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Abstract

Background
The 14-3-3 protein in cerebrospinal �uid (CSF) is a suitable marker for the differential diagnosis of
patients with rapidly progressive dementia (RPD) suspected of Creutzfeldt-Jakob disease (CJD). However,
the CSF 14-3-3 protein has also been detected in various non-prion-related RPD. Our objective was to
investigate the general distribution of RPD with positive 14-3-3 result and to evaluate the association
between CSF 14-3-3 protein and the clinical features, auxiliary examination and prognosis in patients with
RPD.

Methods
A total of 317 patients with RPD were enrolled in this study and followed-up for at least 2 years. The
clinical, auxiliary examination and prognostic data were collected. The CSF 14-3-3 test was performed for
all patients, and the distribution of various diseases with a positive 14-3-3 result was analyzed. The
patients were divided into the CJD and non-prion RPD groups, and the association of CSF 14-3-3 with
clinical features, auxiliary examination and prognosis were tested in both groups.

Results
The 14-3-3 protein test was positive in a broad spectrum of diseases with RPD, and the most frequent
diagnosis was CJD, followed by non-prion disorders like autoimmune encephalitis and neurodegenerative
disease. In the CJD group, the positive rate was 50.3%, and CSF 14-3-3 protein was associated with
shorter survival (p = 0.031), advanced stage (p = 0.018), and visual (p = 0.045) and cerebellar dysfunction
(p = 0.025). In the non-prion RPD group, the positive rate was 23.3%, and 14-3-3 protein was more
common in the older patients (p = 0.028) and those presenting myoclonus (p = 0.008).

Conclusions
The clinical characteristics of patients with positive 14-3-3 test differed signi�cantly from those with the
negative result in both the CJD and non-prion RPD groups. In the non-prion RPD group, CSF 14-3-3 protein
was more common in patients with myoclonus.

Introduction
Rapidly progressive dementia (RPD) is a cognitive disorder that progresses from an asymptomatic stage
to dementia within several weeks to months [1, 2], and can be triggered by neurodegenerative,
autoimmune, infectious and metabolic diseases. Creutzfeldt-Jakob disease (CJD), a fatal and
neurodegenerative disorder, is the prototypic diagnosis [3–6]. It is necessary to differentiate between CJD
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and non-prion RPD to prevent potential iatrogenic spread and improve patient prognosis. Cerebrospinal
�uid (CSF) markers, particularly the 14-3-3 protein, can be considered for the differential diagnosis of CJD
and non-prion.

The 14-3-3 protein is abundantly expressed in the brain and is involved in signaling pathways, and
cellular growth and apoptosis [7, 8]. It is released into the CSF in response to acute neuronal injury [9, 10],
and is considered a reliable surrogate marker of CJD [11–14]. However, the positive rate of 14-3-3 protein
in the CSF is relatively lower in Asian cohorts compared to those of the other regions, and is also detected
in non-prion diseases such as infectious or autoimmune encephalitis [4, 10, 15–23]. Therefore, it is
necessary to identify clinical factors that affect CSF 14-3-3 levels in order to improve diagnostic accuracy
for RPD.

To this end, our objective was to explore the general distribution of underlying diseases in RPD positive
for the CSF 14-3-3 test, and investigate the association between clinical features, auxiliary examination,
prognosis and positive CSF 14-3-3. Our �ndings can aid clinicians to correctly interpret the results of CSF
14-3-3 protein and make the correct diagnosis.

Methods
Ethics statement

This study was approved by the ethics committee of Xuanwu Hospital, Capital Medical University. Written
informed consent was provided by all participants and/or their legal next of kin 

Participants 

Participants were referred to the Department of Neurology, Xuanwu Hospital, Capital Medical University
from 2010 to April 2019. Although there is no clinical consensus at present, we de�ned RPD as a
cognitive disorder that progressed from the onset of the �rst symptoms to dementia within 2 years [20,
24]. RPD patients that underwent the CSF 14-3-3 test and were followed up for 2 years or until death were
included in this study. Accordingly, 317 patients were enrolled and the �ow chart is shown in Figure 1.

