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Abstract 

Background: The chromosomal locus 9p21 is a novel genetic marker for a variety of 

cardiovascular and cerebrovascular diseases. In a recent study, we have demonstrated an 

association between the single nucleotide polymorphism (SNP) rs1333040C>T on 

chromosome 9p21 and sporadic brain arteriovenous malformations (BAVMs). Here, we 

extended our analysis to an additional SNP on chromosome 9p21 (rs7865618A>G) and 

increased our sample size including BAVMs from two different Italian neurosurgical centers.  

Methods: We studied 206 patients with sporadic BAVMs and 171 unaffected controls. 

Genomic DNA was isolated from peripheral blood and the rs1333040C>T and rs7865618A>G 

polymorphisms were assessed by PCR-RFLP using the BsmI and MspI restriction 

endonucleases, respectively. For each SNP, we performed dominant, recessive, and additive 

genetic models.  

Results: The distribution of the three possible genotypes of rs1333040 (TT, TC and CC) was 

statistically different between cases and controls (p = 0.0008). The TT genotype was 

significantly associated with BAVMs both in the dominant (p = 0.013) and recessive (p = 

0.012) models. The T allele was significantly associated with BAVMs in the additive model (p 

= 0.002). Also the distribution of the three possible genotypes of rs7865618 (GG, AG and AA) 

was statistically different between cases and controls (p = 0.005), and the GG genotype and G 

allele were significantly associated with BAVMs in the dominant (p = 0.032), recessive (p = 

0.007), and additive models (p = 0.009). We also detected a significant association between 

BAVMs with large nidus size and the GG genotype and G allele of rs7865618 and the TT 

genotype of rs1333040. A deep venous drainage was instead associated with the TT genotype 

of the rs1333040 and the GG genotype of the rs7865618. The occurrence of bleeding was 

associated with the TT genotype and T allele of rs1333040, while the presence of seizures 

appeared associated with the GG genotype of rs7865618.  

Conclusions: SNPs of the 9p21 region, in addition to be genetic markers for coronary artery 

disease, stroke, and intracranial aneurysms, are associated with sporadic BAVMs. These 

results extend and strengthen the role of the 9p21 chromosomal region as a common risk factor 

for cerebrovascular diseases. 
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Background 

The 9p21 chromosomal locus is the strongest genomic marker for cardiovascular diseases that 

has thus far been identified in multiple genome-wide association studies [1,2,3,4]. These 

studies have revealed that the 9p21 locus contains single nucleotide polymorphisms (SNPs) 

associated with myocardial infarction, coronary artery disease (CAD), peripheral artery 

disease, abdominal aortic aneurysms (AAA), intracranial aneurysms, and stroke 

[4,5,6,7,8,9,10]. 

Intriguingly, we have recently reported that one SNP on chromosome 9p21 - the rs1333040 

gene polymorphism - is associated with sporadic brain arteriovenous malformations (BAVMs) 

[11]. The rs1333040 polymorphism is located in proximity of a noncoding RNA sequence 

named ANRIL (antisense noncoding RNA in the INK4 locus) and has been consistently 

associated with both stroke and intracranial aneurysms [12]. Its association with BAVMs thus 

suggests that SNPs in the 9p21 chromosomal locus may be common genetic markers for a 

variety of cerebrovascular diseases and that BAVMs, intracranial aneurysms, and stroke may 

share common, currently unknown, pathogenic mechanisms.  

To further investigate this issue, we have extended our analysis to an additional SNP of the 

9p21 locus - the rs7865618 gene polymorphism - which is also located in proximity of ANRIL, 

but is representative of a different linkage block compared to rs1333040, and has been 

previously identified as an independent predictor of myocardial infarction in multivariable 

models adjusted for conventional cardiovascular risk factors [13]. We also increased the 

sample size of our previous study, enrolling additional individuals from our Division of 

Neurosurgery at the Catholic University School of Medicine in Rome and including BAVMs 

from an additional Italian tertiary referral neurosurgical center (University of Turin).  

