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Fig. 1 Cortical-basal ganglia motor control circuit
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Fig. 2 Erk/MAPK signaling pathway in normal cells
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Fig. 3 Aerobic exercise improves the mechanism of PD dyskinesia through striatal D2—-MSNs
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Abstract Parkinson’s disease (PD) is a neurodegenerative disorder characterized by the progressive loss of
dopamine (DA) neurons in the substantia nigra pars compacta (SNpc), primarily manifesting as motor
dysfunctions such as resting tremor, muscle rigidity, and bradykinesia. According to the classical model of basal
ganglia motor control, approximately half of the medium spiny neurons (MSNs) in the striatum are D1-MSNs,
which constitute the direct pathway. These neurons express D,-dopamine receptor (D,R) and substance P, and they
mainly participate in the selection, initiation, and execution of movements. The other half are D2-MSNs, which
constitute the indirect pathway. These neurons express D,-dopamine receptor (D,R) and adenosine 2A receptors
and are involved in inhibiting unnecessary movements or terminating ongoing movements, thereby adjusting
movement sequences to perform more precise motor behaviors. The direct pathway in the striatum modulates the
activity of motor cortex neurons by exciting DI-MSNs through neurotransmitters such as glutamate (Glu),
allowing the motor cortex to send signals more freely to the motor system, thus facilitating the generation and

execution of specific motor behaviors. Studies using D1-Cre and D2-Cre mice with neurons labeled for D,R and
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D,R have shown that both types of neurons are involved in the execution of movements, with D1-MSNs
participating in movement initiation and D2-MSNs in inhibiting actions unrelated to the target movement. These
findings suggest that the structural and functional plasticity of D1-MSNs and D2-MSNs in the basal ganglia
circuitry enables motor learning and behavioral regulation. Additionally, when SNpc DA neurons begin to
degenerate, D1-MSNs are initially affected but do not immediately cause motor impairments. In contrast, when
D2-MSNs undergo pathological changes, they are first activated by upstream projecting neurons, leading to the
inhibition of most motor behaviors and resulting in motor dysfunction. Therefore, it is hypothesized that motor
impairments such as bradykinesia and initiation difficulties are more closely related to the functional activity of
D2-MSNs. The extracellular signal-regulated kinase (Erk)/mitogen-activated protein kinase (MAPK) signaling
pathway has been identified as a critical modulator in the pathophysiology of PD. Recent findings indicate that
Erk/MAPK signaling pathway can mediate DA and Glu signaling in the central nervous system, maintaining
normal functional activity of striatal MSNs and influencing the transmission of motor control signals. Within this
complex regulatory network, the Ertk/MAPK signaling pathway plays a key role in transmitting motor information
to downstream neurons, regulating normal movements, avoiding unnecessary movements, and finely tuning motor
behaviors. Our laboratory’s previous research found that 4 weeks of aerobic exercise intervention improved
motor dysfunction in PD mice by inhibiting the Erk1/2 signaling upstream of striatal MSNs, primarily involving
the Erkl/2 signaling in D2-MSNs rather than DI1-MSNs. This review summarizes the neurobiological
mechanisms of Erk/MAPK signaling pathway in D2-MSNs for the prevention and treatment of motor dysfunction
in PD. By exploring the role of this signaling pathway in regulating motor abnormalities and preventing motor
dysfunction in the central nervous system of PD, this review provides new theoretical perspectives for related

mechanistic research and therapeutic strategies.
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