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The cluster of differentiation 24 (CD24) Ala57Val polymorphism has been implicated as a risk factor for
multiple sclerosis (MS) and systemic lupus erythematosus (SLE); however, genetic studies have produced
controversial results. A meta-analysis was performed on this topic. We used odds ratio (OR) and 95%
confidence interval (95%CI) to investigate the strength of association. Eleven studies fromnine publications
consisting of 2466 cases and 2650 controls were included. The results suggested that the CD24 Val/Val
genotypes were associated with an increased risk ofMS in all study subjects andCaucasians (OR5 2.28, 95%
CI: 1.68–3.10, Pz , 0.001 and OR5 2.30, 95% CI: 1.66–3.20, Pz , 0.001, respectively). Sensitivity analysis
showed that no individual study was found to be significantly biasing the pooled results. Although
meta-analysis also suggested an association between theCD24Val/Val genotypes and SLE risk inCaucasians
(OR5 1.71, 95% CI: 1.31–2.24, Pz , 0.001), sensitivity analysis demonstrated that the association was not
statistically significant after removing a Spanish study. In conclusion, this meta-analysis suggests that the
CD24 Ala57Val polymorphism is associated with an increased risk of MS in Caucasians. However, the
available evidence is not sufficient to support an association between theCD24Ala57Val polymorphism and
SLE risk.

M ultiple sclerosis (MS) and systemic lupus erythematosus (SLE) are autoimmune diseases mediated by
self-reactive T cells and other cells of the adaptive and innate immune systems1,2. MS is characterized by
chronic inflammation, multifocal demyelination and axon loss that affect the central nervous system

(CNS), whereas in SLE, inflammation and tissue damage can involve many organs and systems, including the
skin, lungs, kidneys, andCNS.Although the etiology of these diseases remains largely unknown, it is apparent that
both genetic and environmental factors play a role3. Human genetic studies have shown that the human leukocyte
antigen (HLA) gene on chromosome 6p21 is themost important genetic factor forMS and SLE3. InMS, theHLA-
DR15 haplotype (DRB1*1501-DQA1*0102-DQB1*0602) and its individual alleles appear to have themain role in
Caucasians4. In SLE, theHLA-DR2 and DR3 alleles and the Class III variants are important genetic susceptibility
factors for the disease5. However, the HLA complex does not fully explain the genetic susceptibility in these
diseases. Recent advances in molecular genetic technologies have led to identification of many single nucleotide
polymorphisms (SNPs) outside the HLA region for MS and SLE6,7. The exploration of non-HLA genetic risk loci
may help elucidate signaling pathways involved in the pathogenesis ofMS and SLE, and provide insight into genes
and mechanisms shared among autoimmune diseases.

Cluster of differentiation 24 (CD24) is a small cell surface protein molecule anchored by glycosyl-phospho-
tidyl-inositol (GPI) in a wide variety of cell types, including T cells, B cells, dendritic cells (DCs), cancer cells and
local antigen-presenting cells in the CNS8–12. CD24 has been implicated in a CD28-independent costimulatory
pathway in the activation of CD41 and CD81 T cells13. It also functions as an important regulator during the
early stages of B and T cell lymphopoiesis14. In addition, CD24 modulates the interaction between very late
antigen (VLA)-4 and vascular cell adhesion molecule (VCAM)-115. These adhesion molecules play an important
role in lymphocyte costimulation andmigration to sites of inflammation. The humanCD24 gene, whichmaps on
6q21, is considered a candidate gene for MS and SLE. A C. T single-nucleotide polymorphism (SNP) is located
in the presumable GPI-anchor cleavage site of the CD24 protein (rs52812045), leading to the replacement of an
alanine (CD24 Ala) by a valine (CD24 Val) (Ala57Val)16. According to the data provided by the National Center
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for Biotechnology Information Entrez SNP, the Val allele frequency
is 0.320 in a population from Centre d’Etude du Polymorphisme
Human pedigrees. Several studies have investigated the relationship
of the CD24 Ala57Val polymorphism with MS and SLE17–25; how-
ever, results from individual studies are not consistent. This likely
stems from several facors, including underpowered sample sizes,
ethnic differences andminor genetic effects.We therefore performed
a meta-analysis of published case-control studies to evaluate the
association between the CD24 Ala57Val polymorphism and risk
for MS and SLE.

