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CASE REPORT KAZUISTIKA

A Patient Homozygous for the E200K Mutation 
from a Family of the Slovak Cluster of Genetic 
Creutzfeldt-Jakob Disease

Pa cient s homozygozitou mutácie E200K 

v rodine slovenského klastru genetickej formy 

Creutzfeldtovej-Jakobovej choroby

Abstract
The fi rst report of a patient homozygous for the E200K mutation of the prion protein gene in the 

Slovak cluster of 227 genetic Creutzfeldt-Jakob disease cases is presented. Consanguinity between 

parents or in the family was not reported. Clinical course, epidemiological data, family history, 

results obtained by im munoblotting, histopathology and im munohistochemistry are described 

and compared with patients heterozygous for the same mutation. While no strik ing diff  erence 

was observed in neurological and psychiatric symp tomatology or duration of symp tomatic course, 

a signifi cant age diff  erence was found. The patient homozygous for the E200K mutation is the 

youngest case (29 years old) of Creutzfeldt-Jakob disease in Slovakia. The signifi cant diff  erence in 

age at the time of death between the patient and his aff  ected relative from the previous generation 

(25 years) is in agreement with the concept of anticipation that characterizes familial cases of the 

Creutzfeldt-Jakob disease in Slovakia. This emphasises the decreas ing age of onset of the disease 

in car riers of the E200K mutation in succes sive generations. This is important with respect to early 

dia gnosis of the disease and prevention of iatrogenic transmis sion. Unexpected survival of E200K 

car riers aged 90 years or over without any signs of Creutzfeldt-Jakob disease, provides 1. further 

evidence of the incomplete penetrance of the Central European type of the E200K mutation and 

2. emphasises the pos sible role of co-factors and trigger ing stimuli. Their more detailed study and 

elucidation may contribute to prevention of clinical manifestation of the genetic Creutzfeldt-Jakob 

disease in asymp tomatic car riers of the most frequent, worldwide spread E200K mutation.

Súhrn
Práca informuje o prvom prípade homozygozity mutácie E200K na géne prionového proteínu 

v slovenskom súbore 227 pa cientov postihnutých genetickou formou Creutzfeldtovej-Jakobovej 

choroby. Klinický priebeh, epidemiologické údaje, rodin ná anamnéza ako aj výsledky imunoblotovania, 

nálezy histologické a imunohistologické u homozygotnej pa cientky sú porovnávané s nálezmi 

u pa cientov heterozygotných s rovnakou mutáciou. Kým neurologická a psychiatrická symp-

tomatológia, ani dĺžka klinicky manifestnej fázy nevykazovali žiadne výrazné rozdiely, pri porovnaní 

dožitého veku bol zistený nápadný rozdiel. Pa cientka s homozygozitou mutácie E200K mala 29 rokov 

a je najmladšou v súbore Creutzfeldtovej-Jakobovej choroby na Slovensku. Významný rozdiel dožitého 

veku vo vzťahu k postihnutému probandovi z predchádzajúcej generácie (25 rokov) je v súlade 

s nálezom anticipácie, ktorá charakterizuje familiárne prípady genetickej formy Creutzfeldtovej-

Jakobovej choroby na Slovensku. Táto upozorňuje na klesajúci vek pri manifestácii ochorenia 

u nosičov mutácie E200K v postupne pribúdajúcich, následných generáciách, čo je významné tak 

z hľadiska včasnej dia gnostiky, ako aj prevencie iatrogén nej nákazy. Neobvyklý výskyt nosičov mutácie 

E200K vo veku nad 90 rokov bez príznakov Creutzfeldtovej-Jakobovej choroby 1. poskytuje ďalší dôkaz 

nekompletnej penetrancie mutácie E200K stredoeuropského typu, 2. poukazuje na možný vplyv 

exogén nych ko-faktorov, prípadne spúšťacích podnetov pri manifestácii ochorenia. Ich podrobnejší 

výskum a objasnenie môže prispieť k prevencii klinickej manifestácie Creutzfeldtovej-Jakobovej 

choroby u asymp tomatických nosičov najčastejšej a najrozšírenejšej mutácie E200K. 
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Introduction
Creutzfeldt-Jakob disease (CJD) is a rare, 

neurodegenerative, transmis sible disorder 

of the central nervous system (CNS), 

clinical ly characterized by progres sive 

dementia and death. It is the most frequent 

and worldwide spread human prion disease 

also cal led transmis sible spongiform 

encephalopathy (TSE). Aggregates of 

a pathological ly misfolded isoform of the 

cel lular prion protein (PrPc), encoded by 

the host prion protein gene (PRNP) are 

detected in the brain of an aff  ected person. 

