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Abstract CD33 and MS4A6A genes play potential key
roles in the pathogenesis of Alzheimer’s disease (AD). One
recent genome-wide association study has revealed that the
rs3865444 polymorphism in the CD33 gene and rs610932
polymorphism in the MS4A6A gene are associated with
susceptibility to AD in Caucasians. To evaluate the rela-
tionship between the polymorphism of the CD33, MS4A6A
gene and AD in the ethnic Chinese Han, we conducted a
case—control study (n = 383, age > 54) to determine the
prevalence of single-nucleotide polymorphism of two
genes in patients with AD in Chinese population of
Mainland, and clarified whether these polymorphisms are
risk factors for AD. The prevalence of the allele (T) in the
rs3865444 polymorphism of the CD33 gene and allele
(C) in 1rs610932 polymorphism of the MS4A6A gene was
significantly different in AD patients and control subjects
(P < 0.001, respectively), and the results were not influ-
enced by age, gender, or APOE status. Our data revealed
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the allele (T) of the rs3865444 polymorphism of the CD33
gene and the allele (C) of the rs610932 polymorphism of
the MS4A6A gene may contribute to AD risk in the Chi-
nese Han population.

Introduction

Alzheimer’s disease (AD) is one of most common progres-
sive neurodegenerative disease and the prevalence has grown
rapidly over the past one century (Cornutiu 2011). To date,
the pathogenetic mechanisms of AD are undetermined
unfortunately, and the classical theory of amyloid hypothesis
(Hardy 1997; Hardy and Higgins 1992) could be insufficient
to explain the pathogenesis of AD. Recently, increasing
studies have focused especially on dysfunction of the
immune system in AD, and several key-genes involved the
new mechanism are thought to association of the prevalence
of AD(Corder et al. 1993; Bertram et al. 2007). Serial recent
large genome-wide association studies (GWAS) have resul-
ted in the identification of some novel loci (Naj et al. 2011;
Hollingworth et al. 2011). Collectively, these genes now
explain around 50% of late-onset Alzheimer’s disease
(LOAD) genetics and explore three new pathways including
immune-system function, cholesterol metabolism, and syn-
aptic cell membrane processes (Morgan 2011). In theory of
immune-system dysfunction, the CD33 and MS4A6A gene
was significantly associated with LOAD. The CD33 gene is
thought to promote cell—cell interactions and regulate func-
tions of cells in the innate and adaptive immune systems. By
contrast, researchers found that the MS4A family gene over-
expression can increase activation of T cells. However, the
genetic analysis in population study was performed only in
Caucasian population and has not been confirmed in other
independent case—control population yet.
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Therefore, we conducted a case—control study (n = 383,
age > 54) to determine the prevalence of two single-
nucleotide polymorphism (SNP) of CD33(rs3865444) and
MS4A6A (rs610932) in patients with AD in Chinese Han
population of mainland, and investigated the association
between the polymorphism and AD. As APOE is the major
susceptible gene for AD, we also analyzed the distribution
of ¢4 allele in both AD and control cohorts.

Materials and methods
Subjects

A total of 190 AD patients of Chinese Han ethnicity [104
women and 86 men; 73.1 + 8.7 years old at the recruit-
ment, Mini-Mental State Examination (MMSE) score,
16.7 £ 5.6] were enrolled from the outpatient clinic at the
Department of Neurology, Ruijin Hospital affiliated to
Shanghai Jiaotong University School of Medicine. All the
subjects received a detailed neurological examination and
underwent a psychiatric interview. The patients had a
clinical diagnosis of probable dementia of Alzheimer type
according to National Institute of Neurological and Com-
municative Disorders and Stroke-Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA)
(Dubois et al. 2007). One-hundred and ninety-three control
subjects (102 women and 91 men; 71.4 &+ 9.0 years old at
the recruitment; MMSE score 27.8 + 2.1) were matched
for age, gender, and ethnic background. The components
of male and female subjects do not vary significantly
(P < 0.05) (Table 1). The non-demented elderly control
(NEC) subjects were free of neurological or psychiatric
disorders by medical history, physical examinations,
laboratory examinations, and with MMSE score over 24
(Table 1). All AD-patients and NEC were unrelated
Chinese Han. Informed consent for participation in the
study was obtained either directly or from his or her
guardian. The study was approved by the Research Ethics
Committee, Ruijin Hospital affiliated to Shanghai Jiao
Tong University School of Medicine, Shanghai, China.

