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Polymorphisms in the prion protein gene
and in the doppel gene increase susceptibility
for Creutzfeldt-Jakob disease
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The prion protein gene (PRNP) plays a central role in the origin of Creutzfeldt-Jakob disease (CJD), but
there is growing interest in other polymorphisms that may be involved in CJD. Polymorphisms upstream of
PRNP that may modulate the prion protein production as well as polymorphisms in the prion-like doppel
gene (PRND) have been studied, with inconsistent findings. We investigated the role of a single-nucleotide
polymorphism (SNP 1368) located upstream of PRNP and three polymorphisms in PRND (T26M, P56L and
T174M) in CJD. The study included a population-based sample of 52 patients with sporadic CJD and 250
controls. We analysed our data as single markers and haplotypes. Further, we conducted a meta-analysis
on PRND T174M comparing the data of the four studies conducted to date. For SNP 1368 and PRNP
M129V, we found significant evidence for linkage disequilibrium. No evidence was found for a relation of
SNP 1368 to CJD independent of PRNP M129V. We further found a significant increased prevalence of M
homozygotes at PRND T174M among sporadic CJD patients, when adjusting the analyses for the other
genotypes. In the haplotype analyses, the association was strongest for persons homozygous for PRNP
129M and PRND 174M (odds ratio 4.35, 95% confidence interval 1.05-8.09; P=0.04). The meta-analysis
on the PRND T174M polymorphism did not show a consistent effect across studies, raising the question as
to whether PRND 174M is causally related to CJD, or whether the PRND allele is in linkage disequilibrium
with another polymorphism related to CJD.
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Introduction
The prion protein gene (PRNP) plays a central role in the
origin of Creutzfeldt—Jakob disease (CJD). Susceptibility for
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the disease is influenced by a polymorphism at codon 129
of PRNP.! At this site, homozygosity for methionine
increases the risk for sporadic, iatrogenic and variant
CJD, but also those homozygous for valine at codon 129
were found to be at increased risk for CJD.2~* In recent
years, there has been growing interest in other genetic
polymorphisms involved in CJD. Since animal studies have
shown that higher levels of PRNP expression lead to shorter
incubation times,>® polymorphisms in the regulatory
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region of PRNP may be of interest. Several polymorphisms
were identified in intronic and upstream regions of human
PRNP.”® A single-nucleotide polymorphism (SNP) up-
stream PRNP exon 1, designated SNP 1368, was found to
be strongly associated with CJD.”

Another gene of interest is the downstream prion
protein-like gene, or doppel gene (PRND). This gene shows
a 24% coding sequence identity with PRNP and is located
27 kb downstream of PRNP.? The function of both proteins
is still unresolved. Possibly, PrP and Dpl have antagonistic
biological properties in neurons, for example, competitive
binding to a common receptor. Deregulation of this
balance may lead to neuropathology.”'® In humans,
several polymorphisms have been described in PRND.
However, findings on the association of these polymorph-
isms with CJD are inconsistent.'* 13

In order to study the effect of these potential suscept-
ibility genes for CJD, we have examined the association of
a polymorphism upstream PRNP and three polymorphisms
in PRND, with sporadic CJD (Figure 1). We performed this
association study in a population-based sample of 52
patients with sporadic CJD and 250 controls. The data on
PRND T174M were analysed further in a meta-analysis,
including all studies in sporadic CJD published to date.

Material and methods

Study population

CJD patients were derived from a population-based study
in the Netherlands, which aimed to ascertain all patients
with this disease. The patients in this study (n=352) were
diagnosed with the sporadic form of CJD and were
classified as definite or probable according to established
criteria.'®!> The mean age of the patients was 63 years
(range 30-82 years) and 63% were female. A medical
doctor from the reference centre visited the patients and
blood was drawn for DNA collection after informed
consent of a relative. CJD patients were compared with a
control group, free of dementia and randomly drawn from
a population-based study, the Rotterdam Study, for which
all inhabitants of a suburb of Rotterdam were invited to
participate.'® The mean age of the control group was 67
years (range 55-87 years) and 57% were female.

