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ABSTRACT
Down syndrome (DS) is themost common genetic cause of intellectual disability, resulting from lack
of disjunction of sister chromatids of human chromosome 21 or not partial disjunction of chromo-
some 21 (Hsa21), usually duringmaternalmeiosis. The expression of genes in chromosome 21 is very
complex and many other genes in other chromosomes can play a role in DS. The protein encoded
by the Cerebellar degeneration-relatedautoantigen 1 (CDR1) gene has been identified in patients with
paraneoplastic cerebellar degeneration. Transcriptome studies show CDR1 expression in tumor cell
lines and leukocytes of normal subjects and patients with Alzheimer’s disease.We investigated CDR1
expression in cultured fibroblasts of DS patients compared with normal subjects. The study of CDR1
mRNAwas performedwith qRT-PCR. Immunofluorescence andWestern blot were used for the anal-
ysis of the CDR1 protein. Our data show that both CDR1 mRNA and protein are expressed in human
fibroblasts and that the CDR1 gene is down-regulated in DS fibroblasts compared to controls. These
data suggest a role for CDR1 in DS phenotype.
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Background

Down syndrome (DS) is the most common genetic
cause of intellectual disability (ID), the cause of DS
is the presence of 3 copies of full of partial chromo-
some 21 (Hsa21) generally due to lack of disjunc-
tion during maternal meiosis in about the 95% of
cases (Lejeune et al. 1959; Newberger 2000; Capone
2001). DS represents the most common aneuploidy
in humans, with an overall incidence of 1/650–1000
live births (Hulten et al. 2008; Cartier and Murphy-
Kaulbeck 2012). It shows a stunningly wide array of
health issues, such as ID, autoimmune disorders, hypo-
tonia, muscle weakness, Alzheimer’s disease and con-
genital heart disease, whose physio-pathologic mech-
anisms are poorly explored (Antonarakis et al. 2004).
In addition, using imaging studies, there is evidence
for smaller total brain volume in DS (Gunbey et al.
2017).

The expression of genes in human chromosome 21
is dynamic and complex (Birchler et al. 2001). Sev-
eral authors suggested that some of the genes mapping
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in the 21 chromosome (e.g. BCLAF1, HSP90B1 and
DBH) (Zhao et al. 2016)may play an important role on
ID and DS phenotypes (Zhao et al. 2016; Salemi et al.
2018). A down-expression of the various mitochon-
drial sub-units in subjects with DS has been already
reported (Salemi et al. 2018). Notably, microRNAs as
miR-99a, miR-125b and let-7c transcribed by genes
on the human chromosome 21 have a regulatory role
on the expression of genes mapping in other chromo-
somes (Modi et al. 2017). In addition, various other
studies have dealt with gene expression in subjectswith
DS (Weick et al. 2013; Letourneau et al. 2014; Olmos-
Serrano et al. 2016; Sullivan et al. 2016; Pelleri et al.
2018).

Cerebellar degeneration-related autoantigen 1
(CDR1) gene maps in the Xq26-q27.2 chromo-
some (OMIM ID 302650; Alternative titles; sym-
bols: CDR34) and represents a candidate gene for
the etiology of a number of neurological disorders.
CDR1 encodes for a protein of 223 amino acids: the
autoantibodies are directed against that protein. In
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particular electrophoretic transfer (Western) blot anal-
ysis of purified Purkinje neurons has shown that the
autoantibodies recognize at least two proteins: a major
antigen of 62 kDa and minor 38 KDa (Cunningham
et al. 1986). Their presence has been identified in
patients with paraneoplastic cerebellar degeneration
(Dropcho et al. 1987). Particularly, CDR1 staining has
been observed by immunohistochemical techniques in
the Purkinje cells of the cerebellum, while the pro-
tein was not detected in basal ganglia, cerebral cortex,
spinal cord andmidbrain (Furneaux et al. 1989).CDR1
over-expression has been demonstrated in prostate
cancer cell lines (Salemi et al. 2014). Interestingly,
CDR1 has been found over-expressed in patients with
Alzheimer’s disease compared to controls, thus point-
ing to this gene a possible role in Alzheimer’s dis-
ease process (Bosco et al. 2014). It is not known
whether the CDR1 gene expression is altered in DS
patients. This knowledge may bring new insights into
the physio-pathology of ID in DS. Therefore, the
aim of the present study was to assess if the CDR1
gene is differently expressed in cultured fibroblasts
from periodontal gingival tissue of DS and normal
controls (NC).

