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Prion diseases (PrDs) are fatal neurodegenerative
conditions that affect humans and other mammals,
which consist of sporadic, genetic, and acquired
forms in human PrDs™. The genetic form accounts
for approximately 5%-15% of all human PrDs.
Human genetic prion diseases (gPrDs) are further
classified as genetic Creutzfeldt-Jakob disease
(gCID), Gerstmann-Straussler syndrome (GSS), and
fatal familial insomnia (FFl), according to the
differences in genetic variants, clinical symptoms,
and neuropathologym. To date, more than 60 PRNP
mutants have been reported worldwide, most of
which are pathological[3]. The clinical and
histopathological characteristics of gPrDs vary
greatly depending on the different PRNP mutations.
The proportion of PrDs caused by PRNP mutations
differs notably among countries and/or geographic
regions, which is closely linked to racial diversity.

Since 2006, the China National Surveillance for
Creutzfeldt-Jacob disease has identified 20 gPrDs-
associated mutations in PRNP (Shi et al, in
preparation). The top five types of mutations in the
Chinese population were T188K, D178N, E200K,
E196A, and P102L. T188K gCID is the most
commonly identified gPrDs in Chinese but very rare
in other countries, including the neighboring
countries (Japan and South Korea)™. D178N FFI, one
of the most frequent gPrDs worldwide, is commonly
observed in Chinese, whose frequency seems to be
higher than that in Japanese and Korean. The E200K
gCID is the most popular gCID in Europe, while it is
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also relatively common among the Chinese. E196A
gCID is extremely rare globally, but more than 10
cases have been reported in China. The clinical
manifestations of T188K, E200K, and E196A gCID are
comparable to those of sCID, which is usually
difficult to differentiate without gene sequencmgm
Similar to many countries, P102L GSS is also the
predominant subtype of GSS among the Chinese.

Real-time quaking-induced conversion (RT-QuIC)
is a technique that can detect small amounts of Prp*
in various tissues, including cerebrospinal fluid
(CSF)[GI. The implementation and significance of CSF
RT-QuIC in patients with sCID have been
described”®; however, its application to gPrDs,
particularly in Chinese gPrDs, is not well
documented. Meanwhile, the difference in the
reactivity of CSF RT-QuIC in various gPrDs remains
unsolved. To address these questions, a total of 117
CSF samples from Chinese gPrDs cases with five
major types of mutations were enrolled in this study
and their RT-QuIC reactivities, focusing on the
positive rate, conversion time, and peak of relative
ThT fluorescence units (rfu) were compared with
other main clinical, epidemiological, and laboratory
factors.

The stored intravitally collected CSF samples
from 117 patients with gPrDs confirmed by PRNP
sequencing were subjected to the established RT-
QuIC assay. We included 10 cases of P102L GSS, 37
cases of D178N FFl, 35 cases of T188K gCJD, 10 cases
of E196A gCID, and 25 cases of E200K gCID. In total,
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36 out of 117 (30.8%) CSF samples were positive in
RT-QuIC, showing remarkable various kinetic
patterns in the lag phase time and the maximum rfu
reached. The potential general relationship of CSF
RT-QuIC reactivity in gPrDs cases was analyzed with
some major factors. Only periodic sharp wave
complexes (PSWC) in electroencephalogram (EEG)
showed a significant association with RT-QuIC
reactivity (positive rate, P = 0.006; conversion time,
P = 0.005; peak of rfu, P = 0.009), whereas the other
factors were not significant (Supplementary Table
S1, available in www.besjournal.com).

Under our experimental conditions, the positive
rates were 60.0% in P102L GSS, 16.2% in D178N FFlI,
25.7% in T188K gCJD, 40.0% in E196A gCID, and
44.0% in E200K gCJD (Table 1), with a statistically
significant difference (P = 0.032). The real-time rfu
data of every positive sample were collected, and
the individual averaged RT-QuIC reactive curves of
gPrDs were generated. As shown in Figure 1 (various
controls in each reaction are illustrated in
Supplementary Figure S1, available in www.
besjournal.com), E200K-gCJD showed the shortest
conversion time and the highest average peak of rfu
(> 150,000 rfu), whose averaged curve reached the
maximal rfu approximately 10 h post-reaction.
T188K-gCID and E196A-gCID revealed similar
reactive patterns, with relatively long lag times and
moderate levels of the averaged peak of rfu (around
100,000 rfu). The lag time of P102L-GSS was similar
to that of E196A-gCID, but the maximal rfu was
slightly higher. D178N-FFI showed the longest lag
time and the lowest average peak of rfu, which was
approximately 65000. Statistical analysis revealed a
significant difference in the positive conversion time
of RT-QuIC (P = 0.026) among the five types of gPrDs,
but not in the rfu at peak (P = 0.211) (Table 1). This
indicates a close association between the genotypes

of gPrDs and their CSF RT-QuIC reactivity.

The reactivities of CSF RT-QuiC were also
different among the clinical phenotypes of gCJD, FFI,
and GSS. Taken together, 70 gCJD cases with the
mutants T188K, E196A, and E200K, 24 (34.3%), were
positive for RT-QuIC. The median positive conversion
time was 7.71 h (2.16-20.16), and the median peak
of rfu was 118,873 (52,188-260,000). Statistical
assays revealed significant differences between the
positive rates of FFI and gCJD (P = 0.048) and
between FFl and GSS (P = 0.005), but not between
gCJD and GSS (P = 0.116). No statistical difference in
the conversion time and peak of rfu was observed
among the three phenotypes (Table 1).