 

Material and Methods 

Study Participants 

The BAVM group consisted of subjects undergoing neurosurgical treatment or follow-up for 

BAVMs (n = 206) at two different Italian referral centers: the Division of Neurosurgery at the 

A. Gemelli University Hospital of Rome and the Division of Neurosurgery at the San Giovanni 

Battista Hospital of Turin. In all cases, the diagnosis of BAVM was based on the results of 

brain MRI and digital subtraction angiography. Clinical records and neuroimaging data of all 

patients were retrospectively analyzed in detail in order to determine the natural history of the 

disease, in terms of bleeding and/or occurrence of seizures, and BAVM angioarchitectural 

features (Martin-Spetzler grading). The control group (n = 171) consisted of individuals 

consecutively admitted to the Department of Neurosurgery of the A. Gemelli University 

Hospital of Rome, from January 2011 to December 2012, because of a traumatic brain injury. 

To be included as controls, subjects needed a contrast-enhanced brain CT scan negative for any 

type of vascular lesion. In addition, a negative history of stroke and other cardiovascular 

diseases, assessed through the analysis of medical records and physical examination, was 

required. All patients and controls were Caucasians and unrelated to each other. All 

participating individuals were adults, except for 16 BAVM patients, who were younger than 18 

years. All participating individuals (or their legal representatives) signed an informed consent 

to participate in this study, which was approved by the Ethics Committees of the Catholic 

University of Rome and the University of Turin. 
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Genotyping 

Venous blood (2 ml) was collected and stored at -80°C before use. Genomic DNA was isolated 

from whole blood using a commercially available DNA extraction kit (Illustra Blood 

GenomicPrep Mini Spin Kit, GE Healthcare). Polymorphism spanning fragments were 

amplified by a PCR-RFLP assay. PCR reaction was carried out in a total volume of 25 µl using 

5 µl of template DNA, 1 × PCR buffer (10 mM Tris-HCl, pH 8.5, 50 mM KCl), 1.5 mM 

MgCl2, 0.0625 mM of each deoxynucleotide triphosphate (dATP, dTTP, dGTP, dCTP), 0.5 

mM of each primer (forward 5′-TCT GGA AGC ACT GGG AAG GAT G-3′ and reverse 5′-

TTG ATT TGG GAG CCA CTG TTG-3′) and 1.6 U of Taq DNA polymerase (Roche). 

Thermal cycling was performed in a PE Applied Biosystems 9700 Sequence Detector with the 

following program: 4 min at 95°C, 40 cycles of 1 min at 94°C, 1 min at 65°C and 1 min at 

72°C, with a final extension step at 72°C for 7 min. Genotyping of the rs1333040C>T 

polymorphism was identified using restriction endonuclease BsmI. The amplified DNA (5 ml), 

10 U of BsmI, and 1 µl of ×10 recommended restriction buffer in a final volume of 10 µl were 

incubated at 65°C for 1 h. Digested products were separated on 2% agarose gel by 

electrophoresis. Polymorphic region rs7865618 of gene CDKN2B was PCR amplified using a 

forward primer: 5′-ATA ACA GGG GAT GGA TTC TTG TGG A-3′ and reverse primers: 5′-

TCC ATG AAC CTG CTT TTC TCA TCT TT-3′. The cycling conditions were 94°C for 5 min, 

followed by 40 cycles of 94°C for 1 min, 65°C for 1 min, 72°C for 1 min and final extension at 

72°C for 7 min. The PCR products of 579 bp were digested with MspI (Biolabs) for the 

rs7865618 (A/G) polymorphism. The resulting products were electrophoresed on a 2% agarose 

gel and visualized by ethidium bromide staining. Positive and negative controls were included 

in each analysis. In case of missing or defective results, genotyping was repeated. At the end of 

the analyses, no samples were excluded from the study. Demographic, clinical and 

angiographic data were available for all studied individuals. 

Statistical Analysis 

Statistical analysis was performed with SPSS Statistical Package version 12.0 (Chicago, Ill., 

USA). Hardy-Weinberg equilibrium was calculated by a Pearson's χ2 test calculator for 

biallelic markers. The association between rs1333040 and rs7865618 genotypes and BAVMs 

was assessed using dominant, recessive and additive (trend) genetic models. Associations with 

the following variables were also considered and calculated using a Pearson's χ2 test: nidus 

diameter, deep venous drainage, Spetzler-Martin score, bleeding, and seizures. Results were 

corrected for number of tested polymorphisms by using Bonferroni test correction (p 

value/number of SNPs). We also created a comprehensive risk score, ranging from 0 to 2, 

according to the number of ‘at-risk' genotypes concomitantly carried by a given individual. 

