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Abstract

Background

The definite diagnosis of human sporadic Creutzfeldt-Jakob disease (sCJD) largely depends on
postmortem neuropathology and PrPSC detection in the brain. The development of prion RT-QuIC of
cerebrospinal fluid (CSF) samples makes it possible for premortem diagnosis for sCJD. However the
diagnostic potential of RT-QuIC of skin specimen for probable sCJD is not well researched. This study is
to evaluate the diagnostic potential of RT-QuIC of skin specimen in human prion diseases.

Methods

We collected the paired skin and CSF samples from 29 recruited alive patients referred to Chinese CJD
surveillance center, including 12 probable sCJD, 9 non-CJD, 3 genetic prion disease (gPrD) and 5 cases
whose diagnoses still pending. The samples were subjected to RT-QuIC assays using recombinant
hamster PrP protein rHaPrP90-231 as the substrate.

Results

All 12 probable sCJD patients, 4 pending, and 1 T188K genetic CJD (gCJD) cases showed positive prion-
seeding activity, while all 9 non-CJD patients were negative. CSF RT-QuIC positive seeding activity was
only observed in 5 probable sCJD patients.

Conclusions

Our preliminary data indicate high sensitivity and specificity of skin RT-QuIC in prion detection for Chinese
probable sCJD and highlight that skin prion-seeding activity is a reliable biomarker for premortem
diagnosis of human prion disease.

Background

Human prion disease (PrD) is a group of transmissible neurodegenerative diseases, consisting of
sporadic form, e.g., sporadic Creutzfeldt-Jakob disease (sCJD), genetic or familial form, e.g, genetic CJD
(gCJD), fatal familial insomnia (FFI), Gerstmann-Straussler-Scheinker disease (GSS), and acquired form,
e. g., iatrogenic CJD (iCJD) and variant CJD (vCJD) [1-3]. sCJD is the commonest type of human PrD with
the incidence of 1 to 2 patient per million per year. The definite diagnosis of human PrD, particularly for
sCJD, is still largely dependent on the postmortem brain tissues showing special neuropathological
changes, i.e., spongiform degeneration, and/or PrPS¢ deposit [2], although some biomarkers in
cerebrospinal fluid (CSF) have revealed significances in diagnosis of sCJD, such as 14-3-3 and tau [4].

In the past decade, the diagnostic predicament for CJD has been greatly improved due to the
development of RT-QuIC assay [5]. The implementation of RT-QuIC in detection of prions in CSF samples
has been verified the meaningful diagnostic value for sCJD clinically [5, 6] . Some countries, such as USA,
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UK and Japan, have even listed the CSF RT-QuIC test in the national diagnostic standard or criterial for
sCJD [7, 8]. However, the accuracies of CSF RT-QuIC assays in sCJD diagnosis may vary among the
different laboratories, ranging from 60% to almost 100% [5, 9, 10]. On the other hand, collecting CSF
sample through spinal tap is an invasive process in clinic, and some patients fail to provide CSF due to
contraindications or refusal to lumbar puncture. The feasibility of usage of RT-QuIC in other easily-
obtained specimen is mostly desired.

Recently, the detection of prions in skin specimen with RT-QuIC test has been reported by Zou's team.
They have found that prions could be detected from the autopsy skin tissues of sCJD and vCJD patients
[11]. Based on the animal experiments, they have also proved that prions could be detected in skin tissues
even before the onset of clinical symptoms [12]. These results highlight a good applied prospect of skin
RT-QuIC in the premortem diagnosis of human PrDs. In this study, we obtained the paired skin and CSF
samples from 29 recruited alive patients referred to Chinese CJD surveillance center, including 12
probable sCJD and 9 non-CJD. Positive reaction in skin RT-QuIC assay was observed in all 12 sCJD cases,
but not in non-CJD cases. Meanwhile, only 5 out of 12 probable sCJD were positive in CSF RT-QuIC tests.
Our results indicated that skin specimen was ideal for RT-QuIC test in Chinese patients.

