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Abstract. Essential tremor (ET) and Parkinson's disease (PD) 
are common chronic movement disorders that can cause a 
substantial degree of disability. However, the etiology under‑
lying these two conditions remains poorly understood. In the 
present study, Whole‑exome sequencing of peripheral blood 
samples from the proband and Sanger sequencing of the other 
18 family members, and pedigree analysis of four generations 
of 29 individuals with both ET and PD in a nonconsanguin‑
eous Chinese family were performed. Specifically, family 
members who had available medical information, including 
historical documentation and physical examination records, 
were included. A novel c.1909A>T (p.Ser637Cys) missense 
mutation was identified in the eukaryotic translation initiation 
factor 4γ1 (EIF4G1) gene as the candidate likely responsible 
for both conditions. In total, 9 family members exhibited 
tremor of the bilateral upper limbs and/or head starting from 
ages of ≥40 years, 3 of whom began showing evidence of 
PD in their 70s. Eukaryotic initiation factor 4 (eIF4)G1, a 
component of the translation initiation complex eIF4F, serves 

as a scaffold protein that interacts with many initiation factors 
and then binds to the 40S ribosomal subunit. The EIF4G1 
(p.Ser637Cys) might  inhibit the recruitment of the mRNA to 
the ribosome. In conclusion, the results from the present study 
suggested that EIF4G1 may be responsible for the hereditary 
PD with ‘antecedent ET’ reported in the family assessed. 

Introduction

Parkinson's disease (PD) has a prevalence of 0.5‑1% after 
65 years of age and 1‑3% after 80 years of age worldwide (1). 
The main clinical symptoms of PD include heterogeneous 
motor (including tremor at rest, bradykinesia, rigidity and 
postural instability) and non‑motor signs (including cognitive 
decline, depression, anxiety, dysautonomia, sleep disturbances 
and anosmia) with heterogeneous pathological characteristics 
(including mild‑motor predominant PD, diffuse ���������malignan‑
cies PD and intermediate PD) (2,3). Essential tremor (ET) 
is defined as an action tremor lasting for ≥3 years, which 
primarily involves both upper limbs and can be with or without 
tremors in other locations. ET mainly occurs in the absence 
of other neurological disorders, such as dystonia, ataxia 
or parkinsonism  (4). Systematic review and meta‑analysis 
revealed that the prevalence of ET increased with advancing 
age, and the global prevalence of ET was 2.87% in people aged 
≥80 years (5,6). Notably, according to the Consensus Statement 
on the Classification of Tremors, individuals with long‑term 
ET may eventually develop other neurological disorders, such 
as dystonia or PD (4).

Although PD is considered to be a sporadic disorder, 
10‑30% patients with PD report having a first‑degree family 
members with PD (7). Previous linkage and sequence analyses 
performed in patients with familial PD have identified SNCA, 
LRRK2, GIGYF2, VPS35, eukaryotic translation initiation 
factor 4γ1 (EIF4G1), DNAJC13, CHCHD2 and TMEM230 as 
autosomal dominant pathogenic genes, and PARK2, PINK1, 
DJ‑1, ATP13A2, PLA2G6, FBXO7, DNAJC6, SYNJ1 and 
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VPS13C as autosomal recessive pathogenic genes  (8‑10). 
Additionally, other genes in which mutations have been shown 
to be associated with PD include UBTF, GRN, FAM171A2, 
PODXL and PTRHD1, and mutations in RAB39B have been 
reported to cause X‑linked PD (11,12). A systematic analysis 
performed in patients with sporadic PD identified autosomal 
dominant deleterious mutations in the SNCA, LRRK2, 
GIGYF2, VPS35, EIF4G1, DNAJC13 and CHCHD2 genes (13). 
In particular, although mutations in the EIF4G1 gene have 
been identified in both patients with familial and sporadic PD, 
the role of EIF4G1 in PD etiology remains elusive.

The EIF4G1 gene is located on chromosome 3q27.1 and 
covers an ~20.8‑kb genomic region with 31 coding exons (14). 
It encodes a 1,599‑amino acid eIF4G1 protein, which is abun‑
dantly and ubiquitously expressed as a subunit of the translation 
initiation complex eIF4F. eIF4G1 serves as a scaffold protein 
that interacts with poly(A)‑binding protein, eIF3, eIF4E, the 
RNA helicase eIF4A and the 40S ribosomal subunit (15). It 
serves an important role in signal transduction (16), cell growth 
and mortality (17) and the translation of mRNAs associated 
with these aforementioned processes (18). Overexpression of 
the eIF4G1 protein has been associated with several malig‑
nant disorders in humans (such as breast cancer, lung cancer, 
multiple myeloma, pancreatic ductal adenocarcinoma and 
chronic lymphocytic leukemia), whereas decreased eIF4G1 
protein expression results in the reduction of overall protein 
and reduced ATP production (������������������������������19����������������������������). Furthermore, ������������t�����������he degrada‑
tion of eIF4G1, triggered by the activation of calpain, has been 
reported to result in decreased protein synthesis and increased 
neuronal cell death after ischemic injury in vitro (20).

