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Abstract. Cerebrovascular disease is a leading cause of 
morbidity and mortality worldwide, which is influenced by 
genetic and environmental factors. The aim of the present 
study was to examine the association between single‑nucleo-
tide polymorphisms (SNPs) in Notch3 exons 3‑6 and lacunar 
infarction by comparing SNPs between control subjects and 
those with lacunar infarction. A single‑center case‑control 
study was conducted to investigate the association between 
Notch3 SNPs and risk of stroke. A total of 140 patients were 
included in the study, 30 of whom had no infarction (control) 
and 110 had lacunar infarction. Lacunar patients were divided 
into the ‘pure lacunar’ and ‘lacunar + leukoarasis’ groups 
based on brain imaging. All the patients were of Chinese 
Han ethnicity, and the male to female ratio was 84:56. Patient 
clinical histories included hypertension, diabetes mellitus 
(DM), hyperlipidemia, and heart disease were recorded. The 
Notch3 sequence was obtained from the National Centser for 
Biotechnology Information database. Notch3 was amplified 
by polymerase chain reaction from whole blood samples, 
and exons 3‑6 were sequenced to identify SNPs. The result 
showed that there was no significant difference in the preva-
lence of hypertension, DM, hyperlipidemia, and heart disease 
between the control and lacunar infarction patients. Notabley, 
the age of the lacunar + leukoarasis patients was significantly 
higher than that of the control and pure lacunar patients 
(P<0.05). Eight SNPs were detected at low frequencies, 
and only rs3815388 and rs1043994 exhibited slightly higher 
frequencies. A χ2 test indicated that Notch3 SNPs, particularly 
rs1043994, were associated with lacunar infarction (P<0.05). 
In conclusion, the result of the present study have shown that 
Notch3 SNPs, particularly rs1043994, are associated with 
lacunar infarction.

Introduction

Cerebrovascular disease (CVD) is a leading cause of morbidity 
and mortality worldwide (1) Hypertension, diabetes mellitus 
(DM), dyslipidemia, and smoking are risk factors for ischemic 
CVD (ICVD) (2-4). Atherosclerosis is the most common cause 
of ICVD (5), but gene mutations are also associated with this 
disease. CVD may result from genetic and environmental 
factors (6,7). Sickle cell anemia, Fabry disease, and cerebral 
autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL) are caused by single gene 
defects associated with ICVD (6-8). In particular, CADASIL is 
a small‑vessel disease that can cause stroke. The four cardinal 
features of CADASIL are aura, cerebrovascular ischemic 
events, mood disturbances and dementia. Lacunar ICVD is 
frequently associated with CADASIL and is found in ~85% of 
symptomatic CADASIL patients (9).

Notch3 mutations have been shown to cause CADASIL (10). 
Notch3 has 31  exons, although most of the mutations are 
located in exons 2‑24, which encode the extracellular domain 
(ECD) of the Notch3 receptor. Mutations in the parts of 
exons 3 and 4 that code for the first five epidermal growth 
factor‑like repeats (EGFRs) were present in  70% of the 
subjects with CADASIL (11). These mutations result in a gain 
or loss of cysteine residues in one of the 34 EGFRs in the ECD 
of the Notch3 protein, which are very important in vascular 
system development and maturity. Numerous polymorphisms 
have been identified in the coding sequence of Notch3, some 
of which have led to amino acid substitutions (10). However, 
whether these polymorphisms affect the Notch3 signaling 
pathway or are involved in CVD is unknown.

The aim of the present study was to examine the association 
between single‑nucleotide polymorphisms (SNPs) in Notch3 
exons 3‑6 and lacunar ischemic stroke (LIS). Blood samples 
were collected from the control subjects and those with LIS to 
analyze Notch3 exons 3‑6 to determine whether Notch3 SNPs 
are associated with lacunar ICVD.