Materials And Methods

Samples

The paired skin and CSF samples from 29 patients with probable sCJD, gPrD or non-CJD were obtained
from the tissue bank in the Center of Chinese CJD Surveillance System, including 12 sCJD, 1 T188K
gCJD, 1 G114V gCJD, 1 D178N FFI, 9 non-CJD and 5 pending CJD cases. Among them, 4 patients
provided two skin samples collected from different sites. The demography information of the patients,
the clinical data, MRI and EEG data, the results of the Western blot for CSF 14-3-3 and PRNP sequencing
were collected from the database of the Center of Chinese CJD Surveillance System.

In addition, 10% skin homogenates of neuropathologically-confirmed 10 sCJD patients and 5 non-CJD
controls from the National Prion Disease Pathology Surveillance Center (NPDPSC), Case Western Reserve
University School of Medicine, Cleveland, Ohio, USA, were also enrolled in this study for validation of our
skin RT-QuIC assay. All 5 non-CJD subjects were determined by neuropathological assays with the
postmortem brains, which excluded the possibilities of sCJD or other human prion diseases but did not
have the diagnosis for other neurological diseases.

All enrolled CSF samples were obtained by lumbar puncture and were free of blood contamination.
Routine CSF biochemistry assays of those specimens, including cell count, glucose and total protein were
all in the normal ranges.

Preparation of homogenates of skin
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The sites for skin biopsies in this study included the skins behind the ears, inside the arms, inside the
thighs, lower back, and/or abdomen. After disinfection with 75% alcohol, the patient received local
anesthesia with subcutaneous injection of 1-2% lidocaine hydrochloride. A small piece of skin with a size
of about 0.2 x 0.3 cm? was taken with a disposable skin biopsy punch (Acupunch, Acuderm Inc, US),
according to the manufacturer’s instruction. Usually, the biopsy skin specimen covers epidermis, dermis,
and adipose tissues. 2% (w/v) of skin homogenate was prepared in lysis buffer (100 mM NaCl, 10 mM
EDTA, 0.5% Nonidet P-40, 0.5% sodium deoxycholate, 10 mM Tris, pH7.5) according to a previously
described protocol[11, 12]. The homogenates were then stored at -80 ° C for further used.

RT-QuIC assays

The detail procedures of the RT-QuIC assay was described previously[13]. Briefly RT-QuIC reaction
contained 10 pg of rHaPrP90-231, 1X PBS, 1770 mM NaCl, T mM EDTA, 0.01 mM ThT, 0.001% SDS,
together with 15 pl CSF samples or 2 pl 102 to 10 diluted skin homogenates in a final volume of 100 pl.
Each sample was assayed in triplicated or quadruplicated. The assay was conducted in a black 96-well,
optical-bottomed plate (Nunc, 265301) on a BMG FLUOstar plate reader (BMG LABTECH). The main
working conditions were fixed as follow: temperature, 55°C; vibration speed, 700 rpm; vibration/incubation
time, 60/60 sec; total reaction time, 60 h. ThT fluorescence (excitation wavelength, 450 nm; emission
wavelength, 480nm) each reaction was automatically measured every 45 min and expressed as relative
fluorescence units (rfu). The cutoff value was set as the mean value of the negative controls plus 10
times the standard deviation. A sample was considered to be positive when =2 wells revealed positive
reaction curves. The positive control was 107 diluted the brain homogenate of the scrapie agent 263K-
infected hamster, while the negative control was 10 diluted the brain homogenate of normal hamster.

Ethics approval

Usages of the CSF and skin samples and relevant clinical information of the patients with different
diseases in the Center of Chinese CJD Surveillance System has been approved by the Ethics Committee
of the National Institute for Viral Disease Control and Prevention, China CDC, under the protocol of
2009ZX10004-101.