The pathological prion protein –  prion 

– is partial ly protease resistant (PrPres) [1]. 

Western blot analysis reveals two distinct, 

dif ferently sized non-glycosylated PrPres 

fragments: type 1 (21 kD) and type 2 (19 kD). 

These two types, in combination with the 

PRNP codon 129 polymorphism, have been 

proposed to defi ne six phenotypic variants 

of sporadic CJD [2]. The main dif ference 

between TSEs and other conformational 

neurodegenerative disorders, such as 

Alzheimer’s or Parkinson’s diseases, is their 

transmis sibility. Quite unique feature of 

PDs is that they are both transmis sible and 

genetic.

CJD occurs in sporadic (sCJD), genetic 

(gCJD) or iatrogenic (iCJD) forms [3] and 

as a new variant (vCJD) [4]. While origin of 

the most com mon sCJD is still unknown, 

iCJD is caused by accidental transmis sion 

of the disease in the course of dia gnostic or 

therapeutic interventions, and vCJD –  the 

fi rst human prion zoonosis –  is related to 

bovine spongiform encephalopathy.

Genetic CJD is as sociated with disease-

specifi c mutations (insertions, deletions) of 

the PRNP. They represent about 10– 15% of all 

CJD cases [3,5,6]. Preventive genetic test ing 

in gCJD-aff  ected families revealed ”healthy”, 

asymp tomatic car riers of the disease-specifi c 

mutations. They represent a “genetic CJD risk 

group” in the general population. Proportion 

of car riers develop ing the disease depends 

on the penetrance of individual mutations. 

It is unknown whether and when asymp-

tomatic car riers could be infectious. These 

data are, therefore, important for prevention 

of pos sible iatrogenic transmis sion as well as 

for prophylactic treatment of car riers, when 

eff  ective therapy is available.

The most frequent CJD-specifi c mutation 

is at codon 200 (E200K). The range of 

penetrance in individual mutations varies 

between 12– 97/ 100% [6– 10], and their 

clinical course is indistinguishable from 

sporadic CJD (sCJD) [11,12]. CJD patients 

with this mutation (gCJDE200K) have occur red 

worldwide, mainly in Chile [13], France [14], 

Italy [15], Hungary [6], Japan [16] and the 

Czech Republic [12]. Two large clusters have 

been confi rmed in Slovakia [10,17] and in 

Israel [18].

At least five patients homozygous for 

the E200K mutation have been identified 

in an ethnic CJD cluster of Libyan Jews in 

Israel [19]. The authors ascribed its origin to 

consanguinity. Despite the high number (227) 

of confi rmed gCJDE200K cases with numerous 

mar riages between the gCJDE200K-af fected 

families [20] and between relatives, patients 

homozygous for E200K have not been 

detected yet, and the presented patient is 

the fi rst one in the Slovak CJD cluster.

Patients and methods 
Patient 1

A proband in the gCJDE200K-aff  ected family 

was a 54-years-old civil engineer, work-

ing as a deputy director. He had a personal 

history of cholelithiasis, steatosis hepatis 

and hemangioma hepatis. No surgical or 

pharmacological treatment was reported. 

Since July 2000, his family noticed that 

he had become nervous and ir ritated, 

ascrib ing his behaviour to the unwanted 

but forthcom ing position of a director. 

Since October 2000, he observed posture 

disturbances, unstable gait, weakness and 

memory impairment. In December 2000, he 

was hospitalized due to rapid progres sion of 

neurological symp toms, includ ing epileptic 

seizures and evident cognitive defi cit. Dur-

ing his hospitalisation, he developed rapid 

progres sive dementia, repeated grand mal 

seizures and left gaze-evoked, hori zontal 

nystagmoid involuntary bulbar movements. 

