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ABSTRACT

Rapidly progressive dementias (RPDs) are a type of fatal dementias that cause rapid progression of 
neuronal dysfunction. This study aimed to assess the prevalence of APOE genotypes (ε2, ε3, ε4) 
and PRNP mutations (E200K, M129V) in the general population of Pakistan because of their 
association with RPDs, including Rapidly Progressive Alzheimer’s Disease (rpAD) and Creutzfeldt- 
Jakob Disease (CJD). Blood samples (n = 100) were collected from healthy Pakistani population 
and the stated mutations were assessed using polymerase chain reaction. In the analysis of the 
APOE genotype, ε3/ε3 genotype was the most common (95%), followed by ε3/ε4 (5%) and ε2 
allele was completely absent. A low frequency of ε4 allele and the absence of a protective ε2 allele 
is associated with an increased risk of rpAD. In the case of PRNP mutations, the most common 
genotype was M129-Ε200 (71%) and V129-Ε200 (29%). E200K mutation was completely absent 
from the given population. It is noteworthy that the MM homozygous genotype was present in 71 
samples, VV genotype was present in 29. Homozygosity on codon 129, as observed in most of our 
samples, has been associated with more efficient production of PrPSc and disease pathology. This 
study provides preliminary data indicating that rpAD and CJD pose a significant threat to the 
Pakistani population.
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1. Introduction

Rapidly progressive dementias (RPDs) are categorized 

as cognitive dysfunction that occurs over the course of 

months and sometimes even within days [1]. There are 

various subtypes of RPDs, but in this study, we have 

only focused on rapidly progressive Alzheimer’s disease 

(rpAD) and Creutzfeldt-Jakob Disease (CJD). rpAD is 

characterized by rapidly progressive cognitive dysfunc-

tion with dementia that develops within 1–2 years of 

the disease onset. Rapid progression has roughly been 

defined as a decline of 6 mini-Mental State 

Examination (MMSE) points per year and a disease 

duration of less than two years [2]. Furthermore, 

amid the increasing range of genetic risk factors that 

have been identified, the Apolipoprotein E (APOE) 

gene is highlighted as the strongest and most prevalent, 

influencing over fifty percent of all instances of 

Alzheimer’s disease (AD) [3]. The APOE gene is 

found to be polymorphic at two single nucleotides 

which includes rs429358 and rs7412. The 

polymorphism generates three alleles ε2, ε3, and ε4 

and six APOE genotypes [4]. The probability of the 

development of AD in people homozygous for ε4 allele 

is greater than the ones heterozygous for the allele [5]. 

The ε2 allele has a protective role against AD so indi-

viduals carrying ε2 allele have decreased risk of 

developing AD [6]. In a study carried out to assess 

the rate of occurrence of ε4 allele in people with 

rpAD, the results showed that only 38% of the patients 

had ε4 allele in contrast to AD patients and none of 

them was found to be homozygous for ε4 allele, this 

indicates that RpAD is associated with low frequency of 

ε4 allele [7].

Additionally, CJD is a rare and progressive neurodegen-

erative disorder that is life-threatening [8]. The worldwide 

incidence of CJD is 1 case per million [9]. CJD has three 

subtypes sporadic CJD, iatrogenic CJD and genetic CJD 

(gCJD). Sporadic CJD is the most prevalent subtype with 

85% of all CJD cases while Iatrogenic CJD accounts for 
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only 1–2% of all cases. gCJD is caused by mutations in the 

PRNP gene on chromosome 20 and constitutes 10–15% of 

all CJD cases [10]. More than 55 mutations of gCJD have 

been identified globally. One of the most common muta-

tions in gCJD patients is E200K (substitution of glutamine 

to lysine), which has been reported to cause clustered cases 

globally [11]. Clinical representation of gCJD depends 

upon the polymorphism at codon 129. The presence of 

methionine at codon 129 shows greater susceptibility to 

CJD as compared to valine [12]. CJD’s long incubation 

period (10–12 years, and in some cases as long as 40 years) 

and short disease duration (3–12 months) make it difficult 

to diagnose, which has contributed to a higher death toll 

since its occurrence [13,14].