The patients were divided into CJD and non-prion RPD groups, and the latter included neurodegenerative
diseases, autoimmune encephalitis, infectious diseases, central nervous system (CNS) neoplasms or
paraneoplastic diseases, cerebrovascular disease, inherited metabolic diseases, hypoxic-ischemic
encephalopathy and unknown etiologies. Patients suspected of CJD were diagnosed according to the
updated clinical diagnostic criteria for CJD published in 2009 [25], and validated by the current WHO
criteria [26]. Neurodegenerative diseases (e.g., Alzheimer’s disease, frontotemporal lobar degeneration
and dementia with Lewy bodies) were diagnosed according to the relevant criteria [27-30]. Autoimmune
encephalitis was diagnosed as per the criteria established by Graus et al [31]. The National Institute of
Neurological and Communicative Disorders and the Stroke Association criteria were used to de�ne
vascular dementia [32]. Due to the extremely low rate of brain biopsy or post-mortem examinations in
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China, all patients were followed up for at least 2 years by telephone or face-to-face interviews to improve
diagnostic accuracy.

Data collection

Clinical data, including epidemiological information, clinical symptoms and signs, auxiliary examination
and prognosis, were collected for all enrolled patients. The clinical symptoms and signs included
psychiatric anomalies (anxiety, depression, apathy, autism, excitement, disinhibition, abnormal emotion or
behavior, change in personality), visual disturbances (deteriorated or blurred vision, restricted visual �eld,
and disturbed perception of structures and colors), visual hallucinations, myoclonus, epilepsy, pyramidal
signs (spastic increase of muscle tone and the pyramidal re�exed of Babinski, Oppenheimer and
Chaddock), extrapyramidal signs (rigidity, tremor, hypokinesia, dystonia and involuntary movement),
disturbed cerebellar movements (ataxia, dysmetria, disdiadochokinesia and nystagmus), sleep disorders,
weakness or sensory disturbance, speech disorders (aphasia and dysarthria), akinetic mutism, and
decorticate rigidity.

MRI scans were performed on a 3.0 Tesla MRI system (Siemens Magnetom Trio Tim MRI system,
Germany), and T1-weighted, T2-weighted, �uid-attenuated inversion recovery (FLAIR), diffusion-weighted
image (DWI) and apparent diffusion coe�cient (ADC) images were obtained. The typical MRI features for
CJD were high DWI or FLAIR signals in the caudate/putamen or at least in two cortical regions (temporal,
parietal or occipital). A 32-channel digital EEG system (DAVINCI-SAM, Micromed, Mogliano Veneto, Italy)
was used to record EEG, and periodic sharp wave complexes (PSWCs) were recognized as the typical EEG
feature. 

The survival time was de�ned as the time from disease onset to death. Onset to lumbar puncture (LP)
was de�ned as the time from beginning of the �rst symptom to lumbar puncture (LP) for the 14-3-3 test.
The duration between LP to disease onset was divided by the total duration of disease, and the patients
were accordingly divided into the �rst (< 0.33), second (0.33-0.66) and third (>0.66) stages.

Detection of 14-3-3 protein in CSF

CSF samples were obtained in our hospital and transferred to the Chinese Center for Disease Control and
Prevention (CDC) for the 14-3-3 test. The samples were divided into 50𝜇l aliquots and stored at -80℃.
CSF 14-3-3 protein was detected by Western blotting. Brie�y, 20𝜇l CSF samples were diluted in 5X loading
buffer and separated by 12% SDS-PAGE. The protein bands were transferred to nitrocellulose (NC)
membranes (Whatman, USA) using the semi-90 dry method in transferring buffer. After blocking, the
membranes were incubated for 2 hours at room temperature with anti-14-3-3 polyclonal antibody (1:1000;
Santa Cruz Biological, Santa Cruz, USA). The membranes were then incubated with goat anti-rabbit HRP-
conjugated secondary antibody and the positive bands were detected using an enhanced
chemiluminescence kit (Amersham-Pharmacia Biotech, USA) [33].

Statistical analysis
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Continuous variables with normal distribution are presented as the mean ± standard deviation (SD), and
those not conforming to normal distribution as median and interquartile range (IQR). Categorical data are
presented as the frequency (percentage). 𝛸2 test or Fisher exact test was used to compare categorical
variables including the incidence of symptoms, signs and paraclinical test results. Mann-Whitney U test
was used to compare continuous variables including age and Barthel Index. The Kaplan-Meier method
was used to evaluate the association between onset to LP and the CSF 14-3-3 test. A two-sided
p value<0.05 was considered statistically signi�cant. All statistical analyses were performed using SPSS,
version 25.