Laboratory analyses
Genomic DNA was extracted from leucocytes following
standard procedures.'” PRNP M129V genotype was deter-

PRNP exon 1 ‘ ’ PRNP exon 2

SNP 1368 Mi29v T26M| TI74M
P5.6L

Figure 1 Schematic drawing of the position of the

polymorphisms in this study in PRNP and PRND.
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mined as described in detail elsewhere.'® Briefly, DNA was
amplified by polymerase chain reaction (PCR) producing a
722-bp fragment. A second, ‘nested’ PCR reaction produced
a 95-bp fragment. The restriction enzyme BbrPI digested
the PCR fragment producing a 75-bp fragment in case of
codon 129V and 95-bp fragment in case of a codon 129M
allele. The products were fractionated on a 3.5% agarose gel
stained with ethidium bromide.

PRND T174M: Amplification of a 141-bp product in the
PRND open-reading frame was performed with the forward
primer 5-CTC TGC CTT CTG GCT TTG AT-3' and the
reverse primer 5-CTG GGC ACC TTC AGA ACA C-3'. The
PCR product was digested by the restriction enzyme Nialll
into two fragments of 111 and 30 bp, when the M allele was
present. The restriction product was fractionated on a 3.0%
agarose gel stained with ethidium bromide.

PRND T26M, P56L and PRNP SNP 1368: The 528-bp
coding sequence of PRND was amplified by PCR using the
forward primer 5-GAC CCA CCG CCG TTT CTCT-3' and
the reverse primer 5-CGT GGG TTT GGG GGA GAA CA-3'
in standard conditions.!' For PCR amplification of SNP
1368, we designed the forward primer 5-AAC CAG AAA
CAT GGG GTG TT-3' and the reverse primer 5-AAA CCC
TGG CIT TTA CAA AGA A-3, producing a 167-bp
fragment. The PCR products were purified with Sap 1U/ul
and Exol 10U/ul. A multiplex SNaPshot reaction (Applied
Biosystems) was performed with the single base extension
(SBE) primer for T26M 5'-CCA CCT CTC TGC GGT CCA
GA-3' and the primer for PS6L 5'-polyT CCA GGT GGC
TGA GAA CCG CC-3'. For SNP 1368, we used the primer 5'-
polyT TGT TAA ATC AAT TAC AGG AG-3'. The SNaPshot
products were electrophoresed on an ABI 3100 automated
DNA sequencer (16, filter E, LIZ 120 as size standard, from
Applied Biosystems). All SNPs analyses were performed
with Genotyper Version 3.7.

Statistical analyses

Genotype and allele frequencies were tested for Hardy-
Weinberg equilibrium (HWE) proportions.!® First, we
tested for the association of the individual polymorphisms
with CJD. We used logistic regression analysis to estimate
odds ratios (OR) and their corresponding 95% confidence
intervals (CI), while adjusting for the other polymorph-
isms. Based on the findings of previous studies assessing
the risk of PRNP M129V, we selected the heterozygotes as
the reference group, as this genotype is consistently
associated with the lowest risk of CJD.? For the other
polymorphisms, we considered the most frequent allele in
controls as the reference. Next, we assessed whether
linkage disequilibrium existed between the polymorphisms
using a generalised linear mixed model with random
effects. Since parental information was missing, an ex-
pectation maximisation (E-M) algorithm was used to
estimate haplotype frequencies in a multiple locus system



in the samples.?° Finally, we studied the association of CJD
with the haplotypes.

Meta-analysis

For the meta-analysis on the association between sporadic
CJD and the PRND T174M polymorphism four studies
(including this study) were available, leading to a total of
239 patients and 584 controls.'! =13 Genotype frequencies
were not in HWE proportions in the controls in one study
(P=0.002)."* The meta-analysis was performed including
and excluding this study, using the homozygotes for the
most common allele as reference. Following the hypothesis
that the prion protein and doppel protein may be involved
in CJD according to a similar genetic mechanism, we also
analysed homozygotes versus heterozygotes. The meta-
analysis was not adjusted for the PRNP M129V polymorph-
ism. Heterogeneity in allele frequencies between the
studies was tested with a »? test. We used a random effect
model when significant evidence for between study
variation was found.?! In all other comparisons we used a
fixed effect model.