The incidence of dementia is increasing in Pakistan, 

but little to no data is available to remedy the situation. 

Even though the presence and absence of the APOE4 

gene are strongly associated with the development 

of AD and rpAD respectively, no study has been carried 

out to check the prevalence of APOE genotype fre-

quency in Pakistani population with respect to RPDs. 

Similarly, no study has been carried out in the Pakistan 

to identify the various PRNP mutations associated with 

CJD. The general population also seems to be unaware 

of both diseases, and people are hesitant to report the 

disease because they believe that dementia is a normal 

part of ageing. Therefore, the aim of this study is to 

assess the frequency of APOE genotypes and PRNP 

mutations in the population of Pakistan.

2. Methodology

2.1. Genotyping

For genetic screening of APOE genotype and PRNP 

mutations blood samples (n = 100) were collected 

from a healthy population in collaboration with 

Islamabad Diagnostic Center with the approval of the 

local ethical review committee (IDCERB10202309). The 

study was designed in accordance with the Declaration 

of Helsinki. The age range of the participants was 

between 15–64 years. Samples were collected at random 

from both genders without any bias. DNA was 

extracted from the samples using a commercially avail-

able DNA extraction kit (Solar Bio Catalogue number: 

D1800, China). Primers (Table 1) for amplification of 

APOE and PRNP alleles were obtained through 

a comprehensive literature review and were validated 

through BLAST, primers for PRNP alleles were used in 

combination i.e., M129-E200 (primer 1 and 3), M129- 

K200 (primer 1 and 4), V129-E200 (primer 2 and 3) 

and V129-K200 (primer 2 and 4) [15,16]. The APOE 

genotype and PRNP mutations were determined by 

polymerase chain reaction (PCR). A total of 12.5 μl of 

PCR master mix (Wizbio Solutions, cat#W1401–2, 

South Korea), 8.5 μl of Nuclease free water, 1 μl of 

forward primer, 1 μl of reverse primer and 2 μl of 

DNA template were added in the PCR tube to make 

25 μl of total volume. The PCR cycling conditions 

comprised an initial denaturation phase at 94°C for 

3 min, succeeded by 35 cycles, each featuring 

a denaturation step at 94°C for 30 secs, an annealing 

phase at varying temperatures (specified in Table 1) for 

35 secs, an elongation stage at 72°C for 45 seconds, and 

a final extension period at 72°C for 7 min. Analysis and 

visualization of PCR product were done through gel 

electrophoresis and ChemiDocTM XRS (Bio-Rad, serial 

number:721BR19365) respectively.

2.2. Sanger sequencing

In order to validate the results of genotyping, a few 

initial samples were sequenced via the automated 

Sanger sequencing method [17]. A total of 30 μl PCR 

product containing 50 ng genomic DNA was taken and 

purified to remove contaminants and other impurities 

using Qiagen PCR cleanup kit, chain termination PCR 

was performed on 5 μl DNA. The PCR cycling condi-

tions included initial denaturation at 98°C for 4 min, 

followed by 35 cycles at 98°C for 10 secs, after that 

annealing was done at 60°C for 30 secs, extension at 

72°C for 40 sec and final extension at 72°C for 10 min. 

Each band in the capillary gel was read by the compu-

ter, and fluorescent tags in each band were excited by 

laser resulting in the emission of light which was 

detected by the computer. The output was seen on the 

chromatogram, on which different coloured waves 

represented different bases.

Table 1. Table shows the primers used for the amplification of 
APOE and PRNP genotypes.

Name Primer Sequence Temperature (°C)

Primers for APOE Genotypes
ε2 Forward GCGGACATGGAGGACGTGT 56°C
ε2 Reverse CCTGGTACACTGCCAGGCA
ε3 Forward CGGACATGGAGGACGTGT 57°C
ε3 Reverse CTGGTACACTGCCAGGCG
ε4 Forward CGGACATGGAGGACGTGC 59°C
ε4 Reverse CTGGTACACTGCCAGGCG

Name Primer Sequence Temperature (°C)

Primers for PRNP Genotypes
M129 Forward 

(Primer 1)
GGCCTTGGCGGCTACA 57.8

V129 Forward 
(Primer 2)

