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Introduction
Aneurysms and dissections of the thoracic aorta are the two 
most catastrophic acute natural events that can befall a human 
being.  Both are major causes of morbidity and mortality in the 
world[1].  Thoracic aortic aneurysms tend to be asymptomatic 
and usually are not noticed before thoracic aortic dissection 
(TAD) occurs.  It is believed that TAD is a complex trait that is 
caused by both environmental and genetic factors[2–4].  Genetic 
susceptibility is an important risk factor for TAD.  Some 
genetic syndromes, such as Marfan syndrome and Ehlers-
Danlos syndrome, predispose individuals to TAD[5, 6].  Recent 
studies have also indicated that TAD patients without genetic 
syndromes tend to have a family history of aortic aneurysm 

disease.  However, it remains unclear whether genetic factors 
influence the formation of TAD in individuals who do not 
have genetic syndromes.

A single nucleotide polymorphism (SNP) is a common 
genetic variant that consists of a single DNA base pair 
change[7].  Several studies have shown that SNPs could 
explain differences in genetic susceptibility to different dis-
eases.  The SNP association study has become a very popu-
lar method for identification of genetic factors for complex 
disease traits[8].  Recently, two independent population-
based case-control studies have shown that eight SNPs are 
associated with abdominal aortic aneurysm in several Cau-
casian cohorts[9, 10].  Giusti et al reported seven susceptibility 
SNPs (such as rs819146, rs8003379, rs2853523, rs326118, and 
rs3788205) in seven genes involved in methionine metabolism 
that were associated with abdominal aortic aneurysm forma-
tion in an Italian population[9]. Helgadottir et al described an 
association between abdominal aortic aneurysm and a SNP 
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on 9p21 in the gene for cyclin-dependent kinase inhibitor in 
an Icelandic population[10].  They found that this SNP, tagged 
as rs10757278, contributed to the risk of myocardial infarction 
and intracranial aneurysm.  Two other recent independent 
population-based case-control studies have also shown that 
the rs10757278 SNP is significantly associated with coronary 
heart disease and related disorders among Europeans[11, 12].  
The previous studies have found associations between these 
SNPs and abdominal aortic aneurysm, but only in populations 
of European descent.  Because of the well-known genetic het-
erogeneity between ethnic populations, validation by genetic 
case-control studies in non-European populations is essential.
    In the present study, we aimed to conduct a case-control 
association study in a Chinese Han population to test the asso-
ciation between six most-studied SNPs and aortic aneurysm.

Materials and methods
Study population We enrolled 206 cases that were randomly 
selected from TAD patients admitted to Beijing Anzhen Hos-
pital affiliated with the Capital Medical University.  The cri-
teria for diagnosis of TAD have been previously described[3].  
In brief, patients were diagnosed by many types of imaging 
modality, including ultrasound, 2D echocardiography, com-
puted tomography scan, MRI, and angiography.  Patients with 
Marfan syndrome, Ehlers-Danlos syndrome, traumatic aneu-
rysms, or aortic coarctation were excluded from the study.  For 
the control group, 180 volunteers were selected from individu-
als who were admitted to Beijing Anzhen Hospital for aortic 
imaging evaluation and were found to have no aortic diseases, 
such as primary hypertension disease.  We chose a subhyper-
tensive age-matched group as the control group because it is 
known that hypertension is one of the risk factors for TAD.  
Use of this control group will eliminate the potential contri-
bution of secondary hypertension to TAD.  All subjects were 
unrelated Chinese Han individuals.  Clinical information and 
family histories were collected from medical records and inter-
views conducted by a genetics counselor.  Hypertension was 
diagnosed as a systolic blood pressure ≥140 mmHg, a diastolic 
blood pressure ≥90 mmHg, or treatment with anti-hyperten-
sive medication.  Dyslipidemia was defined as total cholesterol 
>6.5 mmol/L or treatment for elevated blood lipids.  Diabetes 
was defined as a fasting plasma sugar level >7.8 mmol/L, a 

glucose level >11.1 mmol/L 2 h after oral glucose challenge, or 
ongoing treatment of diabetes.  Clinical data, such as fasting 
insulin levels and glucose levels, were measured routinely for 
these individuals.  Patients and controls gave informed con-
sent to participate in this study, and procedural approval from 
the Anzhen Hospital Ethics Committee was obtained.

Blood sample collection and genomic DNA extraction Periph-
eral blood was drawn from a vein into a sterile tube contain-
ing ethylenediamine tetraacetic acid (EDTA).  Plasma samples 
were stored at -80 °C.  Genomic DNA was isolated from 
peripheral blood leukocytes according to the manufacturer’s 
protocol (Genomic DNA kit, Axygen Scientific Inc, California, 
USA).  DNA was stored at -80 °C for SNP analysis.

