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Abstract

Background: Hypercholesterolemia is a major risk factor for coronary artery disease (CAD). As Numb is an important
regulating factor for intestinal cholesterol absorption and plasma cholesterol level, the aim of the present study is to
assess the association between human Numb gene polymorphism and CAD among Han and Uighur Chinese.

Methods: We have conducted two independent case–control studies in Han Chinese (384 CAD patients and 433
controls) and Uighur Chinese (506 CAD patients and 351 controls) subjects. All subjects were genotyped for four kinds
of SNPs (rs12435797, rs2108552, rs1019075 and rs17781919) and SNP is used as a genetic marker for human Numb
gene. Genotyping was undertaken using TaqMan SNP genotyping assay, and the subjects’ ethnicity and gender were
considered in the analysis.

Results: We found that rs2108552 was associated with CAD in the dominant model (CC vs CG + GG) for the total Han
Chinese population (n = 200) and Han Chinese males (n = 115) (P = 0.004 and P = 0.001, respectively). The difference
remained statistically significant after multivariate adjustment (total: OR = 1.687, P = 0.004; male: OR = 1.498, P = 0.006).
Further, for the total (n = 817) and male (n = 490) Han Chinese, the frequency of the haplotype (T-C-T-C) was
significantly higher in the CAD patients than in the controls (P = 0.004 and P = 0.002), and the frequency of the
haplotype (G-G-T-C) was significantly lower in the CAD patients than in the control subjects (P = 0.013, P = 0.007).
In addition, for the total (n = 857) and male (n = 582) Uighur Chinese, we observed that rs12435797 was associated
with CAD in an additive and recessive model (P = 0.021 and P = 0.009; P = 0.048 and P = 0.034). However, the difference
did not remain statistically significant after multivariate adjustment. The overall distribution of rs2108552, rs1019075 and
rs17781919 genotypes, alleles and the frequency of the haplotype established by four SNPs showed no significant
difference between CAD patients and control subjects in the total, male and female Uighur Chinese.

Conclusions: The results of this study indicate that CC genotype of rs2108552 and T-C-T-C haplotypes in Numb gene
is a possible risk genetic marker and G allele and G-G-T-C haplotypes is a possible protective genetic marker for CAD in
male Han Chinese.
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Introduction
Cholesterol is an important structural component of cell
membranes, and a precursor for bile acids, vitamin D, and
steroid hormone [1]. Accumulative studies have estab-
lished that the high concentration of blood cholesterol
level is closely related to an increase risk of Coronary Ar-
tery Disease (CAD), which is becoming increasingly
prevalent and is a leading cause of death in developed
countries [2–4]. In addition, to environmental factors,
plasma cholesterol level is also influenced by genetic fac-
tors such as single nucleotide polymorphisms (SNPs) [5].
Cholesterol homeostasis is mainly maintained by

denovo synthesis, intestinal absorption, and biliary and
fecal excretion in the human body. Studies have shown
that elevated plasma cholesterol level can be reduced
by inhibiting exogenous cholesterol absorption, and
therefore prevent the development of atherosclerotic
cardiovascular disease [6–9].
There are several genes such as that encoding Niemann-

Pick C1-Like 1 (NPC1L1) protein [10, 11] that are involved
with intestinal cholesterol pathway [12–17]. Further, the
role of NPC1L1 in cholesterol abosorption is mainly attrib-
uted to the clathrin-dependent endocytosis [18, 19]. Pei
Shan Li et al. [20] has revealed that there exists an inter-
action between clathrin adaptor Numb and NPC1L1 dur-
ing the regulation of cholesterol absorption. They have also
found that Numb recognizes the particular endocytic motif
(YVNXXF) in C-terminal of NPC1L1, finishes the internal-
ization by recruiting clathrin/AP2, and transports choles-
terol to endocytic recycling compartment (ERC) through
microfilaments.
Numb is a member of clathrin-associated sorting pro-

teins, and combines with several other endocytic pro-
teins [21–24]. The gene is located on chromosome
14q24.3 that encodes two important domains. One of
them is phosphotyrosine-binding (PTB) domain and an-
other one is proline-rich region (PRR) domain [25–28].
Among four different protein isoforms of Numb which
are p71 (PTBSPRRL), p65 (PTBSPRRS), p72 (PTBLPRRL)
and p66 (PTBLPRRS), only isoform p71 and p65 with
shorter PTB domains directly combine with NPC1L1 and
stimulate NPC1L1 endocytosis.
Jian Wei et al. [29] confirmed that there was a remark-

able correlation between Numb polymorphism G595D
(rs17781919) and low concentration of LDL-C among
humans. Besides, Jian Wei et al. believe that rs17781919 in-
fluences Numb activity during NPC1L1 internalization and
reduces cholesterol absorption. In addition, it is generally
accepted that a low concentration of LDL-C in plasma is
an important factor for delaying the development of ath-
erosclerotic cardiovascular disease.
No case–control studies have been conducted to assess

the association between Numb gene and CAD. Therefore,
the aim of this study is to clarify the relationship between
polymorphism of gene Numb and CAD in Han Chinese
and Uighur Chinese.

Materials and methods
Subjects
All patients with CAD and control subjects were recruited
from The First Affiliated Hospital of Xinjiang Medical
University from January 2007 to December 2013. Han
Chinese patients and Uighur Chinese patients were stud-
ied independently. CAD group included 384 Han Chinese
patients and 506 Uighur Chinese patients, and the control
group included 433 Han Chinese and 351 Uighur Chinese.
CAD was defined as the presence of at least one signifi-
cant coronary artery stenosis with more than 50 % luminal
diameter on coronary angiography. Control subjects also
underwent a coronary angiogram, and were confirmed to
be free of coronary artery stenosis. Moreover, these sub-
jects did not show clinical or electrocardiogram evidence
of myocardial infarction (MI) or CAD as described previ-
ously [30, 31]. However, some control subjects had cardio-
vascular risk factors such as essential hypertension (EH),
diabetes mellitus (DM) or hyperlipidemia, but they had no
history of MI or CAD. All information and data regarding
EH, DM, hyperlipidemia and smoking were collected from
all study subjects, and they were matched between two
CAD and control cohorts individually. Hypertension was
established if patients were on antihypertensive medica-
tion or if the mean of 3 measurements of systolic blood
pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) >90 mmHg, respectively. Diabetes mellitus was di-
agnosed according to the criteria of the American
Diabetes Association. Hyperlipidemia was defined as a
total plasma cholesterol > 6.22 mmol or plasma triglycer-
ides >2.26 mmol and /or the current use of lipid-lowering
drugs with an established diagnosis of hyperlipidemia.
Smoking status was dichotomized as smokers (current
and ex-smokers) or non-smokers [32]. CAD patients and
control subjects were free of impaired malignancy, con-
nective tissue disease, renal function, valvular disease and
chronic inflammatory disease.