GCCTTGGCGGCTACG 55.8

Ε200 Reverse 
(Primer 3)

CCATCATCTTAACGTCGGTCTC 57.6

K200 Reverse 
(Primer 4)

CCATCATCTTAACGTCGGTCTT 56.9
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3. Results

3.1. Genotyping

As depicted in Table 2 and Table 3, the most pre-

valent allele in 100 samples was ε3, it was present 

in all the samples with an allelic frequency of 0.975 

(97.5%). The least prevalent allele was ε2, which 

was completely absent from the sample with an 

allele frequency of 0. ε4 allele was present in 5 

samples with an allele frequency of 0.025 (2.5%). 

The most prevalent genotype was ε3/ε3 with 

a genotype frequency of 0.95 (95%). ε2/ε2, ε2/ε3, 

ε2/ε4, and ε4/ε4 genotypes were completely absent. 

The ε3/ε4 genotype was the second most prevalent 

with an allele frequency of 0.05 (5%). In the case of 

PRNP mutations, the genotype M129-Ε200 emerged 

as the most commonly observed genotype, exhibit-

ing a frequency of 0.71 (71%). Following closely 

behind, the genotype V129-Ε200 manifested as 

the second most prevalent combination, with 

a frequency of 0.29 (29%). The genotypes V129- 

K200 and M129-K200 were not detected in any of 

the samples. The representative gels for the APOE 

genotype and PRNP genotype are shown in Figures 

1 and 2 respectively.

3.2. Sanger sequencing

The PCR products were sequenced. The sequencing 

results were confirmed using BLAST (https://blast. 

ncbi.nlm.nih.gov/Blast.cgi). The sequences acquired 

using Sanger sequencing are shown in Figure S.1 of 

supplementary data.

4. Discussion

The presence of different isoforms of the APOE gene in 

different genotype combinations determines the suscept-

ibility of the person to developing AD in the future. The ε2 

gene has a protective role against AD, with a worldwide 

prevalence of 8.4% in healthy individuals and 3.9% in AD 

patients [6]. The ε2 allele is known to reduce Aβ pathology 

in humans, the autopsy of AD patients carrying the ε2 allele 

showed a lower density of Aβ-containing senile plaques 

when compared to ε3ε3 [18]. PET imaging also confirmed 

that Aβ accumulation happens at a much lower rate in non- 

demented individuals carrying ε2 allele as compared to 

ε3ε3 homozygotes [19]. In this study, the allele and geno-

type frequencies of the ε2 allele were found to be 0. 

Therefore, the absence of ε2 allele in non-demented indi-

viduals indicates that they are deprived of the protective 

role that may have been provided by ε2 if present. This 

increases the risk of developing AD in the population. ε3 is 

the most common isoform of the APOE gene, with 

a prevalence of 77.9% worldwide [20]. It is believed to 

play a neutral role with respect to AD [21]. In this study, 

the findings indicate that all 100 samples contain the ε3 

allele. The allele frequency of the ε3 allele in 100 samples 

was 100%. The most common genotype in the subjects was 

ε3ε3 with 95% prevalence, the second most common geno-

type was ε3ε4 with 5% prevalence. Although ε3 does not 

play any role in the development of AD, the absence of 

protective ε2 and the presence of ε3 with ε4 indicates that 

there is a relatively high risk of AD among the subjects as 

compared to if they had the ε2 allele.

The ε4 allele is the major risk factor for AD and 

the second most prevalent isoform of the APOE geno-

type after ε3. The allele frequency of the ε4 allele among 

Table 2. Allele frequency.