Genotyping We studied six SNPs in or near six candidate 
genes that were associated with aortic aneurysm according to 
previous reports[9, 10].  Five of these genes were suspected to be 
involved in methionine metabolism.  The other was related to 
a cyclin-dependent kinase inhibitor.  Information about these 
SNPs was acquired from dbSNP NCBI, the ENSEMBL data-
base (http://www.ensembl.org/index.html), and the UCSC 
Genome Browser website (http://genome.ucsc.edu) (Table 1).

Genotyping was carried out for all SNPs using the Mas-
sARRAY platform (Sequenom, San Diego, California USA) 
according to standard protocols described previously[13].  
Briefly, probes and primers were designed with Assay Design 
software (Sequenom) and the genomic DNA samples were 
amplified with multiplex polymerase chain reaction (PCR).  
After a multiplex primer extension reaction was performed, 
terminator nucleotides were added to the diagnostic SNP site.  
Next, allele-specific extension products of different masses 
were analyzed in a time-of-flight (MALDI-TOF) SpectroReader 
mass spectrometer (Sequenom).  Finally, the resulting spectra 
were processed with Typer Analyzer software (Sequenom) 
and genotype data were generated for the samples.  The final 
genotype call rate of each SNP was greater than 90% and the 
total genotyping rate was 99.7% to ensure the reliability of fur-
ther statistical analysis.

Statistical analysis Statistical analysis was performed using 
PLINK 1.06 (http://pngu.mgh.harvard.edu/~purcell/plink/
index.shtml).  All genotype distributions of controls in the 
primary analyses were evaluated for Hardy–Weinberg equi-
librium and no evidence of deviations was detected (all exact 

Table 1.  Description of and information about all investigated single nucleotide polymorphisms (SNPs). 

      dbSNP ID                                   chr position                                   Gene                                         Ensemble gene number                              Region
 
 rs819146      20cen-q13.1 AHCY    ENSG00000101444 5’ near gene
  rs8003379  14q24  MTHFD1 ENSG00000100714   intron
 rs2853523  1q43  MTR              ENSG00000116984 3’ utr
  rs326118  5p15.3-15.2 MTRR            ENSG00000124275       5’ near gene 
  rs3788205  21q22.3  SLC19A1         ENSG00000035928  5’ near gene
  rs10757278  9p21.3 CDKN2BAS       ENSG00000240498       3’ near gene 

Chr, chromosome; AHCY, S-adenosylhomocysteine hydrolase; MTHFD1, methylene-tetra hydrofolate dehydrogenase; MTR, methyltetrahydrofolatehomoc
ysteine methyltransferase; MTRR, methionine synthase reductase; SLC19A1, solute carrier family 19 (folate transporter), member 1; CDKN2BAS, gene 
for the cyclin-dependent kinase inhibitor.
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Table 2.  Demographic and clinical characteristics of both TAD cases and 
healthy controls in a Chinese Han population. 

                                                 Controls               TAD patients 
       Items                                 (n=180)                  (n=206)              P Value 
 
 Age                  50.7 (16–78)   50.6 (21–75) NS
 Sex (male) n (%)     91 (50.6) 158 (76.7) <0.0001
 Smoking n (%)     105 (58.3) 108 (52.4)  NS
 Diabetes n (%)          27 (15)        20 (9.7)    NS
 Hypertension n (%)   152 (84.4)   164 (79.6)  NS
 Dyslipidaemia n (%)   101 (56.1)     110 (53.4) NS
 CAD n (%)            16 (8.8)         22 (10.7) NS 

TAD, thoracic aortic dissection; CAD, coronary artery disease; NS, not 
significant. Continuous data were tested using a 2-tailed Student’s t-test 
and categorical data were tested using a Chi-square test (with df=1) for 
the difference between TAD (patient) and control (normal) groups. 

two-sided P values >0.2).  Categorical data (presented as fre-
quencies and percentages) were compared between groups 
using the χ2 test, and continuous data (given as the median 
and range) were compared using 2-sample t-tests.  The 
Bonferroni correction was applied (P<0.0083 based on the 6 
SNPs considered in this study).  We analyzed the association 
between each polymorphism and TAD according to different 
genetic models.  Genotype distributions between groups were 
compared by χ2 analysis.  With adjustment for traditional car-
diovascular risk factors (sex, age, hypertension, dyslipidemia, 
diabetes, and smoking), multiple logistic regression analysis 
was used to estimate the odds ratio and 95% confidence inter-
vals for TAD.