Categorical variables were compared using Pearson's χ2 test. A value of p < 0.05 was 

considered statistically significant. 

 

Results 

Demographic characteristics of the studied population are shown in table 1. Mean age in the 

BAVM group was 42.6 ± 18.2 years (age range: 4-85 years), while in the control group it was 

52.7 ± 19.9 years (age range: 18-96 years). There was no significant difference in mean age 

between patients and controls (p = 0.23). The cohort of BAVM individuals included 111 men 

(53.88%), while the number of men in the control group was 109 (63.74%). The male/female 

ratio was not statistically different between the two groups (p = 0.053). 

http://www.karger.com/Article/FullText/360752#T01
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Table 1. Demographic characteristics of the studied population 

 
 

 

 

Differences in demographic, clinical, and angioarchitectural features between the two groups 

of BAVM patients from Rome and Turin are reported in table 2. Patients of the Turin cohort 

were significantly older and showed a higher incidence of bleeding. Patients of the Rome 

cohort had significantly larger BAVMs. 

 

 

 

 

Table 2. Demographic, clinical, and angioarchitectural features of BAVM patients in the two cohorts (Rome and 

Turin). 

 
 

 

 

 

Genotype frequencies in the Turin and Rome cohorts are presented in table 3. Genotypes were 

in Hardy-Weinberg equilibrium (p = 0.87 for rs1333040 and p = 0.5 for rs7865618). Except for  

the TC genotype of rs1333040, genotype frequencies were not differently distributed between 

the two cohorts. 
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Table 3. Genotype distribution in the two cohorts of BAVM patients (Rome and Turin)  

 
 

 

 

Table 4 presents the distribution of the three possible genotypes of rs1333040 (TT, TC and 

CC), which was statistically different between cases and controls (p = 0.0008). The TT 

genotype was significantly associated with BAVMs both in the dominant (p = 0.013) and 

recessive (p = 0.012) models. The T allele was also significantly associated with BAVMs in 

the additive (trend) model (p = 0.002). The distribution of the three possible genotypes of 

rs7865618 (GG, AG and AA) is also presented in table 4. Genotypes distributed in a 

statistically different manner between cases and controls (p = 0.005). The GG genotype and the 

G allele were significantly associated with BAVMs in the dominant (p = 0.032), recessive (p = 

0.007) and additive (trend) models (p = 0.009). 

 

 

 

Table 4. Genotype distribution in cases and controls 

 
 

 

 

Then, BAVMs patients and controls were stratified according to the number of ‘at -risk' 

genotypes concomitantly carried by a given individual, with a score ranging from 0 (no ‘at -

risk' genotypes) to 2 (two ‘at-risk' genotypes; table 5). Among the 189 subjects with score = 0, 

45.5% were patients with BAVMs. Interestingly, this percentage increased significantly - to 

63.1% - among subjects with score = 1 (p < 0.01; OR 1.93, 95% CI: 1.28-2.92). It further 

increased to 77.7% among subjects with score = 2, although this difference did not reach 

statistical significance (p = 0.15; OR 2.97, 95% CI: 0.61-14.5), probably due to the small 

sample size. 
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Table 5. Distribution of BAVM patients and controls among subjects concomitantly carrying 0, 1, or 2 ‘at -risk' 

genotypes (rs1333040 TT and rs7865618 GG) 

 
 

 

 

We also evaluated the possible association between different genotypes of the two investigated 

SNPs and a number of important clinical and angioarchitectural features of BAVMs (table 6). 

We detected a significant association between nidus size (>4 cm in diameter) and the GG 

genotype and G allele of rs7865618 in dominant (p = 0.02), recessive (p = 0.039), and additive 

(p = 0.008) models. We replicated the same association with the TT genotype of rs1333040 in 

the recessive model (p = 0.022). The presence of a deep venous drainage was instead 

associated with the TT genotype of rs1333040 in the dominant model (p = 0.01) and the GG 

genotype of rs7865618 in the recessive (p = 0.007) model. The occurrence of bleeding during 

the natural history of the disease was associated with the TT genotype of rs1333040 (p = 

0.001) and the T allele in the trend model (p = 0.04), while the presence of seizures appeared 

associated with the GG genotype of rs7865618 (p = 0.01) in the dominant model. 