Clinically, ET is defined by the presence of isolated action 
tremors, whereas PD is characterized by the presence of 
bradykinesia with either resting tremor or rigidity (21). Patients 
with longstanding ET who later develop a PD phenotype are 
thereby referred to as having PD with ‘antecedent ET’ (22). 
Previous studies have been conducted on patients with familial 
PD harboring EIF4G1 mutations; these patients are clinically 
characterized by a relatively long, mild course and retain a 
high level of cognition (23,24). 

In the present study, a linkage and sequence analysis was 
performed on a Chinese family with members exhibiting ET 
or PD with antecedent ET. A novel mutation in EIF4G1 was 
discovered in familial cases of ET and PD, thereby broadening 
the range of pathogenic mutations associated with these 
conditions.

Materials and methods

Clinical characteristics. The ethical review board of the 
Affiliated Hospital of Jining Medical University (Jining, China) 
approved the study protocol (approval no. 2023‑09‑C031), and 
written informed consent was obtained from all participating 
subjects. Between April and June 2023, data on the family 
history of ������������������������������������������������all ��������������������������������������������the members comprising this family was gath‑
ered. A total of 29 members were in this family (two members 
are deceased), including 15 males and 14 females. All living 
members ranged in age from 4‑75, with a median ages of 
37±21.25. In this investigation, a cohort of 19 individuals who 
underwent exome sequencing were ultimately enrolled, while 
individuals who were deceased or did not undergo genetic 

sequencing were excluded from the analysis. Neurological 
examinations were performed by three neurologists special‑
izing in movement disorders without knowledge of the 
participants' genotype. The assessment of motor function 
in the nervous system encompassed evaluations of muscle 
strength, tone, involuntary movements, coordination (including 
finger‑nose tests, rapid alternating movements, heel‑knee‑tibia 
tests, Romberg's sign and gait), as well as examinations of 
nerve reflexes (such as abdominal, biceps, triceps, radioperi‑
osteal, knee, Achilles tendon, Babinski, Gordon, Oppenheim, 
Hoffmann, Kernig, Brudzinski and nuchal rigidity reflexes) 
and sensory function (including superficial, deep, and 
cortical sensations). The laboratory tests conducted encom‑
passed blood routine analysis, electrolyte levels, liver and 
kidney function assessments, blood glucose monitoring, and 
ceruloplasmin evaluation.

Patients were diagnosed with ET according to the published 
Classification of Tremors by the Task Force on Tremor of the 
International Parkinson and Movement Disorder Society (4). 
Patients were diagnosed with PD based on the United Kingdom 
PD Society Brain Bank clinical diagnostic criteria (25), where 
severity was assessed using the Hoehn and Yahr scale (26) 
and the Movement Disorder Society‑sponsored revision of the 
Unified PD Rating Scale Part III (UPDRS III) (27). Cognitive 
impairment was assessed using the Mini‑Mental State 
Examination (MMSE) (28). 