Methods
Search strategy and identification of studies. An electronic search of the medical
literature was conducted to identify genetic association studies assessing the
relationship of the CD24 Ala57Val polymorphism with MS and SLE. PubMed,
Scopus, Web of Knowledge, China National Knowledge Infrastructure (CNKI) and
Wanfang databases were searched for papers published until January 2015 without
language restrictions. Search terms included ‘‘multiple sclerosis’’, ‘‘MS’’, ‘‘systemic
lupus erythematosus’’, ‘‘SLE’’, ‘‘cluster of differentiation 24’’, ‘‘CD24’’, ‘‘genetics’’,
‘‘polymorphism’’, ‘‘SNP’’, ‘‘rs52812045’’, and ‘‘association’’. The reference lists of
retrieved publications were also reviewed to identify other relevant studies missed by
the database search. The following inclusion criteria were used for study selection: (1)
case-control design; (2) genotype frequency data for both cases and controls were
available; (3) literature published in English or Chinese. Studies were excluded if they
met the following criteria: (1) studies on animal populations; (2) no control subjects;
(3) duplicate data; (4) insufficient data. Reviewers screened study reports by first
screening titles and abstracts to select publications for full-text evaluation, then
screening full-text publications to confirm eligibility of the studies.

Data extraction. Data were extracted by two of the authors, and differences were
resolved by consensus. For each study, the following data were extracted: first author
name, publication year, country, ethnicity, disease, sample size, genotypic frequencies
of the CD24 Ala57Val SNP, diagnostic criteria and genotyping method. We assumed
study subjects to be Caucasians, if Caucasians comprised 90% of the subjects. When a
publication reported results on different subpopulations according to country, each
subpopulation was considered as a separate study in this meta-analysis.

Methodological quality assessment. The quality of selected studies was assessed by
scoring according to the Newcastle Ottawa Scale (NOS) (www.ohri.ca/programs/
clinical_epidemiology/oxford.asp), awarding points based on selection of cases and
controls, comparability of cases and controls, and ascertainment of exposure
(Supplementary Table 1). Amaximum of 9 points could be awarded, where 6 ormore
points was considered high quality.

Statistical analyses. Meta-analysis was conducted using STATA version 11.0. Odds
ratios (ORs) with 95% confidence intervals (CI) were used to evaluate the size and
strength of relationship of the CD24 Ala57Val polymorphism withMS and SLE. ORs
were calculated from genotype frequency data without adjustment. Z-test was used
for assessing the significance of the pooled OR, with P, 0.05 considered statistically
significant. Three pooledORswere calculated: Val/Val versus Ala/Ala (OR1), Ala/Val
versus Ala/Ala (OR2), and Val/Val versus Ala/Val (OR3). The resulting ORs were
used to determine the most appropriate genetic model using a previously described
approach26:

a) If OR1 5 OR3 ? 1 and OR2 5 1, a recessive model is suggested;
b) If OR1 5 OR2 ? 1 and OR3 5 1, a dominant model is suggested;
c) If OR2 5 1/OR3 ? 1 and OR1 5 1, an over dominant model is suggested;
d) If OR1.OR2. 1 and OR1.OR3. 1 (or OR1,OR2, 1 and OR1,OR3

, 1), a co-dominant model is suggested;

Heterogeneity was assessed by Cochrane’s Q test and the I-square statistic. A P-
value of,0.10 for the Q test was considered to indicate heterogeneity across studies,
in which case the DerSimonian Laird random-effectsmodel was fitted to calculate the
pooled OR27. Otherwise, the standard Mantel-Haenszel fixed-effects model was
fitted28. A cumulative meta-analysis was also conducted to demonstrate how evidence
concerning the genetic association has evolved over time. Sensitivity analysis was
performed to determine whether the results were considerably influenced by any
single study. Funnel plots were created to assess publication bias by plotting natural
logarithm of individual study effect size against the standard error of the natural
logarithm of individual study effect size. Begg’s test and Egger’s test were also used to
evaluate publication bias, with P, 0.05 being considered statistically significant. The
pooled frequency of the Val allele in control groups from Caucasian studies was
calculated using Meta-Analyst version 3.13. A power calculation was carried out
using Power and Sample Size Calculation version 3.1.2 (http://biostat.mc.vanderbilt.
edu/twiki/bin/view/Main/PowerSampleSize). To assess whether the genotype fre-
quencies in control groups were in Hardy-Weinberg equilibrium (HWE) we used a
web-based programme (http://www.oege.org/software/hwe-mr-calc.html).