Sr 
No. Alleles

Number of 
alleles 

present in n

Ratio of no. of allele 
present in n to total no. 

of alleles (200).
Allele 

frequency

Frequency of APOE and PRNP alleles n=100
1. ε2 (protective) 0 0/200 0
2. ε3 (neutral) 195 195/200 0.975
3. ε4 (AD, RpAD) 5 5/200 0.025
4. M129- 

Ε200 (healthy)
171 171/200 0.855

5. V129- 
Ε200 (healthy)

29 29/200 0.145

6. M129-K200 
(mutant)

0 0/200 0

7. V129-K200 
(mutant)

0 0/200 0

The table shows the allele frequency of APOE and PRNP alleles in the 
selected dataset (n = 100). ε2 allele was completely absent from the 
population. The ε3 allele in ε3/ε3 genotypic combination was the most 
prevalent. The ε4 allele was only present in ε3/ε4 combination. Results 
also indicated the absence of mutation at codon 200. The most prevalent 
genotype was M129-Ε200 (71%) and V129-Ε200 (29%) whereas M129- 
K200 and V129-K200 were absent in the subjects. 

Table 3. Genotypic distribution.

Sr 
No. Genotype

Number of 
individuals

Ratio of genotype 
to total

Genotype 
Frequency

Homozygosity and Heterozygosity of APOE and PRNP Genes
1. ε2/ε2 0 0/100 0
2. ε2/ε3 0 0/100 0
3. ε2/ε4 0 0/100 0
4. ε3/ε3 95 95/100 0.95
5. ε3/ε4 5 5/100 0.05
6. ε4/ε4 0 0/100 0
7. M/M 71 71/100 0.71
8. M/V 0 0/100 0
9. V/V 29 29/100 0.29
10. E/E 100 100/100 1
11. E/K 0 0/100 0
12. K/K 0 0/100 0

The table shows the genotypic distribution, ratios, and frequencies of APOE 
polymorphism and PRNP gene in a study population of 100 individuals. 
For the APOE gene, ε3/ε3 was the predominant genotype (95%), with ε3/ 
ε4 observed in 5%; other genotypes were absent. For the PRNP gene, 
codon 129 revealed a majority of individuals with the M/M genotype 
(71%), followed by V/V (29%), with no heterozygous M/V genotypes. 
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the general population worldwide is 13.7% and 

among AD patients, the allele frequency is 36.7% [22]. 

The probability of AD in individuals with one ε4 allele 

increases by 2–3-fold while individuals who have two 

ε4 alleles in the homozygous pattern. have a 10–15-fold 

increased risk of developing AD. ε4 allele is involved in 

exacerbation of Aβ deposition [23]. The current study 

indicated that the most common genotype in the sub-

jects was ε3ε3, with 95% prevalence. The ε4 is the major 

risk factor for AD, with a global prevalence of 13.7%, 

and is involved in exacerbating Aβ deposition [22]. In 

our dataset, the ε4 allele was present in the ε3/ε4 

pattern only with a 5% genotype frequency, which 

suggests that 5% of the subject population is at risk of 

developing AD. While a high frequency of the ε4 allele 

increases the risk of AD, a decreased frequency is 

believed to increase the risk of rpAD [24]; however, 

a full consensus on this theory has not yet been 

reached. Therefore, if the allele frequency of the ε4 

allele is lower, the chance of developing rpAD 

increases. With the complete absence of the protective 

ε2 allele and the presence of the ε4 allele in heterozy-

gous conditions, the chance of developing rpAD 

increases.

PRNP mutations are associated with the onset of 

genetic gCJD. The global incidence of gCJD is esti-

mated to be 10–15%. Among these mutations, the 

E200K mutation, characterized by a substitution from 

Figure 1. Representative gels for ε2, ε3, and ε4. Gel a shows that no band could be seen for ε2 allele, therefore ε2 allele was absent 
in all 100 samples. Gel B shows that ε3 allele was present in all the 100 samples in homozygous pattern, except for 5 samples in 
which it is present in heterozygous pattern with ε4 allele. Gel C shows that ε4 was present in only 5 samples in heterozygous pattern 
ε3/ε4.
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lysine to glutamic acid, stands out as the most common 

and extensively researched mutation, occurring 

annually at a rate of 0.27 per million [25].