 

 

 
Table 6. Univariate association of rs1333040 and rs7865618 with clinical and angioarchitectural features of 

BAVMs 
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Discussion 

The vast majority of the studies that have so far investigated the genetic base of sporadic 

BAVMs have focused on SNPs of genes involved in angiogenesis and inflammation 

[14,15,16]. However, most of these studies have provided controversial and inconsistent 

results and a recent meta-analysis carried out by our research team has demonstrated a 

statistically significant association with BAVMs only for the IVS3-35A>G polymorphism of 

the ALK1 gene (ACVRL1) [14], consistent with the notion that ACVRL1 mutations are 

involved in the formation of arteriovenous dysplasia in patients with hereditary hemorrhagic 

telangiectasia [17]. 

In this study, we investigated the hypothesis that the 9p21 locus, which is the most replicated 

genetic marker for diseases such as CAD, peripheral artery disease, AAA, stroke, and 

intracranial aneurysms [4,5,6,7,8,9,10], is also associated with sporadic BAVMs. To test this 

hypothesis, we studied the distribution of two prototypical SNPs of chromosome 9p21 in two 

cohorts of BAVM cases and controls from Rome and Turin, Italy. First, we found a 

statistically significant association between BAVMs and the TT genotype and T allele of 

rs1333040, consistent with our previous findings in a smaller sample of cases and controls 

from Rome [11,18]. Then, we found a significant association between BAVMs and the GG 

genotype and G allele of rs7865618. Finally, we saw significant associations between these 

‘at-risk' genotypes and alleles and various clinical and angioarchitectural features of BAVMs, 

such as nidus size, presence of deep venous drainage, history of bleeding, and occurrence of 

seizures. 

Genes mapping in the 9p21 region include the cyclin-dependent kinase inhibitors CDKN2A 

(p16INK4a), including its alternative reading frame (ARF) transcript variant (p19 ARF), and 

CDKN2B (p15INK4b), along with ANRIL, that undergoes splicing and is transcribed from the 

opposite strand to CDKN2A/B. These genes are involved in the regulation of cell cycle 

progression and influence key physiological processes, such as replicative senescence, 

apoptosis, stem cell self-renewal and repair of aged tissue [11,19,20,21]. The SNPs that we 

evaluated in this study are on different linkage blocks in close proximity to ANRIL. ANRIL is 

expressed in atherosclerotic tissues and its transcript, DQ485453, has been detected in primary 

coronary smooth muscle cells and macrophages and in carotid endarterectomy and AAA tissue 

samples [22]. Folkersen et al. [23 ]have identified eight ANRIL transcripts also in 

lymphoblastic cells and carotid artery, medial aorta, and mammary artery plaque tissue, while 

Holdt et al. [24] have found differential expression of ANRIL in peripheral blood mononuclear 

cells of patients with CAD and carotid, aortic and femoral plaques. In addition, there are 

genome-wide association studies that have associated ANRIL with type 2 diabetes mellitus 

[25], glioma [26], and basal cell carcinoma [27]. The 5′ portion of ANRIL gives rise to a 

natural antisense RNA of 34.8 kb, named p15, that has been shown to specifically interfere 

with transcription of p15INK4b (sense) RNA from CDKN2B in tumor cells [26]. 

Although our analysis was limited to only 2 SNPs of the 9p21 chromosomal region, our 

findings provide proof of the concept that this genetic locus may play a role in BAVM 

pathophysiology and that BAVMs may share common pathogenic mechanisms with a number 

of other cardiovascular and cerebrovascular diseases. Indeed, rs1333040 and rs7865618 have 

been associated, to various extent, with CAD, peripheral artery disease, AAA, and, most 

importantly, stroke and intracranial aneurysms [4,5,6,7,8,9,10,12,13]. It is important to note 

that the SNPs of chromosome 9p21 lack associations with common cardiovascular risk factors, 

thus the mechanisms through which they influence the risk of vascular diseases, in addition to 

being novel and unknown, are potentially amenable to diagnostic and therapeutic interventions. 
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This study has some potential limitations. First, it is based only on a relatively small 

patient/control population, thus our findings should be considered as hypothesis -generating 

and need confirmation in larger prospective studies and in other ethnic groups. In addition, we 

cannot exclude the fact that the reported associations are caused by genes in linkage 

disequilibrium with the investigated SNPs. This possibility needs to be further investigated 

through transmission disequilibrium tests and/or linkage disequilibrium mapping. 