CT showed dif fuse cortical atrophy. His 

initial EEG revealed dif  fuse abnormal 

graph with epileptiform discharges on the 

right side. His second EEG showed typical 

bilateral synchronous periodic discharges 

(SW complexes 2.5–3 Hz). Genetic test-

ing confirmed the E200K mutation with 

methionine homozygosity at codon 129. 

The patient died four months after the 

onset of clinical symp toms, on February 

10, 2001. Definite CJD was confirmed by 

histopathology and im muhistochemistry.

His father died at the age of 54 (of silicosis) 

while his mother, born in 1918, is still alive. 

Accord ing to the family members, no 

memory loss or disorientation was evident 

so far. His sister, born in 1937 (a physician), 

a car rier of the E200K mutation, is alive, tak-

ing care of her 90-year-old mother. The 

patient has three children, two mar ried sons 

(41 and 35 years old) and a daughter. The 

only tested 35-year-old son is a car rier of the 

E200K mutation. The patient’s daughter is 

a 33 years old single woman who was suf-

fer ing from repeated depres sions after her 

father fell il l. At present, she is wel l, work ing 

at a foreign embas sy. Except for his mother, 

sister and one of his sons, all relatives refused 

genetic testing.

Patient 2

Patient 2 was a 29-year-old woman, a niece of 

the proband. She was work ing as a cham-

bermaid in a hotel. She was mar ried and had 

a four-year-old daughter. Her 60-year-old 

father and 51-year-old mother are still alive. 

Consanguinity between parents was not 

confi rmed. She had a brother, a 33-year-old 

healthy joiner.

In September 2008, she complained about

visual impairment, tin nitus, and occasional 

disorientation. Her family observed beha-

vioural abnormalities (apathy, withdrawal, 

fatigue, forgetfulnes s) and gradual onset of 

gait imbalance, uncoordinated walk ing and 

dizzines s. She became untidy and was not 

able to do her usual housework. Both, her 

husband and her employer, reproached her 

with her lazines s.

In November 2008, she was hospitalized 

with the dia gnosis of vestibulocerebel-

lar syndrome. Dur ing hospitalisation, 

she developed mild tremor in upper 

extremities, vertigo and occasional fal ls

to the left side. Myoclonus was not ob-

served. There was obvious intel lectual 

decline and rapid memory los s. CT revealed 

supra- and infratentorial atrophy not cor-

respond ing to her age. EEG showed diff  use 

slow activity with delta and theta waves. 

Magnetic resonance imag ing (MRI) (T1- 

and T2-weighted) confi rmed profound dif-

fuse infra- and supratentorial atrophy, not 

cor respond ing to the patient’s age. Focal 

abnormalities in the gray and white matter 

were absent. CSF findings were normal 

or negative, except for positive P 14-3-3. 

Genetic test ing revealed homozygosity of 

the E200K mutation and of the methionine 

at codon 129. She died on December 16, 

2008, fol low ing a rapid progres sion of 

the neurological symp toms and mental 

functions.

Histopathological and im munohisto-

chemical fi ndings confi rmed defi nite CJD.
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Besides the two gCJS patients, molecular 

genetic test ing was performed on the 

mother, sister and one of the proband’s 

sons, and on the paternal grandmother and 

parents (repeatedly) of the second aff  ected 

family member. The rest of the family have 

thus far refused the testing.

Neurohistopathology and im muno-

histo chemistry: Serial sections (6 um) were

cut from formalin-fixed and paraf fin-em-

bedded brain excisions, slides were stained 

with H & E as well as accord ing to Mas-

son, Kluver and Bar rera and impregnated 

accord ing to Cajal and Holmes. Im muno-

histochemical detection of PrPres was per -

formed on formic ACID pre-treated, auto-

claved and proteinase K (PK) treated slides 

with anti-PrPres monoclonal antibodies 

(MoAbs) 3F4 (DAKO) and 6H4 (Prionics). 

Molecular genetic testing: DNA was 

isolated from peripheral blood and amplified 

by PCR reaction performed with thermal 

cycler PTC-200 from MJ research. Detection 

of the point mutation (E200K) and the M129V 

polymorphism were car ried out either us-

ing restriction enzymes BsmA1 (E200K) 

and MaeII/ HpyCHIV (M129V) or a special AB 

7500 real time PCR system with TaqMan 

SNP Genotyp ing As say E200K (Applied 

Biosystem). Products/ results of the real time 

PCR were used for al lelic discrimination as-

say plot. Genetic test ing was performed on 

two patients and on 6 healthy relatives who 

agreed with the investigation and signed an 

informative consent.

