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Parkinson’s disease (PD) is the second most common

neurodegenerative disease worldwide. Since its first

description as a neurological disorder by James Parkinson

(1755–1824) in 1817, many important discoveries have

been made during this 200 years of PD research history.

These milestones have revealed many aspects of PD,

including clinical and pathological characteristics, anatomy

and neurochemistry, environmental and genetic factors,

hypothesis of peripheral to central spread, and advances in

diagnostic technology and therapeutic approaches. All

these achievements have shed light on the pathophysio-

logical process of PD and have further explored the

comprehensive management of this disease. However, this

journey to conquer PD is still far from being accomplished.

Early and precise diagnosis strategies, together with

disease-modifying therapy, are urgently needed. To this

end, it is necessary to recall these milestones in PD

research history and appreciate their lasting impact on

current and future PD research. In a historical review

article published recently in Nature Reviews Neuroscience,

Dr. Serge Przedborski recounted the fascinating 200-year

journey of PD [1]. To better highlight the historical

milestones of PD research, here, we have extracted

important discoveries from Dr. Przedborski’s timely

review paper. In addition, we also provide important

supplementary information to emphasize the significant

contributions of research findings from East and West

before James Parkinson.

Although PD was named after James Parkinson by Jean-

Martin Charcot (1825–1893), considering Parkinson’s first

description of the shaking palsy in a monograph entitled

‘‘An Essay on the Shaking Palsy’’, brief descriptions of

PD-like symptoms have been presented in many ancient

texts from both the Western and Eastern literatures

(Fig. 1), such as the Old Testament of the Bible

(2000–440 BC), the Caraka Samhita of Ayurvedic

medicine (*1000 BC), and The Yellow Emperor’s Classic

of Medicine (Huang Di Nei Jing, *425–221 BC) [2].

Following these brief symptomatic descriptions, Galen

(129–200), the famous anatomist and experimental phys-

iologist of ancient Rome, first distinguished two different

tremors as resting and intentional in his book ‘‘De

Tremore, Palpitatione, Convulsione et Rigore’’ in 169

BC [3]. After Galen’s descriptions of the shaking palsy,

Leonardo da Vinci (1452–1519) presented a quite detailed

description of the shaking palsy as a combination of

difficulty with voluntary movement and tremor [4]. The

Hungarian physician, Ferenc Papai Pariz (1649–1716),

described the clinical symptoms of PD in a textbook in

1690, more than 120 years earlier than Parkinson [5].

Besides the Western literatures, references can be found in

ancient Chinese medical books, including Master Hua’s

Classic of the Central Viscera (Zhong Zang Jing) by Tuo

Hua (145–208) and General Treatise on Causes and

Manifestations of All Diseases (Zhu Bing Yuan Hou Lun)

by Yuanfang Chao (550–630) [6]. In addition, Zihe Zhang

(1151–1231), a Chinese physician of the Jin-Yuan
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Dynasty, described some similar disease features including

tremor, stiffness, unexpressive facial features, loss of

dexterity of finger movements, depression, a chronic

progressive course, and a poor response to drugs [6].

Yikvi Sun (1522–1619) in the Ming Dynasty described

tremors that involve the hands, feet and head [6].

While all the ancient literatures provided general

descriptions covering most of the symptoms of PD,

achievements in the anatomical, pathological, and neuro-

chemical features of PD were made after 1899. Édouard

Brissaud (1852–1909) first suggested in 1899 that PD

originated pathologically from the damaged substantia

nigra [7]. More importantly, in 1912, Frederick Lewy

(1885–1950) observed aggregated inclusions, which were

then further revealed to be located inside the substantia

nigra and named as Lewy body by Konstantin Tretiakoff

(1892–1958) in 1919 [8, 9]. While these pathological

observations promoted the understanding of PD, the

neurochemical findings provided a better approach for

PD therapy. In 1960, Oleh Hornykiewicz (1926–) found

reduced dopamine level in the striatum of PD patients [10].

On the basis of this finding, in 1961, levo-dopa (L-dopa), a

direct precursor of dopamine, was first noted to be effective

in improving PD symptoms via the oral route by André

Barbeau (1931–1986) [11]. In 1967, the sustained thera-

peutic benefits of L-dopa in PD patients were further

confirmed in a double-blind placebo-controlled study by

Melvin D. Yahr (1917–2004), who introduced the Hoehn-

Yahr scale for staging PD progression, and in open-label

studies by George Cotzias (1918–1977) who established

the combined use of L-dopa with a peripheral dopa

decarboxylase inhibitor. The dopamine receptor agonists

bromocriptine and apomorphine were also found to be

potent for PD therapy by George Cotzias and Donald Brian

Calne (1936–) in the early 1970s [12, 13]. Notably, since

the success of bromocriptine, several other dopamine

agonists including rotigotine, ropinirole, and pramipexole

have been developed and clinically used. Considering the

fact that PD is caused by dopamine neuron loss and the

consequent dopamine deficiency, focal dopamine delivery

systems (using cell-based and viral vector-based therapies)

and intracerebral injection and viral vector-based delivery

of trophic factors (such as glia cell-derived neurotrophic

factor or neurturin) were established to boost the reduced

cell viability and dopaminergic action. By the early 1980s,

cell suspensions made from fetal ventral mesencephalic

tissue had been shown to survive, innervate the host

striatum, receive afferent fibers, release dopamine, and

restore deficits in PD animal models (reviewed by Brundin

[14]). On the basis of these preclinical data, between the

1980s and 1990s, a number of cell-based therapies were

conducted in PD patients (reviewed by Barker [15]). From

1982 to 1985, the first clinical trial of a cell-based therapy

for humans with PD was made in Lund [16]. In 2001, the

first double-blind controlled trial of a cell-based therapy in

PD was performed [17]. In 2003, John Nutt (1944–)

organized the first randomized, double-blind clinical trial

of glial cell-derived neurotrophic factor for the treatment of

PD [18]. The transplantation of neural cells, including

induced pluripotent stem cell-derived dopamine neurons,

provides a clear illustration of the kind of technical

prowess and innovation that underpins the search for PD

treatments without adverse effects. However, several

disadvantages of these approaches, such as the insufficient

therapeutic efficacy and ethical issues, have significantly

limited their wide application.

