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• Title of the project 

Investigating the influence of CYP4X1 gene on age at onset of Creutzfeldt-Jakob Disease as potential 

preventive therapeutic approach (January 2020- May 2021) 

• Major outcomes of the project 

Aims 

The main objective of this project was to functionally validate the genes identified in our previous GWA study 

(Poleggi et al, 2018) by three specific aims: 

AIM1) To determine by fine mapping specific genetic variants in functional elements of the locus tagged by 

CYP4X1 rs9793471 and potential other endogenous modifiers modulating disease age at onset. 

AIM2) Molecular and functional characterization of identified genetic modifiers to determine gene 

expression pattern, tissue specific transcripts, allelic alternative expression and relevant metabolic pathways. 

AIM3) Validation of the CYP4X1 gene silencing approach by Cas9/CRISPR technology in cells (proof of 

concept). 

• Report on experiments and results  

AIM1) Whole Genome Sequencing (WGS) 

We performed Whole Genome deep sequencing on 40 E200K mutated patients with extreme phenotypes 

(aged <55 years and aged >70 years). The sample size confers a statistical power of about 70% to detect 

differences between-group greater than one standard deviation unit by Student's t-test with a conventional 

alpha level of 0.05. Libraries were prepared by Nextera Flex kit (Illumina). A 150bp paired-end sequencing 

was carried out using Next-Seq (Illumina) (95% coverage and >50x depth). Reads quality check, alignment to 

the GRCh38, variant calling, annotation, filtering and prioritization were performed on the CINECA server 

using an extensive collection of in-house and publicly available databases and resources.  

Variants differentially present in the extreme phenotypes were determined using the Fisher exact test. No 

missense or synonymous variants were found in the CYP4X1 coding sequence. We confirmed the association 

with age at onset of the disease and the CYP4X1 locus. In particular, we found association of SNPs showed in 

table 1. 
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Table 1. WGS polymorphisms associated with age at onset of the disease 

SNP ID Chr Position Ref Alt Effect Gene Fisher's 
exact  

rs2202229 chr1 46990577 T G Intron variant  CYP4X1 0.043 

rs4304522 chr1 46994118 G A Intron variant  CYP4X1 0.043 

rs148653918 chr1 46999026 TTGTG T,TTGTGTGTGTGTGTGTGTG, 
TGTGTGTGTGTGTG, 
TGTGTGTGTGTGTGTG 

Intron variant  CYP4X1 0.020 

rs5773934 chr1 46999755 CT C upstream_gene_variant CYP4X1 0.025 

rs56000537 chr1 47002731 T C upstream_gene_variant CYP4X1 0.101 

rs7543950 chr1 47004609 T A Intron variant  CYP4X1 0.043 

rs9725212 chr1 47007291 A T Intron variant  CYP4X1 0.043 

rs2813851 chr1 47092004 A C Intron variant CYP4Z1 0.043 

rs2405588 chr1 47042301 G A Intron variant  CYP4X1 0.100 

rs199693775 chr1 47057327 G GAAAAAAAA,GAAAAAAA intergenic_region CYP4X1-
CYP4Z1 

0.033  

rs1430441867  chr1 47064080 CT C,CTT,CTTT upstream_gene_variant CYP4Z1 0.071 

rs1002378 chr1 47079640 G A Intron variant CYP4Z1 0.083 

rs771458114  chr1 47079868 GGA G Intron variant CYP4Z1 0.085  

rs55930833 chr1 47090026 T C Intron variant CYP4Z1 0.113 

rs6670571 chr1 47090087 G C Intron variant CYP4Z1 0.102  

rs571464640  chr1 47097820 A AT,ATT,ATTT Intron variant CYP4Z1 0.023 

rs373166937  chr1 47103595 CT C,CTT Intron variant CYP4Z1 0.016 

rs3122307  chr1 47105188 A C Intron variant CYP4Z1 0.053 

rs4926802 chr1 47106230 C T p.Ile390Ile synonymous CYP4Z1 0.037 

rs149137568 chr1 47106271 CTTT CTT,CTTTT,C Intron variant CYP4Z1 0.031 

rs35643278 chr1 4692886 G A Intron variant CYP4Z1 0.043 

rs34153404  chr1 47103346 AT A Intron variant CYP4Z1 0.037 

rs10890461 chr1 47108818 C T Intron variant CYP4Z1 0.037  

rs1295463 chr1 47116574 C T,* Intron variant CYP4Z1 0.040 

rs6704093 chr1 47110082 G T Intron variant CYP4Z1 0.03 

 

 

AIM2) Molecular and functional characterization of identified genetic modifiers  

 

RNA expression studies of candidate genes were performed on blood and brain of sporadic CJD and Control 

subjects by RT-PCR. In table 2 are reported the oligonucleotides used as primers for CYP4X1 gene expression 

studies. As shown in figure 1 CYP4X1 was less expressed in the brain of sCJD cases compared to control 

subjects (p = 0.003) while no difference was observed in the expression level in blood. We hypotesized that 

this result may be explained by the modulated expression of tissue specific isoform. We performed therefore 

expression study of the 3 known isoforms of the CYP4X1 gene. We found no differences in the expression 

level of the 3 isoforms in blood but the isoform 3  less expressed in the brain of sCJD when compared to 

controls (figure 2). At this point we wondered if the results we obtained could be explained by the allelic 

unbalance phenomenon. In this case one allele of a gene is less or more expressed than the other allel. We 

investigated the presence of such a phenomenon by the Sanger sequencing of cDNA derived from total RNA 

extracted from 8 CJD cases brains. Since the candidate SNP in the CYP4X1 gene is located in an intronic area 
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of the gene (non transcribed), we focused on two polymorphisms (rs4926802 and rs28463559) that were in 

high linkage with our candidate SNP (rs9793471) and located in an exonic area (transcribed in RNA). As shown 

in table 3 the T (rare) alleles of the SNP rs4926802 and of rs28463559 seem to be poorly expressed. This is 

an indirect indication that the risk allele A of the rs9793471 polymorphism in the CYP4X1 gene is largely 

downregulated (low producer allele). We then went on by investigating if the altered expressione of the 

