells those initiating apoptosis and in�ammation,
result in PS-mediated platelet and leukocyte adhesion prevention, it has an impact on systemic
in�ammation and result in better endothelial function. In addition, anxA5 also exerts its anti-in�ammatory
role through its relevance to IFN-ϒ receptor, it can inhibit cellular in�ammatory responses when IFN-ϒ
release (23). Due to the important role of in�ammation in restenosis, AnnexinA5 as an anti-in�ammatory
can play a role in restenosis.

Based on the results of a previous study by our research team, polymorphism of Anexina5 gene
(ANXA5‐1247T/C) was signi�cantly related to coronary restenosis in recessive genetic model (24). In the
present study, we investigated the expression rate of anxA5 in white blood cells of two groups including
in-stent restenosis (ISR) patients in comparison with the none in-stent restenosis (NISR) cases.

Materials And Methods
Participants and sample collection:

Total 50 patients who were referred for re-angiography because of ischemic coronary symptoms after
previous angioplasty were enrolled to this study between December 2015 and June 2018. According to
the results of the second angiography, 25 patients who had more than 50 percent stenosis in coronary
stent were entered in the ISR (in-stent restenosis) group and 25 patients who had patent stent or lesser
than 50 percent stenosis in coronary stent, were entered in the NISR (non in-stent restenosis) control
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group. The Scienti�c Ethics Committee of the Medical University of Isfahan, Iran approved the study
protocol (2015/930834) and all patients provided written informed consent.

Patients with chronic kidney disease (CKD), primary percutaneous coronary intervention (PCI),
thrombophilia, active cancer, and autoimmune disease were excluded.

Extraction of RNA and synthesis of cDNA:

5 mL venous blood was collected in EDTA and RNase free tube from all cases for RNA extraction.

After buffy coat isolation from blood we normalized number of WBC by WBC counting using Sysmex XP-
300 automated hematology analyzer and selected the sample contains approximately 10000 white blood
cells for RNA extraction (The �rst step of normalization) .Total RNA was extracted using TriPure Isolation
Reagent kit (Roche, Germany) based on the manufacturer’s instructions. The concentrations and purity of
isolated RNA samples were checked by Nanodrop at 260 and 280 nm. cDNA Synthesis was performed
using QuantiTect Reverse Transcription Kit (Qiagene, USA) according to the manufacturer’s protocols.

We used GAPDH exon junction primer to con�rm the cDNA synthesis, by this PCR reaction protocol:
Initiation phase 94° C for 4 min, 35 cycles ampli�cation phase 94° C for 60 s, 60° C for 60 s and 72° C for
45s , and �nal extension phase at 72° C for 5 min. At last, the PCR products became visible on gel
electrophoresis.

Relative quanti�cation Real Time PCR:

The Anxa5 gene expression levels in ISR and NISR groups were measured by relative quanti�cation real
time PCR in Roche LightCycler96 instrument. We used predesigned Taqman Primer-Probe and TaqMan
Universal Master Mixfrom Applied Bio system company (ABI, USA). The total reaction volume was 20 µl
contained 10 µl TaqMan Universal Master Mix, 1µl (600ng/ µl) cDNA (the second step of normalization),
1µl (10 pmol/ µl) of AnxA5/GAPDH Taqman primer/probe and 8 µl ddH2O (Table1).

Real time PCR reaction according to ABI protocol was as following:

The �rst step preincubation: 50° C for 120s the second preincubation phase 95° C for 600s and 40 two-
step ampli�cation cycles: 95° C for 15 s, 60° C for 60 s. Because we used TaqMan probe there was no
need to melting phase. GAPDH gene was used as internal control (the third step of normalization). All real
time PCR reactions were done duplicated.

Statistical analysis:

The SPSS statistical software v22 (IBM, Chicago, IL) was used for statistical analyses. Continuous and
categorical data were reported as mean ± standard deviation and percentage respectively. Kolmogorov-
sminrov test used to test the normality distribution of ΔCT .Mann-Whitney test was used to compare the
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expression of annexinA5 gene in the two groups of restenosis and non-restenosis, considering that the
distribution of ΔCT in the two groups was not normal.

