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Abstract

Background Identifying reliable biomarkers for early detection and prediction of cognitive impairment in Parkinson’s disease
(PD) is crucial for optimal patient care. This study set out to investigate the potential of YWHAG as a diagnostic biomarker
for cognitive impairment in PD.

Methods We enrolled a total of 331 PD patients and selected 241 patients that met the criteria for cognitive impairment
analysis. The patients were classified into three groups: PD-NC: PD patients with normal cognition, PD-MCI: PD patients
with mild cognitive impairment, and PD-D: PD patients with dementia. ELISA was employed to assess YWHAG expression,
as well as the neurofilament light chain (NfL). Additionally, cognitive impairment was evaluated using MoCA scores. Cor-
relation analysis and receiver operating curve analysis (ROC) were performed to clarify the relationship between YWHAG
expression and cognitive impairment.

Results Our findings revealed a significant upregulation of YWHAG expression in both the PD-MCI and PD-D groups
compared to the PD-NC group. This observation aligned with the elevated expression of NfL in the PD-MCI and PD-D
groups. YWHAG and NfL expression levels displayed negative correlations with MoCA scores and positive associations
with age. Furthermore, ROC curve analysis demonstrated the diagnostic efficacy of YWHAG expression in distinguishing
individuals with PD-NC, PD-MCI, and PD-D.

Conclusions Our findings indicate that YWHAG could serve as a promising biomarker for cognitive impairment in PD.
The upregulation of YWHAG expression in PD-MCI and PD-D groups, its association with cognitive impairment, and its
correlations with MoCA scores and NfL levels support its potential clinical utility.
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Introduction

Parkinson’s disease (PD) ranks as the second most com-
mon neurodegenerative condition on a global scale. Among
the major complications afflicting PD patients is cognitive
impairment, to which>75% of PD patients who have had
PD for over a decade are susceptible [1]. This cognitive dys-
function, known as PD-related cognitive impairment (PD-
CI), and more severe cases known as PD dementia (PD-D),
detrimentally impacts a patient’s quality of life, increases
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healthcare costs, and imposes a substantial burden on car-
egivers [2, 3]. Therefore, the development of biomarkers for
the timely identification and prediction of cognitive impair-
ment in PD holds immense significance. Such biomarkers
could facilitate timely interventions and optimize treatment
strategies for cognitive decline in PD patients [4].
Recently, there has been an increasing focus on the explo-
ration of biological biomarkers that facilitate the diagnosis
and monitoring of cognitive impairment among PD patients.
One such target is alpha-synuclein [5], a protein closely
linked to the pathogenesis of PD. Alpha-synuclein aggre-
gates are a hallmark of PD and have been implicated in the
development of cognitive dysfunction. While alpha-synu-
clein holds promise as a target for intervention, its detection
and quantification remain challenging, as it is predominantly
found in insoluble aggregates within the brain. Another tar-
get of interest is acetylcholinesterase (AChE) [6], an enzyme
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involved in the breakdown of acetylcholine, a neurotransmit-
ter crucial for cognitive function. Inhibitors of AChE, such
as donepezil, have been tested in the treatment of cognitive
impairment among PD patients. However, their efficacy is
limited, and they may have adverse effects on other neuro-
transmitter systems, highlighting the need for more specific
and targeted approaches.

Among the numerous candidate biomarkers, the protein
YWHAG has emerged as a promising candidate. YWHAG,
also known as 14-3-3 gamma, is a crucial gene responsi-
ble for encoding the 14-3-3 gamma protein. This protein
plays a pivotal role in various biological processes, with
a significant focus on its high expression within the brain.
Within the intricate network of cellular functions, 14-3-3
gamma is emerging as a key regulator in the brain, orches-
trating and fine-tuning multiple essential pathways. In the
brain, where it is notably abundant, 14-3-3 gamma acts
as a central conductor, coordinating a multitude of vital
processes. It is essential in regulating diverse cell signal-
ing pathways, ensuring that neurons and glial cells com-
municate effectively and that various cellular responses are
finely tuned. This regulatory role extends to processes such
as cell growth, differentiation, survival, and apoptosis. Fur-
thermore, 14-3-3 gamma plays a role in safeguarding the
integrity of the brain's structure and function. It is involved
in maintaining synaptic plasticity, a crucial mechanism for
learning and memory, by modulating the function of proteins
involved in synaptic transmission and long-term potentiation
[7]. In previous studies, Y WHAG mutation has been linked
to epilepsy [8] and patients and intellectual disabilities [9].
Beyond the brain, it is found that 14-3-3 gamma exerts its
influence across a wide array of cellular functions, including
the cell cycle, apoptosis, and DNA repair. YWHAG has also
been investigated as a marker in the cancer [10].

