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Introduction

Creutzfeldt-Jakob disease (CJD) is a rapid progressive disorder characterized by dementia associated with cerebellar signs, visual disturbances, extrapyramidal/pyramidal signs, myoclonus and akinetic mutism in the final disease stages [START_REF] Zerr | Clinical diagnosis and differential diagnosis of CJD and vCJD. With special emphasis on laboratory tests[END_REF].

Clinical diagnosis is supported by periodic sharp wave complexes (PSWC) in EEG and 14-3-3 detection (a neuronal protein, which is used as a surrogate marker of rapid neuronal destruction) in CSF. Additionally, MRI findings such as hyperintensities of basal ganglia, thalamus or cortex are often detected, but the pathogenetic correlate is still not known [START_REF] Kallenberg | Creutzfeldt-Jakob disease: Comparative analysis of MR imaging sequences[END_REF]. A new potential CSF marker for dementia is transthyretin (TTR), a carrier of the thyroid hormone thyroxine. TTR levels are known to be lower in CSF in patients suffering from Alzheimer's disease (AD) [START_REF] Castano | Comparative proteomics of cerebrospinal fluid in neuropathologically-confirmed Alzheimer's disease and non-demented elderly subjects[END_REF].

CJD is caused by accumulation of the β-sheet rich, pathological PrP sc after conversion of the alpha-helical, physiological PrP c . Most patients (around 85%) suffer from the sporadic form of CJD (sCJD). Also, mutations of the prion protein gene (PRNP) on chromosome 20 can destabilize the protein conformation and thus enhance conversion of PrP c to PrP sc . A lot of mutations have been described so far with point mutations and inserts [START_REF] Kovacs | Genetic prion disease: the EUROCJD experience[END_REF] occurring. The clinical spectrum of genetic prion diseases is wide and such separate entities as fatal familial insomnia (FFI) and Gerstmann-Straeussler-Scheinker syndrome (GSS) have been defined. As prion diseases are also infectious, acquired forms are known. Iatrogenic transmission can be caused by dura mater grafts, cadaveric human growth hormone, neurosurgical procedures or the use of deep brain electrodes [START_REF] Will | Acquired prion disease: iatrogenic CJD, variant CJD, kuru[END_REF]. In 1996, a new variant of CJD (vCJD) was described in the UK, and a causal link to uptake of BSE-(bovine spongiform encephalopathy) contaminated food was shown [START_REF] Will | A new variant of Creutzfeldt-Jakob disease in the UK[END_REF].

Polymorphism at codon 129 of the prion protein gene (PRNP) with either methionine (M) or valine (V) is known to alter susceptibility (MM is a risk factor for sCJD), incubation time and phenotype of the disease. In combination with PrP sc type 1 or 2, there were defined six subtypes with different clinical and neuropathological characteristics [START_REF] Parchi | Molecular basis of phenotypic variability in sporadic Creutzfeldt-Jakob disease[END_REF][START_REF] Parchi | Classification of sporadic Creutzfeldt-Jakob disease based on molecular and phenotypic analysis of 300 subjects[END_REF].

The different forms of CJD in humans, with variable clinical syndromes and origins, makes surveillance and detection of the disease particularly difficult. Thus, a detailed knowledge of the subtype-specific clinical spectrum and findings in CSF, EEG and MRI is essential. Here, we characterize subtype-specific findings and describe the resulting data of the German CJD Surveillance of the last 13 years.

Patients and Methods

Surveillance

The surveillance of Creutzfeldt-Jakob disease in Germany has been performed prospectively since 1993. The patients were reported by the treating physicians to the specialized Unit in Göttingen, and examined by a study physician in the notifying hospital.

CSF samples for 14-3-3 analysis as well as copies of EEG and MRI were obtained. Blood samples for full sequencing of the prion protein gene (PRNP) and codon 129 analysis completed the data set. Clinical diagnosis was performed according to the established criteria as probable or possible CJD or other diagnoses [START_REF] Who | Human transmissible spongiform encephalopathies[END_REF][START_REF] Zerr | Analysis of EEG and CSF 14-3-3 proteins as aids to the diagnosis of Creutzfeldt-Jakob disease[END_REF]. Autopsy for confirmation of the clinical diagnosis by immunohistochemistry and histological parameters were sought. Prion protein type 1 or 2 was determined according to [START_REF] Parchi | Molecular basis of phenotypic variability in sporadic Creutzfeldt-Jakob disease[END_REF].