Results

Demographic characteristics
A total of 317 patients with RPD were enrolled, including 201 males and 116 females. The mean age was
58.56 ± 11.35 years and the median (IQR) age was 60 (52–66) years. The most frequent diagnosis was
CJD (n = 167, 52.7%), followed by autoimmune encephalitis (n = 38, 12.0%) and neurodegenerative
disease (n = 29, 9.1%).

Positive Rates Of Csf 14-3-3 Protein In Patients With Rpd
The positive rates of the 14-3-3 protein were 50.3% and 23.3% in the CJD and non-prion RPD groups
respectively. The percentage of patients that were positive for the 14-3-3 test across different disorders
are summarized in Fig. 2. In addition, the CJD and non-prion RPD patients accounted for 70.6% and
29.4% of the 14-3-3 positive group respectively. Among the non-prion RPD groups with positive result for
14-3-3, autoimmune encephalitis (22.9%) and neurodegenerative disease (22.9%) were most common,
followed by infectious diseases (11.4%), CNS neoplasm or paraneoplastic diseases (8.6%), inherited
metabolic diseases (5.7%), cerebrovascular disease (2.9%), hypoxia-ischemic encephalopathy (2.9%),
CNS demyelinating disease (2.9%) and normal pressure hydrocephalus (2.9%). In addition, 17.1% patients
with positive 14-3-3 result had unclear diagnosis (Fig. 3). The speci�c distribution of the underlying
diseases in the 14-3-3 positive group are shown in supplementary Table 1.

Correlation Between Clinical Features And Csf 14-3-3 Status
In Patients With Cjd
The clinical features, auxiliary examination and prognosis of the 14-3-3-positive and 14-3-3-negative CJD
patients were compared. The age and sex distribution was similar in both groups. However, visual
disorders and cerebellar signs were signi�cantly more frequent in the 14-3-3-positive patients compared
to those who tested negative (p = 0.045 and p = 0.025 respectively). A signi�cantly higher proportion of
the 14-3-3-negative patients exhibited the typical MRI features of CJD compared to that in the 14-3-3-
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positive group (91.6% vs 81% respectively, p = 0.047), while the proportion of PSWCs on EEG was similar
in both groups. We also found that functional impairment (measured by Barthel Index) was more severe
in the 14-3-3-postive patients [median(IQR):45(30–75)] as opposed to the 14-3-3-negative patients
[median(IQR):65(35–80)], although the difference was not statistically signi�cant (p = 0.053).
Furthermore, the likelihood of a positive 14-3-3 result was signi�cantly higher among patients with < 6
months survival compared to those with survival duration longer than 6 months (65.6% vs 43%
respectively, p = 0.031). The positive rate of 14-3-3 test also showed a tendency to increase from the �rst
to the third stage of the disease (41.3%, 54.1% and 83.3% in �rst, second and third stages of the disease
respectively, p = 0.018). The data are summarized in Table 1.
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Table 1
Clinical characteristics of CJD patients demarcated on the basis of CSF 14-3-3 results

  1433(-) 1433(+) p

No, % 83 (49.7) 84 (50.3)  

