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Abstract

Introduction: Rs9296559 within CD2-associated protein (CD2AP) has been 

identified as a susceptibility locus for Alzheimer’s disease (AD). Recent studies 

indicated that CD2AP functioned as a regulator of endocytic trafficking to modulate 

the β-amyloid (Aβ) generation in neurons. Moreover, knockdown of cindr, the 

Drosophila ortholog of CD2AP, enhanced tau-induced neurodegeneration, implying 

CD2AP also participated in tau pathology. However, the role of rs9296559 in 

regulating Aβ and tau metabolism in AD was still unclear. 

Methods: Here, the associations of rs9296559 with CSF Aβ1–42, p-tau, and t-tau were 

performed using a linear regression model in a total of 543 cognitive normal (CN), 

mild cognitive impairment (MCI), and AD subjects from the Alzheimer’s disease 

Neuroimaging Initiative (ADNI) cohort. The results were replicated in an independent 
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cohort consisting of 198 Chinese subjects recruited from our hospital. 

Results: In the ADNI cohort, CC+TC genotypes significantly increased CSF t-tau 

and p-tau levels in MCI patients but did not alter CSF tau levels in AD. This 

association was also observed in the replication cohort. Moreover, there was no 

association between rs9296559 and CSF Aβ1–42 level at different disease statuses in 

the two cohorts. 

Conclusion: Our findings showed that rs9296559 was associated with higher CSF 

t-tau and p-tau levels in MCI, supporting that CD2AP modified AD risk by altering 

tau-related neurodegeneration in the early stage of the AD continuum. To the best of 

our knowledge, this is the first study to evaluate the association between CD2AP 

genotypes and AD CSF biomarkers.

Keywords: Alzheimer’s disease, CD2AP, rs9296559, tau, cerebrospinal fluid tau

Introduction

Alzheimer’s disease (AD) is the most common neurodegenerative disorder often 

characterized by progressive loss of memory and cognitive decline. It has been 

documented that the deposition of β-amyloid (Aβ) and tau pathology in the brain 

existed as early as more than ten years before the AD clinical symptoms appeared [1]. 

Owing to the tremendous progress of cerebrospinal fluid (CSF) biomarkers and 

positron emission tomography (PET) analyses, the full trajectory of AD becomes 

more distinct [2,3].

CD2-associated protein (CD2AP) functions as an adaptor protein consisting of 

639 amino acid residues that are expressed abundantly in neurons, immune cells, and 

epithelial cells [4,5]. The corresponding gene, CD2AP, is located on chromosome 6 

(6p12.3) and contains 18 exons [6]. We previously reported that the expression of 
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CD2AP was decreased in peripheral blood lymphocytes in sporadic AD (SAD), 

implying CD2AP loss of function may be implicated in SAD pathogenesis [7]. 

CD2AP was reported to affect APP and BACE1 sorting in early endosomes by 

distinct mechanisms [8]. The loss of function of CD2AP has been linked to the 

abnormal Aβ levels and Aβ42/Aβ40 ratio in neurons [9]. The fly ortholog of the 

human CD2AP, cindr, was reported to serve as a modulator of tau-mediated 

neurotoxicity. The loss of function of cindr enhances tau-induced neuronal loss in the 

adult fly brain [10].

CD2AP rs9296559 SNP has been identified to be significantly associated with 

AD susceptibility in genome-wide association studies (GWAS) and confirmed by 

several subsequent studies [11-17]. However, the role of rs9296559 in regulating AD 

CSF pathogenic proteins was still unclear. To determine the functional consequence 

of rs9296559 and its possible effects on AD pathogenesis, we analyzed its association 

with AD CSF biomarkers in cognitive normal (CN), mild cognitive impairment 

(MCI), and AD subjects from the Alzheimer’s disease Neuroimaging Initiative 

(ADNI) cohort and a replication cohort from China. 