Table 1 Demographic detail of the sample set

Patients Controls
Total samples 190 193
Male 86 91
Female 104 102
Age at study (years) 73.1 &+ 8.7 71.4 £ 9.0
MMSE score 16.7 £ 5.7 27.8 £ 2.1

The ages and MMSE scores are means and standard deviations
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Methods

DNA was isolated from peripheral blood through stan-
dardized phenol/chlorine extraction method. Genotyping
analysis of APOE was performed as previously described
(Corder et al. 1993). Primers and restriction enzymes were
designed using the Primer software according to the Ref-
Seq gene sequence of CD33 and MS4A6A. The CD33
rs3865444 genotype was determined by DNA amplification
of a 421 bp fragment using the forward primer 5'-GCGA
ACCCCATGTCTAAA-3 and the reverse primer 5'-CCTA
CCTCCCTCTGTGCC-3'. Polymerase chain reaction
(PCR) was performed on 10 pl of reaction mixture (95°C
for 5 min; followed by 35 cycles of 95°C for 30 s, an
annealing step 51°C for 30 s, and 72°C for 25 s; with a
final extension at 72°C for 10 min). The PCR products
were stored at 4°C. After digestion overnight with Ncol
(TaKaRa, Japan) at 37°C, the products were separated by
3% agarose electrophoresis. The MS4A6A 15610932
genotype was determined by DNA amplification of a
215 bp fragment using the forward primer 5'-CCCAGAAA
CATTTCCCAGAA-3' and the reverse primer 5-ATATG
GGGCTTGCCTTTATG-3'. PCR was performed on 10 pl
of reaction mixture (95°C for 5 min; followed by 35 cycles of
95°C for 30 s, an annealing step 61°C for 30 s, and 72°C for
25 s; with a final extension at 72°C for 10 min). The PCR
products were stored at 4°C. After digestion overnight with
Nlalll (BioLabs, NewEngland) at 37°C, the products were
separated by 3% agarose electrophoresis.

Statistical analysis

Statistical analysis was performed with SPSS. Goodness-
of-fit to the Hardy—Weinberg equilibrium (HWE) and dif-
ferences in genotype and allele frequencies between AD
and NEC groups were examined by Chi-squared analysis.
Exact logistic regression was performed in the multivariate
analysis to see whether age, gender and ApoEe4 status
would influence the distribution of the CD33 and MS4A6A
polymorphisms. The criterion for significance was set at
p value <0.01 for all the tests.

Results

We analyzed a total of 190 patients diagnosed with AD and
193 unrelated gender- and age-matched controls in the
present study (Table 1). Distributions of the CD33 and
MS4A6A polymorphisms in both AD patients (CD33, P =
0.67; MS4A6A, P = 0.05) and controls (CD33, P = 0.11;
MS4A6A, P = 0.06) were in HWE. Distributions of the
APOE polymorphisms in both AD patients (P = 0.04) and
controls (P = 0.64) approached HWE.



Hum Genet (2012) 131:1245-1249

1247

Table 2 Genotype and allele frequencies for CD33, MS4A6A and APOE

n Genetypes n (%) P Alleles n (%) P OR (95% CL)

CD33 GG GT TT 2.92E-5 G T 3.23E—-6 0.480 (0.351-0.655)

AD 190 71 (37.4) 88 (46.3) 31 (16.3) 230 (60.5) 150 (39.5)

NEC 193 116 (60.1) 62 (32.1) 15(7.8) 294 (76.2) 92 (23.8)
MS4A6A AA AC CC 1.53E—4 A C 0.001 0.622 (0.467-0.827)