Results
Analysis for the expression of Anxa5 gene was performed in 25 in stent restenosis(ISR) cases and 25 non
in stent restenosis(NISR) matched cases

Table 1: Concentration and volume of reagents in Real Time PCR reaction

Volume Concentration Reagent

10µl 5x Taqman Universal Master Mix

1 µl 10 pmol/ µl Taqman Probe/Primer

Annexin5/Gapdh

1 µl 600 ng/ µl CDNA

8 µl - dH2O

20 µl - Total Volume

Demographic data was revealed in table 2.The mean age of the case group (ISR) was 60.70 years old
and control group (NISR) was61.96 years old.34 patients were male and 16 patients were female.

Table 2: Demographic characteristics of cases

Variables NISR (N=25) ISR (N=25) P value

Age (y) 61.96±8.95 60.70±8.80 0.230

Sex

(n (%))

Male 15 (60%) 19 (76%) 0.182

Female 10 (40%) 6 (24%)

Positive smoking habit (n(%)) 5 (20%) 4 (16%) 0.135

Hypertension (n (%)) 16 (64%) 14 (56%) 0.387

Diabetes mellitus (n (%)) 11 (44%) 14 (56%) 0.286

Dyslipidemia (n (%)) 14 (56%) 12 (48%) 0.389

Stent in LAD (n (%)) 12 (48%) 18 (72%) 0.074

Systolic BP (Mean±SD) 125.8±16.7 122.9±12.2 0.113

Diastolic BP (Mean±SD) 77 .5±9.1 78.1±7.8 0.505
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To optimize the qPCR assay, we performed serial dilutions of a template and used the results to generate
a standard curve. Based on the standard curve result the e�cacy of PCR for both genes was acceptable
and GAPDH gene was suitable for normalization (table3).

Table 3: Standard curve results based on PCR of serial dilutions of a template

Standard curve criteria AnnexinA5 GAPDH

slope -3.321 -3.858

Y-Inter 40.06 38.27

R2 0.99 0.97

E�ciency 1.99 1.97

The Comparative Ct method was used to compare AnnexinA5 gene expression between restenosis and
non-restenosis group.

ΔCt of each sample was calculated using the formula Ct (AnnexinA5) - Ct (GAPDH). The normality of ΔCt
distribution in case and control groups was measured using Kolmogorov-sminrov test, P value was <0.05
and distribution was out of the normal state, Mann-Whitney non-parametric test was used to compare the
ΔCt of the two groups and P value was 0.034 means that expression of anxa5 gene in ISR and NISR
 group was signi�cantly different.

Fold change calculating:

To compare the difference of AnnexinA5 gene expression between case and control groups we used the
formula ΔΔ Ct =ΔCt ISR – ΔCt NISR.

Because of the approximately 100% e�ciency of both primers (target and reference genes) in PCR, we
used Livak method and 2-ΔΔCt  formula to calculate the  fold change of AnnexinA5 gene expression in the
ISR group in comparison to the NISR group. The fold change distribution was out of the normal state and
the mean fold change was used to compare the change in gene expression, which was 0.05, meaning
that the expression of the anxa5 gene in the ISR group was 50% lower than in the NISR group(Figure1).

Discussion
This study aimed to �nd the expression of AnnexinA5 in white blood cells (WBC) of in-stent restenosis
(ISR) patients compared to WBC of the non-in-stent restenosis (NISR) control cases.

As it was expected based on AnnexinA5 anti-in�ammatory action, the main result of this study has
shown a signi�cant reduction (p =0.034) in the expression of AnnexinA5 in WBC of the in-stent restenosis
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patients compared to WBC of the non in-stent restenosis control cases. On the other hand, fold change
calculations showed 50% reduction in the expression of AnnexinA5 in the ISR cases.