Materials and Methods

ADNI dataset

ADNI was initialed in 2003 by the National Institute on Aging, the National Institute 

of Biomedical Imaging and Bioengineering, the Food and Drug Administration, 

private pharmaceutical companies, and nonprofit organizations 

(http://adni.loni.usc.edu). ADNI, with Michael W. Weiner, MD as the principal 

investigator, was approved by the regional ethical committees of all participating 

institutions, and written informed consent was obtained from all participants.
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Participants

Subjects were classified into CN, MCI, and AD at baseline according to the fourth 

edition of Diagnostic and Statistical Manual of Mental Disease (DSM-IV) and 

National Institute on Aging and Alzheimer’s Association (NIA-AA) research criteria 

in 2011. In the ADNI cohort, a total of 543 subjects, including 101 CN, 278 MCI and 

164 AD, were included. All these participants were enrolled from the ADNI1, ADNI 

GO, and ADNI2 phases. Participants from ADNI3 phase were excluded owing to the 

lack of genetic data of rs9296559. In this study, all of the subjects from ADNI were 

non-Hispanic and white people to avoid bias caused by genetic background 

differences between ethnicities. To further validate the findings observed in the ADNI 

cohort, an independent cohort consisting of 198 Chinese individuals was included in 

this study for further analysis. All participants in our independent cohort were 

enrolled from Department of Neurology, Second Affiliated Hospital of Zhejiang 

University School of Medicine, between March 2015 and November 2020. Data 

workflow was presented in Figure 1. This study was approved by the Ethics 

Committee of the Second Affiliated Hospital of Zhejiang University School of 

Medicine. Written informed consents were obtained from all participants or legal 

guardians. 

Genotyping

ADNI samples were genotyped using the Illumina Human 610-Quad Bead Chip array 

(Illumina, Inc., San Diego, CA, USA), including 620,901 SNPs and CNV markers 

which were employed for genotyping. Here we extracted the genetic data of CD2AP 

(rs9296559) from the ADNI PLINK data format. Samples in our cohort were 

genotyped using polymerase chain reaction and Sanger sequencing, and 

corresponding methods have been described previously [7].
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CSF Aβ1–42, t-tau, and p-tau measurements

Methods for the collection, extraction, and examination of CSF proteins including 

Aβ1–42, Aβ1–40, total tau (t-tau) and phosphorylated tau 181(indicated as p-tau later) in 

our independent cohort have been described previously [18]. The concentrations of 

CSF proteins could be downloaded from the ADNI database, and detailed steps for 

measurement have been previously reported [19].

Statistical analysis

All statistical analyses were conducted using SPSS 16.0 and GraphPad Prism7. 

Nonparametric data with multiple comparisons were analyzed by Dunn's multiple 

comparisons test followed by Bonferroni's procedure for adjusted P values. A 

multiple linear regression model was used to analyze the association of CD2AP 

(rs9296559) with CSF biomarkers at baseline after corrections for MMSE, age, 

gender, educational level, and APOE genotypes. For all the tests, we claim that 

rs9296559 is significantly associated with the levels of CSF biomarkers when P 

values are below 0.05. 

Results

Basic characteristics

In the ADNI cohort, there were 543 subjects (CN=101, MCI=278, and AD=164) with 

both AD CSF pathological proteins and rs9296559 genotypes. This cohort consisted 

of 324 male and 219 female subjects. The distributions of the rs9296559 genotypes 

were different among different groups, and a higher frequency of C allele was 

observed in MCI and AD groups (P<0.05). As expected, MCI and AD had a higher 

frequency for the APOE ε4 allele and performed worse than CN on MMSE. Besides, 

the levels of CSF Aβ1-42, t-tau, and p-tau were different among the three groups, and 

the MCI and AD groups showed lower CSF Aβ1-42, higher p-tau, and t-tau levels than 
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those in CN (Figure 2). The details of demographic characteristics and distributions 

of the genotypes are shown in Table 1.