Anthropometric and biochemical variables measurement
Height and body weight were measured as described
previously [33], and body mass index (BMI) was calcu-
lated by dividing the weight in kilogram to the square of
height in meter. Further, WHO Asia-Pacific Area criter-
ion- BMI ≥25 kg/m2 was used to define obesity as de-
scribed previously [33]. Finally, blood urea nitrogen
(BUN), creatinine (Cr), uric acid, total cholesterol (TC),
triglyceride (TG), low density lipoprotein-cholesterol
(LDL-C), and high density lipoprotein-cholesterol (HDL-
C) were measured by using chemical analysis equipment
(Dimension AR/AVL Clinical Chemistry System, Newark,
NJ) in Clinical Laboratory Department of The First
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Affiliated Hospital of Xinjiang Medical University [34,
35]. Friedewald formula was used in the calculation
of very low density lipoprotein (VLDL) [36] as shown
in the following: VLDL = 1/5 of plasma TG level
(mmol/L). TG < 4 mmol/L is required for the formula
as a cut off and the reference value for VLDL is
0.11–0.34 in our study.

Ethical approval of the study protocol
All participants have given their written informed con-
sent and explicit permission for DNA analysis as well as
for the collection of relevant clinical data. This study
was approved by the Ethics Committee of The First
Affiliated Hospital of Xinjiang Medical University
(Urumqi, China) and was conducted by strictly following
the requirements of the Declaration of Helsinki.

SNP selection
The human Numb gene consists of 651 amino acids
and is located on chromosome 14q24.3.It contains 13
exons which are further separated by 12 introns. There
are 3781 different kinds of SNPs of human Numb gene
as listed in theNational Center for Biotechnology Infor-
mation SNP database (http://www.ncbi.nlm.nih.gov/
snp). For this current study, we have screened the
HapMap phase I& II database and Haploview 4.0 soft-
ware for the tag SNPs of Numb gene and selected three
SNPs (rs2108552, rs12435797, and rs1019075). Each of
them conforms to the standards of minor allele fre-
quency (MAF) ≥0.1 and linkage disequilibrium patterns
with r2 ≥ 0.8 as a cut-off [30]. Meanwhile, we also in-
cluded rs17781919 from the Numb gene which was as-
sociated with LDL-C [29]. rs2108552, rs12435797, and
rs1019075 are located in intron. rs17781919 is located
in exon13, and had a non-synonymous substitution
amino acid change, which is defined by an C-to-T
nucleotide substitution that leads to an exchange of
Glycine by Aspartic acid at amino acid position 595.
The position of the four SNPs (rs12435797, rs2108552,
rs1019075 and rs17781919) was by order of increasing
distance from the Numb gene 5`end (Fig. 1).

Genotyping
Blood samples were taken from all participants by using
anticoagulant ethylene diamine tetraacetic acid (EDTA)
tube, and standard phenol-chloroform method was used
to extract genomic DNA from peripheral leukocytes [37].
Samples were stored at −80 °C until use. DNA was diluted
to 50 ng/μL concentration for real time PCR. Further,
genotyping was undertaken by using TaqMan® SNP Geno-
typing Assay (Applied Biosystems) [38]. The probes and
primers used in TaqMan®SNP Genotyping Assays (ABI)
were selected according to the information on ABI web-
site (http://www.appliedbiosystems.com). Allele-specific
fluorogenic probes were hybridised to the template in the
first step of the 5′ nuclease assay. During the polymerase
chain reaction (PCR), the 5′ nuclease activity of the Taq
polymerase made it possible for discrimination. In
addition, the probes include a 3′ minor groove binding
group that hybridises to single-stranded targets and has
greater sequence specificity when compared to the original
DNA probes. This reduces nonspecific probe hybridization
which leads to low background fluorescence for the 5′ nu-
clease PCR assay (TaqMan; Applied Biosystems). Cleavage
results in the increased emission of a reporter dye. Two
unlabeled PCR primers and two allele-specific probes were
required for each 5′ nuclease assay. At the 5′ end, each
probe is labeled with two reporter dyes. In the present
study, VIC and FAM were used as the reporter dyes. Fi-
nally, PCR amplification was performed by using 1 μL of
DNA, 3 μL of TaqMan Universal Master Mix, 1.95 μL
ddH2O, and 0.05 μL TaqMan SNP Genotyping Assay Mix
(40×) containing a 331.2nM final concentration of primers
and a 73.6nM final concentration of the probes. In
addition, thermal cycling conditions for PCR amplifi-
cation were 95 °C for 10 min, 45 cycles of 95 °C for
10 s and 60 °C for 1 min. Moreover, thermal cycling
was undertaken by using Applied Biosystems7900HT
Standard Real-Time PCR System, and all 96 well plates
were read according to Sequence Detection Systems
(SDS) automation controller software v2.3 (ABI).
Statistical analysis
All statistical analyses were performed via using SPSS
16.0 software for Windows (SPSS Institute, Chicago, IL,
USA). All continuous variables were expressed via
mean ± standard deviation and the differences in continu-
ous variables between CAD patients and control subjects
were compared by using an independent-sample T-test.
Further, Chi square analysis was used to test the deviations
of genotype distribution from the Hardy-Weinberg equi-
librium and to determine the differences of allele or geno-
type frequencies between patients and controls. Finally,
logistic regression analyses with effect ratios (odds ratio
[OR] and 95 % CI [confidence interval]) were used to as-
sess the contribution of the major risk factors.