Im munoblotting: Brain homogenates 

(10%) were prepared in PBS from the frozen 

brain with or without proteinase K digestion, 

denaturated with sodium dodecyl sul-

phate and separated by polyacrylamide 

gel electrophoresis; separated proteins 

were then transfer red to nitrocel lulose 

membranes. PrPres was detected us ing 

MoAbs 3F4 (DACO).

Results
Patient 1 (proband)

• Histopathological examination sho-

wed cortical atrophy, neuronal los s, dif-

fuse, moderate spongiform changes in 

all layers, hypertrophy, proliferation and 

clasmatodendrosis of astrocytes. Mild loss 

of granular and incipient spongiosis in 

the molecular layer was observed in the 

cerebel lum. Im munostain ing (3F4, 6H4) 

showed synaptic and fi ne granular posi-

tivity in the molecular layer and granular 

positivity in the granular layer.

• Molecular genetic analysis revealed PRNP 

gene mutation at codon 200 (E200K) 

and homozygosity Met/ Met at codon 

129 in the patient (Fig. 1, 2) and the 

E200K mutation in his mother, sister and 

son. 

Fig. 1. BsmA1 restriction of PCR product: proband in gCJDE200K aff ected family.
Lane 1: DNA size markers, lane 2: proband, gCJDE200K patient heterozygous for the mutation 

E200K, lane 3: sporadic CJD, lane 4: control gCJDE200K patient, lanes 5 and 6: sporadic CJD pa-

tients, lane 7: DNA size markers.

Fig. 2. MaeII restricton of PCR product: proband in gCJDE200K aff ected family.
Lane 1: DNA size markers, lane 2: proband, gCJDE200K patient heterozygous for the mutation 

E200K, methionine homozygous, lanes 3 and 4: methionine homozygots, lane 5: methione/

/valine heterozygote, lane 6: methionine homozygote, lane 7: DNA size markers. 
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• Western blot analysis (im munoblotting) 

showed prominent mono- and di-glyco-

sylated bands and significantly thin ner 

non-glycolysated band.

Patient 2 (homozygous for the E200K 

mutation)

• Histopathological examination showed 

profound atrophy, severe neuronal loss, 

increased number of lipofuscin-loaded 

neurons not cor respond ing to the pa-

tient’s age, diff  use spongiosis with pro-

liferation and hypertrophy of astrocytes 

in all cortical regions, less in basal gan-

glia. Im munostain ing revealed synap-

tic and granular pattern of anti-prion im-

munopositivity in the molecular layer of 

the cerebel lum.

• Molecular genetic analysis (us ing restric-

tion enzymes as well as al lelic discrimina-

tion plot) showed PRNP gene mutation at 

codon 200 on both al leles (homozygosity 

of the E200K mutation) and homozygo-

sity Met/ Met at codon 129 (Fig. 3, 4). The 

E200K mutation was present in the moth-

 er, sister and son of the proband and in 

the grandmother and both parents (tes-

ted twice) of the patient homozygous for 

the E200K mutation (Fig. 5).

• Im munoblott ing revealed preserved mono- 

and di-glycosylated bands and absence of 

the non-glycolysated band (Fig. 6).

Discus sion and Sum mary
More than 30 disease-specific point 

mutations of the PRNP have been described 

in human genetic TSEs. In the genetic TSE, 

even single-nucleotide mutations in the 

gene encod ing the prion protein (PRNP) 

can increase likelihood of aggregation and 

neurodegeneration [19]. Accord ing to Van 

der Kamp, these mutations undoubtadly 

influence stability, proces s ing and/ or cel-

lular interactions of the prion protein but the 

mechanism involved in the development of 

the mutation and the disease onset is not 

yet ful ly understood [20]. There is neither 

any explanation for why homozygosity of 

the mutation is so rare in such a large cluster 

of gCJDE200K (227 cases) with rather frequent 

consanguinity.