CC+TC genotypes of rs9296559 increased CSF t-tau and p-tau levels in MCI

There were no significant differences in CSF Aβ1-42, p-tau, and t-tau levels between 

subjects carrying TT and CC+TC in the CN group (Figure 3A). In the MCI group, 

rs9296559-C carriers had higher p-tau (32.22±17.09 pg/mL) and t-tau (327.00±158.27 

pg/mL) levels than those in TT genotypes (p-tau: 28.10±13.81 pg/mL; t-tau: 

287.19±120.06 pg/mL), while they did not differ in CSF Aβ1-42 level (CC+TC: 

929.49±533.90 pg/mL; TT: 896.31±477.30 pg/mL) (Figure 3B). However, both CSF 

Aβ1-42 and tau levels showed no significant difference between CC+TC genotypes and 

TT genotype in the AD group (Figure 3C). After controlling for age, gender, 

education level, APOE genotypes, and MMSE scores in the multiple linear regression 

models, CC+TC genotypes significantly increased the level of CSF p-tau (β=0.137, 

P<0.05) and t-tau (β=0.144, P<0.05) in the MCI group (Table 2). No significant 

relationships between the baseline levels of CSF Aβ1–42, t-tau, and p-tau and CD2AP 

rs9296559 were observed in the CN and AD groups (P>0.05) (Table 2). Taken 

together, CC+TC genotypes of rs9296559 were associated with higher CSF t-tau and 

p-tau levels in MCI but had no significant influence on Aβ1–42 regardless of different 

disease status in the AD continuum.

Association between SNP rs9296559 and CSF tau levels in an independent cohort

To further validate the relationship between rs9296559 variants and CSF p-tau and 

t-tau levels, we measured CSF tau concentrations and genotyped the rs9296559 SNP 

in an independent cohort of 198 adult participants. After clinical evaluation and 

sample collection, 55 participants were diagnosed with CN, 33 with MCI and 110 

with AD. In this cohort, the frequency of the minor (C) allele of rs9296559 was 
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16.2% in our cohort, almost half that in ADNI. The details of demographic 

characteristics and distributions of the genotypes are shown in Table 3. The levels of 

CSF Aβ1-42, t-tau, and p-tau were different among the three groups, and the MCI and 

AD groups showed lower CSF Aβ1-42, higher p-tau, and t-tau levels than those in CN 

(Figure 4). There was no significant difference of CSF Aβ1-42, p-tau, and t-tau levels 

between subjects carrying TT and CC+TC in CN and AD groups while p-tau level 

was significant elevated in subjects carrying CC+TC (P < 0.05) in the MCI group 

(Figure 5). However, t-tau level was insignificantly increased in subjects carrying 

CC+TC (P=0.06) (Figure 5B). To rule out the confounding factors, a linear 

regression model was performed. In the MCI group, rs9296559 was significantly 

associated with both CSF p-tau (β=0.564, P<0.05) and t-tau (β=0.483, P<0.05) levels 

in a linear regression model adjusted for age, sex, education, MMSE, and APOE. As 

for Aβ1–42 level, rs9296559 showed no association with it in MCI (β=0.203, P=0.279). 

Consistent with the above findings in CN and AD, there was little difference in the 

level of Aβ1–42, t-tau, and p-tau between in CC+TC group and TT group, which 

further validate our finding of no association between rs9296559-C and CSF 

pathologic proteins in CN and AD patients. 

Discussion

In this study, we provided the first comprehensive evaluation of the impact of CD2AP 

SNP (rs9296559) on AD CSF pathogenic proteins (Aβ1–42, t-tau, and p-tau) in CN, 

MCI, and AD subjects. Our results showed that CC+TC genotypes were significantly 

associated with increased CSF t-tau and p-tau levels in MCI groups but did not alter 

CSF tau levels in AD. Among the existing hypothetical models of dynamic CSF 

biomarkers in the AD continuum, the most recognized one hypothesizes the sigmoid 
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shape of CSF tau level changes over time, indicating that CSF tau levels increase 

much slower and even stay the same after MCI patients convert to AD [20]. Several 

recent longitudinal studies have also revealed the within-individuals reduction of CSF 

tau levels in AD, which provides more evidence of slowing down the rate of 

tau-related neuronal injury and dysfunction [21-23]. Combined with the role of 

CD2AP as a modulator of tau-mediated neurotoxicity, the change of CSF tau 

trajectory might explain why CD2AP’s moderating effect in CSF tau levels is 

weakened as the disease progresses. Moreover, there was no association between CSF 

Aβ1–42 level and rs9296559 in different disease statuses at baseline. These findings 

supported that CD2AP modified AD risk by altering tau-induced neurodegeneration 

in the early stage of the AD continuum.