The study indicated that the mutation from E200 

to K200 was not found in any of the participants, 

which confirms the rarity of this mutation. On the 

other hand, the presence of homozygous methionine 

at codon 129 is a risk factor that facilitates the for-

mation of PrPc/PrPSc complexes, causing rapid neu-

rodegeneration if present in homozygous conditions 

[26]. The occurrence of methionine at codon 129 is 

found to be the highest globally from 60%-80% in 

the European population to 60%-70% in the Asian 

population. Likewise, the prevalence of E200 is 

90–95% in the European population and Asian popu-

lations. Similarly, our study revealed that the most 

prevalent allelic form was M129-E200, which corre-

sponds to homozygous methionine at codon 129 

(0.71%) signifying that individuals with this combi-

nation may have higher susceptibility towards CJD 

due to the presence of methionine (MM) at codon 

129, whereas presence of E200 allele does not modify 

risk substantially, its presence does not mitigate the 

increased risk associated with 129 allele [27,28]. The 

frequency of V129 (MV or VV) allele is rare. In 

Asian populations V129 is below 1% and in 

European populations is approximately 1–3% high-

lighting its essential role in understanding gCJD and 

other prion diseases. The presence of valine at codon 

129 signifies a lower to intermediate risk of CJD as it 

gives rise to a more stable and less pathogenic form 

of prion protein, hindering the process of PrPc/PrPSc 

Figure 2. Representative gels for healthy and mutated sequence. Gel A and B shows the presence of M129-Ε200 and V129-Ε200 in 
the sample (n = 100) whereas gel C and gel D shows the absence of mutations i.e., M129-K200 and V129-K200.
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complex formation. Similarly, K200 is relatively rare, 

with 2–5% global occurrence. The presence of K200 

is associated with an increased risk of gCJD when 

combined with the primary risk factor Methionine at 

codon 129 [29]. Our study aligns with the study as 

V129- K200 and M129-K200 are absent from the 

population indicating the rarity of this mutation. 

Conversely, the second most predominant genotypic 

expression found in our study V129-E200 i.e., 0.29, 

indicates a lower risk of developing CJD as compared 

to a combination involving M129.

This study has some limitations, the genotyping 

analysis has a relatively small sample size, which 

restricts the generalizability of our findings. One of 

the limitations of our study is the inability to per-

form DNA sequencing on all samples due to its high 

cost. Future research could benefit from larger sam-

ple sizes in order to improve genetic association 

detection, increase the reliability of results, and con-

duct a more thorough subgroup analysis.

5. Conclusion

Our findings identified the absence of the protective ε2 

allele, the presence of the neutral ε3 allele in the major-

ity of the population and the ε4 allele in five samples 

indicating the risk of AD and rpAD. The presence of 

M129-E200 indicates a higher susceptibility to CJD due 

to the presence of methionine. E200 does not signifi-

cantly change the risk. V129-E200 is consistent with its 

rare occurrence globally. Even though the study tar-

geted a smaller sample size with a less diverse group, it 

can act as an essential preliminary step for conducting 

research studies for a larger sample size with a more 

diverse population. Therefore, it is essential to identify 

and report cases to devise correct diagnoses and treat-

ments to curtail this disease.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This project was partly funded by the Higher Education 
Commission (HEC) of Pakistan [project number 15083].

Author contributions

Conceptualization: Aneeqa Noor and Saima Zafar. Data cura-
tion: Urwah Rasheed and Minahil Khalid. Formal analysis: 
Urwah Rasheed and Minahil Khalid. Methodology: Urwah 
Rasheed and Minahil Khalid. Project administration: Aneeqa 
Noor and Saima Zafar. Validation: Umer Saeed and Rizwan 

Uppal. Writing – original draft: Urwah Rasheed and Minahil 
Khalid. Writing – review & editing: Aneeqa Noor and Saima 
Zafar. All authors have read and approved the final work.