The possible association of the reactivity of CSF
RT-QuIC for each genotype with the main CJD-
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Figure 1. Averaged reactive curves of CSF RT-
QuIC of the five gPrDs. The data are obtained
from the positive samples, including nine cases
of T188K-gCJD, four cases of E196A-gCID,
eleven cases of E200K-gCJD, six cases of
D178N-FFl, and seven cases of P102L-GSS. The
averaged data of each type of gPrDs were
calculated and presented as mean + SD. X-axis,
reaction time; Y-axis, ThT fluorescence units.

Table 1. Correlation of reactivity of CSF RT-QuIC with PrP mutants

Positive rate (%)

Positive time post-reaction (h)

Peak ThT fluorescence units (rfu)

Mutants
Positive no./grouped no.  P-value ~ Median (min, max) P-value Median (min, max) P-value
P102L 6/10 (60.0) 9.04 (3.72, 18.00) 148,689 (46,332, 184,010)
D178N 6/37 (16.2) 27.80(2.88, 53.40) 66,156 (30,881, 223,636)
T188K 9/35 (25.7) 0.032° 8.00 (5.76, 19.44) 0.026" 112,449 (52,188, 242,450) 0.211°
E196A 4/10 (40.0) 11.52 (5.04, 20.16) 90,851 (56,926, 250,143)
E200K 11/25 (44.0) 3.60 (2.16, 10.80) 153,321 (87,548, 260,000)

Note. °Chi-Square test was used to compare the positive rates among the five types of gPrDs. ®Kruskal-
Wallis H test was used to compare the positive time post-reaction and the peak ThT fluorescence units among
the five types of gPrDs.



832

Biomed Environ Sci, 2021; 34(10): 830-833

related parameters was also evaluated individually
(Supplementary Table S2, available in www.
besjournal.com). Only in the group of E200K-gCID,
statistical significance in the relation of MRI
abnormality with positive rate and in that of disease
duration with the peak of rfu were observed. Other
tested parameters did not reveal any statistical
association with RT-QuIC reactivity in any of the five
types of gPrDs. This implies that the reactivity of CSF
RT-QuIC of gPrDs is almost unrelated to the main
CJD-associated clinical and laboratory parameters.

Our data here display significantly different
reactive patterns of CSF RT-QuIC in the five types of
Chinese gPrDs cases. It is well known that there are
clear differences in the clinical, neuropathological,
and laboratory characteristics of gCID, GSS, and
FFI. Even in gCID displaying similar features as
sCID, there are still slight differences among various
genotypes. For example, our surveillance data of
T188K, E196A, and E200K gCJD patients showed
lower ratios of mutism, CSF 14-3-3 positivity, and
increased CSF tau levels (Shi et al., in preparation).
Diversity in the reactivity of CSF RT-QuIC among
various gPrDs is also likely a reflection of the
different neuropathogenesis.

RT-QuIC reactivity is closely related to the
amount of PrP* in the testing specimens'?. The
presence of PrP* in the CNS is a hallmark of prion
disease. GSS is characterized by the presence of
large Prp* plaques in the brain, particularly in the
cerebellum tissue®. Amounts of PrP* are also
observable in the brain tissues of most gCID cases,
which are usually indistinguishable from sCJD. On
the contrary, the brain tissues of FFl patients usually
contain much less PrPSC, even undetectable by
routine methods, such as proteinase K-digested
western blot. Such differences in brain PrP* are also
reflected in the reactivity of CSF RT-QuIC. We also
noticed higher positive rates of CSF RT-QuIC in the
E200K and E196A gCID groups than in the T188K
gCID group. The characteristics of brain PrP* in
E200K gCID are well addressed as one of the most
common genotypes of gPrDs worldwide. Most T188K
gCID and all E196A gCJD have been identified in
China. Unfortunately, only a few T188K Caucasian
cases and none of the E196A cases have
documented neuropathological feature™. The exact
association between brain PrP* and CSF RT-QuIC
reactivity among the three genotypes of gCJD is still
unclear.

We noticed that the RT-QuIC reactivity showed
an obvious individual appearance. According to our
analysis, the majority of the indexes seem to be

unrelated to the RT-QuIC reactivity, except for PSWC
on EEG. However, such an association was observed
in the analysis of the five gPrDs, but not in those of
individual genotypes. More cases of D178N FFl,
which were all negative in PSWC on EEG and low
positive rate in RT-QulC, created such a
phenomenon. Individual differences in the same
gPrDs genotype are also frequently observed in
other CSF tests, such as CSF 14-3-3 and tau. Besides
the amount of brain PrP*, there are probably other
unknown elements influencing the release of brain
factors into the CSF.

We have to admit that the positive rates of RT-
QuIC in this study, regardless of the type of gPrDs,
are relatively low, probably due to some reasons.
However, the major objective of this study was to
determine the possible differences in the various
gPrDs in RT-QuIC rather than to prove the
feasibility of RT-QuIC in the diagnosis of gPrDs.
Therefore, the relatively less sensitive
experimental condition here is somehow more
suitable for identifying the slight differences that
might be hidden in the higher sensitivity assay
among various genotypes of gPrDs.
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