Based on the genotype data of the genetic variations,
we performed haplotype-based case–control analyses
using the expectation maximization algorithm and the
software SNPAlyze version 3.2 (Dynacom, Yokohama,
Japan). The SHEsis platform was used to verify reliability
for SNPAlyze [38]. In the haplotype-based case–control
analysis, haplotypes with a frequency of < 0.03 were
excluded. The frequency distribution of the haplo-
types was calculated by performing a permutation test
using the bootstrap method. P < 0.05 was considered
to statistically significant.

http://www.ncbi.nlm.nih.gov/snp
http://www.ncbi.nlm.nih.gov/snp
http://www.appliedbiosystems.com


Fig. 1 Structure of the human Numb gene. This gene consists of 13 exons separated by 12 introns. Boxes indicate exons, and lines indicate
introns and intergenic regions. Arrows mark the locations of polymorphisms
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For the analysis to succeed, all variants should be lo-
cated in one haplotype block, which is indicated by a large
|D'| value between each SNP (near 1). When the r2 values
are large (near 1) for the pairwise variants, one variant is
not needed. The LD analysis was performed using four
SNP pairs. We used |D'| values of > 0.25 to assign SNP
locations to one haplotype block. SNPs with an r2 value >
0.5 were selected as tagged.
Dominant (common allele homozygotes coded as 1

and heterozygotes and recessive allele homozygotes as
2); recessive (recessive allele homozygotes as 1, common
allele homozygotes and heterozygotes coded as 2) and
additive (heterozygotes as 1, recessive allele homozy-
gotes and common allele homozygotes coded as 2)
models were considered in the Chi square analysis.

Results
Characteristics of included subjects
The two study cohorts included a total of 1674 subjects
(1072 male and 602 female). There were 384 Han Chinese
CAD patients (270 male and 114 female) and 506 Uighur
Chinese CAD patients (369 male and 137 female). 433
Han (220 male and 213 female) and 351 Uighur individ-
uals (213 male and 138 female) were included as controls.
All subjects were recruited from out-patient and in-
patient departments of The First Affiliated Hospital of
Xinjiang Medical University from January 2007 to
December 2013.

Results of outcome measures

(1)Clinical and metabolic characteristics of the subjects
i. In Han Chinese, BMI (Body Mass Index), plasma
concentration of glucose (Glu), triglyceride (TG),
total cholesterol (TC), low density lipoprotein-
cholesterol (LDL-C), very low density lipoprotein
(VLDL),prevalence of DM, hyperlipidemia and
smoking was statistically higher in patients with
CAD when compared to control subjects
(Table 1).

ii. In Uighur Chinese, BMI, plasma concentration
of Glu, BUN, TC, TG, LDL-C, VLDL, HDL-C,
prevalence of EH, DM, hyperlipidemia and
smoking was significantly higher in CAD patients
in comparison to controls (Table 2).

(2)The distribution of genotypes and alleles of SNP1
(rs12435797), SNP2 (rs2108552), SNP3 (rs1019075)
and SNP4 (rs17781919) of Numb gene analysis are
shown among Han Chinese and Uighur Chinese in
Tables 3 and 4. The distributions of genotypes for
four kinds of SNPs were in good agreement with
the predicted Hardy-Weinberg equilibrium values
(data not shown).

i. In the total sample of Han Chinese subjects and in
Han Chinese males, the overall distribution of
SNP2 (rs2108552) genotypes showed a significant
difference between CAD and control participants
(P = 0.013 and P = 0.003, respectively) (Table 3).
In addition, the dominant model and alleles of
SNP2 in the total and male group showed a
significant difference between CAD and control
subjects (P = 0.004 and P = 0.001; P = 0.007 and
P = 0.003, respectively). The distribution of the
dominant model (CC vs CG + GG) of SNP2 was
significantly higher among CAD patients (total:
29.2 %; male: 29.3 %) compared to control
subjects (total: 20.5 %; male: 16.4 %). Moreover,
C allele frequency of SNP2 was also significantly
higher among CAD patients (total: 53.55 %;
male: 53.90 %) when compared to control
subjects (total: 46.70 %; male: 44.05 %) (Table 3).

ii. For total Han Chinese, the overall distribution of
SNP3 (rs1019075) genotype, recessive, additive
model and alleles showed a significant difference



Table 1 Characteristics of subjects (Han Chinese)

Total Male Female

CAD patients Control subjects P Value CAD patients Control subjects P Value CAD patients Control subjects P Value

Number(n) 384 433 270 220 114 213

Age(years) 59.65 ± 0.501 58.91 ± 0.470 0.284 58.13 ± 0.563 58.86 ± 0.618 0.427 58.25 ± 0.714 58.95 ± 0.589 0.335

BMI(kg/m2) 26.03 ± 0.167 25.22 ± 0.151 0.000* 26.34 ± 0.194 25.33 ± 0.212 0.010* 26.29 ± 0.315 25.12 ± 0.232 0.000*

Glu(mmol/L) 6.58 ± 0.162 5.48 ± 0.111 0.000* 6.22 ± 0.211 6.07 ± 0.196 0.000* 6.18 ± 0.200 5.77 ± 0.146 0.000*

BUN(mmol/L) 5.65 ± 0.102 5.19 ± 0.091 0.001* 5.71 ± 0.227 5.27 ± 0.121 0.087 5.16 ± 0.142 5.51 ± 0.145 0.129

TG(mmol/L) 2.43 ± 0.084 1.99 ± 0.067 0.000* 2.46 ± 0.105 2.02 ± 0.090 0.003* 2.35 ± 0.134 1.96 ± 0.107 0.027*

TC(mmol/L) 4.55 ± 0.067 4.23 ± 0.064 0.001* 4.53 ± 0.083 4.28 ± 0.090 0.004* 4.59 ± 0.111 4.19 ± 0.088 0.009*

LDL-C(mmol/L) 2.73 ± 0.045 2.56 ± 0.038 0.009* 2.75 ± 0.057 2.60 ± 0.061 0.030* 2.59 ± 0.074 2.52 ± 0.047 0.008*

HDL-C(mmol/L) 1.14 ± 0.031 1.12 ± 0.025 0.636 1.16 ± 0.042 1.12 ± 0.051 0.577 1.11 ± 0.031 1.12 ± 0.028 0.726

VLDL (mmol/L) 0.49 ± 0.017 0.40 ± 0.014 0.000* 0.49 ± 0.022 0.40 ± 0.019 0.003* 0.47 ± 0.028 0.39 ± 0.028 0.027*