Results

Our RT-QuIC assay for CSF samples had been blindly evaluated previously with a sensitivity of 96.7% and
a specificity of 100% by CSF samples of neuropathologically-confirmed 30 definite sCJD and 30 non-CJD
provided kindly by the NPDPSC (paper in preparation). In this study, the skin samples of the coded 10
definite sCJD patients and 5 non-CJD controls from NPDPSC with a dilution from 102 to 10* were
examined blindly by our RT-QuIC assay. The main demographic information of these 15 subjects was
summarized in Table 1. RT-QuIC assays revealed the positive reactions in all definite sCJD samples and
negative reactions in all non-CJD samples (Table 1), indicating 100% sensitivity and specificity of our RT-
QuIC assay for prion detection in the skin samples of sCJD and controls.
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The paired skin and CSF samples from 29 patients with different clinical diagnoses were enrolled into RT-
QuIC assays in this study. The main demographic, clinical examination and laboratory information of the
29 patients were summarized in Table 2. The median of the onset age of 12 probable sCJD cases was 67
years (y) old (ranging from 54 to 84 y), while that of 9 non-CJD cases was 65y (43-83 y). Majority of the
patients were MM homozygous in codon 129 and EE homozygous in codon 219 of prion protein. Periodic
sharp wave complexes (PSWC) on EEG were recorded in 5 of 12 sCJD cases and the T188K gCJD case,
but not in 5 non-CJD cases who undertook the examination of EEG. sCJD associated abnormalities (high
signal in caudate/putamen and/or symmetrical or dissymmetrical cortical ribbon syndrome on diffusion-
weighted imaging (DWI)) were noticed in 8 out of 11 sCJD patients, 4 out of 5 pending cases, T188K and
G114V gCJD cases, as well as 5 out 7 non-CJD cases, particularly the cortical ribbon syndrome. CSF 14-3-
3 protein showed positive in 7 out 11 sCJD cases, but also in 3 out 9 non-CJD patients.

Aliquot of 15 pl CSF sample from each patient was subjected into RT-QuIC tests. Only 5 sCJD cases, the
T188K gCJD case and 2 pending cases revealed positive reactions, while the rest of the tested CSF
samples was negative (Table 2, Fig 1). Differently diluted skin homogenates from 24 patients were also
employed into RT-QuIC assays. As shown in Table 2 and Fig 1, all 12 sCJD cases were positive, whereas
all 9 non-CJD cases were negative. Additionally, the T188K gCJD cases and 4 out 5 pending cases
showed also positive in RT-QuIC tests, while the G114V gCJD and D178N FFI cases showed negative.
Those data highlight that RT-QuIC reactivity or sensitivity of skin sample of sCJD patients is higher than
that of CSF sample.

Further, the RT-QuIC reactivity of each positive skin sample was analyzed based on the dilution of the skin
homogenate and the reactivity in every testing well. As shown in Table 3, the general positive rates of the
tested skin samples revealed a notable dose-dependent pattern, showing 90.5% (19/21) positive rate in
the reaction of 102 dilution, 66.7% (14/21) in that of 102 and 14.3% (3/21) in that of 10 dilution. The RT-
QuIC positive reactivity of the most tested samples reduced along with the increase of dilution, with two
exceptions. One showed positive reaction in the preparation of 1073, but negative in those of 102 and 107,
while the other was positive in the reaction of 10, but negative in that of 102 and 107. It seems that the
skin samples of human prion diseases possess the similar dose-dependent RT-QuIC reactive profile as the
brain samples.