CSF analysis

CSF samples of the patients were collected for each patient included in the surveillance, also during the course of the surveillance period. The samples were stored at -80°C. 14-3-3 were measured by Western blot with the K19 antibody (Santa Cruz) by standard methods and evaluated qualitatively as positive or negative [START_REF] Zerr | Detection of 14-3-3 protein in the cerebrospinal fluid supports the diagnosis of Creutzfeldt-Jakob disease[END_REF]. Total tau (Innotest AG, Eschlikon, Switzerland) and β-amyloid (Genetics) were measured quantitatively by ELISA as described in the literature [START_REF] Sunderland | Decreased ß-amyloid 1-42 and increased tau levels in cerebrospinal fluid of patients with Alzheimer disease[END_REF]. Transthyretin was measured by nephelometry (N Antiserum to Human Albumin, Prealbumin and Retinolbinding Protetin®; Dade Behring, Marburg, Germany).

MRI analysis

MR scans were collected during surveillance at the reporting hospitals. Scans of FLAIR, T2 and DWI were evaluated for CJD typical findings, while in other weightings no CJD typical findings are described. Evaluation was performed according to a standardized protocol for hyperintensities in 6 different cortical regions, 4 parts of the basal ganglia and three thalamic nuclei.

Results

Epidemiology

During the 13 years of surveillance (1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006), we identified 1332 patients with sporadic CJD (696 confirmed, 636 probable). Autopsies were performed on 66% of all patients who were suspected to have died from sporadic CJD. The annual incidence of sCJD is continuously rising, up to 1.6 in a million in 2005. In parallel, we observed a change in the distribution of the codon 129 genotypes. While the proportion of the most frequent MM type is decreasing (73% to 55%), atypical genotypes MV (12% to 23%) and VV (15% to 23%) are increasing. An analysis of codon 129 distribution stratified by age showed different results between patients below the age of 40 (MM 44%, MV 17%, VV 39%) and over 80 at onset (MM 72%, MV 10%, VV 18%) (Figure 1). In 245 patients, data on codon 129 polymorphism and prion protein type were available. The distribution of the six subtypes found the most frequent MM1 (62%) and the rare subtypes MV2 (12%), VV1 (3%) and MM2 (6%).

In 116 patients (8% of all TSE patients), a mutation of PRNP was detected: 68% had a genetic CJD, 33 patients FFI (D178N-M) and only 12 patients GSS (P102L). Within the genetic CJD patients, a genotype distribution similar to normal population was found (MM 44%, MV 42%, VV 14%). As FFI has to be associated with methionine on codon 129, we found 71% MM and 29% MV. Interestingly, none of the patients with P102L-GSS were homozygous for valine (MM 50%, MV 50%).

Ten patients with iatrogenic transmission were identified, nine of them by lyophilized dura and one by a cornea transplant. Seven of the patients were methionine homozygous, while one patient was heterozygous. No patients with transmission by human growth hormone were identified. Additionally, vCJD has not yet been detected in Germany (31.01.2007).

CSF parameters

14-3-3 sensitivity varied considerably in different prion diseases. While a good diagnostic value was found in sporadic CJD (96%) and iatrogenic CJD (100%), it is lower for genetic CJD (84%). It is rarely detectable in fatal familial insomnia (12%) and Gerstmann-Straeussler-Scheinker syndrome (20%).

Codon 129 polymorphism has an influence on test sensitivity of 14-3-3 with a decreased detection rate in the clinically atypical MV patients (92% MV, 96% MM, 97% VV; p<0.05 ANOVA). Additionally, sensitivity varies between PrP sc type 1 (98%) and type 2 (87%)(p=0.166). This explains the range of sensitivity within the CJD subtypes due to codon 129 polymorphism and prion protein type (Figure 2). Age at onset revealed a lower 14-3-3 sensitivity in patients below the age of 50 (88%), while a maximum was found for patients between 70-79 at onset (98%) (p=0.01 ANOVA). Another positive association was found for disease duration below 6 (98%) and 7 to 12 months (97%) in contrast to only 91% for a duration of more than 12 months (p<0.001) (Table 1).