Whole‑exome sequencing (WES). To identify the gene respon‑
sible for ET and PD in the family, 5 ml peripheral blood was 
collected from the most severely affected patient, Case II‑2 
and sent to Beijing Kangso Medical Inspection Co., Ltd. for 
WES. A FlexiGene DNA kit (cat. no. 51206; Qiagen China 
Co., Ltd.) was used to extract genomic DNA from the periph‑
eral blood samples. Quality testing of the extracted DNA, 
library construction, hybrid capture and sequencing were 
performed as previously described (�������������������������29�����������������������). Agarose gel electro‑
phoresis was used to assess the extent of DNA degradation, the 
presence of RNA, and protein contamination (data not shown). 
The DNA concentration was precisely quantified utilizing 
a Qubit 2.0 fluorometer (cat.  no.  32866; Thermo Fisher 
Scientific, Inc.). The quantified genomic DNA was randomly 
sheared into ���������������������������������������������180‑280 bp segments �������������������������followed by adaptor liga‑
tion and cohesive end trimming. Next, the DNA library was 
amplified using the TransNGS® Index Primers (384) Kit 
(cat. no. 3KI241; TransGen Biotech Co., Ltd.) according to the 
manufacturer's protocol: Initial denaturation was at 98˚C for 
3 min; followed by 5 cycles of 30 sec at 98˚C, 35 sec at 60˚C 
and 30 sec at 72˚C, with a final extension at 72˚C for 3 min. 
The subsequent adaptor‑specific primers were employed for 
the amplification of the DNA library: Forward, 5'‑AAT​GAT​
ACG​GCG​ACC​ACC​GAG​ATC​TAC​ACT​AGC​TGC​CAC​ACT​
CTT​TCC​CTA​CAC​GAC​CTC​TTC​CGA​TC‑s‑T‑3' and reverse 
5'‑CAA​GCA​GAA​GAC​GGC​ATA​CGA​GAT​TCC​GCG​AAG​
TGA​CTG​GAG​TTC​AGA​CGT​GTG​CTC​TTC​CGA​TC‑s‑T‑3' 
(‑s‑represents a phosphorothioate bond). The PCR products 
were subsequently purified using MagicPure Size Selection 
DNA Beads (cat. no. EC401; TransGen Biotech Co., Ltd.) in 
accordance with the manufacturer's instructions. Subsequent 
DNA fragments were subjected to liquid‑phase hybridization 
with up to 500,000 biotin‑labeled Agilent SureSelect Human 
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All Exon V6 probes (cat. no. 5190‑8863; Agilent Technologies, 
Inc.), followed by capture using streptomycin magnetic 
beads and amplification utilizing the SureSelect Target 
Enrichment System (Agilent Technologies, Inc.) under specific 
thermocycling conditions: Initial denaturation at 98˚C for 
2 min; subsequent 15 cycles of 30 sec at 98˚C, 30 sec at 62˚C 
and 1 min at 72˚C, concluding with a final extension at 72˚C 
for 10 min. Adaptor‑specific primers were employed for the 
amplification process: Forward, 5'‑AAT​GAT​ACG​GCG​ACC​
ACC​GA‑3' and reverse primer, 5'‑CAA​GCA​GAA​GAC​GGC​
ATA​CGA‑3'. The products were purified using MagicPure 
Size Selection DNA Beads as aforementioned. The effective 
concentration (3 nM) of the library was accurately quantified 
using the Qubit 2.0 fluorometer and an Agilent Technologies 
2200 TapeStation qPCR (7500 Fast Dx Real‑Time PCR 
Instrument; Thermo Fisher Scientific, Inc.). Subsequently, 
single‑read sequencing was performed on a NextSeq500 
(Illumina, Inc.).

Bioinformatics analysis. Data analysis was performed as 
described in previous studies  (29,30). Alignment between 
sequencing reads and the human reference genome 
(version hg19) was performed using the Burrows‑Wheeler 
Alignment tool (version 0.7.15; https://github.com/lh3/bwa). 
Single‑nucleotide variants and small insertion or deletion 
variants were detected using the GATK (v3.6; https://www.
broadinstitute.org). CODEX (v1.14.1, https://www.bioconductor.
org/packages/release/bioc/html/CODEX.html), XHMM (v1.0, 
https://zzz.bwh.harvard.edu/xhmm/index.shtml) and Kangso 
Sequencing Copy Number Variation Detection Software v1.0 
(Beijing Kangso Medical Inspection Co., Ltd.) were used to 
detect the possible copy number variations (31,32). The RefSeq 
(reference genome version, GRCH37/Hg19; https://www.ncbi.
nlm.nih.gov/refseq), Ensembl (April 2021 update; https://www.
ensembl.org/index.html) and UCSC Genome Browser (refer‑
ence genome version, GRCH37/Hg19; https://genome.ucsc.edu) 
were employed for the annotation of genes in the present study. 
Frequencies of annotated variants in populations were investi‑
gated using the 1000G (2015 update; http://www.1000genomes.
org), dbSNP (v150; https://www.ncbi.nlm.nih.gov/SNP), and 
ExAC (v0.3; ExAC is now in gnomAD; www.gnomad‑sg.
org) databases. Impacts of any mutations on eIF4E func‑
tion were investigated using the SIFT (version 2; https://sift.
bii.a‑star.edu.sg), PolyPhen2 (version 2; http://genetics.bwh.
harvard.edu/pph2) and MutationTaster (NCBI 37/Ensembl 
69; http://www.mutationtaster.org) tools (33,34). The Online 
Mendelian Inheritance in Man (https://www.omim.org/), 
Human Gene Mutation (http://www.hgmd.org) and ClinVar 
databases (https://submit.ncbi.nlm.nih.gov/clinvar/) were used 
to perform disease‑related annotations. SWISS‑MODEL 
(http://swissmodel.expasy.org/interactive) was used to predict 
the secondary and tertiary structures of the mutated and 
wild‑type eIF4F proteins. The American College of Medical 
Genetics and Genomics (ACMG) Variation Interpretation 
Guidelines were used to classify the variants (pathogenic, likely 
pathogenic, benign, likely benign, and variants of uncertain 
significance) and conduct clinical analyses (35).