Four patients (sCJD Cases 9 and 12, as well as pending cases 4 and 5) donated two skin samples
simultaneously, collected from different sites including posterior neck, lateral malleolus, medial forearm,
behind ear and inner thigh. Although all samples from those 4 cases were positive in RT-QuIC tests, the
reactivity was slightly different. The samples of posterior neck in the sCJD Case 9 and pending Case 5
were positive in the reactions of all dilutions (102 to 10), while the samples of lateral malleolus from the
same patients elicited positive RT-QuIC reactions only in the dilutions of 102 and 107 (Table 3). Analyses
of the RT-QuIC reactive curves of sCJD Case 9 (Fig 2A) and pending Case 5 (2B) identified more higher
ThT values in the samples of back neck than that of lateral malleolus. sCJD Case 12 donated the skin
samples from back neck and medial forearm. Both samples induced positive RT-QuIC reactions at the
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dilution of 103, although one well in the preparation of back neck showed positive curve at the dilution of
10 (Table 3). Pending Case 4 donated the samples of back ear and inner thigh. Positive RT-QuIC was
observed in the sample of inner thigh at the dilution of 107, but only in back ear at the dilution 102 (Table
3). RT-QuIC reactive curves of sCJD Case 12 (Fig 2C) and pending Case 4 (Fig 2D) showed even relatively
lower ThT values in the tests of back neck and ear than that of arm and thigh. It implies a wide
distribution of prion agents in skin tissues of sCJD patients during diseases.

To evaluate the potential influence factors for the reactivity in skin RT-QuIC test, 29 tested patients were
grouped based on the reactivities of the skin RT-QuIC (17 positive and 12 negative) and the associations
with some main data of clinical, clinical examinations and laboratory were analyzed. As shown in Table
4, despite of slight differences between the skin RT-QuIC positive and negative groups, no statistical
significance was addressed on the items of onset age, gender and polymorphisms on codon 129 and
219. PSWC on EEG seemed to be a positive related factor to the positive reaction in skin RT-QuIC, as 6 out
of 17 patients with positive in skin RT-QuIC reported PSWC on EEG, while 8 cases who had received EEG
examinations but did not record PSWC are all negative in skin RT-QuIC. Special abnormalities on MRI
were recorded in 13 out of 16 patients (one case not performed) showing the positive skin RT-QuIC, while
also observed in 6 out 10 cases (two cases not performed) in the negative group. CSF 14-3-3 positive was
detected in 10 out of 16 cases (one case not performed) in the positive group and 5 out 12 cases in the
negative one. All 8 patients with CSF RT-QuIC positive were also skin RT-QuIC positive.

Discussion

CSF RT-QuIC assay is becoming an ideal method for the premortem diagnosis of sCJD and prion research
based on its reliable specificity and high sensitivity[5, 10]. In this study, we tested the feasibility of skin RT-
QuIC assay in the diagnosis for probable sCJD together with the paired CSF samples. We found that all
skin samples from 12 probable sCJD patients elicited positive reactions in RT-QuIC assays using
recombinant hamster PrP90-231 as the substrate, while none of skin samples from 9 non-CJD cases
induced positive reaction. Meanwhile, only 5 out of 11 paired CSF samples from those 12 probable sCJD
cases showed positive seeding activity. It highlights higher sensitivity of skin RT-QuIC for prion detection
in probable sCJD cases than that of CSF RT-QuIC.

Our data here revealed dose-dependent manner of the tested skin homogenates in RT-QuIC tests. The
highest positive rate was observed in the reactions of the lowest dilution (1072 dilution). On contrary, our
study and many other studies have demonstrated that the brain tissues of sCJD patients can induce
positive reaction in RT-QuIC at very high dilution (108 dilution) [14, 15]. Obviously, the reactivity of RT-QuIC
depends on the amount of tissue PrPSC. Usually, it is almost impossible to detect PrPSC in the skin
specimen of CJD patients with routine techniques, such as protease- or guanidine-treated Western blot

and immunohistochemistry, suggesting very low concentration of PrPS¢ in skin specimen. It is worth
noting that two skin samples in this study exhibited positive reactions at relatively higher dilutions (10
and 10™) but failed to elicit positive reaction at low dilution (102). The exact reason is unknown at
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present. Our previous CSF RT-QuIC tests of human PrDs also revealed similar phenomenon that excessive
amounts of CSF from some patients had a low or no reactivity of prion-seeding activity. Possibly, some
unknown agents in human tissues may affect the RT-QuIC reactivity. Nevertheless, based on our
preliminary data we suggest that it is better to perform skin RT-QuIC assays within a certain range of

dilutions, such as 102 and 107 of tissue homogenate for the diagnosis of human PrDs.