Data availability statement

Data supporting the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID

Minahil Khalid http://orcid.org/0009-0006-4684-8455
Aneeqa Noor http://orcid.org/0000-0001-8692-3161
Umar Saeed http://orcid.org/0000-0002-9740-0371
Rizwan Uppal http://orcid.org/0000-0003-1599-651X
Saima Zafar http://orcid.org/0000-0002-4261-0339

References

[1] Geschwind MD, Haman A, Miller BL. Rapidly progres-
sive dementia. Neurol Clin. 2007 Aug;25(3):783–807. 
doi: 10.1016/J.NCL.2007.04.001

[2] Abu-Rumeileh S, Capellari S, Parchi P. Rapidly pro-
gressive alzheimer’s disease: contributions to clinical- 
pathological definition and diagnosis. J Alzheimers Dis. 
2018;63(3):887–897. doi: 10.3233/JAD-171181

[3] Raulin AC, Doss SV, Trottier ZA, et al. ApoE in alz-
heimer’s disease: pathophysiology and therapeutic stra-
tegies. Mol Neurodegener. 2022 Nov;17(1):1–26. doi:  
10.1186/S13024-022-00574-4

[4] Wu H, Huang Q, Yu Z, et al. The SNPs rs429358 and 
rs7412 of APOE gene are association with cerebral 
infarction but not SNPs rs2306283 and rs4149056 of 
SLCO1B1 gene in southern Chinese Hakka population. 
Lipids Health Dis. 2020 Sep;19(1):1–9. doi: 10.1186/ 
s12944-020-01379-4

[5] Farrer LA, Cupples LA, Haines JL, et al. Effects of age, 
sex, and ethnicity on the association between apolipo-
protein E genotype and Alzheimer disease: a 
meta-analysis. J Am Med Assoc. 1997 Oct;278 
(16):1349–1356. doi: 10.1001/jama.1997. 
03550160069041

[6] Protective effect of apo epsilon 2 in Alzheimer’s dis-
ease. Oxford project to investigate memory and ageing 
(OPTIMA) - PubMed. [cited 2024 May 16]. [Online]. 
Available: https://pubmed.ncbi.nlm.nih.gov/7914581/

[7] Schmidt C, Redyk K, Meissner B, et al. Clinical features 
of rapidly progressive alzheimer’s disease. Dement 
Geriatr Cogn Disord. 2010 May;29(4):371–378. doi:  
10.1159/000278692

[8] Ladogana A, Kovacs GG. Genetic Creutzfeldt-Jakob 
disease. Handb Clin Neurol. 2018 Jan;153:219–242. 
doi: 10.1016/B978-0-444-63945-5.00013-1

[9] Watson N, Brandel J-P, Green A, et al. The importance 
of ongoing international surveillance for Creutzfeldt– 
Jakob disease. Nat Rev Neurol. 2021 May;17 
(6):362–379. doi: 10.1038/s41582-021-00488-7

[10] Head MW, Ironside JW. The contribution of different 
prion protein types and host polymorphisms to clin-
icopathological variations in Creutzfeldt–Jakob disease. 

6 U. RASHEED ET AL.



Rev Med Virol. 2012 Jul;22(4):214–229. doi: 10.1002/ 
RMV.725

[11] Gao LP, Shi Q, Xiao K, et al. The genetic 
Creutzfeldt-Jakob disease with E200K mutation: analy-
sis of clinical, genetic and laboratory features of 30 
Chinese patients. Sci Rep. 2019 Feb;9(1):1–7. doi: 10. 
1038/s41598-019-38520-y

[12] Mitrová E, Mayer V, Jovankovičová V, et al. 
Creutzfeldt–Jakob disease risk and PRNP codon 129 
polymorphism: necessity to revalue current data. Eur 
J Neurol. 2005 Dec;12(12):998–1001. doi: 10.1111/J. 
1468-1331.2005.01110.X

[13] Uttley L, Carroll C, Wong R, et al. Creutzfeldt-Jakob 
disease: a systematic review of global incidence, pre-
valence, infectivity, and incubation. Lancet Infect Dis. 
2020 Jan;20(1):e2–e10. doi: 10.1016/S1473-3099(19) 
30615-2

[14] Kojima G, Tatsuno BK, Inaba M, et al. Creutzfeldt- 
Jakob disease: a case report and differential diagnoses. 
Hawai i J Med Public Heal. 2013;72(4):136. doi: 10. 
1002/ccr3.6239

[15] Zhong L, Xie Y-Z, Cao T-T, et al. A rapid and 
cost-effective method for genotyping apolipoprotein 
E gene polymorphism. Mol Neurodegener. 2016 
Jan;11(1):1–8. doi: 10.1186/S13024-016-0069-4