The role of AnnexinA5 as an anti-in�ammatory agent has been shown in studies as there Ewing et al.
illustrated that its administration could diminish macrophage and leukocyte cohesion which led to the
decrease in atherosclerotic development, macrophage presence and GRP78(endoplasmic reticulum stress
marker) (21, 25, 26). Our study was the �rst study on AnnexinA5 expression in WBCs and association to
coronary restenosis. Ewing et al. examined the effect of systemic injection of AnnexinA5 on the
development of neointima hyperplasia in hypercholesterolemic ApoE−/− mice. After damaging the
femoral arteries of the specimens and injection of systemic AnnexinA5, they sampled biopsy from artery
and studied the tissue at the 3 days and 14 days later. Three days later, the presence of leukocytes in the
tissue and the ratio of monocytes to macrophages in the group receiving AnnexinA5 was decreased, and
AnnexinA5 was able to reduce the presence of leukocytes and in�ammation. In the 14 days later, the
thickness of the intima in the case group was about 60% less than in control group. Also, at this time, the
expression of GRP78, was examined and its expression and, as a result, the in�ammatory activity of cells
were lower in the group receiving AnnexinA5 (21).

Vantits LJ, et al in a case – control study found that plasma levels of AnnexinA5 are inversely related to
the severity of coronary stenosis and are indicative of the extent of restenosis, this fact indicates that the
anxA5 could be considered as a marker for cardiovascular disease progression (18, 26).

De Jong RC et al, found that AnnexinA5 treatment reduces the in�ammatory response ApoE*3-Leiden
mice after MI-R injury (20).

Clausell et al. designed a study on atheroma tissue obtained from atherectomy of coronary artery 16
cases, patients with coronary restenosis had increased expression of the interleukin-1 and TNFα genes
and also observed increasing in T lymphocytes in atheroma tissue (27).

Because of the anti-in�ammatory role of AnnexinA5, we observed down regulated of AnnexinA5
expression in patients with coronary restenosis, our study is consistent with the results of other studies.

Considering the high cost and complexity of coronary artery restenosis treatment (28), if physicians being
able to predict the risk of patients coronary restenosis based on their genetic backgrounds (precision
medicine) they will be able to select the appropriate stent type or reasonable treatment (angioplasty or
open heart surgery) for patient.

Declarations
Funding:

The authors would like to thank the Isfahan University of Medical Sciences, Isfahan, Iran for the �nancial
support (Grant Number: 1141292).



Page 8/12

Con�icts of interest/Competing interests:

We wish to con�rm that there are no known con�icts of interest associated with this publication and there
has been no signi�cant �nancial support for this work that could have in�uenced its outcome.

Availability of data and material: Not applicable

Code availability: Not applicable

Authors' contributions:

BM: contributed in the conception of the work, conducting the study, revising the draft, approval of the
�nal version of the manuscript.

SSS: contributed in the conception of the work, conducting the study, data analysis for the work.

MS: contributed in the conception of the work, conducting the study, revising the draft.   

MM: contributed in the conception of the work, conducting the study, data analysis for the work.

IO: contributed in the conception of the work, conducting the study, revising the draft.

RM: contributed in the conception of the work, conducting the study, revising the draft.              

PA: contributed in the conception of the work, conducting the study, data analysis for the work.  

GMM: contributed in the conception of the work, conducting the study, revising the draft.                       

SMH: contributed in the conception of the work, conducting the study, revising the draft, approval of the
�nal version of the manuscript, and agreed for all aspects of the work.

Ethics approval:

The study protocol (2015/930834) was approved by the Ethics Committee of the Medical University of
Mashhad, Iran.

Consent to participate:

The Scienti�c Ethics Committee of the Medical University of Isfahan, Iran approved the study protocol
(2015/930834) and all patients provided written informed consent.