DM(%) 143(66.6 %) 72(33.4 %) 0.000* 163(74.1 %) 36(25.9 %) 0.000* 40(52.6 %) 36(47.4 %) 0.000*

EH(%) 221(52.2 %) 201(47.8 %) 0.030* 145(60.4 %) 95(39.6 %) 0.024* 53(35.3 %) 47(64.7 %) 0.991

Hyperlipidemia(%) 136(54.8 %) 112(45.2 %) 0.000* 165(53.9 %) 141(46.1 %) 0.012* 79(37.3 %) 133(62.7 %) 0.040*

Smoking(%) 287(59.8 %) 193(40.2 %) 0.000* 170(57.2 %) 127(42.8 %) 0.000* 120(61.9 %) 74(38.1 %) 0.000*

BMI body mass index, Glu glucose, BUN blood urea nitrogen, TG triglyceride, TC total cholesterol, LDL-C low density lipoprotein-cholesterol, HDL-C high density
lipoprotein-cholesterol, VLDL very low density lipoprotein, DM diabetes mellitus, EH essential hypertension. Continuous variable were expressed as mean ±
standard error of mean (SEM). P value of continuous variables was calculated by independent T-test. The P value of categorical variable was calculated by
Fisher’s exact test. *P < 0.05
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between CAD patients and control subjects
(P = 0.041, P = 0.016, P = 0.015, and P = 0.045,
respectively) (Table 3). In addition, the recessive
and additive model of SNP3 in males showed a
significant difference between CAD patients and
control subjects (P = 0.030, P = 0.020,
e 2 Characteristics of subjects (Uighur Chinese)

Total Male

CAD patients Control subjects P Value CAD patients Co

er(n) 506 351 369 213

ears) 54.44 ± 0.407 53.37 ± 0.508 0.120 53.94 ± 0.502 53.

g/m2) 27.99 ± 0.183 26.96 ± 0.273 0.001* 27.39 ± 0.189 25.

mol/L) 6.81 ± 0.108 6.35 ± 0.147 0.001* 6.73 ± 0.124 6.4

mol/L) 5.68 ± 0.137 6.28 ± 0.281 0.030* 5.76 ± 0.171 6.3

mol/L) 2.47 ± 0.060 2.19 ± 0.093 0.009* 2.46 ± 0.097 2.4

mol/L) 4.57 ± 0.101 3.82 ± 0.088 0.000* 4.61 ± 0.111 3.8

(mmol/L) 2.77 ± 0.043 2.62 ± 0.050 0.010* 2.81 ± 0.048 2.7

(mmol/L) 0.92 ± 0.019 1.22 ± 0.062 0.001* 0.91 ± 0.021 1.2

(mmol/L) 0.49 ± 0.012 0.44 ± 0.019 0.009* 0.49 ± 0.012 0.4

) 174(64.2 %) 97(35.8 %) 0.030* 119(65.0 %) 64(

) 250(54.1 %) 212(45.9 %) 0.002* 162(55.7 %) 129

rlipidemia(%) 262(67.9 %) 212(45.9 %) 0.000* 187(68.8 %) 85(

ing(%) 385(66.7 %) 192(33.2 %) 0.000* 309(68.2 %) 144

ody mass index, Glu glucose, BUN blood urea nitrogen, TG triglyceride, TC total chole
otein-cholesterol, VLDL very low density lipoprotein, DM diabetes mellitus, EH esse
ard error of mean (SEM). P value of continuous variables was calculated by indepe
’s exact test. *P < 0.05
respectively). The distribution of the recessive
model (TT vs CT + CC) of SNP3 was significantly
higher in CAD patients (total: 67.3 %; male:
66.8 %) compared to control subjects (total:
59.0 %; male: 56.9 %). Further, C allele frequency
of SNP3 was significantly lower in CAD patients
Female

ntrol subjects P Value CAD patients Control subjects P Value

137 138

17 ± 0.617 0.336 53.52 ± 0.710 53.21 ± 0.770 0.220

39 ± 0.321 0.000* 26.63 ± 0.413 25.38 ± 0.406 0.000*

5 ± 0.159 0.000* 6.89 ± 0.218 6.16 ± 0.206 0.004*

6 ± 0.242 0.030* 5.48 ± 0.185 6.14 ± 0.339 0.100

3 ± 0.080 0.000* 2.49 ± 0.133 1.85 ± 0.094 0.000*

4 ± 0.110 0.109 4.51 ± 0.191 3.78 ± 0.126 0.003*

0 ± 0.059 0.000* 2.69 ± 0.076 2.50 ± 0.071 0.040*

4 ± 0.045 0.000* 0.94 ± 0.033 1.20 ± 0.043 0.010*

8 ± 0.027 0.000* 0.50 ± 0.027 0.37 ± 0.020 0.000*

35.0 %) 0.000* 55(62.5 %) 33(37.5 %) 0.000*

(44.3 %) 0.000* 88(51.5 %) 83(48.5 %) 0.535

35.0 %) 0.000* 75(65.8 %) 39(34.2 %) 0.000*

(31.8 %) 0.000* 76(61.3 %) 48(38.7 %) 0.001*

sterol, LDL-C low density lipoprotein-cholesterol, HDL-C high density
ntial hypertension. Continuous variable were expressed as mean ±
ndent T-test. The P value of categorical variable was calculated by



Table 3 Genotype and allele distributions in patients with CAD and control subjects (Han Chinese)

Total Male Female

CAD n (%) Control n (%) P value CAD n (%) Control n (%) P value CAD n (%) Control n (%) P value

rs12435797 Genotype T/T 173(45.6) 185(43.6) 0.378 125(47.2) 94(43.5) 0.436 48(42.1) 91(43.8) 0.924

(SNP1) G/G 38(10.1) 56(13.2) 22(8.3) 25(11.6) 16(14.0) 31(14.9)

G/T 168(44.3) 183(43.2) 118(44.5) 97(44.9) 50(43.9) 86(41.3)

Dominant model TT 173(45.6) 185(43.6) 0.570 125(47.2) 94(43.5) 0.462 48(42.1) 91(43.8) 0.815

GT + GG 206(54.4) 239(56.4) 140(52.8) 122(56.5) 66(57.9) 117(56.2)

Recessive model GG 38(10.1) 56(13.2) 0.187 22(8.3) 25(11.6) 0.280 16(14.0) 31(14.9) 0.871

GT + TT 341(89.9) 368(86.8) 243(91.7) 191(88.4) 98(86.0) 177(85.1)

Additive model GT 168(44.3) 183(43.20) 0.776 118(44.5) 97(44.9) 1 50(43.9) 86(41.3) 0.724