AD 190  26(13.7) 105(553) 59 (31.0) 157 (41.3) 223 (58.7)

NEC 193 61 (31.6) 83 (43.0) 49 (25.4) 205 (53.1) 181 (46.9)
APOE e4(—) e4(—) e4(+) 2.17E-7 e4(—) &4(+) 6.28E-9 0.352 (0.246-0.505)

ed(—) e4(+) e4(+)
AD 190 95 (50.0) 70 (36.8) 25 (13.2) 260 (68.4) 120 (31.6)
NEC 193 142 (73.6) 48 (24.9) 3(1.5) 332 (86.0) 54 (14.0)
Table 2 showed both genotypic and allelic association  Discussion

for CD33, MS4A6A and APOE in the AD and NEC
groups. As expected, the ApoE-4 allele frequencies
were more significantly elevated in AD patients than in
controls (OR = 0.352, 95% CI: 0.246-0.505, P < 0.001).
Importantly, we found the minor alleles frequencies of
rs3865444 (G > T) within CD33 were differently dis-
tributed in AD patients and NEC (OR = 0.480, 95% CI:
0.351-0.655, P < 0.001), 1rs610932 (A > C) within
MS4A6A were differently distributed in AD patients and
NEC (OR = 0.622, 95% CI: 0.467-0.827, P < 0.001),
respectively, indicating that the rs3865444 and rs610932
polymorphism may be risk factors for AD. And there was
still significant difference between AD patients and NEC
in genotype and allele frequencies in rs3865444 and
rs610932 polymorphism when these data stratified by the
ApoE-4 status (Table 3).

The amyloid hypothesis has been a significant theory in
AD research since two decades and proposes that Af plays
a key role in the neurodegenerative process which causes
an imbalance between neurotoxic Af generation and
clearance (Hardy and Higgins 1992). However, the clas-
sical theory could be insufficient to explain the pathogen-
esis of AD. Recently increasing researchers have given
notice to alterations in the immune system of AD, such as
the presence of circulating autoantibody and the proteins
from the complement system in the cerebrum (Boche
2008). A growing number of studies have found the exis-
tence of specific anti-Af antibodies in the blood and
cerebrospinal fluid (CSF) of AD patients (Du et al. 2001;
Moir et al. 2005). This implies that, in a sense, the immune
system is able of recognizing the proteins that aggregate in

Table 3 Association of CD33, MS4A6A polymorphism with AD in ApoE4 stratified samples

n Genetypes n (%) P Alleles n (%) P OR (95% CL)
CD33 GG GT TT G T 0.515 (0.348-0.762)
APOEe&4(—) 0.002 3.38E-4
AD 95 32 (33.7) 48 (50.5) 15 (15.8) 112 (58.9) 78 (41.1)
NEC 142 81 (57.0) 47 (33.1) 14 9.9) 209 (73.6) 75 (26.4)
0.002 0.001 0.328 (0.180-0.596)
APOEgd(+)
AD 95 39 (41.1) 40 (42.1) 16 (16.8) 118 (62.1) 72 (37.9)
NEC 51 35 (68.6) 15 (29.4) 12.0) 85 (83.3) 17 (16.7)
MS4A6A AA AC cC A C
APOEg4(—) 0.036 0.047 0.688 (0.476-0.996)
AD 95 16 (16.9) 52 (54.7) 27 (28.4) 84 (44.2) 106 (55.8)
NEC 142 45 (31.7) 62 (43.7) 35 (24.6) 152 (53.5) 132 (46.5)
APOEe&4(+) 0.007 0.005 0.498 (0.304-0.816)
AD 95 10 (10.5) 53 (55.8) 32 (33.7) 73 (33.4) 117 (61.6)
NEC 51 16 (31.4) 21 (41.2) 14 27.4) 53 (52.0) 49 (48.0)
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the cerebrum in AD as abnormal or “foreign” proteins that
should be processed. When dysfunctions of this system, it
could be promote the neurodegenerative process. In addi-
tion, one recent GWAS study provides a potential new
evidence of the genetic pathogenesis (Naj et al. 2011;
Hollingworth et al. 2011). It is striking that the two new
susceptibility genes CD33 and MS4AGA are all implicated
in immune-system function for AD (Morgan 2011).