 

Conclusions 

This study shows that two SNPs of the 9p21 region - rs1333040 and rs7865618 - in addition to 

be genetic markers for CAD, stroke, and intracranial aneurysms, are associated with sporadic 

BAVMs. These findings need confirmation in additional replication cohorts.  

 

 

Acknowledgment 

The study was supported by a D1 intramural grant from the Catholic University School of 

Medicine, Rome, Italy.  

 

Disclosure Statement 

All authors have read and approved the submitted manuscript; it has not been submitted 

elsewhere nor published elsewhere in whole or in part. There are no competing interests.  

 



9 

 

References 

1. McPherson R, Pertsemlidis A, Kavaslar N, Stewart A, Roberts R, Cox DR, et al: A common 

allele on chromosome 9 associated with coronary heart disease. Science 2007; 316: 1488–1491. 

2. Shen GQ, Li L, Rao S, Abdullah KG, Kan JM, Lee BS, et al: Four SNPs on chromosome 9p21 

in a South Korean population implicate a genetic locus that confers high cross-race risk for 

development of coronary artery disease. Arterioscler Thromb Vasc Biol 2008; 28: 360–365. 

3. Shen GQ, Rao S, Martinelli N, Li L, Olivieri O, Corrocher R, et al: Association between four 

SNPs on chromosome 9p21 and myocardial infarction is replicated in an Italian population. J 

Hum Genet 2008; 53: 144–150. 

4. Larson MG, Atwood LD, Benjamin EJ, Cupples LA, D’Agostino RB Sr, Fox CS, et al: 

Framingham Heart Study 100K project: genome-wide associations for cardiovascular disease 

outcomes. BMC Med Genet 2007; 8 (suppl 1):S5. 

5. Murabito JM, White CC, Kavousi M, Sun YV, Feitosa MF, Nambi V, et al: Association 

between chromosome 9p21 variants and the ankle-brachial index identified by a meta-analysis 

of 21 genome-wide association studies. Circ Cardiovasc Genet 2012; 5: 100–112. 

6. Holdt LM, Teupser D: Recent studies of the human chromosome 9p21 locus, which is 

associated with atherosclerosis in human populations. Arterioscler Thromb Vasc Biol 2012; 32: 

196–206. 

7. Bown MJ, Braund PS, Thompson J, London NJ, Samani NJ, Sayers RD: Association between 

the coronary artery disease risk locus on chromosome 9p21.3 and abdominal aortic aneurysm. 

Circ Cardiovasc Genet 2008; 1: 39–42. 

8. Anderson CD, Biffi A, Rost NS, Cortellini L, Furie KL, Rosand J: Chromosome 9p21 in 

ischemic stroke: population structure and meta-analysis. Stroke 2010; 41: 1123–1131. 

9. Yasuno K, Bilguvar K, Bijlenga P, Low SK, Krischek B, Auburger G, et al: Genome-wide 

association study of intracranial aneurysm identifies three new risk loci. Nat Genet 2010; 42: 

420–425. 

10. Hashikata H, Liu W, Inoue K, Mineharu Y, Yamada S, Nanayakkara S, et al: Confirmation of 

an association of single-nucleotide polymorphism rs1333040 on 9p21 with familial and sporadic 

intracranial aneurysms in Japanese patients. Stroke 2010; 41: 1138–1144. 

11. Sturiale CL, Gatto I, Puca A, D’Arrigo S, Giarretta I, Albanese A, et al: Association between 

the rs1333040 polymorphism on the chromosomal 9p21 locus and sporadic brain arteriovenous 

malformations. J Neurol Neurosurg Psychiatry 2013; 84: 1059–1062. 

12. Pasmant E, Sabbagh A, Vidaud M, Bieche I: ANRIL, a long, noncoding RNA, is an unexpected 

major hotspot in GWAS. FASEB J 2011; 25: 444–448. 