Results

All genotype frequencies were in HWE proportions, with
the exception of the PRNP M129V polymorphism in CJD
patients. In CJD patients, those homozygous for the PRNP
M129V polymorphism were over-represented (unadjusted
OR 2.20, 95% CI 1.07-4.92; P=0.03). PRND T26M and
PS6L were found to be rare polymorphisms (Table 1),
which were not associated with the disease. In Table 2, the
allele and genotype distributions of SNP 1368, PRNP
M129V and PRND T174M are shown. After adjusting for
the other genotypes, we found a more than three times
increased risk of CJD for carriers of PRNP 129 VV genotype
compared with heterozygotes (OR 3.22, 95% CI 1.00-
10.45; P=0.05). Those homozygous for MM at PRNP 129
were also at increased risk, although not significantly. A
similar increase in risk of CJD to that seen for PRNP 129V
homozygotes was found for MM carriers of PRND 174,
compared to the reference group TT (OR 2.86, 95% CI
1.10-7.48; P=0.03). We found no association with CJD for
SNP 1368.
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We found a significant evidence for linkage disequili-
brium between PRNP SNP 1368 and PRNP M129V, both in
cases (P=0.0003) and controls (P=0.0001), with an over-
representation of the combination SNP 1368t with codon
129V and SNP 1368c with codon 129M. However, the
distribution of haplotypes did not differ significantly
between cases and controls (P=0.24). In the analyses
stratified on PRNP codon 129, we found the c-allele slightly
over-represented in homozygous carriers of PRNP codon
129M, although this finding was not statistically signifi-
cant. We found no evidence for linkage disequilibrium
between PRNP M129V and PRND T174M (P=0.31 in cases
and P=0.17 in controls). We observed a significant
association between haplotype PRNP codon 129M-PRND
codon 174M and sporadic CJD (OR 1.88, 95% CI 1.41-
3.28). Also, the frequency of the PRNP codon 129V-PRND
codon 174M haplotype was increased in sporadic CJD, but
not significantly (OR 1.81, 95% CI 0.91-4.08).

In Table 3, the haplotype interaction is assessed. In the
haplotypes, the first locus is the PRNP M129V polymorph-
ism and the second locus the PRND T174M polymorphism.
We used the MT-VT genotype as the reference group,
because in PRND T174M we found the M allele to be the
risk allele and T the wild-type allele. Among sporadic CJD
patients, there was a significant increase in carriers of MM-
MM (OR 4.35, 95% CI 1.05-18.09; P=0.04). Although the
frequencies of other haplotypes was increased, numbers
were too small to reach statistical significance.

The meta-analysis on the studies assessing the relation
between the PRND T174M polymorphism and CJD did not
result in significant findings (Figure 2), both in the analyses
including and excluding the study of Schroder et al.'
P-values for the overall effect of the T174M genotype on
CJD ranged from 0.4 to 1.0. Also, when we tested
homozygosity versus heterozygosity, we did not observe
an effect of the T174M polymorphism on CJD, neither in
the analysis including nor excluding the study of Schroder
et al (data not shown).

Discussion
We found a significant relation of PRNP M129V and PRND
T174M with the sporadic form of CJD. Consistent with the

Table 1T PRND T26M and P56L genotypes in patients with sporadic CJD and controls

N T (%) ™ (%) MM (%) P-value for HWE
PRND T26M
Sporadic CJD 48 47 (97.9) 1(2.1) 0 (0) 0.94
Controls 244 234 (95.9) 10 (4.1) 0 (0) 0.75

N PP (%) PL (%) LL (%) P-value for HWE
PRND P56L
Sporadic CJD 38 37 (97.4) 1 (2.6) 0 (0) 0.93
Controls 217 215 (99.1) 2(0.9) 0 (0) 0.95
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Table 2 PRNP SNP 1368, PRNP M129V and PRND T174M genotypes and the association with sporadic CJD

Polymorphism CID (%) Control (%) OR (95% Cl) P-value
PRNP SNP 1368
Alleles
t 52 (56.5) 293 (49.8) Reference —
c 40 (43.5) 203 (40.9) 1.11 (0.69-1.78) 0.69
Genotypes
tt 16 (34.8) 93 (37.5) Reference —
tc 20 (43.5) 107 (43.2) 1.05 (0.47-2.31) 0.90
cc 10 (21.7) 48 (19.4) 0.74 (0.24-2.32) 0.60
PRNP M129V
Alleles
M 60 (71.4) 341 (68.2) Reference —
\Y% 24 (28.6) 159 (31.8) 0.88 (0.64-1.29) 0.55
Genotypes
MV 12 (28.6) 117 (46.8) Reference —
MM 24 (57.1) 112 (44.8) 1.69 (0.77-3.71) 0.19
w 6 (14.3) 21 (8.4) 3.22 (1.00-10.45) 0.05
PRND T174M
Alleles
T 46 (48.9) 219 (57.0) Reference —
M 48 (51.1) 165 (43.9) 1.38 (0.86-2.23) 0.16
Genotypes
T 14 (29.8) 64 (33.3) Reference —
™ 18 (38.3) 91 (47.4) 1.25 (0.51-3.07) 0.61
MM 15 (31.9) 37 (19.3) 2.86 (1.10-7.48) 0.03

ORs are adjusted for all genotypes.