Sanger sequencing verification. In total, 2 ml peripheral blood 
was collected from 19 participants and partners of Case II‑1 

and Case II‑2, and sent to Beijing Kangso Medical Inspection 
Co., Ltd. for Sanger sequencing verification. The remaining 
family members (10/29) declined to be tested. According 
to the WES results of a severely affected patient, namely 
Case II‑2, the c.1909A>T mutation in the EIF4G1 gene was 
selected for further validation. Primer‑BLAST (https://www.
ncbi.nlm.nih.gov/tools/primer‑blast) was used for primer 
design (36) according to the gene sequence from GenBank 
(accession no. NM_198241). The primer sequences used were: 
Forward, 5'‑CCG​TGA​GTT​CCT​GCT​TGG​TT‑3' and reverse, 
5'‑CTT​GCG​TGG​TTC​TTT​TCG​GG‑3' (Tianyi Huiyuan 
Biotechnology Co., Ltd.). The c.1909A>T mutation was ampli‑
fied by PCR using a EasyTaq PCR SuperMix (cat. no. AS111; 
Beijing TransGen Biotech Co., Ltd.), under the following ther‑
mocycling conditions: Initial denaturation at 95˚C for 10 min; 
followed by 35 cycles of 30 sec at 95˚C, 30 sec at 60˚C and 
45 sec at 72˚C; with a final extension at 72˚C for 5 min. The 
amplicons were subsequently subjected to Sanger sequencing 
utilizing an ABI 3730xl DNA analyzer (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The resultant sequences were 
then compared with the findings of WES, with false‑positive 
variants identified through next‑generation sequencing being 
omitted.

Whole‑exome sequence accession numbers in ClinVar. The 
novel c.1909A>T (p.Ser637Cys) missense mutation in EIF4G1 
was deposited in ClinVar (https://submit.ncbi.nlm.nih.
gov/clinvar; accession no. SCV004039569).

Imaging examinations. MRI examinations were conducted 
using a 3.0T MRI scanner (Ingenia CX; Philips Healthcare) 
with T1‑weighted scan, T2‑weighted scan and 3D fluid‑attenu‑
ated inversion recovery performed in all 19 sequenced family 
members, with 8 symptomatic cases undergoing additional 
high‑resolution three‑dimensional (3D) susceptibility‑weighted 
imaging (SWI) sequence. The presence or absence of the 
swallow tail sign (STS) was assessed in the cross‑sectional 
images on the 3D SWI sequence in nigrosome‑1, which is 
located within the dorsolateral substantia nigra (SN). Previous 
studies have shown that the absence of STS is both a highly 
specific and sensitive indicator for the presence of PD (37,38). 

Results

Clinical features. The family lived in eastern China, and there 
were no consanguineous marriages in the family. There were 
a total of 29 individuals in this family, comprising 15 males 
and 14 females. The age range of living family members in the 
study varied from 4 to 75 years, with a median age of 37±21.25. 
Case II‑1 and Case II‑2 were admitted to the Affiliated Hospital 
of Jining Medical University for the first time in April 2023. In 
total, 19 individuals from this family spanning �������������three�������� genera‑
tions were clinically assessed in May 2023 at the Affiliated 
Hospital of Jining Medical University and were genetically 
sequenced (Fig. 1). The first generation, consisting of two 
members, has passed away. A total of eight family members 
(III‑6,9,11, IV‑1,8‑11) chose not to participate in the study. 
Based on the aforementioned diagnostic criteria, three patients 
were diagnosed with PD [I‑2 (deceased), II‑1,2] and six were 
diagnosed with ET (III‑1‑3,5,8, IV‑2) in June 2023. All three 
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patients with PD reported having a multiple‑year history of 
tremors before the clinical appearance of PD signs. 