[16] Calero O, Hortigüela R, Albo C, et al. Allelic discrimi-
nation of genetic human prion diseases by real-time 
PCR genotyping. Prion. 2009;3(3):146–150. doi: 10. 
4161/PRI.3.3.9339

[17] Won SY, Kim YC, Jeong BH. Elevated E200K somatic 
mutation of the prion protein gene (PRNP) in the 
brain tissues of patients with Sporadic Creutzfeldt– 
Jakob Disease (CJD). Int J Mol Sci. 2023 Oct;24 
(19):14831. doi: 10.3390/IJMS241914831

[18] Nagy ZS, Esiri MM, Jobst KA, et al. Influence of the 
apolipoprotein E genotype on amyloid deposition and 
neurofibrillary tangle formation in alzheimer’s disease. 
Neuroscience. 1995;69(3):757–761. doi: 10.1016/0306- 
4522(95)00331-C

[19] Jansen WJ, Ossenkoppele R, Knol DL, et al. Prevalence 
of cerebral amyloid pathology in persons without 
dementia: a meta-analysis. JAMA. 2015 May;313 
(19):1924–1938. doi: 10.1001/JAMA.2015.4668

[20] Liu CC, Kanekiyo T, Xu H, et al. Apolipoprotein E and 
Alzheimer disease: risk, mechanisms and therapy. Nat 

Rev Neurol. 2013 Feb;9(2):106–118. doi: 10.1038/ 
NRNEUROL.2012.263

[21] Frieden C, Garai K. Structural differences between 
apoE3 and apoE4 may be useful in developing thera-
peutic agents for alzheimer’s disease. Proc Natl Acad 
Sci USA. 2012 Jun;109(23):8913–8918. doi: 10.1073/ 
PNAS.1207022109

[22] Di Battista AM, Heinsinger NM, William Rebeck G. 
Alzheimer’s disease genetic risk factor APOE-ε4 also affects 
normal brain function. Curr Alzheimer Res. 2016 Apr;13 
(11):1200. doi: 10.2174/1567205013666160401115127

[23] Tachibana M, Holm M-L, Liu C-C, et al. APOE4- 
mediated amyloid-β pathology depends on its neuronal 
receptor LRP1. J Clin Invest. 2019 Mar;129 
(3):1272–1277. doi: 10.1172/JCI124853

[24] Cohen ML, Kim C, Haldiman T, et al. Rapidly pro-
gressive alzheimer’s disease features distinct structures 
of amyloid-β. Brain. 2015 Apr;138(4):1009–1022. doi:  
10.1093/BRAIN/AWV006

[25] Kovács GG, László L, Bakos A, et al. Increased inci-
dence of genetic human prion disease in Hungary. 
Neurology. 2005;65(10):1666–1669. doi: 10.1212/01. 
WNL.0000184513.95290.80

[26] Dyrbye H, Broholm H, Dziegiel MH, et al. The 
M129V polymorphism of codon 129 in the prion 
gene (PRNP) in the Danish population. Eur 
J Epidemiol. 2008 Jan;23(1):23–27. doi: 10.1007/ 
S10654-007-9197-Z

[27] Erginel-Unaltuna N, Peoc’h K, Komurcu E, et al. 
Distribution of the M129W polymorphism of the 
prion protein gene in a Turkish population suggests 
a high risk for Creutzfeldt-Jakob disease. Eur J Hum 
Genet. 2001;9(12):965–968. doi: 10.1038/SJ.EJHG. 
5200754

[28] Kim YC, Jeong BH. The first meta-analysis of the 
M129V single-nucleotide polymorphism (SNP) of the 
prion protein gene (PRNP) with sporadic creutzfeldt– 
Jakob Disease. Cells. 2021 Nov;10(11):3132. doi: 10. 
3390/CELLS10113132

[29] Segarra C, Lehmann S, Coste J, et al. Prion protein 
expression and processing in human mononuclear 
cells: the impact of the codon 129 prion gene 
polymorphism. PLOS ONE. 2009 Jun;4(6):e5796. doi:  
10.1371/JOURNAL.PONE.0005796

PRION 7