Table 3 Association with sporadic CJD for haplotype interaction, constructed from PRNP M129V and PRND T174M

Sister haplotypes” Risk

P-value
Haplotype 1 Haplotype 2 N case/control OR 95% CI
M-T V-T 3/29 Reference — —
M-T M-T 4/28 1.38 0.28-6.73 0.94
M-T M-M 9/42 2.07 0.52-8.31 0.30
M-T or M-M V-M or V-T 4/41 0.94 0.20-4.54 0.94
M-M V-M 5/16 3.02 0.64-14.32 0.16
M-M M-M 9/20 4.35 1.05-18.09 0.04
V-T V-T 2/7 2.76 0.39-19.81 0.31
V-T V-M 3/8 3.63 0.61-21.53 0.16
V-M V-M 11 9.67 0.47-197.28 0.14

“First locus is the PRNP M129V polymorphism; second locus is the PRND T174M polymorphism.

existing literature, we found homozygosity for PRNP 129
associated with an increased risk for the sporadic form of
CJD.! The PRND T174M polymorphism was significantly
associated with CJD, independent of the effect of the PRNP
M129V polymorphism, resulting in an almost three-fold
increased risk for M homozygotes. This finding is not in
line with earlier reports, which either showed no signifi-
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cant relation'"!? or a significant increased risk for the

heterozygotes.!® A problem with the latter study is that the
controls were not in HWE (P=0.002). This hampers the
interpretation of the study since deviations from HWE may
be the result of selection bias or genotyping errors.

Two other studies assessing the relation of the upstream
region of human PRNP with CJD have been conducted.”-®
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Figure 2 Meta-analysis assessing the risk on CJD asso-
ciated with the PRND T174M polymorphism.

In one of these studies, the effect of SNP 1368 was assessed,
which was found to be related to CJD.” This study found
strong linkage disequilibrium between SNP 1368 and PRNP
codon 129, which was confirmed in our study. In both
studies, the SNP 1368c allele was found most frequently in
combination with PRNP 129M.” In our study, the risk
associated with the SNP 1368c allele was only slightly
elevated and the association between PRNP SNP 1368 and
sporadic CJD was not statistically significant. This may be
explained by differences across the studies in linkage
disequilibrium for SNP 1368 and a functional polymorph-
ism nearby. In Caucasian populations, linkage disequili-
brium with polymorphisms upstream the gene may differ
considerably.??

A problem in the interpretation of our data is the small
number of patients. In order to increase the power of our
study, we included five controls per case. Further, we
matched the controls on age, to avoid spurious associa-
tions based on survival of one of the genotypes. Despite the
lack of power, our study suggests a significant and
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consistent effect of PRNP T174M. The strength of our
study is its population-based design in both the case and
control series. Although the distributions of the genotypes
in the studies are similar,”!"!? the meta-analysis suggests
significant differences in the effect of the genotypes across
studies, also when the study in which the controls were not
in HWE was excluded.!® There may be various explana-
tions for these differences. The small size of each of the
studies may have resulted in random fluctuations. Another
explanation is that the PRND T174M is not the causal
locus, but may be in linkage disequilibrium with a nearby
locus involved in CJD. Linkage disequilibrium may differ
across populations and this may explain the differences
observed between the studies. Further crosscultural studies
are needed to resolve this issue.

Although we cannot pinpoint the causal variant, the
findings in CJD patients are compatible with a role of Dpl
in the sporadic form of CJD. The function of Dpl remains
uncertain, but may overlap the function of PrP. Over-
expression of Dpl in PrP knockout mice with major
deletions in PRNP has been shown to result in progressive
ataxia.”®* Recent evidence suggests that truncated PrP and
Dpl may interfere with a signalling pathway essential for
the maintenance of cell viability.>* However, it is unclear
whether these findings in mice reflect the situation in
humans. In CJD patients and controls, no difference in
brain Dpl levels was observed, suggesting that Dpl levels
may not be influenced by prion infection.?®

In conclusion, our study suggests that the T174M
polymorphism in PRND may increase the risk for CJD.
However, given the small size of our study and those of
others, further research on the role of PRND in the
aetiology of CJD is needed.
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