In 1987, Alim-Louis Benabid (1942–) introduced deep

brain stimulation (DBS) of the ventral intermediate nucleus

of the thalamus for controlling PD tremor [19]. DBS was

used in the subthalamic nucleus to treat PD in 1995 by

Pierre Pollak (1950–) [20] and finally entered clinical

applications for the first time in 1998 [21]. DBS suppresses

the excessively synchronized oscillation in nuclei of the

basal ganglia and reduces the phase-amplitude coupling in

the motor cortex, suggesting that the high-frequency

current delivered to the subthalamic nucleus or pallidal

internal segment by DBS electrodes may produce symp-

tomatic benefits by alleviating a PD-related pathological

synchrony. The effectiveness of DBS for PD therapy was

recognized by the 2014 Lasker–DeBakey Clinical Medical

Fig. 1 Brief descriptions of

Parkinson’s disease-like symp-

toms before James Parkinson.
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Research Award to Alim Louis Benabid (1942–) and

Mahlon R. DeLong (1938–).

Understanding the pathophysiological progress of PD

promotes not only the exploration of novel therapeutic

strategies, but also disease staging. While the H & Y stages

established by Yahr in 1967 [22] are well-accepted, Heiko

Braak (1937–) proposes a staging procedure by tracing the

course of pathology in incidental and symptomatic PD

cases [23].

As for the causal or risk factors, we now note that both

environmental and genetic factors are involved in PD

pathogenesis. In the early 1980s, William Langston and

Irwin J. Kopin (1929–) found that 1-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine (MPTP) induced parkinsonism

in a group of young drug addicts [24]. This was later

confirmed in animal models [25], initiating research on

environmental factors in the pathogenesis of PD. In 1997,

85 years after the first observation of Lewy bodies by

Frederick Lewy, scientists identified [50 proteins in this

aggregated inclusion, a-synuclein being the most impor-

tant component [26]. Moreover, in the same year, the a-

synuclein gene (SNCA) was further identified as the first

causal gene of PD by Mihael Polymeropoulos [27]. This

finding opened a door to exploring pathogenic mecha-

nisms and therapeutic strategies through genetic screening.

After SNCA, [20 genes and loci have been found to be

related to PD [28]. In 2003, mutations in NR4A2 were

found to be associated with familial PD [29]; in 2004, the

GBA mutation was identified as a risk factor for PD [30];

in 2010, Parkin–PINK1 interactions were reported to

regulate mitophagy [31]; and in 2014, Nalls et al. found

that genes that had previously been linked to familial PD,

such as SNCA, LRRK2, and VPS13C, were located at the

risk loci identified for sporadic PD [32]. Interestingly,

despite the cell-autonomous mechanisms of neurodegen-

eration in PD, recent studies have suggested a unique

pathological progression of the disease through non-cell-

autonomous mechanisms. Cell-to-cell transmission of a-

synuclein via lymphocyte-activation gene 3-related mech-

anisms [34] has been reported in PD [33]. Moreover, most

recent research findings have further demonstrated a

possible peripheral to central spread of PD pathology via

the vagus, as evidenced by a lower risk among patients

with truncal vagotomy [35].

Fig. 2 Milestones of 200 years of Parkinson’s disease research since 1817.
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After the first demonstration of dopamine in the brain by

Arvid Carlsson (1923–) in 1958, several accomplishments

in clinical and preclinical research were also achieved in

China. In 1979, Drs Xiaoda Zhou, Xinde Wang, and

Delong Xu established a PD outpatient clinic and started to

train movement disorder specialists. Prof. Guozhang Jin

discovered the dopamine receptor antagonist L-tetrahy-

dropalmatine, and Drs Delong Xu, Shengdi Chen, and

Weidong Le established the first MPTP-induced PD animal

model in China [36, 37]. In 1997–1998, Dr. Zhenxin Zhang

performed a cross-sectional prevalence study and sug-

gested that the prevalence of PD in China is similar to that

in developed countries [38]. In 2002, the Chinese Society

of Movement Disorders was established. In 2006, Dr.

Zhuohua Zhang and his colleagues revealed the association

of PINK1 and DJ-1 demonstrating digenic inheritance of

early-onset PD [39]. In 2006, the first version of the PD

Diagnosis Guideline for China was published (revised and

republished in 2016). All these efforts have greatly

promoted the progress of PD research in China.

In summary, the rapid progress in our understanding of

PD in the past 200 years has been remarkable (Fig. 2). PD

research is still advancing rapidly, with hot-spots especially

in human studies, such as functional genetics, novel

molecular mechanisms, brain-imaging techniques, biomar-

ker detection, and new targeting therapies. Despite major

breakthroughs in PD research, we still do not have a cure.

The environmental factors in PD pathogenesis deserve

further exploration, considering the fact that a combination

of environmental and genetic factors may determine who

develops the disease. The mechanisms by which PD

pathology spreads from cell to cell within circuits of the

brain or transmits from peripheral organs to central nervous

system should be further explored. Moreover, studies

should also be conducted in order to develop early

prodromal diagnostic techniques and to understand why

diverse pathogenic factors specifically affect dopamine

neurons in PD.
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