Case  I‑2 died at the age of 75 years. According to the 
patient's grandchildren, they had trembling of the hands in 
their 60s. These symptoms then worsened as they advanced 
to >70 years of age, manifesting as involuntary shaking of 
limbs at rest, movement retardation and a tendency to fall. The 
patient was unable to take care of themself and was almost 
completely bedridden before death. Neither the individual's 
parents nor their three siblings had a similar disease history. 
Based on the patient's disease history, a diagnosis of clinically 
possible PD may be considered in accordance with the criteria 
established by the Movement Disorder Society (39).

Case II‑1 is a 75‑year‑old woman who had been otherwise 
healthy until aged 68 years, when they first experienced action 
tremor in their hands, which has persisted thereafter (for 7 years). 
The past medical history of this patient included hypertension. 
The patient presented with postural tremor in the hands and 
hyposmia. However, one year prior to the hospital visit, at 74 years 
of age, the individual experienced the onset of resting tremor 
in the upper left limb, followed by the gradual development of 
resting tremor in the lower left limb and upper right limb. These 
symptoms were accompanied by mild bradykinesia, decreased 
arm swing during walking, a decline in short‑term memory and 
loss of smell. PD was initially diagnosed in the patient at the age 
of 75 on June 5, 2023 at the age of 75 with a UPDRS III score of 
35 and Hoehn‑Yahr stage II when they were completely indepen‑
dent. The patient was initially treated with oral levodopa (50 mg) 
and benserazide hydrochloride (12.5 mg) three times daily in 
June 2023. Due to the suboptimal control of resting tremor, the 
dosage of oral medication was escalated to levodopa (100 mg) 
and benserazide hydrochloride (25 mg) after a two‑week period. 
The patient underwent biweekly post‑treatment monitoring. One 
month later, the patient responded well to medication with an 
UPDRS III score of 18 on July 3, 2023 at the age of 75.

Case II‑2 appears as the most severely affected living patient 
within the present study. This 73‑year‑old male individual 
initially presented with tremor in his hands eight years ago, 
at the age of 65, prior to hospitalization. The medical history 
included a diagnosis of type II diabetes. Initially presented 
with intention tremor, the patient's symptoms exacerbated 
during periods of nervousness and were less noticeable at rest. 
Subsequently, two years prior to his hospitalization (at the 
age of 71), the patient developed resting tremor in his upper 
right limb, which subsequently extended to the lower right 
limb and upper left limb. These symptoms were accompanied 
by bradykinesia, a stiff facial expression, reduced arm swing 
during walking, shuffling gait and occasionally coughing 
when drinking water. PD was first diagnosed on June 12, 2023 
at the age of 73 with a UPDRS III score of 45 and Hoehn‑Yahr 
stage II when the patient was completely independent. The 
treatment regimen was identical to that received by his older 
sister, namely levodopa and benserazide hydrochloride. 
However, during the two subsequent follow‑up visits, which 
occurred every two weeks, the patient exhibited poor response 
to the prescribed drug therapy with a UPDRS III score of 45 
on July 9, 2023 at the age of 73. Subsequently, the patient was 
recommended undergoing a levodopa challenge test (LCT) or 
be treated with arotinolol to control the tremors. The patient 
refused LCT due to concerns about drug withdrawal reac‑
tions and adverse effects of LCT, but accepted the addition 
of arotinolol. Therefore, arotinolol (10 mg) was given once 
daily, which alleviated the tremors substantially according to 
a telephone follow‑up after 2 weeks. At the 2‑month follow‑up 
after starting the treatment, the patient was satisfied with 
their symptom improvement with a UPDRS III score of 21 on 
August 6, 2023 at the age of 73.

Case III‑1‑3, 5, 8 and IV‑2 all had action (postural and 
kinetic) tremors in their hands, with or without head tremors, 
which worsened with nervousness and disappeared with 

Figure 1. Pedigree of a family with ET and PD. Individuals with PD are represented with filled black shapes, whereas those with ET are represented with 
filled gray shapes. Numbers in blue indicate the age of onset of ET, whereas those in red indicate the age of PD onset. Numbers in black indicate the age of 
participants as of Jan 2024. A diagonal line in each shape signifies a deceased family member, with squares representing males, circles representing females 
and diamonds indicating undisclosed gender. The individual who underwent exome sequencing (II‑2) is indicated with an arrow. ET, essential tremor; PD, 
Parkinson's disease; M, c.1909A>T (p.Ser637Cys) missense mutation carrier; W, wild‑type. 
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drinking alcohol, but did not show clinical manifestations 
of PD. The time to action tremor onset in these patients was 
earlier (at 40‑50 years of age) compared with their parents and 
grandparents. The other individuals (II‑3, 4, 5; III‑4, 7, 10; and 
IV‑3, 4, 5, 6, 7) did not show any clinical manifestations of 
ET and/or PD. The remaining 8 members (III‑6, 9, 11, IV‑1 

and 8‑11) declined participation in the study and consequently 
did not undergo WES, laboratory tests and MRI examination, 
precluding an analysis of their respective conditions.