CYP4X1 gene that we found in the brain of affected subjects corresponded to a lower expression of the 

CYP4X1 protein in this tissue. We performed Immunohistochemistry analysis of the CYP4X1 protein in sCJD 

brains of cases homozygous for GG and AA. The CYP4X1 protein at the Immunohistochemistry test seems to 

be less expressed in the cerebral cortex of the AA genotype carrier in line with our previous results (figure 

3). 

 

Finally we performed whole RNAseq on brains from 16 E200K CJD cases with extreme phenotypes (8 early vs 

8 late onset). RNA libraries were sequenced by using NextSeq Illumina. Sequenced reads were mapped to 

the GRCh38 with STAR. . We obtained 6 transcripts differentially expressed in the two groups with extreme 

phenotype (early vs late age at disease onset) (figure 4). In table 4 the differentially expressed hits. As 

expected we were unable to detect the CYP4X1 transcript due to its rarity in the brain. We found some 

transcripts implyed in the genes expression regulation that deserve further studies. In example Zinc Finger 

Protein 66 may be a good candidate for further validation studies by qRTPCR. 

 

 

Table 2. Oligonucleotides sequences for CYP4X1 gene expression studies 

 
Gene Primers forward e reverse 

CYP4X1: all isoforms Primer F:  5'- GAGGAGGTCAGGGGCATCC -3' 
 
Primer R:  5'- CACGGTGATCCCTGCAGGC -3' 
 

CYP4X1: isoform 1 Primer F:  5' - TACCTGGCGTTCGTGTTCTG - 3' 
 
Primer R:  5' - GGACTTGGGATCTGTTCTGC - 3' 
 

CYP4X1: isoform 2 Primer F:  5' - CAGATCCAGCAGATGGGGAG - 3' 
 
Primer R:  5' - TTCAGCTGCCCAGCCATAGG - 3' 
 

CYP4X1: isoform 3 Primer F:  5' - CCCATCTTGTGGAGCGTAC - 3' 
 
Primer R:  5' - ACTGGTGGAGGGTGTCTAG - 3' 
 

B2M: housekeeping gene Primer F:  5’- AGATGAGTATGCCTGCCGTG -3’ 
 
Primer R:  5’- TCATCCAATCCAAATGCGGC -3’ 
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Figure 1. RNA Expression level of candidate genes in sCJD and Control subjects 

 

 

Figure 2. CYP4X1 RNA Isoforms Expression level in blood and Brain of sCJD and Control subjects 

 

 

 

https://cjdfoundation.org/


 
 
 

Table 3. Allelic Imbalance Phenomenon 

 
            

 

LD = Linkage Disequilibrium 

 

 

 

Figure 3. Immunohistochemistry Analysis of CYP4X1 candidate gene in GG and AA sCJD brains 

 

 

The CYP4X1 protein at the Immunohistochemistry test (arrows) seems to be less expressed in the cerebral 

cortex of the AA genotype carrier (rs9793471) 
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Figure 4. RNAseq from brain of E200K mutated patients with extreme phenotype 

 

          

 

The Volcano plot and MA plot represent the differential expressed genes, red dots show the statistically 

relevant differentially expressed transcripts. 

 

 

Table 4. Trancriptomic analisis results 

 

 
 

 

AIM3) To validate the use of Cas9/CRISPR tecnology for the CYP4X1 gene silencing  

We planned to validate the Cas9/CRISPR tecnology for the CYP4X1 gene silencing in cells and animal 

models. This part of the project was not finished due to the the Sars-Cov19 emergency. We have designed 

and tested “in vitro” the cutting efficiency of 5 Cas9/gRNA (IDT and Thermo Fisher) for CYP4X1 and CYP4Z1 

genes in addition to the positive control. We have chosen 3 gRNAs/Cas9 complexes that completely cut the 
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CYP4X1 amplicons in animal models. We are now performing silencing preliminary experiments in N2A cell 

cultures. 

CONCLUSION 

Our results show an involvement of the CYP4X1 gene locus in the modulation of the age of onset of 

Creutzfeldt-Jakob disease. This data is of fundamental importance to build the personalized risk of 

mutation carriers (subjects at genetic risk of developing CJD) for better enrollment in future clinical trials. 

The results of our study may also be useful to design new therapeutic approaches that can delay disease 

onset long enough to never develop during the whole lifetime. 

Our planned future steps are: 

A. To perform Whole genome sequencing in a larger sample set of E200K mutation carriers (included 

asymptomatic subjects) in order to confirm the influence of the genes CYP4X1/CYP4Z1 on age at 

onset of the disease. 

B. To conclude the gene silencing experiments on N2A cell cultures and on neurons derived from 

mutated patients’ Olfactory Mucosa. 
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