TT + GG 211(55.7) 241(56.80) 147(55.5) 119(55.1) 64(56.1) 122(58.7)

Allele T 514(67.75) 553(65.20) 0.290 368(69.45) 285(65.95) 0.267 146(64.05) 268(64.45) 0.932

G 244(32.25) 295(34.80) 162(30.55) 147(34.05) 82(35.95) 148(35.55)

rs2108552 Genotype C/C 112(29.2) 88(20.5) 0.013* 79(29.3) 36(16.4) 0.003* 33(28.9) 52(24.8) 0.724

(SNP2) G/G 85(22.1) 116(27.1) 58(21.5) 62(28.3) 27(23.7) 54(25.7)

C/G 187(48.7) 225(52.4) 133(49.2) 121(55.3) 54(47.4) 104(49.5)

Dominant model CC 112(29.2) 88(20.5) 0.004* 79(29.3) 36(16.4) 0.001* 33(28.9) 52(24.8) 0.430

CG + GG 272(70.8) 341(79.5) 191(70.7) 183(83.6) 81(71.1) 158(75.2)

Recessive model GG 85(22.1) 116(27.1) 0.122 58(21.5) 62(28.3) 0.091 27(23.7) 54(25.7) 0.788

CG + CC 299(77.9) 313(72.9) 212(78.5) 157(71.7) 87(76.3) 156(74.3)

Additive model CG 187(48.7) 225(52.4) 0.293 133(49.2) 121(55.3) 0.203 54(47.4) 104(49.5) 0.728

CC + GG 197(51.3) 204(47.6) 137(50.7) 98(44.7) 60(52.6) 106(50.5)

Allele C 411(53.55) 401(46.7) 0.007* 291(53.9) 193(44.05) 0.003* 120(52.6) 208(49.55) 0.460

G 357(46.45) 457(53.3) 249(46.1) 245(55.95) 108(47.4) 212(50.45)

rs1019075 Genotype C/C 21(5.5) 24(5.6) 0.041* 12(4.5) 9(4.1) 0.060 9(7.9) 15(7.2) 0.351

(SNP3) T/T 257(67.3) 252(59.0) 179(66.8) 124(56.9) 78(68.4) 128(61.2)

C/T 104(27.2) 151(35.4) 77(28.7) 83(39.0) 27(23.7) 66(31.6)

Dominant model CC 21(5.5) 24(5.6) 1 12(4.5) 9(4.1) 1 9(7.9) 15(7.2) 0.827

CT + TT 361(94.5) 403(94.4) 256(95.5) 209(95.9) 105(92.1) 194(92.8)

Recessive model TT 257(67.3) 252(59.0) 0.016* 179(66.8) 124(56.9) 0.030* 78(68.4) 128(61.2) 0.226

CT + CC 125(32.7) 175(41.0) 89(33.2) 94(43.1) 36(31.6) 81(38.8)

Additive model CT 104(27.2) 151(35.4) 0.015* 77(28.7) 83(39.0) 0.020* 27(23.7) 66(31.6) 0.158

CC + TT 278(72.9) 276(64.6) 191(71.3) 133(61.0) 87(76.3) 143(68.4)
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Table 3 Genotype and allele distributions in patients with CAD and control subjects (Han Chinese) (Continued)

Allele C 146(19.1) 199(23.3) 0.045* 101(18.85) 101(23.6) 0.081* 45(19.75) 96(23.0) 0.371

T 618(80.9) 655(76.7) 435(81.15) 341(76.4) 183(80.25) 322(77.0)

rs17781919 Genotype C/C 384(100.0) 429(99.89) 1 270(100.0) 220(100.0) 1 114(100.0) 209(99.5) 1

(SNP4) C/T 0(0.0) 1(0.2) 0(0.0) 0(0.0) 0(0.0) 1(0.5)

Allele C 768(100.0) 859(99.9) 1 540(100.0) 440(100.0) 1 228(100.0) 419(99.8) 1

T 0(0.0) 1(0.1) 0(0.0) 0(0.0) 0(0.0) 1(0.2)

CAD coronary artery disease. The P value of genotype was calculated by Fisher’s exact test. *P <0.05
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Table 4 Genotype and allele distributions in patients with CAD and control subjects (Uighur Chinese)

Total Male Female

CAD n (%) Control n (%) P value CAD n (%) Control n (%) P value CAD n (%) Control n (%) P value

rs12435797 (SNP1) Genotype T/T 92(18.8) 72(20.6) 0.052 70(19.6) 45(21.2) 0.062 22(16.7) 27(19.6) 0.479

G/G 135(27.6) 119(34.0) 101(28.2) 77(36.3) 34(25.8) 42(30.4)

G/T 263(53.6) 159(45.4) 187(52.2) 90(42.5) 76(57.6) 69(50.0)

Dominant model TT 92(18.8) 72(20.6) 0.537 70(19.6) 45(21.2) 0.438 22(16.7) 27(19.6) 1

GT + GG 398(81.2) 278(79.4) 288(81.4) 167(78.8) 110(83.3) 111(80.4)

Recessive model GG 135(27.6) 119(34.0) 0.048* 101(28.2) 77(36.3) 0.034* 34(25.8) 42(30.4) 0.371

GT + TT 355(72.4) 231(66.0) 257(71.8) 135(63.7) 98(74.2) 96(69.6)

Additive model GT 263(53.6) 159(45.4) 0.021* 187(52.2) 90(42.5) 0.009* 76(57.6) 69(50.0) 0.357

TT + GG 227(46.4) 191(55.6) 171(47.8) 112(57.5) 56(42.4) 69(50.0)

Allele T 447(45.6) 303(43.3) 0.370 334(45.7) 180(42.45) 0.340 120(45.5) 123(44.6) 0.623

G 533(54.3) 397(56.7) 389(54.3) 244(57.55) 144(54.5) 153(55.4)

rs2108552 Genotype C/C 50(10.2) 31(8.8) 0.556 40(11.2) 20(9.4) 0.596 10(7.5) 11(8.0) 0.613

(SNP2) G/G 209(42.5) 159(45.6) 154(43.0) 95(44.8) 55(41.0) 64(46.7)

C/G 233(47.4) 159(45.6) 164(45.8) 97(45.8) 69(51.5) 62(45.3)

Dominant model CC 50(10.2) 31(8.8) 0.628 40(11.2) 20(9.4) 0.466 10(7.5) 11(8.0) 1