Results
Characteristics of published studies. A flow diagram showing the
selection process of studies included in the present analysis is shown
in Fig. 1. After title and abstract evaluation, 273 publications were
excluded either because they were irrelevant, not about human
subjects, or the record was a duplicate search result. Five publications
were excluded after evaluating the remaining 14 publications in their
entirety. Overall, 11 studies from nine publications met our inclusion
criteria with a total of 2466 cases and 2650 controls17–25. In terms of
disease, six studies with 899 cases and 1127 controls evaluated the
association between the CD24 Ala57Val polymorphism and MS
risk17–19,21,23,24, whereas five studies with 1567 cases and 1523 controls
from three publications assessed the relationship of this SNP with
SLE20,22,25. It was noteworthy that the study by Sánchez et al. included
three cohorts: a Spanish cohort, a German cohort and a Swedish
cohort20. In terms of ethnicity, nine studies from seven publications
were undertaken in Cancasians17,19–24, whereas two studies were
conducted in Asians18,25. The Val allele frequency in controls ranged
from 23.8% to 31.0% among Caucasian studies, and the pooled
frequency was 27.6 (95% CI: 25.7–29.5). Table 1 summarizes the
characteristics of the eligible studies included in this meta-analysis.

Association between the CD24 Ala57Val polymorphism and MS.
For this polymorphism, five studies containing 816 cases and 1017
controls were undertaken in Caucasians, whereas one study with 83
cases and 110 controls were conducted in Asians. Genotype-specific
odds ratios OR1, OR2, and OR3 were 2.47 (95% CI: 1.79–3.40, Pz ,
0.001), 1.17 (95%CI: 0.97–1.42, Pz5 0.104), and 2.09 (95%CI: 1.51–
2.90, Pz , 0.001), respectively. These genotype-specific ORs were
most suggestive of a recessive model (Val/Val vs Ala/Val 1 Ala/
Ala). In this model, meta-analysis demonstrated a significant
association between the CD24 Ala57Val polymorphism and MS risk
in all study subjects (OR 5 2.28, 95% CI: 1.68–3.10, Pz , 0.001)
(Table 2 and Fig. 2). Subgroup analysis according to ethnicity
demonstrated a significant association between the CD24 Ala57Val
polymorphism and MS risk in Caucasians in recessive model (OR 5
2.30, 95% CI: 1.66–3.20, Pz , 0.001) (Table 2 and Fig. 2). Ethnicity-
specific analysis could not be conducted in Asians because there was
only one eligible study. Of note is that two Caucasian studies presented
deviation from HWE19,21. Omitting these studies did not change the
results of the pooled analyses for all study subjects and Caucasians
(OR 5 2.09, 95% CI: 1.42–3.06, Pz , 0.001 and OR 5 2.07, 95% CI:
1.35–3.19, Pz5 0.001, respectively). Sensitivity analysis was conducted
to confirm the stability and liability of the meta-analysis by removing
each of the involved study in turn. No individual study was found to
be significantly biasing the pooled results (data not shown). A

Figure 1 | Flow diagram of studies included in the meta-analysis.
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cumulative meta-analysis based on the publication date showed a
significant and consistent trend toward increased risk of MS for the
Val/Val genotypes over time and the trend stabilized by 2009
(Supplementary Fig. 1). Heterogeneity among the pooled ORs for all
study subjects and Caucasians was low (P 5 0.364, I2 5 8.1 and P 5
0.247, I2 5 26.2, respectively) (Table 2 and Fig. 2). When we further
stratified studies that used Caucasian samples according to diagnostic
criteria (McDonald criteria29 or Poser criteria30), the I2 value for
heterogeneity decreased from 26.2% to 0%.