Materials andmethods

Collection of tissue samples

A total of 21DS subjects and 21 controls were recruited
after obtaining family and/or personal consent at the
I.R.C.C.S. Oasi Maria SS, Troina, Italy, a special-
ized research hospital for ID and brain aging. This
study was approved by the Ethical Committee of the
‘IRCCS Associazione Oasi Maria SS.’, Troina (EN),
Italy (2017/05/31/CE-IRCCS-OASI/9 of 3 June 2017).
All the study participants signed an informed con-
sent to publish. Human fibroblasts were obtained by
oral biopsy of periodontal gingival tissue from 21 NC
(age range 20–40 years) and 21 DS subjects (age range
20–38 years). Human gingival fibroblasts were isolated
from explants of human gingiva and cultured in Dul-
becco’s modified Eagle’s medium in 5% CO2 humid-
ified atmosphere supplemented with 20% fetal bovine
serum, 2mM glutamine, and 100 units/ml of strepto-
mycin and penicillin. Before the immunofluorescence
experiments, samples were fixed with 4% formalin for
30min at 4 °C and post-fixedwith 70% ethanol for 24 h
at 20°C.

Total RNA extraction and cDNA synthesis

RNA extraction and purification were performed as
previously described using RNeasy mini Kit (Qia-
gen Sciences, Germantown, USA) (Salemi et al.
2018). RNA was quantified using Nanodrop ND-
1000 spectrophotometer (NanoDrop Technologies).
The RNA samples were stored at −80°C till further
use. Genomic DNA elimination reaction was per-
formed using QuantiTect Reverse Transcription Kit
(Qiagen, Germany), with thermocycler program: 2’
min at 42°C. Reverse-transcription (cDNA synthesis)
was carried out using 100 ng of RNA and QuantiTect
Reverse Transcription Kit (Qiagen Sciences, German-
town, USA), thermocycler program: 15’ at 42°C and
3’ at 95°C.

Real-time quantitative PCR (qPCR)

We compared qRT-PCR in 21 DS patients and 21
normal subjects. QRT-PCR experiments were per-
formed using the Light Cycler 480 (Roche Diag-
nostics; Mannheim, Germany) in a total volume
of 25 μl. The CDR1 target gene assay (assay ID
Hs00601346_s1) and the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) reference gene assay (assay
ID Hs99999905_m1) were obtained from Applied
Biosystems (Carlsbad, CA, USA). The thermal cycling
conditions consisted of one cycle for 2min at 50°C
(UDG incubation), one cycle of 15min at 95°C
(enzyme activation) and 42 cycles for: 15 s at 94°C
followed by 1min at 60°C (PCR). The amplified tran-
scripts were quantified using the threshold cycle (Ct)
method and relative quantification analysis data were
played using comparative��Ct method: each mRNA
from DS subjects was coupled with mRNA from nor-
mal subjects with the same sex and age, more or less
three years. Light Cycler 1.5 software supplied with
Light Cycler 480 was used for relative quantification
analysis (Livak and Schmittgen 2001; Kaur et al. 2018).