Given the previously reported roles of YWHAG in neuro-
degenerative disorders and the applicability of using serum
YWHAG expression as an assessment, this paper aims to
use a retrospective controlled clinical study to shed light on
the feasibility and potential clinical significance of YWHAG
as a diagnostic biomarker for cognitive impairment in PD.
We analyzed the expression and diagnostic potential of
YWHAG along with neurofilament light chain (NfL), a well-
established biomarker for cognitive impairment, in correla-
tion with PD with mild cognitive impairment (PD-MCI) or
dementia (PD-D) [11].

Increased NfL concentrations in cerebrospinal fluid and
blood are indicative of neuronal damage and degeneration,
since NfL, as a structural protein found in nerve cells, is
released into the bloodstream when neurons are injured or
degenerate, making it a valuable tool for monitoring neu-
rodegenerative processes. Its utility in assessing cognitive
decline extends to various conditions such as Alzheimer’s
disease, multiple sclerosis, and Parkinson’s disease, where
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it serves as a sensitive indicator of disease progression and
cognitive impairment. Abundant evidence has established
the clinical utility of NfL as an innovative biomarker for
cognitive decline in PD [12].

Herein, the aim of this study is to investigate the poten-
tial of YWHAG as a diagnostic biomarker for cognitive
impairment in PD.

Methods
Study participants

A total of 331 PD patients were recruited for this study.
The study was approved by the ethics committee of Cang-
zhou Central Hospital (#2020/06/451) and informed writ-
ten consent was obtained before enrollment. Patients were
selected based on the following inclusion and exclusion
criteria:

Inclusion criteria: Patients diagnosed with PD by the
diagnostic criteria for Parkinson’s disease in China (2016
version).

Exclusion criteria: The study excluded individuals
with secondary parkinsonism, which arises from various
conditions such as head trauma, infectious encephalitis,
cerebrovascular accidents, accidental poisoning, and oth-
ers. Patients presenting with Parkinson’s plus syndromes,
including multiple system atrophy and progressive supra-
nuclear palsy, were also not included. Moreover, individu-
als with significant cardiac, hepatic, renal, or gastrointes-
tinal dysfunctions were excluded. The study also omitted
participants who displayed uncooperative behavior dur-
ing neurological examinations and blood tests. Those with
autoimmune diseases, a history of thyroid disorders, indi-
viduals undergoing thyroid hormone replacement therapy,
or those taking anti-thyroid medications were likewise
excluded. Furthermore, individuals with cognitive impair-
ments caused by Alzheimer’s disease, psychiatric disor-
ders, or vascular dementia, potentially affecting cognitive
function, were not considered for the study.

Measurement of NfL and YWHAG

Serum samples obtained from PD patients during their
prior hospital visits were stored at a temperature of
— 80 °C. The levels of NfL and YWHAG were quantified
using an enzyme-linked immunosorbent assay (ELISA).
The ELISA procedure adhered to the instructions provided
by the manufacturer and the optical density of each well
was measured using a microplate reader.
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MoCA assessment

Cognitive function was assessed using the Montreal Cog-
nitive Assessment (MoCA). This standardized assessment
measures various cognitive domains. Trained assessors
administered the MoCA test to all participants following
standardized procedures. The scores obtained from the
MoCA assessment were used to classify participants into
the three groups.

Statistical analysis

To explore the relationship between YWHAG expression,
NfL levels, and cognitive impairment, correlational analysis
was performed. The Pearson correlation analysis was used.
Data were expressed as mean + standard deviation. Group
comparisons were conducted using appropriate statistical
tests, such as analysis of variance (ANOVA) or non-para-
metric tests. Bonferroni adjustment was used in pairwise
comparisons. A significance level of p <0.05 was considered

Fig. 1 Patient selection and
group classification flowchart

statistically significant. All statistical analyses were per-
formed using the SPSS software package.