Skin samples from different body sites were obtained from four patients, including two of posterior neck
and lateral malleolus, one of posterior neck and medial forearm, as well as one of behind ear and inner
thigh, respectively. All of them induced positive RT-QuIC reactions, indicating widely distribution of prion
agents in skin tissues during the clinical courses. According to our results, the RT-QuIC reactions of the
skin samples from the posterior neck seem to be stronger than that of distal extremities. This result
seems to be coincidental with the observations described by Zou and his colleagues, that the skin
specimens of sCJD patient around the head and ear showed the highest sensitivity in RT-QuIC test [11].
However, the other two cases with the skin samples from head and neck did not illustrate strong reaction
in RT-QuIC compared with their individual samples from arm and thigh. Further study with more cases is
required to draw the final conclusion.

Five patients in this study were grouped as the pending cases when the skin RT-QuIC assays were
conducted. Four of them were positive in skin RT-QuIC tests. Dementia was recorded in all five cases.
However, the other clinical symptoms still did not meet the sCJD diagnostic criteria. Up to the preparation
of this report, there is no final diagnosis being made for those five patients. The careful follow-up of the
five patients are needed not only for the clinical diagnosis, but also for the evaluation of diagnostic
significance of skin RT-QuIC in the patients who are suspected as sCJD.

The skin samples from three different gPrD cases were also included in this study. Only the case of
T188K gCJD showed positive in skin RT-QuIC test. T188K gCJD is the second most frequently observed
gCJD type in Chinese [16]. More importantly, T188K gCJD is obviously predominant among Chinese
patients, but rarely described in other countries, even in Japan and Korea [17]. Our previous study has
revealed that 52% (13/25) T188K gCJD cases are positive in CSF RT-QuIC [13]. Coincidentally, the T188K
gCJD case in this study was also positive in CSF RT-QuiIC. D178N FFl is the most frequently detected
gPrD in Chinese [16]. The clinical phenotype and neurological abnormality of D178N FFI are markedly
different from GSS and other gCJDs [18]. Our study has verified a remarkably low positive rate and weak
reactivity in CSF RT-QuIC of FFI patients compared with the cases of E200K and T188K gCJD [13]. It is not
surprising that the FFI case here was negative in skin RT-QuIC. G114V gCJD is rare subtype among
Chinese and only 4 cases have been identified in our surveillance system since 2006 [16]. Beside of the
case here, another G114V gCJD Chinese case showed negative in CSF RT-QuIC as well (data not shown).
Due to the diversity of human gPrDs, the diagnostic significance of skin RT-QuIC needs further analysis.

Reviewing of some clinical features of the tested patients with sCJD did not show any significant
correlation with the results of skin RT-QuIC. Some sCJD associated examination and laboratory tests
seemed to be statistically correlated with the reactivity in skin RT-QuIC, such as PSWC on EEG, implying
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its accuracy for the diagnosis of sCJD. Therefore, it is most likely that those skin RT-QuIC associated
factors probably reflect the close disease-related phenomenon.

Conclusions

The skin RT-QuIC assay is still at the starting stage. Our preliminary data revealed it high sensitivity in
probable sCJD patients and reliable specificity in non-CJD cases, which provides proof of concept that
skin RT-QuIC is a suitable tool for premortem diagnosis of sCJD.

Abbreviations
cerebrospinal fluid CSF
diffusion-weighted imaging DWI
fluorescence units rfu
genetic prion disease gPrD
iatrogenic CJD iCJD
Periodic sharp wave complexes PSWC
sporadic Creutzfeldt-Jakob disease  sCJD
variant CJD vCJD

Declarations

Ethics approval

Usages of the CSF and skin samples and relevant clinical information of the patients with different
diseases in the Center of Chinese CJD Surveillance System has been approved by the Ethics Committee
of the National Institute for Viral Disease Control and Prevention, China CDC, under the protocol of
2009ZX10004-101.