Patients and methods

Ethics approval. The study protocol was approved by the 
Ethics Committee of Beijing Military General Hospital 
(Beijing, China). All the participants included in the study 
provided written informed consent.
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Patients. A total of 140 Chinese Han patients, including 110 
lacunar patients and 30 controls (>40 years old) admitted to 
the Department of Neurology, Military General Hospital of 
Beijing (Beijing, China) between June and December 2010 
were included in the study. Demographic factors (gender and 
age) were recorded. Subjects with LIS were enrolled, as were 
subjects without infarction (as controls). ICVD was confirmed 
by magnetic resonance imaging (MRI) or computed tomog-
raphy (CT) brain imaging.

Lacunar infarcts were defined as parenchymal defects with 
a signal intensity corresponding to that of the cerebrospinal 
fluid in all the sequences and were ≤15 mm in diameter, as 
determined by brain imaging (MRI or CT). Leukoaraiosis was 
defined as changes in white matter diffusion. These changes 
were observed on CT scans as bilateral patchy or diffuse areas 
of hypodensity with ill‑defined margins or hyperintensities on 
T2‑weighted MRI involving the periventricular and centrum 
semiovale white matter.

Clinical history. Clinical history of the participants included 
CVD, myocardial infarction, atrial fibrillation, hypertension, 
DM, and hyperlipidemia [hypercholesterolemia; high levels 
of triglycerides (TGs) and low‑density lipoprotein cholesterol 
(LDL‑C)]. Hypertension was defined as a mean blood pres-
sure of >140/90 mmHg or the use of an antihypertensive agent. 
DM was defined as a fasting glucose level of ≥6.1 mmol/l, 
random non‑fasting glucose level of ≥11.1 mmol/l, or the use of 
anti‑diabetic medication. Hypercholesterolemia was defined 
as a total serum cholesterol level of >5.6 mmol/l. High levels of 
TGs and LDL‑C were defined as total serum TG >1.7 mmol/l 
and total serum LDL‑C >2.7 mmol/l, respectively.

Brain imaging. MRI was conducted using a 3.0‑T  system 
(Discovery MR750; GE Healthcare, Waukesha, WI, USA). 
The brain imaging protocol (slice thickness, 5 mm; interslice 
thickness, 1.5  mm) employed the following parameters: 
T1 fluid‑attenuated inversion recovery images (TR, 1,750 msec; 
TE, 23 msec; TI, 780 msec; FOV, 24 cm) and T2‑weighted 
images (TR, 7,498 msec; TE, 105 msec; FOV, 24 cm). CT (GE 
LightSpeed VCT 64 system; GE Healthcare, Waukesha, WI, 
USA) was conducted at a slice thickness of 9 mm.

Gene analyses. To identify Notch3 SNPs, genomic DNA 
was obtained from blood using a Human Blood DNA kit 
(Qiagen, Hilden, Germany). DNA was stored at ‑20˚C prior to 

genotyping. The region of interest was amplified by polymerase 
chain reaction (PCR) to analyze the SNPs in Notch3 exons 3‑6.

The primers for exons 3 and 4 were: forward: 5'‑GTT 
TGCTGCTCTGTTTCCCTG‑3' and reverse: 5'‑GGCACA 
GTCGTAAGTGAGGT‑3'. PCR conditions consisted of one 
cycle of 10 min at 95˚C, 36 cycles of 30 sec at 94˚C and 1 min 
at 65˚C, followed by 30 min at 72˚C in a GeneAmp PCR 
system 2400 (PerkinElmer, Inc., Foster City, CA, USA). The 
PCR product was 656 base pairs. For the reverse reaction of 
exons 5 and 6, the primers used were: forward: 5'‑AGAAAA 
CGGCCACTCACCAG‑3' and reverse 5'‑ACACCGATGTCT 
CAATGGGG‑3', at an annealing temperature of 55˚C. The 
PCR product was 415 base pairs.