Neurological assessments of all participants indicated 
that Case II‑1 exhibited mild bradykinesia, diminished arm 
swing during ambulation and cognitive decline in short‑term 

Table I. Clinicopathological features of affected individuals within the family.

Individual ID	 I‑2	 II‑1	 II‑2	 III‑1	 III‑2	 III‑3	 III‑5	 III‑8	 IV‑2

Sex	 F	 F	 M	 M	 F	 M	 M	 F	 M
Age at ET onset, years	 <60	 68	 65	 45	 36	 47	 47	 38	 20
Age at PD onset, years	 70	 74	 71	 ‑	 ‑	 ‑	 ‑	 ‑	 ‑
Age at examination, years	 /	 75	 73	 56	 53	 52	 52	 41	 27
Disease duration, years	 >15	 7	 8	 11	 17	 5	 5	 3	 7
Resting tremor	 +	 +	 +	 ‑	 ‑	 ‑	 ‑	 ‑	 ‑
Action tremor	 +	 +	 +	 +	 +	 +	 +	 +	 +
MMMSE scoring	 /	 22	 23	 26	 28	 24	 30	 30	 30
UPDRS III scoring	 /	 35	 45	 ‑	 ‑	 ‑	 ‑	 ‑	 ‑
Hoehn‑Yahr stage	 /	 II	 II	 ‑	 ‑	 ‑	 ‑		  ‑
Concomitant diseases	 /	 Hypertension	 Type II	 ‑	 ‑	 ‑	 ‑	 ‑	 ‑
			   diabetes
			   mellitus

‘/’ denoted absence of testing, while ‘‑‘ signified a negative outcome. ET, essential tremor; MMSE, Mini‑Mental State Examination; PD, 
Parkinson's disease; UPDRS III, Unified PD Rating Scale Part III; F, female; M, male.

Figure 2. The cranial 3T MRI of 19 included family members. (A) Cranial 3T MRI with high‑resolution 3D susceptibility‑weighted imaging findings for 
Cases II‑1, ‑2, III‑1‑3, ‑5, ‑8, and IV‑2 in the same family. Cases II‑1 and Case II‑2 showed reduced signals in the SN region and a typical loss of the swallow 
tail sign. Case III‑2 showed slightly reduced signal in the SN with an identified swallow tail morphology. Case III‑3 showed slightly reduced signal in the SN 
with a faint swallow tail morphology. Cases III‑1, III‑5, ‑8 and IV‑2 showed normal hyperintense signals in the SN region and a clear swallow tail morphology. 
(B) Cranial 3T MRI with high‑resolution 3D fluid‑attenuated inversion recovery findings for other family members (II‑3‑5; III‑4, ‑6, ‑7 and ‑9‑11; IV‑1 and ‑3‑7) 
did not show any obvious pathognomonic alterations. SN, substantia nigra. The red arrow points to the SN region and the green arrow points to the STS region.
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memory. Case  II‑2 displayed bradykinesia, facial rigidity, 
decreased arm swing during walking and a shuffling gait, 
while Cases III‑1‑3, 5, 8 and IV‑2 demonstrated action tremors 
in the hands, with or without accompanying head tremors and 
tremors could exacerbated by anxiety. All patients had normal 
tendon reflexes, negative pathological signs and normal limb 
sensations. Examination of the cranial nerves revealed that 
Case II‑1 exhibited anosmia and the other patients had no 
abnormalities. General physical examinations and routine 
laboratory tests did not reveal any obvious pathognomonic 
alterations. The MMSE results showed that none of the patients 
had cognitive impairment. The information of 8 symptomatic 
patients (2 patients with PD and 6 patients with ET) and 1 
deceased patient with PD are listed in Table I, whereas those 
of the other asymptomatic patients are not listed.