CG + GG 442(89.8) 318(91.2) 318(88.8) 182(91.6) 114(92.5) 126(92.0)

Recessive model GG 209(42.5) 159(45.6) 0.357 154(43.0) 95(44.8) 0.347 55(41.0) 64(46.7) 0.926

CG + CC 283(57.5) 190(54.4) 204(57.0) 117(55.2) 79(59.0) 73(53.3)

Additive model CG 233(47.4) 159(45.6) 0.349 164(45.8) 97(45.8) 0.470 69(51.5) 62(45.3) 0.565

CC + GG 259(52.6) 190(54.4) 194(54.2) 115(54.2) 66(48.5) 75(54.7)

Allele C 333(33.9) 221(31.6) 0.606 244(34.1) 137(32.3) 0.347 89(33.25) 84(30.65) 0.565

G 651(66.1) 477(68.4) 472(65.9) 287(67.7) 179(66.75) 190(59.35)

rs1019075 Genotype C/T 223(45.3) 148(42.5) 0.397 153(42.5) 91(43.1) 0.772 70(53.0) 57(41.6) 0.097

C/C 66(13.4) 58(16.7) 53(14.7) 35(16.6) 13(9.8) 23(16.8)

(SNP3) T/T 203(41.3) 142(40.8) 154(42.8) 85(40.3) 49(37.1) 57(41.6)

Dominant model C/T 223(45.3) 148(42.5) 153(42.5) 91(43.1) 70(53.0) 57(41.6)

CC 66(13.4) 58(16.7) 0.191 53(14.7) 35(16.6) 0.460 13(9.8) 23(16.8) 0.098

CT + TT 426(86.4) 290(83.3) 307(85.3) 176(83.4) 119(90.2) 114(83.2)

Recessive model TT 203(41.3) 142(40.8) 0.895 154(42.8) 85(40.3) 0.587 49(37.1) 57(41.6) 0.724

CT + CC 289(58.7) 206(59.2) 206(57.2) 126(59.7) 83(62.9) 80(58.4)

Additive model CT 223(45.3) 148(42.5) 0.421 153(42.5) 91(43.1) 1 70(53.0) 57(41.6) 0.132
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Table 4 Genotype and allele distributions in patients with CAD and control subjects (Uighur Chinese) (Continued)

CC + TT 269(55.7) 200(57.5) 207(57.5) 161(56.9) 62(47.0) 80(58.4)

Allele C 355(36.05) 264(37.95) 0.438 259(35.95) 261(38.15) 0.394 96(37.3) 103(37.6) 0.612

T 629(63.95) 432(62.05) 461(64.15) 232(61.85) 168(62.7) 171(62.4)

rs17781919 Genotype C/C 476(96.9) 338(96.8) 1 347(96.7) 202(95.7) 0.647 129(97.7) 136(98.6) 0.678

(SNP4) C/T 15(3.1) 11(3.2) 12(3.3) 9(4.3) 3(2.3) 2(1.4)

Allele C 967(98.45) 687(98.40) 1 706(98.35) 413(97.85) 1 261(98.85) 274(99.3) 0.467

T 15(1.55) 11(1.60) 12(1.65) 9(2.15) 3(1.15) 2(0.7)
CAD coronary artery disease. The P value of genotype was calculated by Fisher’s exact test. *P <0.05.
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(19.1 %) when compared to control subjects
(23.3 %) in the total group (Table 3). Among
females, there was no significant difference
between CAD patients and control subjects with
respect to the overall distribution of SNP2 and
SNP3 genotypes; dominant and recessive models;
and alleles.

iii. For total, male and female Han Chinese, the overall
distribution of SNP1 (rs12435797) and SNP4
(rs17781919) genotypes and allele showed no
significant difference between CAD patients and
control subjects. (Table 3).

iv. In the total sample of Uighur Chinese and in
Uighur Chinese males, the recessive and additive
models of SNP1 showed a significant difference
between CAD and control subjects (recessive
model: P = 0.048 and P = 0.034; additive model:
P = 0.021 and P = 0.009, respectively). The
distribution of the additive model (GT vs GG+TT)
of SNP1 was significantly higher among CAD
patients (total: 53.6 %; male: 52.2 %) compared to
control subjects (total: 45.4 %; male: 42.5 %).
In addition, the overall distribution of SNP1
genotypes and alleles showed no significant
difference between CAD patients and control
subjects in the total, male and female group.
Further, the overall distribution of SNP2, SNP3
and SNP4 genotypes and alleles frequencies
showed no significant difference between CAD
patients and control subjects in the total, male
and female Uighur Chinese (Table 4).

(4)Multiple logistic regression analysis for CAD
patients and control subjects from Han Chinese
(rs2108552)
ble 5 Multiple logistic regression analysis for CAD patients and con

Total(n = 817) M

OR 95 % CI P O

minant model(CC vs CG + GG) 1.687 1.482–1.979 0.004 1

I 1.030 0.984–1.079 0.208 1

u 1.233 0.945–1.334 0.871 1

1.041 0.886–1.223 0.626 1

1.220 1.079–1.379 0.001 1

L-C 1.126 0.907–1.398 0.282 1

2.560 1.811–3.620 0.000 2

1.525 1.121–2.074 0.007 1

perlipidemia 1.450 1.066–1.973 0.030 1

oking 1.183 0.868–1.613 0.288 1

essential hypertension, DM diabetes mellitus, CAD coronary artery disease
The multivariable logistic regression analysis
combining genotypes was conducted for following
variables: BMI, Glu TC, TG, LDL-C, DM, EH,
hyperlipidemia and smoking, and shown in Table 5.
For rs20108552, statistical significance remained
after multivariate adjustment in the total and
male Han Chinese (total: Odd ratios: 1.687, 95 %
confidence interval [CI]: 1.482–1.979, P =0.004; male:
Odd ratios: 1.498, 95 % confidence interval [CI]:
1.305–1.815, P = 0.006) (Table 5).