To explore the pos sible eff  ect of the E200K 

homozygosity, we compared a patient 

homozygous for the E200K mutation with an 

aff  ected relative as well as with other gCJDE200K 

patients. No diff  erence in the clinical course 

and neurological symp tomatology was 

observed. Prodromal stage, characterized by 

visual problems last ing three months, was fol-

lowed by behavioural changes, progres sive 

mental deterioration, motoric dysfunction 

and death within four months, cor respond-

ing to the course of gCJDs.

There was no trigger ing stimulus (divorce, 

death in the family, accident, surgery, loss of 

job, chronic occupational stres s) reported in 

the proband, frequently seen in gCJDE200K 

patients and most evident in our four twin 

pairs with one CJD-aff  ected twin.

The only histopathological abnormality 

observed was the unexpectedly high 

number of lipofuscin-loaded neurons in such 

Fig. 3. BsmA1 and HpyCHIV restriction patterns in gCJD patient homozygous for the 
mutation E200K.
Lane 1 and 2: BsmA1 digested PCR products. Lane 1: gCJD homozygous for E200K (1 band 

280 bp) from both uncleaved mutated allele, lane 2: sporadic CJD patient (enzyme cleaves 

the PCR product of both normal allele into two fragments (bands 158 and 122). Lane 3: DNA 

size markers. Lane 4 and 5: MaeII. digested PCR products. Lane 4. E200K homozygous gCJD 

with methionine on both allele, lane 5: sporadic CJD methionine/valine heterozygous. 

Fig. 4. Allelic discrimination assay plot. 
Three possible genotypes of E200K PRNP gene: B-E200E (homozygous for the allele Y), 

C-E200K (heterozygous), D-K200K (homozygous for the allele X) based on the fl uorescence 

intensity of each PCR product (x axis – VIC fl uorescence, y axis – FAM fl uorescence). For qua-

lity control reassurance, each type of genotype controls were used along with no template 

control – NTC (A).
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Fig. 5. Genealogy of the family with patient homozygous for the mutation E200K.
Proband, gCJD patient heterozygous for the mutation E200K, his niece, E200K homozygous patient and six asymptomatic carriers 

of the mutation E200K. Without any clinical signs of CJD are two over the age of 90 and one over the age of 78. 
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penetrance of the E200K mutation of the 

Central European type, confirmed in our 

group [8,10] and also reported in other 

gCJDE200K groups [9]. This cor responds with 

the observation that while all CJD patients in 

families with more than one aff  ected family 

member (familial cases) have point mutation 

of the PRNP gene, i.e. they form the genetic 

CJD (gCJD) group, genealogical studies 

of gCJD cases demonstrated that not all 

gCJD patients have a positive family history 

and familial CJD represent less than 60% of 

all genetic CJD cases [5,6,10]. This also is in 

accordance with the observation that there 

are families where gCJD is “skipped” and 

there might be no patients between two af-

fected generations.

Described findings, i.e. car riers of the 

pathogenic mutation at unusual ly high 

age without any signs of CJD, can not be 

explained with the available data. They draw 

attention to additional co-factors, either 

endo- or exogenous, as well as the need for 

further, more detailed epidemiological and 

molecular genetic studies. Elucidation of 

the pos sible role of exogenous co-factors, 

includ ing trigger ing stimuli, may contribute 

to prevention of clinical manifestation of the 

genetic CJD in identified asymp tomatic car-

riers of the most frequent and worldwide 

spread E200K mutation. 

Acknowledgement

The project was supported by a grant from the EC 

”Protect ing the food chain from prions: shap ing Euro-

pean priorities through basic and applied research, 

PRIORITY, No222887 and by a grant from the EU Joint 

Program me ”Neurodegenerative Disease Research Bio-

marker-based dia gnosis of rapid progres sive dementias, 

JPND-DEMTEST, 01ED1201A.

Authors would like to express their gratitude to Zu-

zana Madarova-Kol larova for mediat ing contact with the 

aff  ected family and facilitat ing col lection of bio logical 

samples.

References

1. Prusiner SB. Some speculations about prions, amyloid 

and Alzheimer’s disease. N Engl J Med 1984;310:661– 3.

2. Gambetti PL, Cali I, Notari S, et al. Molecular bio-

logy and pathology of prion strains in sporadic human 

prion diseases. Acta Neuropathol 2011;121(1):79– 90. doi: 

10.1007/ s00401-010-0761-3.