Association between the CD24 Ala57Val polymorphism and SLE.
Five studies from three publications assessed the polymorphism.
Among them, four studies were conducted in Caucasians, whereas
one study was performed in Asians. Of note is that all studies

presented no deviation from HWE. Genotype-specific odds ratios
OR1, OR2, and OR3 were 1.90 (95% CI: 1.45–2.50, Pz , 0.001),
1.17 (95% CI: 1.01–1.36, Pz 5 0.039), and 1.54 (95%CI: 1.17–2.02,
Pz 5 0.002), respectively. These estimates suggested a recessive effect
of the T allele (CD24 Val) for SLE. Therefore, Val/Val was compared
with Ala/Val and Ala/Ala genotypes combined. In this model, a
significant association between the CD24 Ala57Val polymorphism
and SLE risk was found in all study subjects (OR 5 1.71, 95% CI:
1.32–2.22, Pz , 0.001) (Table 2 and Fig. 3). A cumulative meta-
analysis based on publication year showed that 95% CIs
progressively became narrower over time (Supplementary Fig. 2).
Subgroup analysis by ethnicity indicated an association between the
CD24 polymorphism and SLE risk in Caucasians (OR5 1.71, 95% CI:
1.31–2.24, Pz , 0.001) (Table 2 and Fig. 3). However, sensitivity

Figure 2 | Meta-analysis of the association between the CD24 Ala57Val polymorphism and MS risk in recessive model.

Table 2 | Pooled odds ratios for recessive model for the CD24 Ala57Val polymorphism

Disease Variables No. of studies

Test of association Test of heterogeneity

OR (95% CI) Pz Phet I2

MS Total 6 2.28 (1.68–3.10) ,0.001 0.364 8.1%
Subgroup analysis by HWE status
Deviation from HWE 2 2.66 (1.59–4.46) ,0.001 0.533 0.0%
No deviation from HWE 4 2.09 (1.42–3.06) ,0.001 0.219 32.2%

Subgroup analysis by ethnicity
Caucasians 5 2.30 (1.66–3.20) ,0.001 0.247 26.2%
Poser criteriaa 1 1.01 (0.44–2.32) 0.990 NA NA
McDonald criteriab 4 2.68 (1.86–3.87) ,0.001 0.801 0.0%

SLE Total 5 1.71 (1.32–2.22) ,0.001 0.188 35.0%
Subgroup analysis by ethnicity
Caucasians 4 1.71 (1.31–2.24) ,0.001 0.105 51.2%
Subjects $ 1000c 1 2.55 (1.57–4.14) ,0.001 NA NA
Subjects , 1000d 3 1.38 (1.00–1.92) 0.057 0.375 0.0%

CI, confidence interval; HWE, Hardy-Weinberg equilibrium; MS, multiple sclerosis; NA, not available; OR, odds ratio; Phet, P-value for heterogeneity; Pz, P-value for overall effect; SLE, systemic lupus
erythematosus.
aCaucasian studies which used Poser criteria.
bCaucasian studies which used McDonald criteria.
cCaucasian studies which included no less than 1000 subjects.
dCaucasian studies which included less than 1000 subjects.
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analysis showed that the association in Caucasians became statistically
non-significant after removing a spanish cohort20 (data not shown).
We did not perform subgroup analysis in Asians in that there was only
one Asian study25. Heterogeneity among the pooled ORs for all study
subjects and Caucasians was moderate (P 5 0.188, I2 5 35.0% and P
5 0.105, I2 5 51.2%, respectively). We further performed subgroup
analysis in Caucasian studies according to sample size (subjects $
1000 or subjects , 1000) and genotyping method. In subgroup
analysis based on sample size, the I2 value for heterogeneity
decreased from 51.2% to 0% (Table 2), but it did not significantly
decrease in subgroup analysis by genotyping method (not shown).