Consent for publication:

All authors are satis�ed with the publication of the article in the Molecular Genetics and Genomics journal

Acknowledgments:



Page 9/12

We would like to thank Gholamrezapour, Asadi and technicians of AL-zahra genetic laboratory and
catheterization lab nurses of Sina hospital, Iran.This study was supported by grants from medical
university of Isfahan (No: 1141292) and medical university of Mashhad (No: 93570), Iran.

Seyed Mohammad Hashemi, MD, Interventional Cardiology Research Center, Cardiovascular
Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran

Tel: +9836674481, Fax: +9836673219 hashemi1344@gmail.com

References
1. Seyidov V, Evsyukov V, Lyubchuk I. Long-term results of percutaneous transluminal coronary

angioplasty and coronary artery stenting: �ve-year follow-up. Cardiovascular Therapy and
Prevention. 2019;5(7):38-43.

2. Sanei H NA, Bank H, Moshaveri F, Hosseini SM, Keshvari M, et al. Evaluation of Coronary Angioplasty
Results in Patients Referring to Isfahan Cardiac Centers, Iran, and Comparing with Clinical
Guidelines. J Isfahan Med Sch. 2017;35( 443):1044-9.

3. Sachdev S, Tahir H, Awan GM, Omar B. Angioplasty Beginnings.. 40 Years Later. Cardiofel Newslet.
2018;1(3):17-8.

4. Zargham R. Preventing restenosis after angioplasty: a multistage approach. Clinical Science.
2008;114(4):257-64.

5. Moussa ID, Mohananey D, Saucedo J, Stone GW, Yeh RW, Kennedy KF, et al. Trends and outcomes of
restenosis after coronary stent implantation in the United States. Journal of the American College of
Cardiology. 2020;76(13):1521-31.

�. Mohan S, Dhall A. A comparative study of restenosis rates in bare metal and drug-eluting stents. The
international journal of angiology: o�cial publication of the international college of angiology, inc.
2010;19(2):e66.

7. Jukema JW, Verschuren JJ, Ahmed TA, Quax PH. Restenosis after PCI. Part 1: pathophysiology and
risk factors. Nature Reviews Cardiology. 2012;9(1):53.

�. Siontis GC, Stefanini GG, Mavridis D, Siontis KC, Alfonso F, Pérez-Vizcayno MJ, et al. Percutaneous
coronary interventional strategies for treatment of in-stent restenosis: a network meta-analysis. The
Lancet. 2015;386(9994):655-64.

9. Alraies MC, Darmoch F, Tummala R, Waksman R. Diagnosis and management challenges of in-stent
restenosis in coronary arteries. World journal of cardiology. 2017;9(8):640.

10. Norozi S, Rai A, Salimi E, Tavan H. The incidence of major cardiovascular events relied coronary
vessels after angioplasty and stent types complications. Tehran University Medical Journal TUMS
Publications. 2018;75(10):722-9.

11. Weintraub WS. The pathophysiology and burden of restenosis. The American journal of cardiology.
2007;100(5):S3-S9.



Page 10/12

12. Monraats PS, W RPA, Jukema JW. Genetic predictive factors in restenosis. Pathologie-biologie.
2004;52(4):186-95.

13. Horibe H, Yamada Y, Ichihara S, Watarai M, Yanase M, Takemoto K, et al. Genetic risk for restenosis
after coronary balloon angioplasty. Atherosclerosis. 2004;174(1):181-7.

14. Baktashian M, Saffar So�aei S, Kosari N, Salehi M, Khosravi A, Ahmadinejad M, et al. Association of
high level of hs-CRP with in-stent restenosis: A case-control study. Cardiovascular Revascularization
Medicine. 2019;20(7):583-7.

15. Verschuren JJ, Trompet S, Postmus I, Sampietro ML, Heijmans BT, Houwing-Duistermaat JJ, et al.
Systematic testing of literature reported genetic variation associated with coronary restenosis:
results of the GENDER Study. PloS one. 2012;7(8):e42401.