Consent for publication
Not applicable
Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing Interests

Page 8/18



The authors report no competing interests.
Funding

This work was supported by Chinese National Natural Science Foundation Grants (81630062), National
Key R&D Program of China (2018ZX10711001), SKLID Development Grant (2019SKLID501,
2019SKLID603, 2019SKLID307, 2015SKLID503) and WQZ was supported in part by the National Institute
of Health (NIH) NS109532.

Authors’ contributions

All authors contributed to the study conception and design. Material preparation, data collection and
analysis were performed by Kang Xiao, Xue-Hua Yang and Wei Zhou. The first draft of the manuscript
was written by Kang Xiao and all authors commented on previous versions of the manuscript.

Acknowledgements

Not applicable

References

1. Chen C, Dong XP: Epidemiological characteristics of human prion diseases. /nfectious diseases of
poverty 2016, 5(1):47.

2. Prusiner SB: Prions. Proceedings of the National Academy of Sciences of the United States of
America 1998, 95(23):13363-13383.

3. Prusiner SB: The prion diseases. Brain pathology 1998, 8(3):499-513.

4. Li QX, Varghese S, Sarros S, Stehmann C, Doecke JD, Fowler CJ, Masters CL, Collins SJ: CSF Tau
supplements 14-3-3 protein detection for sporadic Creutzfeldt-Jakob disease diagnosis while
transitioning to next generation diagnostics. J Clin Neurosci 2018, 50:292-293.

5. McGuire LI, Peden AH, Orru CD, Wilham JM, Appleford NE, Mallinson G, Andrews M, Head MW,
Caughey B, Will RG et al: Real time quaking-induced conversion analysis of cerebrospinal fluid in
sporadic Creutzfeldt-Jakob disease. Ann Neurol/ 2012, 72(2):278-285.

6. Cramm M, Schmitz M, Karch A, Mitrova E, Kuhn F, Schroeder B, Raeber A, Varges D, Kim YS, Satoh K
et al- Stability and Reproducibility Underscore Utility of RT-QuIC for Diagnosis of Creutzfeldt-Jakob
Disease. Molecular neurobiology 2016, 53(3):1896-1904.

7. Shearin H, Bessen RA: Axonal and transynaptic spread of prions. J Viro/ 2014, 88(15):8640-8655.

8. Lawson VA, Furness JB, Klemm HM, Pontell L, Chan E, Hill AF, Chiocchetti R: The brain to gut
pathway: a possible route of prion transmission. Gut 2010, 59(12):1643-1651.

9. Satoh K, Atarashi R, Nishida N: Real-Time Quaking-Induced Conversion for Diagnosis of Prion
Disease. Methods Mol Biol 2017, 1658:305-310.

Page 9/18



10. Orru CD, Groveman BR, Hughson AG, Zanusso G, Coulthart MB, Caughey B: Rapid and sensitive RT-
QuIC detection of human Creutzfeldt-Jakob disease using cerebrospinal fluid. mBio 2015, 6(1).

11. Orru CD, Yuan J, Appleby BS, Li B, Li Y, Winner D, Wang Z, Zhan YA, Rodgers M, Rarick J et al. Prion
seeding activity and infectivity in skin samples from patients with sporadic Creutzfeldt-Jakob
disease. Science translational medicine 2017, 9(417).

12. Wang Z, Manca M, Foutz A, Camacho MV, Raymond GJ, Race B, Orru CD, Yuan J, Shen P, Li B et af.
Early preclinical detection of prions in the skin of prion-infected animals. Nature communications
2019, 10(1):247.

13. Xiao K, Shi Q, Zhou W, Zhang BY, Wang Y, Chen C, Ma Y, Gao C, Dong XP: T188K-Familial Creutzfeldt-
Jacob Disease, Predominant Among Chinese, has a Reactive Pattern in CSF RT-QuIC Different from
D178N-Fatal Familial Insomnia and E200K-Familial CJD. Neuroscience bulletin 2019, 35(3):519-521.