Publication bias. Funnel plots offer a visual sense of the relationship
between effect size and precision for publication bias amongst the

studies in meta-analysis. Figure 4 showed the funnel plots of meta-
analyses evaluating the relationship of the CD24 Ala57Val
polymorphism with MS and SLE in recessive model (Fig. 4A for
MS and Fig. 4B for SLE). The shape of each funnel plot seemed
symmetrical. The results of Begg’s test and Egger’s test suggested
no evidence for publication bias (Table 3).

Discussion
It is generally believed that variants of immune-related genes modu-
late genetic predisposition to autoimmune diseases, including MS
and SLE. The CD24 Ala57Val polymorphism has been implicated
in the susceptibility to MS and SLE and has been assessed in many
association studies. However, the outcomes of these studies remain

Figure 4 | (A): Begg’s funnel plot for the CD24 Ala57Val polymorphism and MS risk in recessive model; (B): Begg’s funnel plot for the CD24 Ala57Val

polymorphism and SLE risk in recessive model.

Figure 3 | Meta-analysis of the association between the CD24 Ala57Val polymorphism and SLE risk in recessive model.
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contradictory rather than convincing. The inconsistency seems to be
mainly owing to the heterogeneity of the populations under study
and the small sample size of most studies, leading to little statistical
power. Meta-analysis is a quantitative statistical analysis that inte-
grates the results of several independent studies in order to see
whether the overall effect is significant. It has been increasingly used
in evaluating the association between predisposing genes and com-
plex traits, including MS, SLE, type 1 diabetes and inflammatory
bowel disease32. In the present study, we undertook a meta-analysis
to investigate the relationship of the CD24 Ala57Val polymorphism
with MS and SLE. The results indicated that the CD24 Val/Val gen-
otypes were associated with increased risk of MS in Caucasians,
whereas current evidence is still insufficient to suggest an association
between the CD24 Val/Val genotypes and SLE risk.
Among eligible studies evaluating theCD24Ala57Val polymorph-

ism and MS, two studies presented deviation from HWE. After
exclusion of them, the association in all study subjects and
Caucasians remained statistically significant. In addition, sensitivity
analysis and cumulative meta-analysis further strengthened the
validity of the results. Thus, the association of the CD24 Val/Val
genotypes with MS revealed by this meta-analysis can be considered
reliable. Although meta-analysis also showed an association between
the polymorphism and SLE in Caucasians, sensitivity analysis
demonstrated that the association was not statistically significant
after removing a Spanish cohort20. The exclusion of even one study
can lead to the loss of statistical significance, indicating that the result
for SLE is not stable. It is necessary to further evaluate the CD24
Ala57Val polymorphism and SLE in additional ethnic groups to
achieve a definitive conclusion.
In this meta-analysis, low or moderate heterogeneity was iden-

tified. Subgroup analyses indicated that diagnostic criteria was the
major factor for heterogeneity among Caucasian studies evaluating
the polymorphism andMS, whereas sample size was largely respons-
ible for the heterogeneity of results of SLE.
CD24 is expressed in various immune cell types and is known to

mediate several important functions. Previous work has established
that CD24 functions as a costimulatory regulator for T cell clonal
expansion. CD24 expression on T cells is required for the homeo-
static proliferation of both CD4 and CD8 T cells in the lymphopenic
environment33. Besides T cells, CD24 participates in the activation
and differentiation of B cells. CD24-deficiency leads to a reduction in
late pre-B and immature B-cell populations in the bone marrow,
suggesting that CD24 expression influences the maturation of B
cells9. In addition, CD24 can bind to P-selection and regulate
VLA-4 binding to either VCAM-1 or fibronectin15, which may con-
tribute to recruitment of leukocytes to inflamed tissues. Moreover, it
has been reported that CD24 mediates intracellular signaling via a
glycolipid-enriched membrane (GEM) -dependent mechanism34.
The role of CD24 in autoimmunity has not been clearly delineated.
Bai et al. previously reported that mice with a targeted mutation of
CD24 were highly resistant to experimental autoimmune encepha-
lomyelitis (EAE) induced by immunization with myelin oligoden-
drocyte glycoprotein (MOG)-peptide35. In addition, it was observed
that mice with overexpressed CD24 in the CNS developed severe
EAE36, whose development requires CD24 expression on both T cells
and non-T host cells. CD24 functions as an important regulator for