3. WHO manual for surveil lance of human transmis sible 

spongiform ecephalopathies includ ing variant Creutz-

feldz-Jakob disease. Geneva, WHO 2003:1– 75.

4. Will R, Ironside J, Zeidler JW. A new variant of Creutz-

feldt-Jakob disease in the UK. Lancet 1996;374:921– 5.

5. Alperovitch A, Zerr I, Windl O, et al. Genetic epidemio-

logy of Creutzfeldt-Jakob disease in Europe. Rev Neurol 

2002;157(1– 7):633– 7.

6. Kovacs G, Puopulo M, Ladogana A, et al. Genetic 

prion disease: the EUROCJD experience. Hum Genet 

2005;118(2):166– 74. 

disease onset. All homozygous cases had 

lower age of onset (29 years our patient, 

50.4 ± 6.2 years Israel homozygotes) 

compared to heteroz ygous cases 

(58.07 ± 8.3 years Slovak heterozygotes, 

59.1 ± 9.0 years Israel heterozygotes). 

However, while our patient was only 

29 years old, the range of age of onset in 

homozygous cases from Israel was as high 

as 41– 58 years. Since the prion protein gene 

polymorphism M129V was not tested in the 

compared homozygous group, pos sible 

infl uence of methionine homozygosity can-

not be reviewed. No diff  erence was observed 

in disease duration; it was 4 months in our 

patient and it ranged between 2– 24 months 

in the compared homozygous cases (19). 

Detailed family history of our patients 

revealed some unexpected observations. 

In addition to the two CJD patients, there 

were six asymp tomatic E200K mutation car-

riers in the presented family. Five were from 

the paternal side, since, except from the 

patient’s mother, there was no cooperation 

on the mother’s side.

The maternal grandmother is 78 years 

old, im mobile due to stroke, deaf with good 

mental health. Grandfather was a miner and 

alcohol abuser who lived away from the 

family for years and had no contact with his 

three daughters. He died at the age of 79 in 

2009. Maternal great-grandmother died at 

the age of 30 dur ing delivery of her third 

child. Great-grandfather died at the age of 

69 (prostatic cancer).

The paternal side is positive for both CJD 

patients and asymp tomatic car riers of the 

E200K mutation. Within the fi rst genetical ly 

tested generation, the 97-years-old mother 

of the proband (and great-aunt of the 

E200K homozygous patient) is still alive. 

She is almost im mobile but her memory 

and mental capacities are preserved. 

She is taken care of by her 78-years-old 

daughter (a physician), a car rier. Her siblings 

(not genetical ly tested) died without any 

signs of mental deterioration at the age 

of 76 (pneumonia), 88 and 91 (stroke). Her 

sister, who was positive for the mutation 

(grandmother of the E200K homozygous 

patient), died at the age of 90 (peritonitis) 

without any signs of mental deterioration.

Our data suggest that the pathogenic ef-

fect of the mutation may depend on some 

additional (exo- and endogenous) factors. 

The advanced age E200K car riers not de-

velop ing CJD and dy ing of other dia gnoses 

provide further evidence on incomplete 

a young patient; and while im munoblott ing 

of the heterozygous patients had shown 

prominent mono- and di-glycosylated 

bands with only thin ner non-glycosylated 

band, there was no non-glycosylated 

band in the E200K homozygous patient. 

Age at onset of the disease (29 years) also 

was a noteworthy feature, as she was the 

youngest patient in the Slovak genetic CJD 

cluster. The age diff  erence at the onset of the 

disease between her and the proband was 

25 years, and this was in agreement with the 

anticipation characteristic for the analysed 

CJD cluster [21]. Notable here is the decreas-

ing age at the onset of gCJD in succes sive 

generations, important with respect to early 

dia gnosis of the disease and prevention of 

iatrogenic CJD.

There is an obvious diff  erence between 

our patient and five E200K homozygous 

patients in Israel relat ing to the age of the 

Fig. 6. Western blot analysis.
Lane 1: CJD patient heterozygous for the 

mutation E200K: prominent mono- and di-

glycosylated bands and signifi cantly thin-

ner nonglycolysated band. Lane 2: CJD pa-

tient homozygous for the mutation E200K: 

preserved mono- and diglycosylated 

bands and absence of the nonglycolysa-

ted band. Lane 3: molecular mass markers 

(kilodaltons/kD). 
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