Direct sequencing of the PCR product was performed 
by a genomic company in Chongqing, China (Genemine 
Biotechnology Co., Ltd., Chongqing, China), and GeneTools 
software (Gene Tools, LLC, Philomath, OR, USA) was used to 
identify the SNPs. The position of the nucleotide sequence was 
based on the reference sequence obtained from the National 
Center for Biotechnology Information (NCBI) nucleotide 
database. The SNP database of the NCBI database was used 
(www.ncbi.nlm.nih.gov/SNP/).

Statistical analysis. Data were presented as mean ± SD. The 
differences in the genotype frequencies and other risk factors 
were analyzed by the χ2 test. Mean ages in the two groups 
and allele frequencies were compared using the independent 
samples t‑test. The χ2 tests were used to determine the rela-
tionship between the SNPs and LIS. Statistical analyses were 
conducted using SPSS v16.0 (SPSS, Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate statistically significant 
results.

Results

Patient demographics and disease characteristics. A total of 
110 LIS (67 males) and 30 control (17 males) patients partici-
pated in the study. LIS patients were sub‑classified as ‘pure 
lacunar’ or ‘lacunar + leukoaraiosis’. The age of the subjects 
in the lacunar + leukoaraiosis group (73.24±9.43 years) was 
significantly greater than that of the control (63.03±12.25 years) 
and pure lacunar (67.74±11.04 years) groups (P<0.05). The 
characteristics of the subjects are summarized in Table I.
Approximately 25.4% (n=28), 56.4% (n=62), and 31.8% (n=35) 
of subjects with LIS also had heart disease, hypertension, 

Table I. Clinical characteristics of included subjects.

Characteristics	 Control	 Lacunar	 Pure lacunar	 Lacunar + leukoaraiosis

Male:female	 17:13	 67:43	 53:27	 14:16
Age, years (mean ± SD)	 63.03±12.25	 69.05±10.89	 67.74±11.04	 73.24±9.43a

Hypertension, no. (%)	 12 (40.0)	 62 (56.4)	 42 (52.5)	 20 (66.6)
DM, no (%)	 11 (36.7)	 35 (31.8)	 23 (28.8)	 12 (40.0)
Heart disease, no. (%)	 10 (33.3)	 28 (25.4)	 20 (25.0)	 8 (26.6)
Hyperlipidemia, no. (%)	 6 (20.0)	 37 (33.6)	 28 (35.0)a	 9 (30.0)

aP<0.05. DM, diabetes mellitus; SD, standard deviation.
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and DM, respectively, whereas 33.3% (n=10), 40.0% (n=12), 
and 36.7% (n=11) of the control group had these risk factors, 
respectively. Significant differences were not observed in the 
two groups with regard to clinical history. Hyperlipidemia 
was observed in 33.6% (n=37) of subjects with lacunar ICVD 
and 20.0% (n=6) of individuals in the control group. This 
difference was not significant, although the rate of hyper
lipidemia in subjects with LIS (35.0%, n=28) was significantly 
higher than that in the control group (20.0%, n=6) (P<0.05).

Notch3 SNPs and LIS. A total of 37 SNPs were identified 
in Notch3 exons  3‑6. Of those SNPs, only rs146810942, 
rs135069047, rs3815188, rs202157633, rs142778401, 
rs1043994, rs2285981 and rs149307620 were present in the 
current study. Of these 8 SNPS, only rs3815188 and rs1043994 
were identified at higher frequencies. Thus, we only analyzed 
the association between LIS and the rs3815188 (Fig. 1) and 
rs1043994 (Fig. 2) SNPs. rs3815188 and rs1043994 were iden-
tified in exons 3 and 4, respectively (Table II).

The frequency of the TT genotype in rs3815188 was higher 
in the LIS group than in the control group, albeit this result 
was not statistically significant (P>0.05). However, we did 
not observe any association between the allelic frequency 
of rs3815188 and LIS. The frequency of the AG genotype in 
rs1043994 was higher in the lacunar + leukoaraiosis group 
than in the control group (P<0.05). The χ2 test revealed an 
association between rs1043994 allelic frequency and LIS.