We tested patients with CJD and other dementing diseases for the presence of CSF transthyretin (TTR). While most of the samples showed similar levels as the controls, TTR was lower in patients with Alzheimer's disease (AD) and normal pressure hydrocephalus (NPH) (Table 2). In AD, the decrease was disease-stage dependent with lower levels in advanced stages. Beta-amyloid 1-42 was decreased in all samples investigated and therefore did not distinguish between these disorders. Total tau was elevated in most samples with a maximum increase in CJD (median).

MRI analysis

To date, the scans of 206 different patients with sCJD and known subtypes have been analysed. Cortical hyperintensities in DWI seem to present with different localization patterns and frequency within different subtypes (Figure 3, Figure 4c). While frontal and parietal hyperintensities are the most frequent ones in MM1 (79% both localisations) and MM2 (67% both localisations), a marked difference is present in the hippocampus: Whereas only 7% of all investigated MM1 patients have abnormalities in this area, 57% of the MM2 patients showed pathological hyperintensities. In both subtypes, cortical changes were more frequent (93% and 83%) than the CJD typical finding of hyperintense basal ganglia (71% and 50%) (Figure 3, Figure 4a). Interestingly, we found thalamic hyperintensities in one third of the MM2 patients and 7 out of 10 MV2 patients, but in none of the MM1 patients (Figure 4b).

Discussion

The diagnosis of CJD has been much improved since prospective surveillance systems were established in many countries worldwide (in Germany 1993). While diagnosis was initially made according to the criteria suggested by Masters et al. 1979, such as typical clinical features and PSWC in EEG, in 1998 these criteria were improved by adding 14-3-3 detection in CSF [START_REF] Who | Human transmissible spongiform encephalopathies[END_REF][START_REF] Zerr | Analysis of EEG and CSF 14-3-3 proteins as aids to the diagnosis of Creutzfeldt-Jakob disease[END_REF]. Several investigations showed high sensitivity and specificity of this parameter for sCJD [START_REF] Sanchez-Juan | Cerebrospinal fluid tests in the differential diagnosis of CJD[END_REF].

Nevertheless, false positive 14-3-3 in case reports and lower sensitivity in several studies were reported [START_REF] Saiz | Detection of 14-3-3 brain protein in the cerebrospinal fluid of patients with paraneoplastic neurological disorders[END_REF][START_REF] Berg | 14-3-3 proteins in the nervous system[END_REF]. Thus, we performed a detailed analysis of 14-3-3 influenced by several conditions such as disease subtype or clinical parameters.

Parchi et al. described subtypes by association of codon 129 polymorphism and prion

protein type [START_REF] Parchi | Molecular basis of phenotypic variability in sporadic Creutzfeldt-Jakob disease[END_REF]. These subtypes present with broadly varying phenotypes, and some of them with atypical clinical presentation. Thus, these subtypes might be clinically underestimated and paraclinical markers are more important. Our data revealed lower sensitivity of 14-3-3 for patients with MV genotype, prion protein type 2, age at onset below 50 and disease duration over 12 months. However 14-3-3 was found in more than two thirds of patients in all patient groups evaluated. These differences between the subtypes might explain the lower sensitivity in some studies [START_REF] Geschwind | Challenging the clinical utility of the 14-3-3 protein for the diagnosis of sporadic Creutzfeldt-Jakob disease[END_REF][START_REF] Blennow | Diagnostic value of 14-3-3beta immunoblot and T-tau/ P-tau ratio in clinically suspected Creutzfeldt-Jakob disease[END_REF], because no data on the subtype in these studies were available. Additionally, 14-3-3 is less helpful in genetic TSE and full length sequencing of PRNP in atypical suspects can detect these cases.