Sex (male/female) 46/37 51/33 0.488

Age, year, [median (IQR)] 61.0(56.0–67.0) 61.0(54.0-65.8) 0.723

Psychiatric, % 49 (59.0) 47 (56.0) 0.687

Visual disorder, % 13 (15.7) 24 (28.6) 0.045

Visual hallucination, % 16 (19.3) 13 (15.5) 0.517

Myoclonus, % 40 (48.2) 41 (48.8) 0.936

Epilepsy, % 7 (8.4) 7 (8.3) 0.981

Pyramidal sign, % 50 (60.2) 59 (70.2) 0.175

Extrapyramidal sign, % 46 (55.4) 55 (65.5) 0.184

Cerebellar sign, % 38 (45.8) 53 (63.1) 0.025

Sleep disorders, % 29(34.9) 31(36.9) 0.791

Weakness or sensory Disturbance, % 17 (20.5) 25 (29.8) 0.167

Speech disorder, % 47 (56.6) 53 (63.1) 0.394

Akinetic mutism, % 11(13.3) 9 (10.7) 0.613

Decorticate rigidity, % 6 (7.2) 4 (4.8) 0.535

Survival time (month)     0.031

≤ 6 11 21  

> 6 45 34  

Disease stage     0.018

Early 44 31  

Middle 17 20  

Late 2 10  

Barthel Index 65.0(35.0–80.0) 45.0(30.0–75.0) 0.053

Hyperintensity on MRI, % 76 /83(91.6) 68 /84(81.0) 0.047

PSWCs on EEG, % 20/76 (26.3) 24/78 (30.8) 0.541
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Correlation Between Clinical Features And Csf 14-3-3 Status
In Non-prion Rpd Patients
Among the non-prion RPD patients, the median age of the patients with a positive 14-3-3 result
[median(IQR):61(53–67)] was signi�cantly higher than that of patients with a negative 14-3-3 result
[median(IQR):57(48–66), p = 0.028], while sex ratio was similar in both groups. Myoclonus was more
frequently observed in 14-3-3-positive patients compared to the 14-3-3-negative patients (45.7% vs 22.6%
respectively, p = 0.008), while the frequency of other symptoms and signs were similar in both groups.
The incidence of typical MRI and EEG �ndings were also similar in the two groups. The results are
summarized in Table 2.

Table 2
Clinical characteristics of non-prion RPD patients demarcated on the basis of CSF 14-3-3

results

  1433(-) 1433(+) p

No, % 115 (76.7) 35 (23.3)  

Sex (male/female) 83/32 21/14 0.171

Age, year, [median (IQR)] 57.0(48.0–66.0) 61.0(53.0–67.0) 0.028

Psychiatric, % 80 (69.6) 29 (82.9) 0.122

Visual disorder, % 11 (9.6) 3 (8.6) 1.000

Visual hallucination, % 11 (9.6) 4 (11.4) 0.751

Myoclonus, % 26 (22.6) 16 (45.7) 0.008

Epilepsy, % 27 (23.5) 9 (25.7) 0.786

Pyramidal sign, % 76 (66.1) 25 (71.4) 0.555

Extrapyramidal sign, % 56 (48.7) 19 (54.3) 0.562

Cerebellar sign, % 46 (40.0) 13 (37.1) 0.734

Sleep disorders, % 43 (37.4) 18 (51.4) 0.139

Weakness or sensory Disturbance, % 31 (27.0) 14 (40.0) 0.140

Speech disorder, % 47 (40.9) 18 (51.4) 0.270

Akinetic mutism, % 5 (4.4) 1 (2.9) 1.000

Decorticate rigidity, % 2 (1.7) 1 (2.9) 0.552

Hyperintensity on MRI, % 14 /110(12.7) 4 /35(11.4) 1.000

PSWCs on EEG, % 4/100 (4.0) 1/32 (3.1) 1.000
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Furthermore, the time from onset to LP was longer in 14-3-3-positive patients than that in 14-3-3-negative
patients [median(IQR):24 (24-33.5) and 12 (7–24) respectively, p = 0.008] in the neurodegenerative
subgroup, and the positive 14-3-3 test was associated with longer disease duration (p = 0.014) (Fig. 4). In
the autoimmune subgroup, myoclonus was more frequently observed in 14-3-3-positive patients than in
the 14-3-3-negative patients (6 (75%) vs 4 (18.2%) respectively, p = 0.002). Other subgroups were not
analyzed due to the small size. The data are summarized in supplementary Table 2 and table 3.

Discussion
The CSF 14-3-3 protein was detected in both CJD and non-prion patients exhibiting RPD. In the CJD
group, a positive result for CSF 14-3-3 protein was related to severe functional impairment and shorter
survival, and patients with symptoms of visual disorders and cerebellar impairment were more likely to be
positive for 14-3-3. On the other hand, a positive 14-3-3 test was associated with older age and symptoms
of myoclonus in the non-prion RPD group.

Consistent with previous reports, we found that CSF 14-3-3 was present in various non-prion RPD
disorders, including the incurable disorders caused by neurodegeneration and inherited metabolic
abnormalities, as well as potentially treatable diseases such autoimmune and infectious encephalitis [1,
4]. Therefore, it is crucial to exclude curable diseases and avoid relying too heavily on CSF 14-3-3 testing
for diagnosing CJD, since doctors or family members may choose to discontinue treatment in case of
CJD diagnosis. Furthermore, our study broadened the scope of treatable disorders with a positive 14-3-3
result to GFAP-related autoimmune encephalitis and brain cysticercosis.