Immunofluorescence experiments

Fibroblasts slides of DS (n = 21) as well as age-
and sex-matched (n = 21) control subjects were
evaluated. For immunofluorescence studies, 0.2ml
of suspension containing 20× 106 fibroblasts/ml in
culture medium was incubated for 1 h at room
temperature with the primary anti-CDR1 antibody
(1:200), a rabbit polyclonal antibody raised against
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CDR1 protein (Sigma Life science, St. Louis, USA).
Following several washes with TBS containing 0.05%
Tween-20, the suspension was incubated with FITC-
labelled goat anti-rabbit IgG (1:30) (Sigma-Aldrich
Corp., St Louis, MO, USA) for 1 h at room tem-
perature. Before microscopic examination, nuclei
were counter-stained with 100 ng/ml 4′,6-diamidino-
2-phenylindole (DAPI) (Cytocell, Banbury,UK). Slides
were observed and cells were visually scored at 20×
and 40× magnification. Immunostaining was exam-
ined using a fluorescent microscope BX-51 (Olym-
pus, Jappan). Cells were classified within the follow-
ing scoring: high level positivity ++, slight positivity
+–, negative –. Levels ++ and +– were considered
positive for statistics.

Western blot analysis

Fibroblast proteinswere quantified using the BCApro-
tein determination method (Bio-Rad, Hercules, CA,
USA) (Kaur et al. 2018), solubilized in Laemmli buffer,
at a concentration of about 1–2× 102 fibroblasts/ml
also containing 5% β-mercaptoethanol at 100°C, elec-
trophoresed on 15% polyacrylamide-SDS gel and
electro-blotted onto nitrocellulose membrane (Bio-
Rad, Philadelphia, PA, USA) for 2 h at 0.24mA/cm2.
Protein bands were detected on the membrane using
anti-CDR1 primary antibody (Invitrogen CDR1 Poly-
clonal Antibody, ThermoFischer, Outside USA) and
in parallel with anti- β-Actin (Sigma Life Actin
primary antibody, St. Louis, USA). A goat anti-
rabbit antibody-HRP conjugate (Goat-Anti- Rabbit
secondary Antibody, #31460, Thermo Fisher Scientific
Inc., Rockford, IL, USA) was used as the secondary
antibody. Quantitative analysis of photographed bands

was carried out with ImageJ software. Density value of
CDR1 protein bands was quantified in terms of pix-
els and it was normalized to beta-actin value protein
bands.

Statistical analysis

Distribution analysis of CDR1 mRNA levels was per-
formed using Shapiro–Wilk test, inferential statistical
analysis was carried out using Wilcoxon rank-sum
test and bivariate linear regression analysis. Graph Pad
Prism 5 software was used for statistical analysis. A
p-value lower than 0.05 was considered statistically
significant.

Results

Expression of CDR1mRNA by qRT-PCR

Decreased levels of CDR1 mRNA were found in 20 of
21 DS samples (Figure 1). The expression levels were
not normal (p < 0.05). Therefore, theWilcoxon rank-
sum test was used for inferential statistical analysis, as
appropriated. A significant difference between DS and
controls was found (p < 0.001). In addition, we eval-
uated the mRNA levels of 2 subject groups by assess-
ing the relative expression value in terms of –�Ct;
in this analysis, the mean mRNA levels of patients
and controls and was 1.24 (SD = 3.08; CV = 2.48; IC
95% = –0.16–2.65) and 3.1 (SD = 2.41; CV = 0.77;
IC 95% = 2.01–4.2), respectively. Inferential statisti-
cal analysis revealed significant difference between the
two groups (p < 0.05). No significant difference was
found when the groups were analyzed according to the
gender (p > 0.05) and age (p > 0.05).