Results
Study design and cohort characteristics

This retrospective study recruited 331 PD patients and after
selecting patients using inclusion and exclusion criteria, we
analyzed a total of 241 serum samples from PD patients
(Fig. 1). The patients were categorized into PD-NC, PD-
MCI, and PD-D groups based on their cognitive impairment
status. The characteristics of patients are shown in Table 1.
In brief, male patients constitute a slightly larger proportion
in all three groups (58.6% in PD-NC, 57.1% in PD-MCI, and
52.4% in PD-D). The mean age of the PD-D was the highest
(70.60 years old), followed by PD-MCI (64.20 years old)
and PD-NC (57.74 years old), revealing a higher age associ-
ated with PD severity (p <0.05). In line with this, cognitive
scores, including MoCA, GDS-30, MMSE, UPDRS-III, and

PD patients
(N=331)

Excluded samples (N=90):
® Missing MoCA scores (N=37);
® Having cognitive impairment at

A4

baseline (N=53)

Included samples
(N=241)

v

A 4 A4

Normal cognition || Mild cognitive impairment Dementia
(PD-NC, N=87) (PD-MCI, N=91) (PD-D, N=63)
Table 1 General demographic PD-NC (N=87) PD-MCI (N=91) PD-D (N=63) p value
data in PD patients
Male N (%) 51 (58.6%) 52 (57.1%) 33 (52.4%) >0.05
Education (year) 10.14 +1.58 9.89+2.16 9.97+1.85 >0.05
Age (year) 57.714+5.73 64.20+4.57 70.60+5.08 <0.05
MoCA score 27.35+0.95 22.71+2.36 12.31+3.17 <0.01
GDS-30 score 7.85+2.57 9.63+3.69 15.09+4.14 <0.01
MMSE score 27.79+1.15 26.14+0.93 21.22+1.46 <0.05
UPDRS-III score 21.43+4.12 28.85+3.89 33.71+3.74 <0.01
Hoehn-Yahr grade 1.62+0.31 2.45+0.34 3.00+£0.23 <0.01
LED (mg/d) 291.23+24.32 368.79+28.84 543.27+42.35 <0.01

Data were represented as Mean + SD

PD Parkinson’s disease, PD-NC PD with normal cognition, PD-MCI PD with mild cognitive impairment,
PD-D PD with dementia, MoCA Montreal Cognitive Assessment, GDS-30 Geriatric Depression Scale-30,
MMSE mini-mental state examination, UPDRS-III unified PD rating scale part III exercise evaluation, LED

equivalent levodopa dose
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Hoehn-Yahr grades were also significantly different between
the groups. The equivalent levodopa dose, a metric indicat-
ing the treatment intensity for PD, was also higher with PD
severity (p <0.01).

YWHAG and NfL Expression are elevated in serum
from PD patients with PD-MCl and PD-D

We next compared the YWHAG and NfL expression levels
in serum for the three groups. ELISA analysis revealed a
significant upregulation of YWHAG expression in both the
PD-MCI and PDD groups compared to the PD-NC group
(Fig. 2A), and the PD-D group demonstrated an even higher
YWHAG level than the PD-MCI patients (p <0.0001), a
trend that is also observed for NfL (Fig. 2B). To validate the
cognitive impairment status of the PD samples, we assessed
the MoCA scores. As shown in Fig. 2C, the MoCA scores
confirmed the presence of cognitive impairment in the PD-
MCI and PD-D groups.

Correlation analysis: YWHAG, MoCA scores, and NFL
levels

As shown in Fig. 3A, correlation analysis revealed a pro-
nounced negative correlation between YWHAG expression
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levels and MoCA scores (r=— 0.5490, p <0.0001), indicat-
ing that higher YWHAG expression was associated with
worse cognitive impairment. Similarly, a negative correla-
tion between NfL levels and MoCA scores was observed
(r=—0.4413, p<0.0001), further supporting the relation-
ship between NfL and cognitive impairment (Fig. 3B).

Association of YWHAG and NfL expression with age

YWHAG and NfL expression levels were evaluated concern-
ing the age of PD patients. Interestingly, as shown in Fig. 4A
and Fig. 4B, correlation analysis showed that both YWHAG
(r=0.3969, p<0.0001) and NfL (r=0.3295, p<0.0001)
expression levels were positively associated with patient age.

Diagnostic potential of YWHAG

ROC curve analysis was performed to assess the poten-
tial of YWHAG as a diagnostic biomarker for cognitive
impairment in PD. The combined analysis of PD-MCI and
PD-D groups showed an AUC greater than 0.5 (Fig. 5A),
indicating that YWHAG expression could distinguish indi-
viduals with cognitive impairment from those with normal
cognition. Similarly, in the individual analyses of PD-MCI
(Fig. 5B) and PD-D (Fig. 5C), YWHAG expression also
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Fig.2 Elevation of serum YWHAG in PD patients with cognitive impairment. Comparative analysis of serum YWHAG (A) and NfL (B) levels
between PD-NC and PD-MCI group. C MoCA scores for PD patients. **p <0.01, ***p <0.001, ****p <0.0001

Fig.3 Negative correlation A
between serum YWHAG levels

and MoCA scores. A Correla-

tion analysis between YWHAG
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Fig.5 ROC curves for YWHAG levels in PD-MCI to PD-NC. A
Evaluation of YWHAG's diagnostic value in identifying PD-MCI and
PD-D using ROC curve analysis. B Assessment of YWHAG’s diag-

exhibited diagnostic potential, as reflected by AUC values
greater than 0.5.