(5)Haplotypes and linkage disequilibrium

Haplotypes are established through the use of
different combinations of the SNPs in the haplotype-
based case–control analysis, independently (Tables 6
and 7) and there are five haplotypes established in all
subjects.

i. In Han Chinese, the frequency of the T-C-T-C
haplotype established by SNP1-SNP2-SNP3-
SNP4 in these two groups was significantly
higher among CAD patients when compared
to control subjects (total: OR = 1.334, 95 %
CI = 1.096–1.624, P = 0.004; male: total:
OR = 1.482, 95 % CI = 1.148–1.912, P = 0.002).
Moreover, the frequency of the G-G-T-C
haplotype established by SNP1-SNP2-SNP3-
SNP4 in these two groups was also significantly
lower among CAD patients when compared
to control subjects (total: OR = 0.701, 95 %
CI = 0.529–0.929, P = 0.013; male: OR = 0.616,
95 % CI =0.432–0.877, P =0.007) (Table 6).
For females, there was no difference in the
frequency of haplotypes between the CAD
patients and control subjects. These results
of haplotypes were consistent with the results
trol subjects of Han Chinese (rs2108552)

ale(n = 490) Female(n = 327)

R 95 % CI P OR 95 % CI P

.498 1.305–1.815 0.006 1.190 0.507–1.630 0.750

.057 0.993–1.125 0.083 1.021 0.892–1.040 0.340

.175 0.877–1.241 0.477 1.009 0.913–1.116 0.858

.007 0.809–1.253 0.951 1.048 0.803–1.368 0.732

.291 1.086–1.534 0.004 1.146 0.947–1.386 0.161

.276 0.953–1.708 0.101 0.931 0.641–1.353 0.707

.318 1.460–3.679 0.000 2.889 1.655–5.078 0.000

.675 1.115–2.516 0.013 1.543 0.921–2.887 0.100

.389 1.028–1.879 0.042 1.187 1.104–1.862 0.350

.148 0.761–1.730 0.511 1.080 0.642–1.814 0.773



Table 6 Haplotype analysis in patients with CAD and control subjects (Han Chinese)

Total(n = 817) Male(n = 490) Female(n = 327)

Case(freq) Control(freq) χ2 P value Odds ratio
(95 % CI)

Case(freq) Control(freq) χ2 P value Odds ratio
(95 % CI)

Case(freq) Control(freq) χ2 P value Odds ratio
(95 % CI)

1 0100 G G C C 134.72(0.176) 183.90(0.209) 3.375 0.066 0.793
(0.619–1.016)

91.93(0.173) 94.94(0.214) 2.500 0.114 0.773
(0.561–1.064)

42.77(0.184) 88.94(0.204) 0.449 0.503 0.871
(0.580–1.306)

2 0110 G G T C 93.07(0.122) 142.93(0.163) 6.157 0.013* 0.701
(0.529–0.929)

64.86(0.122) 82.06(0.185) 7.302 0.007* 0.616
(0.432–0.877)

28.23(0.122) 60.60(0.139) 0.457 0.498 0.848
(0.526–1.368)

3 1010 T C T C 407.79(0.534) 400.78(0.456) 8.271 0.004* 1.334
(1.096–1.624)

285.79(0.537) 196.99(0.444) 9.138 0.002* 1.482
(1.148–1.912)

122.00(0.526) 204.52(0.469) 1.626 0.202 1.231
(0.894–1.694)

4 1100 T G C C 11.27(0.015) 23.24(0.026) 0 0 0 9.06(0.017) 6.06(0.014) 0 0 0 2.23(0.010) 17.20(0.039) 4.853 0.028* 0.234
(0.057–0.952)

5 1110 T G T C 115.93(0.152) 123.93(0.141) 0.293 0.625 1.071
(0.814–1.409)

79.14(0.149) 63.94(0.444) 0.061 0.805 1.046
(0.732–1.495)

36.77(0.158) 60.27(0.138) 0.428 0.513 1.160
(0.743–1.811)

CAD coronary artery disease, SNP single nucleotide polymorphism. The p value of haplotype was calculated by Fisher’s exact test. * p < 0.05.
Haplotypes with frequencies >0.03 were estimated using SHEsis software; 0 represents major allele and 1 represents minor allele “0100” refers respectively the major allele of the SNP1,minor allele of the SNP2,major
allele of the SNP3,major allele of the SNP4
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Table 7 Haplotype analysis in patients with CAD and control subjects (Uighur Chinese)

Total(n = 857) Male(n = 582) Female(n = 275)

Case(freq) Control(freq) χ2 P value Odds ratio
(95 % CI)

Case(freq) Control(freq) χ2 P value Odds ratio
(95 % CI)

Case(freq) Control(freq) χ2 P value Odds ratio
(95 % CI)

1 0100 G G C C 305.11(0.303) 238.23(0.336) 2.284 0.131 0.853
(0.693–1.049)

224.57(0.307) 133.44(0.342) 1.548 0.214 0.846
(0.650–1.101)

80.43(0.294) 105.09(0.330) 1.082 0.298 0.830
(0.584–1.179)

2 0110 G G T C 218.04(0.217) 148.10(0.209) 0.116 0.734 1.042
(0.823–1.319)

154.87(0.212) 80.23(0.206) 0.045 0.833 1.033
(0.762–1.400)

63.54(0.232) 67.89(0.213) 0.235 0.628 1.101
(0.746–1.625)

3 1010 T C T C 333.07(0.331) 215.98(0.305) 1.021 0.273 1.123
(0.912–1.383)

245.28(0.335) 118.66(0.304) 1.063 0.302 1.150
(0.881–1.501)

87.67(0.320) 96.81(0.304) 0.115 0.735 1.062
(0.749–1.508)

4 1100 T G C C 39.770.040) 21.50(0.030) 0.987 0.321 1.310
(0.768–2.234)

25.32(0.035) 11.14(0.029) 0.287 0.592 1.216
(0.594–2.487)

14.73(0.054) 10.38(0.033) 1.559 0.212 1.669
(0.741–3.758)

5 1110 T G T C 88.09(0.088) 66.38(0.094) 0.215 0.643 0.924
(0.661–1.291)

64.24(0.088) 36.19(0.093) 0.087 0.769 0.938
(0.611–1.439)

23.46(0.086) 30.34(0.095) 0.199 0.656 0.879
(0.500–1.548)

CAD coronary artery disease, SNP single nucleotide polymorphism. The p value of haplotype was calculated by Fisher’s exact test. * P < 0.05.
Haplotypes with frequencies >0.03 were estimated using SHEsis software; 0 represents major allele and 1 represents minor allele “0100” refers respectively the major allele of the SNP1,minor allele of the SNP2,major
allele of the SNP3,major allele of the SNP4
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of CC genotype and G allele of SNP2
(rs2108552).