Imaging features. The results of cranial 3T MRI of 19 included 
family members are displayed in Fig. 2. Both Case II‑1and II‑2 
showed multiple ischemic degeneration foci, old infarct foci 
with softening foci in the bilateral cerebral hemispheres and 
basal ganglia. There was also evidence of bilateral hemispheric 
atrophy and lateral periventricular white matter degeneration. 
Specifically, Case  II‑1 displayed a significant decrease in 
signal intensity in both SN regions, along with absence of the 
bilateral STS. ����������������������������������������������In contrast, ���������������������������������Case II‑2 showed ����������������a notable reduc‑
tion in signal intensity in the right substantia nigra and a slight 
decrease in signal intensity in the left substantia nigra, accom‑
panied by bilateral disappearance of the STS.

Case  III‑2 showed small degenerative foci of the right 
frontal lobe, slightly reduced signal in the bilateral SN and 

a visually identified STS. Case III‑3 showed ischemic degen‑
eration foci in the center of the right semiovale and slightly 
reduced signal in the bilateral SN, with a faintly present STS. 
Case IV‑3 showed no abnormalities and a positive bilateral 
STS. Cranial 3T MRI (Fig. 2) did not reveal any obvious 
pathognomonic alterations in the other family members.

Gene discovery. WES was performed in Case II‑2. A missense 
mutation was identified in the EIF4G1 gene, specifically 
c.1909A>T in exon 13 on chr3:184040722 (Fig.  3). Using 
Sanger sequencing, a total of 15 family members, namely 
II‑1‑3 and ‑5; III‑1‑5,‑7 and ‑8; and IV‑2,‑3,‑5 and‑7, were found 
to carry the same heterozygous missense mutation in EIF4G1. 
No other family members, nor the partners of Case II‑1 and 
Case II‑2, had this c.1909A>T variant. This mutation resulted 
in a serine‑to‑cysteine substitution at position 637 (Ser637Cys), 
near the eIF4E binding region (Fig. 3C). To the best of our 
knowledge, this variant has not been previously reported in the 
Online Mendelian Inheritance in Man, Human Gene Mutation 
or ClinVar databases. However, no changes in the secondary or 
tertiary structure were predicted at the protein level according 
to SWISS‑MODEL.

Subsequent SIFT and PolyPhen2 analyses indicated that 
the p.Ser637Cys mutation is potentially ‘Deleterious’ and 
‘Possibly damaging’, respectively. MutationTaster software 
identified the Ser637Cys mutation as a ‘disease causing’ muta‑
tion. According to the ACMG criteria (35), this variant was 
considered as having uncertain significance. In particular, 
it was categorized as pathogenic moderate (PM1; located 
in a mutational hot spot and/or critical and well‑established 

Figure 3. Sanger sequencing results. (A) c.1909A>T missense mutation in the EIF4G1 gene from Case II‑2. (B) A wild‑type EIF4G1 gene from partners of  
Case II‑2. EIF4G1, eukaryotic translation initiation factor 4γ1. (C) Diagram of the novel mutation c.1909A>T (p.Ser637Cys) in the EIF4G1 gene.
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functional domain; e.g., active site of an enzyme, without 
benign variation), as it was located in a mutational hot spot 
and/or critical and well‑established functional domain, such 
as the active site of an enzyme, without benign variation. 
Furthermore, it was categorized as benign supporting 4, 
since there were multiple lines of computational evidence 
suggesting no impact on the gene or gene product in terms of 
conservation, evolutionary and splicing impact. 

Discussion

In the present study, the clinical details of a family of patients 
with ET or PD with antecedent ET are described. There are 
29 members in this family, where the 2 members in the first 
generation have died. A total of 19 participants underwent a 
systematic physical examination, laboratory tests, imaging 
tests and genetic sequencing. At first, one of the deceased 
patients (Case I‑2) was diagnosed with PD according to the 
description provided by their grandchildren. In addition, 2 
members of the family were diagnosed with PD, both of whom 
had a ≥6‑year tremor history before the PD signs appeared. By 
contrast, 6 family members were diagnosed with ET, with the 
other 11 family members currently asymptomatic. Consistent 
with the previously reported clinical characteristics of patients 
with EIF4G1 variants, the patients in the present family 
showed late‑onset PD with mild progression, cognitive pres‑
ervation and a good response to L‑levodopa treatment (23,40). 
However, unlike such previously reported cases, the patients 
with PD in the present family all had ET prior to PD onset.