Discussions

The primary aim of the present study was to explore the
potential of YWHAG as a biomarker for cognitive impair-
ment in individuals with PD. The findings from our inves-
tigation revealed a notable increase in the expression of
YWHAG among PD-MCI and PD-D groups when compared
to those in the PD-NC group. These observations align with
previous studies and provide further evidence supporting
the involvement of YWHAG in neurodegenerative condi-
tions [9, 13]. For example, Ramocki et al. suggested that
the YWHAG has an important role in cognitive and behav-
ioral function [13]. Similarly, several preclinical studies
implicated that alterations in YWHAG are linked to neu-
rological disorders [14, 15]. These findings align with the
notion that YWHAG may be involved in the pathogenesis
of cognitive dysfunction in PD, and our study is innovative
in exploring the diagnostic function of serum YWHAG for
cognitive impairment in PD. Our data also expanded our

100% - Specificity%

100% - Specificity%

nostic value in PD-D diagnosis using ROC curve analysis. C Exami-
nation of YWHAG’s diagnostic value in PD-MCI diagnosis using
ROC curve analysis

understanding of the regulatory role of YWHAG in the PD
domain, underscoring YWHAG as a versatile biomarker.
In addition to YWHAG, our study confirmed the sig-
nificant elevation of NfL expression in PD-MCI and PD-D
groups, which is consistent with previous reports high-
lighting NfL as a reliable biomarker for cognitive impair-
ment in PD [16]. Moreover, the concurrent increase in both
YWHAG and NfL levels suggests their complementary
roles in assessing cognitive decline in PD patients, provid-
ing further support for their combined use as innovative
biomarkers in clinical practice and another arsenal to com-
bating cognitive impairment among PD patients. The new
biomarker for cognitive impairment also has significant
clinical implications for achieving early detection of cog-
nitive decline in PD. They can also facilitate monitoring of
cognitive decline, in which frequent and long-term evalu-
ation is imperative, allowing for timely interventions and
optimizing treatment strategies. Notably, the use of serum
biomarkers obviates the need for expensive difficult-to-
access imaging instrument and allow for long-term moni-
toring of PD patients [17]. Our approach concurs with
previous endeavors that characterize YWHAG as a serum
biomarker for diagnosing cancer [18]. Furthermore, the
use of innovative biomarkers like YWHAG and NfL can
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Cell signals involved in cell growth,
differentiation, survival, and apoptosi

l
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Fig.6 Proposed cell signaling pathway diagram underlying the
effects of YWHAG on brain cognitive function

contribute to personalized medicine approaches, facilitat-
ing targeted interventions and improved patient outcomes
in PD [19] [20].

Our study is paralleled by the growing interest in elu-
cidating the mechanism of YWHAG on neuronal function
and cognitive ability. For example, as illustrated in Fig. 6,
it has been shown that YWHAG interacts with key synap-
tic proteins and contributes to the maintenance of synaptic
plasticity [13]. Moreover, YWHAG's involvement in cel-
lular signaling pathways, particularly those related to cell
survival and apoptosis, implicates its potential significance
in cognitive processes [21]. It has also been suggested that
haploinsufficiency of YWHAG in the developing cerebral
cortex may lead to abnormal neuronal migration [22].

Despite the strengths of our study, there are limitations
to consider. First, the sample size was relatively small, and
the study focused on serum levels of YWHAG and NfL
without considering combining them with other potential
biomarkers or imaging techniques. Future studies with
larger sample sizes are warranted to validate the diagnos-
tic and prognostic value of YWHAG, considering the het-
erogeneity of cognitive impairment in PD. Additionally,
longitudinal studies are needed to assess the longitudinal
changes in YWHAG and NfL levels and their associations
with disease progression and cognitive decline in PD.
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Conclusions

To summarize, our investigation has shed new light on
the potential clinical significance of YWHAG as a cut-
ting-edge biomarker for cognitive impairment in PD. The
observed upregulation of YWHAG, its association with
cognitive decline, and the concurrent increase in NfL lev-
els underscore their potential value in the evaluation of
cognitive impairment. These findings contribute to the
expanding knowledge base and lay the groundwork for
further exploration of YWHAG and NfL as pioneering
biomarkers in PD. Ultimately, the discovery of dependable
biomarkers for cognitive decline in PD holds substantial
implications for clinical practice, facilitating early inter-
vention and enhancing patient care.
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