The human CD33 gene is a member of the sialic-
acid-binding immunoglobulin-like lectins (Siglec) family
located on chromosome 19q13.3 (Crocker et al. 2007).
Growing evidence suggests that the primary function of
CD33-related Siglecs is to down-regulate host immune
responses and set appropriate activation thresholds for
regulating cellular-growth, survival and the production of
soluble mediators (Cao and Crocker 2011). It is commend
this kind of immunological regulation can prevent the
microglial cleansing process of aggregating amyloid pla-
ques in AD (Salminen and Kaarniranta 2009). Recent
GWAS investigation from United States positioned
rs3865444 polymorphism in CD33 as a risk factor for AD
(Naj et al. 2011; Hollingworth et al. 2011). In our study, we
found that the T allele frequency of rs3865444 in AD
subjects was 39.5%. However, the T allele frequency within
the control subjects was only 23.8%, which is significantly
different from the AD subjects. Thus, we report for the
first time, the significant association of the rs3865444 poly-
morphism in CD33 with an increased risk for AD in the
ethnic Chinese Han (OR = 0.480, 95% CI: 0.351-0.655,
P < 0.001). Moreover, we find that the significant difference
in AD patients and controls was not influenced when these
data were stratified by the ApoE-4 status.

MS4A genes including MS4A6A are clustered on
chromosome 11q in humans (Liang et al. 2001) in a region
with linkage to allergy and atopy (Sandford et al. 1995).
The MS4A family includes at least 16 paralogues. Each
gene has been probably generated by an ancestral cascade
of intrachromosomal duplications during vertebrate evo-
lution (Sandford et al. 1995). Regretfully, this gene family
is poorly characterized, although a role in immunity has
already been shown for several members of this cluster,
including MS4A1 (CD20), MS4A2 and MS4A4B (Zuccolo
et al. 2010). Howie D and his co-workers (2009) proposed
that T cells preoccupied with immune-defense use the
MS4A family to enhance sensitivity to extrinsic Ag stim-
ulation, ensuring its elimination, while Tregs use these
adaptors to allow low-level Ag signals to sustain regulatory
function. Recent GWAS investigation from United States
positioned rs610932 polymorphism in MS4A6A as a
risk factor for AD (Naj et al. 2011; Hollingworth et al.
2011). We found that the C allele frequency of rs610932 in
AD subjects was 58.7%. Whereas within the control sub-
jects, the C allele frequency was only 46.9%, which is

@ Springer

significantly different from the AD subjects. We found the
significant association of the rs610932 polymorphism in
MS4A6A with an increased risk for AD in the ethnic
Chinese Han (OR = 0.622, 95% CI: 0.467-0.827, P =
0.001). Furthermore, we also find a significant difference in
AD patients and controls when these data were stratified by
the ApoE -4 status.

The polymorphism study of CD33, MS4A6A gene and
AD is hypothesized that allele (T) of the rs3865444 poly-
morphism within CD33 gene and the allele (C) of the
rs610932 polymorphism within MS4A6A gene may dete-
riorate the innate and adaptive immune systems which
would increase accumulation of Af} in the hippocampal and
cortical areas of the brain. The hypothetical link between
CD33, MS4A6a and AD would add new evidence in favor
of the AD immune hypothesis, suggesting a role for the
immune system in the pathogenesis of AD. Further
research should focus on the detailed function of CD33 and
MS4A6A in the pathogenesis of AD.

In summary, our study has identified variants at the
CD33 and the MS4AG6A gene associated with susceptibility
to AD with replication over independent case—control
samples. We indicate that the allele (T) of the rs3865444
polymorphism within CD33 gene and the allele (C) of the
rs610932 polymorphism within MS4A6A gene may con-
tribute to AD risk in the Chinese Han population. However,
it is essential to confirm this finding in a much larger
sample of Chinese population in future.
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