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LETTER TO THE EDITOR

T188K-Familial Creutzfeldt—Jacob Disease, Predominant Among
Chinese, has a Reactive Pattern in CSF RT-QulC Different
from D178N-Fatal Familial Insomnia and E200K-Familial CJD
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Dear Editor,

Human prion diseases consist of sporadic, genetic/familial,
and acquired forms. The familial form accounts for 5%—15%
of all human prion diseases, including familial Creutzfeldt—
Jacob disease (fCJD), Gerstmann—Straussler—Scheinker
syndrome, and fatal familial insomnia (FFI) [1-3]. All
genetic prion diseases are directly associated with mutations
(point-mutation or insertion) in the PRNP gene located on
human chromosome 20 and encodes prion protein (PrP). So
far, >55 mutations in the PRNP gene have been described
[4]. Some PRNP mutations and their related genetic prion
diseases have been reported worldwide, while others show
clear region- or ethnicity-associated features.

Since 2006, China has conducted a Creutzfeldt—Jacob
disease surveillance program [5, 6], and 15 types of genetic
prion disease have been identified. Among these, T188K-
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fCJD is frequently found among Chinese, but rarely reported
in other countries, including Japan and Korea [7]. Clinically,
T188K-fCID is difficult to distinguish from sporadic CIJD
(sCJD). Cerebrospinal fluid (CSF) 14-3-3 positivity and MRI
abnormality are frequent, whereas periodic sharp and wave
complexes (PSWCs) in the EEG are unusual. The clinical
survival time of T188K-fCJD patients is shorter than those
with sCJD [7]. As arare subtype of fCJD, the reactive feature
of T188K-fCJD real-time quaking-induced conversion (RT-
QulC), which is a in vitro amplification technology for
detection of the abnormal form of prion protein (PrP*¢), in
the CSF remains unsettled. To reveal the pattern of CSF RT-
QulC, we compared 25 samples from patients with T188K-
fCJD with 24 samples from D178N-FFI patients and 16
samples from E200K-fCJD patients, two relatively common
genetic prion diseases in China.

The median onset age of the patients with TI88K-fCJD
was 58 years (range, 40-85), comparable with that of
E200K-fCJD patients (56 years; range, 44—68), but signif-
icantly older than that of D178N-FFI patients (49 years;
range, 24-70). The gender distributions (male/female)
were 15/10 in the T188K-fCJD, 10/14 in the D178N-FFI,
and 7/9 in E200K-fCJD groups. PSWCs were noted in only
16% (4/25) of the T188K-fCJD cases, markedly lower than
in the E200K-fCJD cases (56.25%, 9/16). None of the
D178N-FFI cases showed PSWCs. sCJD-associated abnor-
malities [high signal in caudate/putamen and/or a high
symmetrical or asymmetrical cortical signal in diffusion-
weighted imaging (DWI)] on MRI were found in 76% (19/
25) of T188K-fCJD cases, 8.33% (2/24) of D178N-FFI
cases, and 93.75% (15/16) of E200K-fCJD cases. Positive
14-3-3 protein in the CSF (by Western blot) was found in
76% (19/25) of T188K-fCID cases, remarkably more than
in D178N-FFI cases (20.83%, 5/24) and fewer than in
E200K-fCJID cases (100%, 16/16) (Table S1). In addition,
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all enrolled cases were homozygotic for methionine at
codon 129 (M129M) and for glutamic acid at codon 219
(E219E). This revealed that, besides the clinical manifes-
tations, these three subtypes of genetic prion disease have
distinctively different demographic and laboratory features.

The stored CSF samples from the patients with the three
subtypes of genetic prion disease were subjected to the
established RT-QulC assay using full-length recombinant
hamster PrP protein (HaPrP23-231) as the substrate [7]
(details in supplementary materials). Among the 25 CSF
samples from T188K-fCJD cases, 13 (52%) were positive
in RT-QuIC. The median lag phase was 20.3 h post-
reaction (range, 5.1 h—65 h) and the median peak thio-
flavin-T (ThT) value was 70000 relative fluorescence units
(rfu; range, 25000-110000) (Table S1, Fig. S1). Most (10/
13) occurred before 25 h post-reaction and at >60000 rfu.
A higher ratio of E200K-fCJD patients (62.5%, 10/16)
showed positive reactions in CSF RT-QuIC. Meanwhile,
the positive reactions appeared markedly early (median,
6.1 h post-reaction; range, 2.8 h—16 h), and the median
peak ThT fluorescence value was high (90500 rfu; range,
43000-190000) (Table S1, Fig. S1). Only 4 (16.7%) out of
24 D178N-FFI cases were RT-QulC-positive, with clearly
longer lag phases (median, 31 h post-reaction; range,
10-45) and lower peak ThT values (median 51500 rfu;
range, 42500-62500) (Table S1, Fig. S1).