Figure 1. (A) CDR1 mRNA expression in DS subjects and normal controls compared to normal controls (not included in the figure with
value 1). Data shown were obtained by qRT-PCR, Figure 1(A) shows elaborated mRNA levels by comparative��Ct method; (B) Average
–�CtmRNA levels valueofDS (downsyndrome) subjects andNC (normal controls) groups. Significant differencebetween the twogroups
(p < 0.001)*.
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Immunofluorescence of CDR1 protein

CDR1 protein was localized in fibroblasts’ cytoplasm,
both in normal and DS subjects, and no nuclear signal
was seen (Figure 2(A,C)). Control samples showed

a positive cell rate of 94.17 on 100 cells analyzed
(SD = 2.12; CV = 0.02; IC 95% = 93.03–95.29) and
DS samples of 9.11 on 100 cells analyzed (SD = 2.17;
CV = 0.24; IC 95% = 7.96–10.27) (p < 0.0001). No
significant statistical effect was found for gender

Figure 2. (A–B–C–D) Immunofluorescence of fibroblasts obtained from oral biopsy of periodontal gingival tissue in normal subject,
CDR1 protein green fluorescence, nuclei were counter-stained in blue with 100 ng/mL 4,6-diamidino-2-phenylindole (DAPI). (E–F–G–H)
Immunofluorescence of fibroblasts obtained from oral biopsy of periodontal gingival tissue in DS subject, CDR1 protein green fluores-
cence, nuclei were counter-stained in blue with 100 ng/mL 4,6-diamidino-2-phenylindole (DAPI).
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Figure 3. Western blot of 4 normal fibroblast cell line (Control) and 4 DS cell line (Down), CDR1 protein approximately 30–35 kDa,
β-Actin protein approximately 45 kDa. Densitometric value (pixels) of bands and p value * calculated by inferential statistical analysis
are present in the figure.

(p > 0.05) and no linear correlation was detected with
age (p > 0.05).

Western blot analysis for CDR1 protein

Western blot analysis showed the presence of CDR1
protein in fibroblasts of both DS subjects and con-
trols, but trisomic cells had a reduced band intensity
compared to control ones. The protein has a molec-
ular mass of approximately 30–35 kDa (Figure 3).
The average expression level of the DS samples was
0.61 (SD = 0.34; CV = 0.56; IC 95% = 0.07–1.16)
and that of NC was 1.55 (SD = 0.27; CV = 0.17; IC
95% = 1.13–1.98) (p < 0.05). No significant differ-
ences in expression were found for sex (p > 0.05) and
no linear correlation was found with age (p > 0.05).

Discussion

The role of CDR1 is still unclear, it consists of 34
inexact repetitive hexapeptides (Furneaux et al. 1989;
Chen et al. 1990), accounting for more than 50% of the
human CDR1 sequence (www.uniprot.org, #P51861).
Some authors speculated about a possible effect on cell
proliferation, and a differential CDR1 expression has
been observed in several tumor cell lines and, partic-
ularly, in prostate, ovary and breast tissues (Cunning-
ham et al. 1986; Totland et al. 2018).

The majority of data on CDR1 come from cen-
tral nervous system cells. Accordingly, CDR1 has

been detected in the cytosol and dendrites of Purk-
inje cells and in the dentate nucleus of large neu-
rons by immunofluorescence studies carried out in
homo sapiens, rats and mice (Chen et al. 1990). Co-
staining with anti-parvalbumin, a marker for stellate
and basket cells, showed that CDR1 was also present
in these cells (Celio 1990; Chen et al. 1990). Moreover,
CDR1 over-expression was reported in patients with
Alzheimer disease (Bosco et al. 2014) and a role in the
Amyloid aggregation has been demonstrated (Ruiz-
Zamora et al. 2019). Different fibrillogenic hotspots
have recently been identified at the CDR1 and β-
strand C of the protein, thus likely suggesting a func-
tional role in the central nervous system.

CDR1 consists of repetitive hexamer amino acid
sequences with a core of glutamate and aspartate. Glu-
tamate and aspartate constitutes the 22.5% of the total
amino acid composition of human CDR1. Totland
et al. (2018) found that CDR1 was localized in the
soma and dendrites of Purkinje cells, although it had
been found into protrusions of the plasma membrane
of cancer cells. This indicates that CDR1 may be asso-
ciated with cell differentiation and migration. In the
form fibroblast cultured considered in this study, we
have found a cytoplasmic signal while no expression
was detected in cytoplasmic and nuclear membranes.
This may suggest that in fibroblasts the CDR1 protein
plays a functional role within the cell.