The clinical characteristics, paraclinical examination and prognosis of CJD and non-prion RPD patients
were also signi�cantly associated with the CSF 14-3-3 results. In the CJD group, patients with a positive
14-3-3 result had shorter survival and more severe functional impairment, which supports the possible
role of the CSF 14-3-3 protein in acute and extreme brain tissue damage [10, 15]. In addition, the positive
rate of 14-3-3 test also correlated with disease progression, which is consistent with previous studies that
showed an increase in the sensitivity as well as the absolute levels of 14-3-3 protein with the progression
of RPD. Therefore, the disease stage should be considered when interpreting a negative 14-3-3 result [34–
36]. In addition, patients exhibiting symptoms of visual disturbances and cerebellar signs were more
likely to have 14-3-3 protein in the CSF. Although the underlying mechanisms are unclear, we
hypothesized that the presence of these two symptoms might indicate rapidly progressing disease. A
previous study reported that cerebellar disturbances increased the risk of akinetic mutism in sCJD cases,
indicating that it is associated with acute and extensive neuronal damage [37]. On the other hand, these
pathological changes may be related to the transmission speed of PrP from certain brain regions or its
accumulation in speci�c structures. We detected fewer cases with typical MRI patterns in the 14-3-3-
positive group, which may be related to the larger proportion of patients in the early stages of the disease.
Intense DWI signals can be detected at the early disease stage and become less conspicuous at the later
stages, which is opposite to the trend seen with 14-3-3 protein [38, 39]. However, these results should be
interpreted with caution and need further study.
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The positive rate of 14-3-3 test in the CJD group in our study was similar to that reported previously for
the Chinese population, but lower than that for other countries [7, 21, 40, 41]. The underlying mechanisms
are unclear but can be attributed to ethnic differences. In addition, since the sensitivity of 14-3-3 tends to
increase with disease progression, the low positive rate might also be related to the fact that most
patients recruited for our study were in the early disease stage [36].

In the non-prion RPD group, the patients with 14-3-3 protein in the CSF were older and more likely present
the symptom of myoclonus. Age-related changes in the morphology and function of neurons increase
their susceptibility to toxins, infections or in�ammatory-induced damage, thereby resulting in the release
of 14-3-3 protein into the CSF. Myoclonus is characterized by sudden, brief, shock-like involuntary
movements. The motor cortex is most commonly affected, although impairment of subcortical areas,
brainstem, spinal and peripheral nervous system also lead to myoclonus [42]. In addition, myoclonus is
also observed in neurodegenerative, metabolic-toxic, infectious or autoimmune diseases, although the
anatomical source and pathogenic mechanisms are ambiguous and complex in these disorders [42]. The
correlation between 14-3-3 protein and myoclonus in non-prion RPD patients may be related to the acute
neuronal damage seen in these disorders. Iwasaki et al also found that time from disease onset to �rst
observation of myoclonus was signi�cantly associated with survival duration, which suggested that the
appearance of myoclonus indicated accelerated disease progression [43]. In addition, the disease
duration was longer in the 14-3-3-positive as opposed to the 14-3-3 negative patients. Thus, advanced
neurodegeneration should be considered in patients with a positive 14-3-3 test result.

Our study also has some limitations that ought to be considered. First, the majority of patients recruited
for our study were clinical diagnosed without any pathological con�rmation. Therefore, the patients were
followed up for 2 years to improve the accuracy of diagnosis by evaluating disease progression and
treatment outcomes. Second, codon 129 genotypes and molecular subtypes are known to in�uence the
result of 14-3-3 test but were not considered in our study. However, previous studies have reported that the
MM genotype accounted for 97%-100% of all sCJD patients in China, which indicates that codon 129
polymorphism may not in�uence 14-3-3 results [40, 44]. Third, considering the limitation of western
blotting in evaluating 14-3-3 protein levels, quantitative measurement by ELISA is recommended. Finally,
the mechanisms underlying the correlation between clinical symptoms and 14-3-3 protein in CSF need
further investigation.

Conclusions
CSF 14-3-3 protein is present in CJD as well as in a broad spectrum of non-prion disorders. Patients with
positive 14-3-3 test differ from the 14-3-3-negative patients in terms of clinical symptoms and signs,
neuroimaging manifestations and prognosis in in both CJD and non-prion RPD groups. The non-prion
RPD patients presenting myoclonus have a greater likelihood of a positive 14-3-3 result, which offers new
insights into the diagnostic role of CSF 14-3-3.
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Figure 1

Flow diagram of patients enrollment
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Figure 2

The positive rate of CSF 14-3-3 test in the different disease subgroups in RPD patients
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Figure 3

Distribution of non-prion pathologies among the RPD patients with positive 14-3-3 test
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Figure 4

Kaplan-Meier curves of the time from onset to LP in the CSF 14-3-3 positive and negative patients.
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