ii. In Uighur Chinese, the overall distribution of the
haplotypes established by SNP1-SNP2-SNP3-
SNP4 showed no significant difference between
CAD patients and control subjects in the total,
male and female group (Table 7).

iii. The patterns of linkage disequilibrium of the
Numb gene among Han and Uighur Chinese are
shown in Figs. 2 and 3. All four SNPs are located
in one haplotype block, as all of the |D'| values
were beyond 0.25 and r2 values were below 0.5
We constructed the haplotypes using SNP1,
SNP2, SNP3 and SNP4.
Discussion
Findings
In this case–control study, we have genotyped four kinds
of SNPs of Numb gene among Han Chinese and Uighur
Chinese, and investigated the association between poly-
morphism of Numb gene and CAD. We have found that
variation in Numb gene is associated with CAD among
Han Chinese. This is the first endeavor to study the
common allelic variant in Numb gene and it’s associ-
ation with CAD.

Numb is an important protein for regulating cholesterol
absorption and it plays a pivotal role in the development
of atherosclerosis. Further, some researches have observed
that hypercholesterolemia can cause multiple physiologic
outcomes, such as coronary artery disease, diabetes and
obesity [39–41]. Therefore, we assume that Numb gene
and coronary artery disease might be associated. However,
few researches have been conducted regarding the rela-
tionship between Numb gene and cardiovascular diseases.
. 2 Pairwise estimates of linkage disequilibrium (LD) between each Numb
morphism is numbered according to its position in the Numb gene as p
ree of linkage disequilibrium. The darker the Color was the stronger the d
Our study has showed that among Han Chinese, C
allele frequency of rs2108552 was higher among male
CAD patients when compared to male control subjects.
The distribution of the dominant model (CC vs CG+GG)
was significantly higher among CAD patients compared
to control subjects. The difference remained significant
after multivariate adjustment (Table 5). These findings
suggest that males carrying the CC genotype of rs2108552
may have a higher risk of CAD
In the total and male Han population, the distributions

of the recessive models (TT vs CT +CC) of rs1019075
were significantly higher among CAD patients compared
to control subjects. This suggests that people carrying the
T allele of rs1019075 may have a higher risk of CAD. T
allele frequency of rs1019075 was not higher among CAD
patients than control subjects in the total and male group.
In logistic regression analysis (TT vs CT +CC), there was
no evidence of a statistically significant difference before or
after multivariate adjustment (P > 0.05, data not shown). A
possible explanation is that people carrying T allele have a
higher risk from suffering CAD is codetermined by the TT
and T allele frequency of rs1019075 in the CAD patients.
We have found that rs2108552 of Numb gene was asso-

ciated with CAD only in the Han male subgroup. BMI,
Glu, TG, TC, LDL-C, prevalence of DM, EH, hyperlipid-
emia and smoking were higher in male patients in com-
parison to female CAD patients. Therefore, this indicates
the male patients might have higher chance of suffering
from cardiovascular disease than the female patients.
In Uighur Chinese subjects, there was no difference

between CAD patients and controls with respect to
rs2108552, and rs1019075. But another polymorphism of
Numb gene, rs12435797, the distribution of the additive
model (GT vs GG + TT) was significantly higher among
CAD patients in comparison to control subjects in the
total population and in the male subgroup. However,
Polymorphism is plotted for Han Chinese using SHEsis platform. Each
resented in Fig. 1. (a) Showed | D'| and different colors represent different
egree of linkage disequilibrium was (b) showed r2



Fig. 3 Pairwise estimates of linkage disequilibrium (LD) between each Numb Polymorphism is plotted for Uighur Chinese using SHEsis platform. Each
polymorphism is numbered according to its position in the Numb gene as presented in Fig. 1. (a) Showed | D'| and different colors represent different
degree of linkage disequilibrium. The darker the Color was the stronger the degree of linkage disequilibrium was (b) showed r2
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statistical significance did not remain after multivariate
adjustment (P > 0.05). The underlying reason might be
ethnic differences which causes different genetic back-
ground and life style.
Previous data has shown that SNP4 (rs17781919, G595D)

is related to low concentration of LDL-C in humans [29].
In our study, we have neither observed Numb (G595D)
variant genotype, nor found significant difference regarding
the genotypic distribution of SNP4 (CC and CT) between
CAD patients and control subjects among all Han Chinese
and Uighur Chinese.
A recent study suggested that statistical method accord-

ing to the haplotype analysis has more advantages than
the individual SNPs analysis to assess complex disease
genes, especially there was weak linkage disequilibria be-
tween SNPs [42]. The present study is the first haplotype-
based case–control endeavor to study the association
between the human Numb gene and CAD in Han and
Uighur Chinese. In our study, we have found two haplo-
types (T-C-T-C and G-G-T-C) of SNP1-SNP2-SNP3-
SNP4 in Han male Chinese and assumed that the haplo-
type (T-C-T-C) is a risk factor for CAD and G-G-T-C is a
protective factor for in Chinese Han male population
according to the logistic regression and haplotype analyses

Limitations and shortcomings
The shortcomings of this study are as follows:

(1)Because of the limited time, we are only able
to conduct a retrospective study. Further,
the evidence of this study might be biased
due to the unbalanced matching and biased
selection. Therefore, a prospective cohort
study has to be conducted under a reasonably
long time span if one aims to get evidence
with higher quality.
(2)The representativeness of the study sample might
not be sufficient enough due to the limited selection
of CAD patients and control subjects. The source
of subjects was limited to The First Affiliate
Hospital of Xinjiang Medical University, and
these subjects may possess some risk factors of
cardiovascular disease.

Conclusions
This is the first scientific endeavor to study the correl-
ation between human Numb gene and CAD among Han
Chinese and Uighur Chinese. Findings suggest that
rs2108552 may be a novel polymorphism of Numb gene
that associates with CAD among male Han Chinese. In
addition, CC genotype of rs2108552 and T-C-T-C haplo-
types in Numb gene is a possible risk genetic marker for
CAD, and G allele and G-T-C-C haplotypes is a possible
risk genetic marker for CAD among male Han Chinese
which supports the hypothesis that Numb gene varia-
tions are involved in the pathogenesis of CAD. These
results may broaden the knowledge of genetic variants
and disease-association studies. Further studies employ-
ing larger sample sizes are required.
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