1�. Monraats PS, Pires NM, Agema WR, Zwinderman AH, Schepers A, de Maat MP, et al. Genetic
in�ammatory factors predict restenosis after percutaneous coronary interventions. Circulation.
2005;112(16):2417-25.

17. Kastrati A, Dirschinger J, Schömig A. Genetic risk factors and restenosis after percutaneous coronary
interventions. Herz. 2000;25(1):34-46.

1�. van Tits LJ, van Heerde WL, van der Vleuten GM, de Graaf J, Grobbee DE, van de Vijver LP, et al.
Plasma annexin A5 level relates inversely to the severity of coronary stenosis. Biochemical and
biophysical research communications. 2007;356(3):674-80.

19. Ewing MM, Karper J, Sampietro M, de Vries M, Pettersson K, Jukema J, et al. Annexin A5 prevents
post-interventional accelerated atherosclerosis development in a dose-dependent fashion in mice.
Atherosclerosis. 2012;221(2):333-40.

20. de Jong RC, Pluijmert NJ, de Vries MR, Pettersson K, Atsma DE, Jukema JW, et al. Annexin A5
reduces infarct size and improves cardiac function after myocardial ischemia-reperfusion injury by
suppression of the cardiac in�ammatory response. Scienti�c reports. 2018;8(1):1-10.

21. Ewing MM, de Vries MR, Nordzell M, Pettersson K, de Boer HC, van Zonneveld AJ, et al. Annexin A5
therapy attenuates vascular in�ammation and remodeling and improves endothelial function in
mice. Arteriosclerosis, thrombosis, and vascular biology. 2011;31(1):95-101.

22. Burgmaier M, Schutters K, Willems B, van der Vorst EP, Kusters D, Chatrou M, et al. AnxA5 reduces
plaque in�ammation of advanced atherosclerotic lesions in apoE(-/-) mice. Journal of cellular and
molecular medicine. 2014;18(10):2117-24.

23. Ewing MM, de Vries MR, Nordzell M, Pettersson K, de Boer HC, van Zonneveld AJ, et al. Annexin A5
therapy attenuates vascular in�ammation and remodeling and improves endothelial function in
mice. Arteriosclerosis, thrombosis, and vascular biology. 2011;31(1):95-101.

24. Hashemi SM, Baktashian M, Moghaddam KH, Salehi M, So�aei SS, Ferns G, et al. The association
between genetic polymorphisms of the interleukin-10, tumor necrosis factor-alpha, and annexin A5
gene loci and restenosis after percutaneous coronary angioplasty and stenting. Journal of research
in medical sciences: the o�cial journal of Isfahan University of Medical Sciences. 2019;24.



Page 11/12

25. Wan M, Hua X, Su J, Thiagarajan D, Frostegård AG, Haeggström JZ, et al. Oxidized but not native
cardiolipin has pro-in�ammatory effects, which are inhibited by Annexin A5. Atherosclerosis.
2014;235(2):592-8.

2�. Ewing MM, Karper JC, Sampietro ML, de Vries MR, Pettersson K, Jukema JW, et al. Annexin A5
prevents post-interventional accelerated atherosclerosis development in a dose-dependent fashion in
mice. Atherosclerosis. 2012;221(2):333-40.

27. Clausell N, de Lima VC, Molossi S, Liu P, Turley E, Gotlieb AI, et al. Expression of tumour necrosis
factor alpha and accumulation of �bronectin in coronary artery restenotic lesions retrieved by
atherectomy. Heart (British Cardiac Society). 1995;73(6):534-9.

2�. Spertus JA, Nerella R, Kettlekamp R, House J, Marso S, Borkon AM, et al. Risk of restenosis and
health status outcomes for patients undergoing percutaneous coronary intervention versus coronary
artery bypass graft surgery. Circulation. 2005;111(6):768-73.

Figures



Page 12/12

Figure 1

Relative quanti�cation, ANXA5 gene expression in comparison to GAPDH reference gene expression