SNP characteristics and clinical history. The association 
between rs3815188 and rs1043994 allelic frequencies and hyper-
tension, DM, hyperlipidemia, and heart disease were assessed, 
albeit no significant difference was observed (Table III).

We also found a new SNP located at chromosome posi-
tion 15302941(C588T) that was not included in the NCBI SNP 
database.

Discussion

CADASIL is a hereditary micro‑angiopathic condition that 
can cause stroke in young adults. It is a non‑atherosclerotic, 
non‑amyloid angiopathy that affects the small penetrating 
arteries in the white matter (12). The mean age at onset is 
approximately 45 years (range, 30‑70 years), and most isch-
emic stroke patients with CADASIL present with lacunar 
syndromes (pure motor stroke, pure sensory stroke, sensorim-
otor paralysis, ataxic hemiparesis, or dysarthria) (13). Notch3 
mutations are the main cause of CADASIL. Notch3 is located 
on chromosome 19q13.1‑13.2, and the Notch3 receptor protein 
is a single transmembrane protein (14) with intracellular and 
intercellular domains. Most mutations result in a gain or loss 
of cysteine residues in one of the 34 EGFRs in the ECD of 
the Notch3 protein. These changes subsequently affect small 
vessel structural integrity (15).

A number of SNPs were identified in the coding sequence 
of Notch3, some of which led to amino acid substitutions. In 

Figure 1. The rs3815188 CT (red arrow) single‑nucleotide polymorphism.

Figure 2. The rs1043994 AG (red arrow) single‑nucleotide polymorphism.
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Notch3 exons 3‑6, there are 37 SNPs, the majority of which do 
not lead to amino acid substitutions. However, whether these 
SNPs affect the vessel wall remains to be determined. We found 
that 8 SNPs were present in our patients, and for most of these, 
the frequency was low. Of these, only rs3815188 and rs1043994 
had higher frequencies, although they did not cause amino acid 
substitution. In lacunar patients, rs3815188TT frequency was 
higher than that in the pure lacunar and lacunar + leukoara-
iosis groups. Additionally, there was no significant difference 
in the rs3815188 frequency when compared to the control, as 
determined by the χ2 test. There were significant differences 
between the control and lacunar patients with respect to the 
rs1043994 frequency. However, in the lacunar + leukroarasis 
patients, rs1043994AG had a frequency higher than that in 
the control subjects. The χ2 test revealed that rs1043994 was 
significantly associated with LIS.

Previous findings (16,17) showed that some Notch3 SNPs 
had no association with CVD. However, these studies only 
analyzed 1 SNP, C381T, and the type of stroke was not identified. 
However, in another study (18) all of the common Notch3 SNPs 
(n=888), and 4 of these (rs1043994, rs10404382, rs10423702 
and rs1043997) were screened and found to be significantly 
associated with the presence and progression of white matter 
lesions. Our results are consistent with that study, showing that 
Notch3 mutations and SNPs are important for the integrity 
and function of small vessels. Additionally, findings of a large 
case‑control study of Chinese patients showed that individuals 
with a combination of MTHFR 677TT, ALOX5AP 2354AA, 

and NOTCH3 381TT/TC had a significantly higher risk of 
thrombotic stroke (19) (OR=3.165, 95% confidence interval: 
1.461‑6.858; P=0.003).

Moreover, in a study on CADASIL from Chinese patients 
it was identified that the mutational spectrum and primary 
clinical characteristics of patients with CADASIL were 
similar to those in Caucasians (20,21). However, migraine with 
aura and abnormal white matter in the temporal pole were less 
common than in Caucasians, while brainstem involvement 
was more common. That study revealed that Notch3 mutations 
in Chinese patients had different effects on vessels.