CD2AP was one of the leading susceptibility genes for SAD, and the possible 

mechanisms of CD2AP involved in the pathogenesis of SAD have been studied by a 

number of researchers during the recent years [24-25]. Both Aβ and tau pathologies 

have been reported to be linked with loss of function of CD2AP. A previous study 

demonstrated that CD2AP could affect Aβ metabolism in vitro but these effects were 

subtle in vivo [9]. These results coincided with our results that rs9296559 did not alter 

CSF Aβ1–42 level [7]. Another study showed that CD2AP served as a regulator of 

endosomal traffics and CD2AP loss of function affects APP and BACE1 sorting in 

early endosomes, subsequently regulated Aβ generation [8]. More recently, Kotaro et 

al. found overexpression of CD2AP affected the localization of APP to Rab5-positive 

early endosomes and Rab7-positive late endosomes, and accelerated the degradation 

of APP. CD2AP is also related to starvation-induced APP degradation [26].

CD2AP is also linked with another hallmark of AD-neurofibrillary tangles, 

which is formed by abnormally phosphorylated tau. The fly ortholog of the human 
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CD2AP, cindr, was reported as a regulator of tau-mediated neurotoxicity. Knockout of 

cindr (cindr-/-) enhances tau-related neuronal loss in the adult fly brain and reduces 

the survival time of fly. Moreover, cindr is associated with synapse maturation, 

synaptic vesicle recycling and release, as well as cytosolic calcium homeostasis [10]. 

The results of these studies were in line with the present study that modulating tau 

pathology was an important mechanism for CD2AP to increase the risk of AD.

Conclusion

Collectively, we analyzed the association of CD2AP rs9296559 SNP with AD 

CSF pathogenic proteins for the first time and found that the CC+TC genotype was 

associated with increased CSF tau levels in MCI, providing further evidence for the 

hypothesis that CD2AP may contribute to the AD risk by regulating tau pathology. 

With the limitation of small sample size and different ethnic backgrounds, further 

studies were needed in the larger samples and even other ethnicities.
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Legends of Figures

Fig.1 Data analysis workflow.

Fig.2 Scatterplots of CSF Aβ1-42, p-tau, and t-tau levels in CN, MCI and AD subjects 

from ADNI. Mean CSF Aβ1-42, p-tau, and t-tau levels were higher in MCI and AD 

subjects compared with CN subjects (P < 0.0001)

Fig.3 CD2AP rs9296559 and CSF Aβ1-42, p-tau, and t-tau levels at baseline in the CN, 

MCI and AD subjects from ADNI. (A) No significant differences of CSF Aβ1-42, 

p-tau, and t-tau levels were observed between subjects carrying TT and CC+TC in 

CN group. (B) No significant differences of Aβ1-42 level between subjects carrying TT 

and CC+TC in MCI group. P-tau and t-tau levels were significant elevated in subjects 

carrying CC+TC in MCI group (P < 0.05). (C) No significant differences of CSF 

Aβ1-42, p-tau, and t-tau levels were observed between subjects carrying TT and 

CC+TC in AD group.

Fig.4 Scatterplots of CSF Aβ1-42, p-tau, and t-tau levels in CN, MCI and AD subjects 

in an independent cohort. 
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Fig.5 CD2AP rs9296559 and CSF Aβ1-42, p-tau, and t-tau levels at baseline in the CN, 

MCI and AD subjects in an independent cohort. (A) No significant differences of CSF 

Aβ1-42, p-tau, and t-tau levels were observed between subjects carrying TT and 

CC+TC in CN group. (B) No significant differences of Aβ1-42 level between subjects 

carrying TT and CC+TC in MCI group. In the MCI group, p-tau level was significant 

elevated in subjects carrying CC+TC (P < 0.05), but t-tau level was insignificantly 

increased in subjects carrying CC+TC (P=0.06). (C) No significant differences of 

CSF Aβ1-42, p-tau, and t-tau levels were observed between subjects carrying TT and 