14. Peden AH, McGuire LI, Appleford NE, Mallinson G, Wilham JM, Orru CD, Caughey B, Ironside JW,
Knight RS, Will RG et al: Sensitive and specific detection of sporadic Creutzfeldt-Jakob disease brain
prion protein using real-time quaking-induced conversion. J Gen Viro/ 2012, 93(Pt 2):438-449.

15. Orru CD, Groveman BR, Hughson AG, Manca M, Raymond LD, Raymond GJ, Campbell KJ, Anson KJ,
Kraus A, Caughey B: RT-QuIC Assays for Prion Disease Detection and Diagnostics. Methods Mol Biol
2017,1658:185-203.

16. Shi Q, Zhou W, Chen C, Zhang BY, Xiao K, Zhang XC, Shen XJ, Li Q, Deng LQ, Dong JH et al The
Features of Genetic Prion Diseases Based on Chinese Surveillance Program. P/oS one 2015,
10(10):e0139552.

17.Shi Q, Zhou W, Chen C, Xiao K, Wang Y, Gao C, Dong XP: Rare genetic Creutzfeldt-Jakob disease with
T188K mutation: analysis of clinical, genetic and laboratory features of 30 Chinese patients. Journal
of neurology, neurosurgery, and psychiatry 2017.

18. Shi Q, Chen C, Gao C, Tian C, Zhou W, Zhang B, Han J, Dong XP: Clinical and familial characteristics
of ten chinese patients with fatal family insomnia. Biomedical and environmental sciences : BES
2012, 25(4):471-475.

Tables

Table 1. The demographic information of 15 cases from US CJD surveillance center
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CaseNo. Onsetage Gender Diagnosis Skin RT-QuIC
Case 1 68 F Non-CJD -
Case 2 78 M Non-CJD -
Case 3 84 F Non-CJD -
Case 4 65 M Non-CJD -
Case 5 58 M Non-CJD -
Case 6 68 M sCJD MV1-2  +
Case 7 59 F sCJD MM1 +
Case 8 65 F sCJD MM1-2 +
Case9 67 M sCJD MM1 +
Case 10 79 M sCJD MV2 +
Case 11 60 F sCJD MV1-2 +
Case12 57 F sCJD MM1 +
Case 13 71 F sCJD VV2 +
Case14 78 F sCJD MM1 +
Case15 68 F sCJD MM1 +

Table 2. The main clinical and laboratory information of the patients with different diseases from Chinese
CJD surveillance system
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Diagnosis

Probable
sCJD

Case 1
Case?2
Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

Case9

Case 10

Case 11

Case 12

Genetic
PrD

T188K
gCJD

G114V
gCJD

Onset
age

72
70
69

64

68

66

62

66

69

65

54

84

60

38

Gender

Codon
129

MM
MM
NA

MM

MM

MM

MV

MM

MM

MM

MM

MM

MM

MV

Codon
219

EE
EE
NA

EE

EE

EE

EE

EE

EE

EE

EE

EE

EE

EE

EEG
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MRI

NA

CSF
14-
3-3

NA

CSF
RT-
QuIC

NA

Skin
QulC

Skin
sampling
site

abdomen
abdomen

inner
thigh

medial

upper
arm

posterior
neck

medial

upper
arm

medial

upper
arm

inner
thigh

posterior
neck,
lateral
malleolus

medial

upper
arm

medial

upper
arm

medial
forearm,
back
neck

behind
ear

behind
ear




D178N
FFI

Pending
case

Case 1

Case?2
Case 3
Case 4

Case5

Non-CJD
Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

Case9

66

53

63
44
55

58

43
52

65

68

65

83

57

64

66

M

MM

MM

MM
MM
MM

MM

MM
MM

MM

MM

MM

NA

MM

MM

MM

EE

EE

EE
EE
EE

EE

EE
EE

EE

EK

EK

NA

EE

EE

EE

NA
NA

NA

NA

NA

NA

medial

upper
arm

medial

upper
arm

chest
abdomen

behind
ear, inner
thigh

posterior
neck,
lateral
malleolus

abdomen

behind
ear

behind
ear

medial

upper
arm

behind
ear

medial

upper
arm

inner
thigh

medial
upper
arm

abdomen

Table 3. The RT-QuIC reactivity per well of the skin samples at the different dilutions from the patients