Our findings have shown that, although the 2 SNPs on 
Notch3 exons 3‑6 did not result in amino acid substitutions, the 
effect of these 2 SNPs on vascular development remains to be 
determined, although rs1043994 was associated with LIS. The 
Notch3 receptor participates in vessel development and matu-
ration (22). Notch receptor signaling is involved in the control 
of proliferation of smooth muscle cells (SMCs) and mainte-
nance of undifferentiated SMCs. In arteries, Notch3 protein is 
the predominant receptor in vascular SMCs, and signaling is 
initiated following binding to its ligand, Jagged1 (23). Notch3 
gene mutation results in arteriopathy and leukoencephalo
pathy (24). However, how ligand‑presenting strategies affect 
Notch signaling and subsequent upregulation of SMC differ-
entiation remain to be elucidated. If Notch3 abnormalities are 
detected earlier, it may be possible to prevent CVD.
No differences were identified with regard to Notch3 SNPs 
between the pure lacunar and lacunar  +  leukoaraiosis 

Table II. Genotype distributions.

Genotype	 Control, no. (%)	 Lacunar, no. (%)	 Pure lacunar, no. (%)	 Lacunar + leukoaraiosis, no. (%)

rs3815188
  CC	 15 (50)	 47 (42.7)	 34 (42.5)	 13 (43.3)
  TT	 1 (3.3)	 22 (20.0)	 16 (20.0)	 6 (20.0)
  CT	 14 (46.7)	 41 (37.3)	 30 (37.5)	 11 (36.7)
rs1043994a	
  AA		  5 (4.5)	 5 (6.3)	
  GG	 21 (70.0)	 76 (69.1)	 62 (77.5)	 14 (46.7)
  AG	 9 (30.0)	 29 (26.4)	 13 (16.3)	 16 (53.3)b

aχ2 test, P<0.05; bP<0.05.

Table III. SNP characteristics and clinical history.

	 rs3815388, no. (%)	 rs1043994, no. (%)
	 ------------------------------------------------------------------------------------------------------	 -----------------------------------------------------------------------------------------------
Characteristics	 CC	 TT	 CT	 AA	 GG	 AG

Hypertension	 33 (44.6)	 13 (17.6)	 28 (37.8)	 1 (1.4)	 55 (74.3)	 18 (24.3)
DM	 18 (39.1)	 7 (15.2)	 21 (45.7)	 0	 34 (73.9)	 12 (26.1)
Hyperlipidemia	 21 (48.8)	 10 (23.3)	 12 (27.9)	 2 (4.6)	 31 (72.1)	 10 (23.3)
Heart disease	 15 (39.5)	 4 (10.5)	 19 (50.0)	 2 (5.2)	 27 (71.1)	 9 (23.7)

SNP, single‑nucleotide polymorphism; DM, diabetes mellitus.
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groups. The prevalence of hypertension was greater in the 
lacunar +  leukoaraiosis group than that in the control and 
pure lacunar groups, suggesting that hypertension is an 
important factor in small‑vessel disease. The mean age of the 
lacunar + leukoaraiosis group was higher than that of the pure 
lacunar and control groups (P<0.05). Thus, age may be another 
risk factor for leukoaraiosis. rs1043994AG had a higher 
frequency in the lacunar + leukoaraiosis group than that in the 
control and pure lacunar groups, suggesting that this gene type 
is important for small vessels.

The primary limitation of this study was the low number 
of participants (especially in the control group). Additional 
studies conducted in larger populations are required to confirm 
our findings. Additionally, we did not study SNPs from whole 
Notch3 sequences, which is imperative to elucidate the asso-
ciation between the Notch3 SNPs and lacunar infarctions. 
The mechanism by which Notch3 SNPs affects small vessels 
should also be investigated.

In conclusion, the results of the present study suggest that 
Notch3 SNPs are likely to be associated with lacunar infarc-
tion. In particular, we found that rs1043994 was associated 
with lacunar infarctions.
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