A new dementia marker, TTR, has been found to be valuable in Alzheimer's disease, one of the main differential diagnoses of CJD [START_REF] Castano | Comparative proteomics of cerebrospinal fluid in neuropathologically-confirmed Alzheimer's disease and non-demented elderly subjects[END_REF][START_REF] Merched | Apolipoprotein E, transthyretin and actin in the CSF of Alzheimer's patients: relation with the senile plaques and cytoskeleton biochemistry[END_REF][START_REF] Riisoen | Reduced prealbumin (transthyretin) in CSF of severely demented patients with Alzheimers's disease[END_REF]. We were able to confirm these data and additionally found decreased TTR levels in NPH patients. A combination of several neurodegenerative CSF markers seems to be the most promising diagnostic tool for differential diagnosis of dementia with 14-3-3, total tau and TTR. MRI can support the clinical diagnosis with typical findings of hyperintense basal ganglia in sCJD and thalamic hyperintensities in vCJD [START_REF] Shiga | Diffusion-weighted MRI abnormalities as an early diagnostic marker for Creutzfeldt-Jakob disease[END_REF]. Additionally, cortical signal increase is described with increasing frequency, probably due to improved technical standards. For several atypical CJD subtypes, a high value of MRI has been shown [START_REF] Collins | Determinants of diagnostic investigation results across the clinical spectrum of sporadic CJD[END_REF]. Until now, no detailed analysis of subtype specific findings for all subtypes has been reported. Our data on more than 200 MRI scans found differences between the subtypes with characteristic findings for location of cortical signal increase and varying frequency of hyperintense basal ganglia [START_REF] Meissner | Sporadic Creutzfeldt-Jakob disease: clinical and diagnostic characteristics of the rare VV1 type[END_REF]. An interesting finding was thalamic hyperintensities in MM2 and MV2 patients (Krasnianski et al., 2006b;Krasnianski et al., 2006a) Thalamic hyperintensities and in detail the pulvinar sign are known to be characteristic of variant CJD in contrast to sCJD [START_REF] Summers | The Pulvinar Sign in Variant Creutzfeldt-Jakob Disease[END_REF]. Whether these similarities on MRI between sporadic and variant CJD are due to similarities on pathogenesis or the spread of PrP sc , has to be evaluated in further studies.

Therefore, we suggest a diagnostic approach for suspected CJD patients. For any patient, believed to be suffering from CJD, lumbar puncture with the measuring of 14-3-3 should be performed (sensitivity up to 100% depending on molecular subtype, disease progression and disease stage). Additionally, other brain-derived proteins in CSF such as total tau can increase diagnostic accuracy. Other markers such as transthyretin might be helpful to distinguish CJD from Alzheimer's disease, but these findings have to be confirmed in larger patient groups. Secondly, a cerebral MRI, including diffusion-weighted images, helps diagnosis, especially in early forms or atypical presentation. Thirdly, EEG should be analysed for presence of PSWC's, but this test becomes more relevant in later disease stages.

Conclusion

Summarizing, the diagnosis of prion disease has improved in recent years. This has serious implications for clinical diagnosis and epidemiology. Firstly, detailed analysis of subtype characteristics increases the detection rate of these patients. Secondly, clinical CJD diagnosis is supported by new CSF parameters or subtype-specific marker combinations.

Finally, the progress in MR imaging will markedly improve clinical diagnosis. All these factors might explain the continuous increase in incidence of sporadic CJD in Germany. 
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Table 1 -

 1 

	14-3-3 sensitivity sorted by disease duration; p<0.001 ANOVA
		14-3-3 positive	14-3-3 negative Sensitivity
	0-6 months	548	14	97.5
	7-12 months	253	9	96.5
	>12 months	236	23	91.1

Table 2 -

 2 Median of CSF parameters in differential diagnosis of CJD: AD = Alzheimer's disease, NPH = normal pressure hydrocephalus, LBD = Lewy-body dementia, CJD =

	Creutzfeldt-Jakob disease; TTR = transthyretin
		AD	NPH	LBD	CJD
	TTR mg/l	14.7 ▼	12.6 ▼	18.6	18.9
	Total tau pg/ml	302 ▲	165	291 ▲	8171 ▲ ▲ ▲
	Aß 1-42	391	483	126	238
	pg/ml	▼	▼	▼	▼
	14-3-3				▲ ▲ ▲

Table 3 :

 3 Different values of the technical investigations EEG, CSF and MRI stratified by

	CJD subtype						
				sporadic					vCJD
				MM1/	VV1	MM2	MV2	VV2	MM2b
				MV1				
	EEG	PSWCs	+				
	CSF	14-3-3	+	+	(+)	(+)	+	(+)
		Cortex	+	+	+	+	?	(+)
		Basal ganglia	+		(+)	+	+	(+)
	MRI	Thalamus	hyperintensity			(+)	+	+	+
			pulvinar sign				(+)		+
		Hippocampus		+	+		?	?
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