13. Koch W, Turk S, Erl A, Hoppmann P, Pfeufer A, King L, Schomig A, Kastrati A: The 

chromosome 9p21 region and myocardial infarction in a European population. Atherosclerosis 

2011; 217: 220–226. 

14. Sturiale CL, Puca A, Sebastiani P, Gatto I, Di Rocco C, Maira G, et al: Single nucleotide 

polymorphisms associated with brain arteriovenous malformations. Where do we stand? Brain 

2013; 136: 665–681. 

15. 15 Kim H, Hysi PG, Pawlikowska L, Poon A, Burchard EG, Zaroff JG, Sidney S, Ko NU, 

Achrol AS, Lawton MT, McCulloch CE, Kwok PY, Young WL: Common variants in 

interleukin-1-beta gene are associated with intracranial hemorrhage and susceptibility to brain 

arteriovenous malformation. Cerebrovasc Dis 2009; 27: 176–182. 



10 

 

16. Mikhak B, Weinsheimer S, Pawlikowska L, Poon A, Kwok PY, Lawton MT, Chen Y, Zaroff 

JG, Sidney S, McCulloch CE, Young WL, Kim H: Angiopoietin-like 4 (ANGPTL4) gene 

polymorphisms and risk of brain arteriovenous malformations. Cerebrovasc Dis 2011; 31: 338–

345. 

17. Moftakhar P, Hauptman JS, Malkasian D, Martin NA: Cerebral arteriovenous malformations. 

Part 1: Cellular and molecular biology. Neurosurg Focus 2009; 26:E10. 

18. Sturiale CL, Rigante L, Puca A, Di Lella G, Albanese A, Marchese E, Di Rocco C, Maira G, 

Colicchio G: Angioarchitectural features of brain arteriovenous malformations associated with 

seizures: a single center retrospective series. Eur J Neurol 2013; 20: 849–855. 

19. Cunnington MS, Santibanez Koref M, Mayosi BM, et al: Chromosome 9p21 SNPs associated 

with multiple disease phenotypes correlate with ANRIL expression. PLoS Genet 2010; 

6:e1000899. 

20. Janzen V, Forkert R, Fleming HE, Saito Y, Waring MT, Dombkowski DM, et al: Stemcell 

aging modified by the cyclin-dependent kinase inhibitor p16INK4a. Nature 2006; 443: 421–

426. 

21. Kim WY, Sharpless NE: The regulation of INK4/ARF in cancer and aging. Cell 2006; 127: 

265–275. 

22. Broadbent HM, Peden JF, Lorkowski S, Goel A, Ongen H, Green F, et al: Susceptibility to 

coronary artery disease and diabetes is encoded by distinct, tightly linked SNPs in the ANRIL 

locus on chromosome 9p. Hum Mol Genet 2008; 17: 806–814. 

23. Folkersen L, Kyriakou T, Goel A, Peden J, Malarstig A, Paulsson-Berne G, et al: Relationship 

between CAD risk genotype in the chromosome 9p21 locus and gene expression. Identification 

of eight new ANRIL splice variants. PLoS One 2009; 4:e7677. 

24. Holdt LM, Beutner F, Scholz M, Gielen S, Gabel G, Bergert H, et al: ANRIL expression is 

associated with atherosclerosis risk at chromosome 9p21. Arterioscler Thromb Vasc Biol 2010; 

30: 620–627. 

25. Scott LJ, Mohlke KL, Bonnycastle LL, Willer CJ, Li Y, Duren WL, et al: A genome-wide 

association study of type 2 diabetes in Finns detects multiple susceptibility variants. Science 

2007; 316: 1341–1345. 

26. Shete S, Hosking FJ, Robertson LB, Dobbins SE, Sanson M, Malmer B, et al: Genome-wide 

association study identifies five susceptibility loci for glioma. Nat Genet 2009; 41: 899–904. 

27. Pasmant E, Laurendeau I, Heron D, Vidaud M, Vidaud D, Bieche I: Characterization of a germ-

line deletion, including the entire INK4/ARF locus, in a melanoma-neural system tumor family: 

identification of ANRIL, an antisense noncoding RNA whose expression coclusters with ARF. 

Cancer Res 2007; 67: 3963–3969. 