Pharos profile (https://pharos.nih.gov/idg/targets/
P51861) includes the brain among the tissues were

http://www.uniprot.org
https://pharos.nih.gov/idg/targets/P51861
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the CDR1 gene is expressed, as also GEO pro-
file does. Particularly, CDR1 has been reported as
under-expressed in type 2 diabetes, central nervous
system primitive neuroectodermal tumors and DS
https://www.ncbi.nlm.nih.gov/geo/tools/profileGraph.
cgi?ID=GDS3681:40978_s_at, https://www.ncbi.nlm.
nih.gov/geo/tools/profileGraph.cgi?ID=GDS4838:20
7276_at, https://www.ncbi.nlm.nih.gov/geo/tools/prof
ileGraph.cgi?ID=GDS2941:207276_at.

Data of the present study indicate that the CDR1
gene is expressed in human fibroblasts and that it is
under-expressed in DS fibroblasts compared to con-
trols. The various techniques used confirm this data,
this indicates that both the mRNA and the protein
are expressed in a comparable way. The evidence of
immunofluorescence makes us hypothesize that, at
least in fibroblasts, CDR1 can’t play a functional or
regulatory role at the nuclear level, even if the role at
cytoplasmic level is not clear.

The down-regulation may be mimicked in the
brain, thus possibly leading to the phenotypic fea-
tures of DS subjects. Accordingly, CDR1 gene is a
highly conserved neuroectodermal marker mapping
to X chromosome both inHomo sapiens and inmouse
(Ruiz-Zamora et al. 2019).

The CDR1 gene consists of a single exon, the same
conserved throughout evolution. It is well known that
the Xq27 band is characterized by large segmental
duplications (SDs) (Shaw and Lupski 2004). We have
not evaluated the SDs in our cell cultures but we
can’t exclude that the different orientation of SDs and
their recombination may result in deletions, duplica-
tions and inversions of the genomic region, includ-
ing CDR1 gene. Also, this phenomenon could modify
the expression of genes located in the above genomic
area.

Gene expression studies from DS subjects have
been conducted in fibroblasts (Shaw and Lupski 2004),
whole blood (Smyth 2004; Li et al. 2006) and amnio-
cytes (Tang et al. 2004). In a study of transcrip-
tome and proteome Sobol et al. (2019) have identi-
fied the role of transcription factors OLIG1, OLIG2
and RUNX1,in deficient myelination and neuronal
differentiation in DS and they also identified other
pathways and elements in neurogenesis of subjects
whit DS, providing further insights into developmen-
tal abnormalities of the DS brain. These studies have
established an important gene dosage effect for the
21 chromosome but it remains unclear whether there

are secondary transcriptional effects throughout the
genome (Altug-Teber et al. 2007). In addition, Jourdy
et al. (2016) reported a deletion of about 1.26-Mbmap-
ping within the Xq26.3 to Xq28 bands, encompassing
seven OMIM genes (LOC389895, SOX3, LINC00632,
CDR1, SPANXF1, LDOC1, SPANXC) in 5 patients with
ID. Therefore, deletions ofCDR1 genemight be associ-
ated with ID. A study by Semi-quantitative fluorescent
multiplex PCR in DNA of down syndrome subjects
was made on Xq27 region (Salemi et al. 2009), it
has demonstrated the instability of that chromosomal
region.

In conclusion, CDR1 gene down expression or
abnormalities of the chromosomal region where the
CDR1 gene maps might play a role in DS phenotype
and ID. Despite it is not currently possible to address
to theCDR1 gene down-regulation a role in the patho-
genesis of ID in DS patients, our data contribute to
expand the current knowledge. This could be use-
ful to better understand in the future the role that
the CDR1 has in embryonic development at the level
of the central nervous system and other apparatus.
Also, it could be interesting in to study the expres-
sion of CDR1 in brains post mortem of ID and/or DS
subjects.
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