We also compared the real-time conversion features of the
CSF samples from cases of the three diseases in RT-QuIC.
As shown in Fig. 1, compared with the averaged conversion
curve of E200K-fCJD that increased rapidly in the first 10 h
post-reaction and continued to increase and remain at a high
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Fig. 1 Averaged reaction curves of CSF RT-QulC of the three
genetic prion diseases. The data from positive samples, 13 T188K-
fCJD, 10 E200K-fCJD, and 4 D178N-FFI samples, were separately
averaged and are presented as mean + SD. X-axis, hours post-
reaction; Y-axis, ThT fluorescence values.
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ThT value (>85000 rfu), the averaged conversion curve of
T188K-fCID increased relatively late, reaching a peak at
40 h post-reaction (~ 65000 rfu). The positive reaction of
D178N-FFI samples appeared very late and remained at a
remarkably low ThT value (~45000 rfu). The data here
indicated a RT-QulC reactive pattern in T188K-fCJD
distinct from those of E200K-fCJD and D178N-FFI.

CSF 14-3-3 positivity, PSWCs in the EEG, and specific
abnormalities on MRI are the important items for the
diagnosis of probable sCJD. However, the appearances of
abnormalities in these items in genetic prion diseases vary
greatly. Among the 65 cases of genetic prion diseases, 40
(61.5%) were positive for CSF 14-3-3, 13 (20.0%) showed
PSWCs, and 36 (55.4%) displayed specific MRI abnormal-
ities. To determine the association of the results of CSF RT-
QulC with these three items, we statistically evaluated the
RT-QuIC reactivity of the samples with the results of CSF
14-3-3, EEG, and MRI. As shown in Table 1, the reactivity
of CSF RT-QulIC was positively correlated with positive
results for CSF 14-3-3 (P = 0.005), EEG (P = 0.008), and
MRI (P = 0.008) in the context of all tested cases, showing
that patients with the three genetic prion diseases who
showed CSF 14-3-3 positivity, PSWCs, and sCJD-associated
abnormalities on MRI had a high probability of being
positive in CSF RT-QulC. No significant correlation was
found between the RT-QulC reactivity and the two separate
MRI abnormalities, a high signal in the caudate or putamen
(P = 0.217) and a high symmetrical or asymmetrical cortical
signal in DWI (P = 0.062).

Our study has revealed distinct profiles of CSF RT-QuIC
among the three most frequently-encountered genetic prion
diseases in China. E200K-fCJD is the most commonly
reported fCJD in many countries and is the third commonest
genetic prion disease in China [8]. Clinically, Chinese patients
with E200K-fCJD were more like typical sCJD patients with
very high positivity rates for the EEG, MRI, and CSF 14-3-3,

Table 1 Correlation of reactivity of CSF RT-QuIC with CSF 14-3-3,
EEG, and MRI.

RT-QuIC P value
Negative (n) Positive (n)
CSF 14-3-3
Negative (n) 20 5 0.005%*
Positive (n) 18 22
EEG
Negative (n) 25 13 0.008*
Positive (n) 3 10
MRI
Negative (n) 19 5 0.008*
Positive (n) 16 20

*P-value < 0.05 was considered statistically significant
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but have less of a disease-associated family history [8]. On the
contrary, only a few of the CSF samples from D178N-FFI
patients were positive in RT-QulC, with very low ThT values
and a long lag phase. FFI has completely different clinical
manifestations and examination results, often with an early
onset and a disease-associated family history [8, 9]. In line
with another study, the different genetic prion diseases
displayed different reactive profiles in CSF RT-QuIC assays,
which may reflect different pathogenesis due to different point
mutations in PRNP [10].

The reactivity of CSF RT-QuIC may vary with the type
of PrP%° in the brain and may also reflect the amount of
PrP%° released into the CSF [11]. Usually, large PrP*°
deposits are detectable in the brains of E200K-fCJD
patients, while E200K-M129M cases show PrP type 1
and E200K-V129V cases show PrP type 2 [12, 13], which
may contribute to the higher positivity ratios in RT-QuIC.
D178N-FFI cases have been described worldwide. Depos-
its of PrP%° in the brains of FFI cases are usually very
limited and its resistance to proteinase K is usually
markedly weak [14-17]. This limited distribution of
PrP% in the brains of FFI patients may be directly
associated with their low positivity ratios in CSF RT-
QulC. T188K-fCJD is more prevalent in Chinese [1, 8].
Unfortunately, only a few T188K-fCJD cases have been
subjected to neuropathological assays for confirmation of
PrpPS¢ deposits in the brain [18]. The association of the RT-
QuIC reactivity of TI188K-fCJD samples with PrP5
deposition needs further neuropathological study.

We also found that the CSF RT-QulC reactions were
positively correlated with the abnormal findings on EEG,
MRI, and CSF 14-3-3. Based on our results, E200K-fCJD
has very high ratios of CSF 14-3-3 positivity, specific
abnormalities on MRI, and PSWCs on EEG. T188K-fCJD
has high ratios of CSF 14-3-3 positivity and specific
abnormalities on MRI, but very low ratios of PSWCs.
D178N-FFI has very low ratios of CSF 14-3-3 and
abnormalities on MRI, with no PSWCs. It seems that for
a special subtype of human genetic prion disease, the
higher the positivity rate of sCJD-associated abnormalities
on these items, the more the positive reactivity in CSF RT-
QulC. The appearance of multiple sCJD-associated abnor-
malities on the EEG, MRI and CSF 14-3-3 may represent
more extensive damage of the brain, so that PrP5® may be
more likely to be released into the CSF. On the other hand,
the presence of specific abnormalities in the EEG, MRI and
CSF 14-3-3 in a patient with a genetic prion disease may
reflect a clinical process more like typical sCJD.
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