with various diseases
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Diagnosis Skin sampling Dilution Final
site result
102 103 10
Probable sCJD
Case 1 abdomen -/-/+ -/+/+ -/-/+ +
Case 2 abdomen +/+/+ -/+/+ -/-/- +
Case 3 inner thigh -/-/- -/-/+ +/+/+ +
Case 4 medial upperarm  +/+/+ -/-/- -/-/- +
Case 5 back neck +/+/+ +/-/- -/-/- +
Case 6 medial upperarm  +/+/+ +/-/- -/-/- +
Case 7 medial upperarm  +/+/+/+ +/+/+/+ -/-/-/- +
Case 8 inner thigh +/+/+/+ +/+/+/+ +/-/-/- +
Case 9 back neck +/+/+/+ +/+/+/- +/+/+/- +
lateral malleolus ~ +/+/+/+ -/-/-/- /-/-/- +
Case 10 medial upperarm  +/+/+/+ -/-/-/- -/-/-/- +
Case 11 medial upperarm  +/+/+/+ +/+/+/- -/-/-/- +
Case 12 medial forearm +/+/+/+ +/+/+/- /-/-/- +
back neck +/+/+/+ +/+/-/- +/-/-/- +
gPrD
T188K gCJD behind ear +/+/+/+ +/+/+/+ -/-/-/- +
Pending
Case 2 chest +/+/+/+ /-/-/- -/-/-/- +
Case 3 abdomen +/+/+/+ +/+/+/+ -/-/-/- +
Case 4 behind ear +/+/+/- +/-/-/- -/-/-/- +
inner thigh +/+/+/+ +/+/-/- -/-/-/- +
Case 5 back neck +/+/+/+ +/+/+/+ +/+/-/- +
lateral malleolus  +/+/+/+ +/+/-/- -/-/-/- +
;5c)>ta| (pos/total, / 19/21(90.5%) 14/21(66.7%) 3/21(14.3%) /

Table 4. Comparisons of clinical and laboratory data between skin RT-QuIC positive and negative groups.
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positive negative p-value
Age (median, min-max) (y) 65(44-84) 64.5(38-83) 0.27
Gender (M/F) 6/11 7/5 0.23
Codon 129 (MM/MV) 15/1 10/1 0.79
Codon 219 (EE/EK) 16/0 9/2 0.08
EEG (+/-) 6/11 8/0 0.06
MRI (+/-) 13/3 6/4 0.24
CSF 14-3-3 (+/-) 10/6 5/7 0.28
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The positive and negative numbers in the skin and CSF RT-QuIC assays among the patients with different
diagnosis.

14

12— I~ 58 e i 5 e i i i o S o A i S e

1 0 ....... R S P ST —

Case number

skin CSF skin CSF skin CSF skin CSF
sCID pending gPrD non-CID
Epos 1

[35)
-

Oneg
Ond

L= =]
[=TRRL FE I )
(=
L)
o
w

Xiao et al, Fig 1

Figure 1

The positive and negative numbers in the skin and CSF RT-QuIC assays among the patients with different
diagnosis.
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Figure 2

Results of RT-QuIC assays of different sites from the same patient (A. sCJD Case 9; B. pending Case 5; C.
pending Case 4; D. sCJD Case 12). The skin homogenates in the assays were 10-2, 10-3 and 10-4 diluted.
The brain homogenate of scrapie infected hamster was used as positive control and that of normal
hamster was used as negative control. ThT value is showed in Y-axis and hour post-reaction is indicated
in X-axis.
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