Case  II‑1 and II‑2 both showed reduced signals in the 
SN region and a typical loss of the STS in cranial 3T MRI 
with high‑resolution 3D SWI. Nigrosome‑1 is the largest 
cluster of dopaminergic neurons and is located in the dorso‑
lateral SN (41). It is considered to be a hyperintense structure 
on high‑resolution 3D SWI sequences on 3T MRI and is 
surrounded by hypointense portions in the SN and medial 
lemniscus (41). Such imaging features result in the appearance 
of an STS (42). Degeneration of nigrosome‑1 in patients with 
PD results in the loss of normal hyperintense signals within the 
dorsolateral SN, which appears as an absence of the STS (43). 
However, the third‑generation patients with ET in the present 
study showed slightly reduced signals in the SN with a faint or 
identifiable STS morphology. In the fourth‑generation patients 
with ET, normal hyperintense signals in the SN region and 
the STS morphology were both clearly observed. Therefore, in 
the family in the present study, there is a gradual decrease in 
signal within the SN region and disappearance of the STS with 
increasing age and disease progression.

Further genetic testing revealed that all family members 
with confirmed PD or ET had the c.1909A>T (p.Ser637Cys) 
variant in the EIF4G1 gene. The inheritance mode was 
consistent with it being autosomal dominant. Previously, 
mutations/variants in the EIF4G1 gene were deemed to be 
associated with autosomal dominant PD (ADPD) (22,23). The 
missense mutation p.Arg1205His in EIF4G1 was found to 
segregate with disease in a large French family with ADPD. 
This variant was found to perturb eIF4G1‑eIF3E binding, 
which is a crucial step in recruiting the 40S ribosomal 
subunit (23,44). In another study, the p.Ala502Val variant has 
been shown to disrupt eIF4G1‑eIF4E binding, which may affect 

the binding of mRNA to ribosomes (22,45). Subsequently, 
p.E462delInsGK was identified in two affected siblings as 
a possible novel disease‑causing agent of ADPD (46). The 
discovery of variants p.Gly686Cys in sporadic PD patients and 
p.Arg1197Trp in healthy individuals challenges the assumed 
pathogenicity characteristic of these variants (47). In another 
study with 975 patients with PD and 1,014 healthy controls, 
novel non‑synonymous variants p.Thr318IIe, p.Val541Gly 
and p.Gly698Ala were predicted to be ‘probably or possibly 
damaging’ by Polyphen2, whereas p.Gly698Ala was predicted 
to be ‘disease causing’ by MutationTaster (47). In the family 
of the present study, although the p.Ser637Cys mutation was 
considered as having uncertain significance according to the 
ACMG criteria, it was predicted to be ‘possibly damaging’ by 
Polyphen2 and ‘disease causing’ by MutationTaster. 

In addition, the p.Arg1205His mutation was also identi‑
fied in three healthy controls  (47), which raises questions 
regarding the potential of the EIF4G1 variant to cause PD. 
Subsequent studies in patients with sporadic PD from different 
ethnic backgrounds, including Asian (48,49), African (50) and 
European (51) showed mutations in the EIF4G1 gene are not 
a significant or frequent risk factor for Parkinson's disease. 
However, the incomplete penetrance of p.Arg1205His in the 
EIF4G1 gene was similar to the p.Gly2019Ser mutation in 
the LRRK2 gene for late‑onset PD, which should be consid‑
ered (52). Therefore, members of the family in the present 
study who were harboring the p.Ser637Cys variant but did not 
show any clinical manifestations of PD may have incomplete 
penetrance of the EIF4G1 variant. In addition, the onset of PD 
is age‑dependent (53) and most family members in the present 
study had not reached the average age of onset (age at onset 
61.7; standard deviation ±8.57) for late onset PD in 26 Italian 
families (24). Therefore, members in this family will require 
regular annual follow‑ups for the next 20 years.

A variant of the PARK1 gene (p.Ala53Thr) was previously 
identified in members of a family afflicted with PD, which 
showed Mendelian segregation. This suggests that PD may 
have a strong genetic component (54). To date, ~30 genes have 
been reported to be associated with PD (55). Genome‑wide 
association studies and candidate gene association studies have 
collectively identified ≥90 common variants of independent loci 
that modify disease risk (56). In addition, accumulating evidence 
has suggested that exposure to various toxins and changes in 
dietary habits may affect the occurrence and progression of 
PD (57). Studying this complex interplay between genetic and 
environmental factors will improve the understanding of the 
pathophysiology of PD. The present study reported the clinical 
features and sequencing analysis results of a family with ET 
or PD with ‘antecedent ET’. The emergence of a new mutation 
in EIF4G1 in a family with tremors suggested that the role of 
EIF4G1 variants in familial PD should be considered.
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