CC+TC in AD group.
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Table 1. Demographics and characteristics of the study participants from the ADNI cohort

Characteristics Total (N=543) CN (N=101) MCI (N=278) AD (N=164) P a P b P c

Age, mean years (SD) 74.01±7.36 75.38±5.35 73.09±7.70 74.74±7.65 0.084 >0.999 0.055

Gender (male/female) 324/219 54/47 175/103 95/69 0.095 0.477 0.295

Education, mean years (SD) 15.87±2.87 15.89±2.73 16.09±2.93 15.49±2.82 >0.999 0.797 0.066

APOE ε4 (0/1/2) 246/221/76 76/23/2 117/122/39 53/76/35 <0.0001 <0.0001 0.05

MMSE scores, mean (SD) 26.49±2.78 29.15±1.01 27.35±1.85 23.37±1.98 <0.0001 <0.0001 <0.0001

CD2AP rs9296559, T/C 770/316 159/43 380/176 231/97 <0.01 <0.05 0.518

CSF Aβ1-42 (pg/ml), mean (SD) 904.91±544.26 1243.99±652.63 913.86±507.38 680.92±405.40 <0.0001 <0.0001 <0.0001

CSF t-tau (pg/ml), mean (SD) 312.58±141.88 238.40±86.29 308.24±142.70 365.63±146.59 <0.0001 <0.0001 <0.0001

CSF p-tau (pg/ml), mean (SD) 30.62±15.56 22.11±9.03 30.28±15.74 36.42±15.96 <0.0001 <0.0001 <0.0001

Data are given as mean followed by (SD). 

P a values when comparing CN and MCI groups.

P b values when comparing CN and AD groups.

P c values when comparing MCI and AD groups.

Abbreviation: CN, cognitive normal; MCI, mild cognitive impairment; MMSE, mini-mental state exam; SD, standard deviation.
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Table 2. Correlations between CD2AP rs9296559 and CSF biomarkers in CN, MCI 

and AD subjects

Biomarker CN MCI AD

　 β coefficient P β coefficient P β coefficient P 

CSF Aβ1-42 -0.001 0.988 0.012 0.819 -0.104 0.150

CSF t-tau -0.095 0.337 0.144 0.013 0.011 0.891

CSF p-tau -0.091 0.353 0.137 0.018 0.024 0.756

Abbreviation: CN, cognitive normal; MCI, mild cognitive impairment; AD, 

Alzheimer’s disease. 

Table 3. Demographics and characteristics of the study participants in an independent 

cohort

Characteristics Total (N=198) CN (N=55) MCI (N=33) AD (N=110) P

Age, mean years (SD) 62.24±9.26 57.98±13.25 62.03±10.94 62.73±9.14 0.12

Gender (male/female) 109/89 37/18 16/17 56/54 0.10

Education, mean years (SD) 7.87±4.13 8.67±4.31 7.82±3.94 7.26±3.97 0.20

APOE ε4 (0/1/2) 125/59/14 39/14/2 20/8/5 66/37/7 0.24

CD2AP rs9296559, T/C 332/64 88/22 60/6 184/36 0.32

CSF Aβ1-42 (pg/ml), mean (SD) 704.90±359.97 989.79±261.79 745.68±374.52 615.71±314.51 <0.0001

CSF t-tau (pg/ml), mean (SD) 329.32±274.71 98.27±49.39 239.92±173.86 440.84±299.84 <0.0001

CSF p-tau (pg/ml), mean (SD) 57.64±38.25 21.49±9.47 49.68±23.04 70.95±45.23 <0.0001

Data are given as mean followed by (SD). 

Abbreviation: CN, cognitive normal; MCI, mild cognitive impairment; MMSE, 
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mini-mental state exam; SD, standard deviation.

 There was no association between CSF Aβ1–42 level and CD2AP rs9296559 SNP 

in CN, MCI or AD

 CC+TC genotype of rs9296559 was associated with increased CSF tau levels in 

MCI

 CC+TC genotype of rs9296559 did not alter CSF tau levels in CN or AD.