Results
Subjects The demographic and clinical characteristics of both 
TAD cases and healthy controls are reported in Table 2.  Statis-
tically significant gender differences in the occurrence of TAD 
were observed.  Consistent with others’ observations[9, 14], TAD 
was substantially more common among men than among 
women in this study.  The clinical data, such as fasting insulin 
levels and glucose levels, did not differ significantly between 
cases and controls.

Total sample SNP analysis 
As shown in Table 3, allele frequencies and distributions 

of all SNPs and χ2 analysis according to the dominant model 
were reported.  No evidence for an association between the 
tested SNPs and the TAD phenotype was detected either at the 
allele or at the genotype level.  In the multiple logistic regres-
sion analysis with age, gender, hypertension, diabetes, dyslipi-
demia, and smoking as the independent variables and TAD as 
the dependent variable, no significant effect could be observed 
(data not shown).

SNP analysis of gender-stratified samples To detect possible 
interactions between gender and SNP genotype status, we 
stratified the samples according to gender.  In the subset of 
men or women, genotype and allele frequencies did not dif-
fer significantly between cases and controls for any of the five 
genetic variants involved in methionine metabolism (data 
not shown).  However, we found that for the SNP related 
to cyclin-dependent kinase inhibitor, tagged as rs10757278, 
a higher proportion of A allele carriers was found among 
male TAD patients (57.4%) than among male controls (46.1%, 
P=0.017).  Genotype distribution analysis showed statistically 
significant differences between male patients and male con-
trols, according to the dominant model for rs10757278 (Table 
4).  Furthermore, we performed logistic regression analysis 
corrected for the variables age, hypertension, diabetes, dys-
lipidemia, and smoking in men.  The rs10757278 [odds ratio 
(OR) 0.63, 95% confidence interval (CI) 0.43 to 0.93, P=0.021] 
gene polymorphism was an independent genetic susceptibility 
factor for male TAD patients but not for female TAD patients.  
However, when we analyzed the 6 candidate SNPs together, 
we found no significant difference between the groups after 
the Bonferroni correction.

Discussion
In view of the disease association found in Caucasian 
cohorts[9, 10], we analyzed six SNPs in a Chinese Han popula-
tion.  We observed an association between the rs10757278 
SNP and the occurrence of TAD in Chinese men.  Our results 
suggest that this polymorphism of the gene for a cyclin-depen-
dent kinase inhibitor plays an important role in susceptibility 
to TAD in a male Chinese Han subpopulation.  However, we 

Table 3.  Genotype distribution and allele frequency of all investigated single nucleotide polymorphisms (SNPs) in thoracic aortic dissection (TAD) 
patients and control subjects.  .

                                                     Genotype (%)                                                                           Genotype (%)
   dbSNP ID                                     Patients                                       MAF                                     Patients                                      MAF                P#              P↑

 
 rs819146     GG (3.9)   GT (29.8)   TT (66.3)    G=0.188     GG (5.0)   GT (35.0)   TT (60.0)     G=0.225      0.202    0.198
  rs8003379   CC (0.0)    CA (0.4)    AA (99.6)     C= 0.002    CC (0.0)    CA (1.1)    AA (98.9)     C=0.006      0.486      NA
  rs2853523   AA (4.4)    AC (32.0)  CC (63.6)    A=0.202     AA (3.9)    AC (31.8)  CC (64.3)     A=0.198      0.914    0.973
  rs326118     GG (3.4)   GT (24.3)   TT (72.3)     G=0.155     GG (3.9)   GT (25.0)   TT (71.1)     G=0.164      0.746    0.791
  rs3788205    TT (6.8)    TC (29.1)  CC (64.1)     T=0.214      TT (4.4)    TC (36.7)  CC (58.9)     T=0.223      0.220    0.296 
  rs10757278  GG (18.9) GA (50.8) AA (30.3)     G=0.444      GG (27.4) GA (48.0)  AA (24.6)    G=0.514      0.054    0.220 

#, according to the allelic test; ↑, according to the dominant model; MAF, minor allelic frequency (based on whole sample); NA, not applicable
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found that the other 5 SNPs that are associated with TAD in a 
Caucasian population were not associated with the disease in 
a Chinese population.