local clonal expansion and persistence of T cells after their migration
into the CNS during the development of EAE10. It is known that
thymic clonal deletion of autoantigen reactive T cells is important
for self-tolerance. Joseph and coworkers found that mice null for
CD24 exhibited much more efficient clonal deletion than wild-type
mice, suggesting that CD24 actively suppressed clonal deletion and
was a critical determinant in autoimmunity37. Apart from EAE,
CD24 may also contribute to the pathogenesis of experimental
SLE. The New Zealand black (NZB) mice and their F1 cross with
the New Zealand white mice (NZB/W) displays a lupus-like auto-
immune disease and are a well-known model of human SLE. It was
reported that up-regulation of CD24 and other co-stimulatory mole-
cules were linked to polyclonal B cell activation in NZB and NZB/W
mice, playing a critical role in the loss of tolerance and production of
pathogenic autoantibodies38. These lines of evidence suggest that the
CD24 gene may be a candidate gene for MS and SLE. It has been
speculated that the CD24 Ala57Val SNP leads to a nonconservative
replacement from alanine to valine at the site which immediately
precedes the putative cleavage site for GPI anchor17. Since the alanine
and valine are substantially different in size, the replacement may
increase the efficiency of cleavage and result in an increased express-
ion of CD24 in theCD24Val/Val genotypes. Zhou et al. reported that
CD24Val allele lead to 30–40%more cell surface expression of CD24
than the CD24 Ala allele17. The enhanced induction of CD24 may be
an important checkpoint for the pathogenesis of MS and SLE. In
addition, it was reported that the CD24Val allele was associated with
the production of autoantibodies in patients with SLE22. To clarify
the role of the CD24 SNP in MS and SLE, more functional assays are
needed in the future.
The present meta-analysis has some limitations that should be

acknowledged. First, the key threat to any meta-analysis is that of
reporting bias. Although there is no evidence of publication bias
(Table 3 and Fig. 4), it is not possible to rule it out entirely. Some
findings of no association between the CD24 Ala57Val polymorph-
ism and risk of MS and SLE may not have been reported in the
literature and therefore could not be included in our meta-analysis.
Second, the results of our meta-analysis were based on the data from
case-control studies, because they were most frequently used in asso-
ciation studies to evaluate the CD24 Ala57Val polymorphism. We
expect that as more studies of other types, such as prospective cohort
and family-based studies become available, a more comprehensive
systematic review and meta-analysis can be conducted to provide
additional information on the role of this SNP in MS and SLE.
Third, we only evaluated the CD24 Ala57Val polymorphism in this
meta-analysis. Because of the limitation of the published data, we
were unable to assess the relationship of otherCD24 polymorphisms,
such as the 2809 C/A, 2534A/C and 2492G/C polymorphisms in
the promoter region with MS and SLE. There were insufficient data
to evaluate linkage disequilibrium between the CD24 Ala57Val SNP
and other polymorphisms. Fourth, becausemost eligible studies were
conducted in Caucasians, the results of this meta-analysis were
mainly applicable to this ethnic group. Subgroup analysis could
not be performed in Asians due to insufficient data. Future studies
should be conducted in other ethnic groups besides Caucasians.
In conclusion, the present meta-analysis of the literature reveals

that the Val/Val genotypes of the CD24 Ala57Val polymorphism are

Table 3 | Begg’s test and Egger’s test for evaluating publication bias

Disease Population P value of Begg’s test P value of Egger’s test

MS Overall 1.000 0.857
Caucasians 0.806 0.861

SLE Overall 1.000 0.677
Caucasians 0.734 0.340

MS, multiple sclerosis, SLE, systemic lupus erythematosus.
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associated with increased risk of MS in Caucasians. However, the
available evidence is not sufficient to support an association between
the CD24 Ala57Val polymorphism and SLE risk.
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Ala57Val gene polymorphism and the risk of systemic lupus erythematosus.
Tissue Antigens. 75, 696–700 (2010).
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