Homocysteine, a branch point intermediate of methionine 
metabolism, has been defined as a new modifiable risk factor 
for abdominal aortic aneurysm and other vascular diseases[15].  
Homocysteine may induce overproduction of oxidative 
radicals[16, 17] and activation of matrix metalloproteinase-2 
(MMP-2)[18], which are both key mechanisms for aortic aneu-
rysm formation[19, 20].  Several polymorphisms in genes coding 
for enzymes involved in methionine metabolism have been 
suspected to be associated with aortic aneurysm.  Recently, a 
study analyzing the contributions of 56 polymorphisms in 17 
genes involved in methionine metabolism on genetic suscepti-
bility to aortic aneurysm was performed.  It demonstrated that 
7 of these genetic variants are susceptibility factors for aortic 
aneurysm[9].  In the present study, we evaluated the association 
of 5 major SNPs identified in the above study in a Han Chi-
nese population with aortic dissection.  Elevated homocysteine 
in patients induces oxidative stress, activation of MMP-2 and 
other pathological stimuli that could contribute to aortic dis-
section[19].  However, no evidence for an association between 
these 5 polymorphisms and the TAD phenotype was detected 
either at the allele or at the genotype level.  Similarly, case-
control analysis with gender-stratified samples did not show a 
significant difference.  There are several possible explanations 
for this discrepancy.  First, the association between the tested 
SNPs involved in methionine metabolism and TAD formation 
may be ethnicity-specific.  Second, environmental factors, such 
as diet, may contribute to the discrepancy between the studies.  
For example, homocysteine derived from dietary methionine 
can be metabolized via two vitamin B pathways[21].  Thus, 
unequal dietary intake of methionine or vitamin B between 
Western and Chinese populations could contribute to different 
plasma homocysteine concentrations.  Third, the phenotype in 
our study population was TAD.  Compared with other stud-
ies on abdominal aortic aneurysm, TAD appeared to be more 
catastrophic and these dissections tended to rupture easily.  

Analysis of the SNP tagged as rs10757278, which is related 
to an inhibitor of cyclin-dependent kinase, failed to show an 
association between the sequence variant and TAD in total 

samples or in the female subset.  However, we demonstrated 
that for this SNP, a higher proportion of A allele carriers was 
found among male TAD patients (57.4%) than among male 
controls (46.1%, P=0.017).  This SNP is thus a susceptibility 
factor for TAD in a male Chinese Han subpopulation.  The 
reasons for this sex difference are not clear.  It is possible that 
hormonal factors, increased exposure to important risk factors, 
genetic susceptibility, or a combination of these variables may 
contribute to this phenomenon.  Our finding is interesting 
because the SNP rs10757278 has also been found to be associ-
ated with cardiovascular diseases (CAD)[11, 12, 22], diabetes[22], 
and intracranial aneurysm[23].  We have applied Bonferroni’s 
test to our data analyses.  The type I error in this type of asso-
ciation study is high, however, we still believe that rs10757278 
is a susceptibility factor for thoracic aortic dissection (TAD) in 
men in the Han Chinese population for several reasons.  First, 
it has been shown that rs10757278 is significantly associated 
with aortic aneurysm in an Icelandic population.  Second, the 
LD (linkage disequilibrium) block containing this SNP con-
tains two known cyclin-dependent kinase genes, CDKN2A 
and CDKN2B, as well as a large antisense non-coding RNA, 
ANRIL.  CDKN2A and CDKN2B encode the two cyclin-
dependent kinase inhibitors p16INK4a and p15INK4b, which 
are known to have critical roles in cell proliferation, aging, 
senescence and apoptosis[24, 25].  It is also known that the key 
mechanism for TAD formation is the proliferation, aging, 
senescence and apoptosis of smooth muscle cells.  In addition, 
ANRIL, which is 3 kb from rs10757278, has been shown to be 
expressed in cells and tissues involved in atherosclerosis[26], 
which is considered to be a major risk factor for TAD.  All of 
these observations may suggest the potential mechanism of 
rs10757278 involvement in the pathogenesis of TAD.  Together 
with previous evidence, our study indicates that rs10757278 is 
a positive SNP for TAD.

In conclusion, a potential association between 6 SNPs and 
risk of TAD was investigated in a Chinese Han population.  
We demonstrated that a sequence variant on 9p21, which was 
related to a cyclin-dependent kinase inhibitor, is an indepen-
dent susceptibility factor for TAD in a male Han Chinese sub-
population.

Table 4.  Differences in the distributions of rs10757278 genotypes and allele frequencies in the gender-stratified subsamples. 

                                                             Genotype counts (%)                                      Allele frequencies 
   dbSNP ID                     G/G                          G/A                           A/A                     G (%)             A (%)                   P#                      OR (95%)                    P↑

 
 Males
 TAD cases  27 (18.1) 73 (49.0) 49 (32.9) 42.6 57.4   

0.017 0.64 (0.44–0.92) 0.032 Controls  25 (27.8) 47 (52.2) 18 (20.0)  53.9 46.1 

 Females
 TAD cases  10 (21.7) 26 (56.6) 10 (21.7) 50.0 50.0   

0.861 1.05 (0.63–1.73) 0.352 Controls  24 (27.0) 39 (43.8) 26 (29.1) 48.9 51.1 

#, according to the allelic test; ↑, according to the dominant model; OR, estimated odds ratio (for minor allele).
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