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Substantia nigra echogenicity is 
associated with serum ferritin, 
gender and iron-related genes in 
parkinson’s disease
Kai Li1,4, Yi-Lun Ge1,4, chen-chen Gu1, Jin-Ru Zhang1, Hong Jin1, Jiao Li1, Xiao-Yu cheng1, Ya-
ping Yang1, fen Wang2, Ying-chun Zhang3, Jing chen1, cheng-Jie Mao1 & chun-feng Liu1,2 ✉

Substantia nigra (Sn) hyperechogenicity is present in most parkinson’s disease (pD) cases but is 
occasionally absent in some. to date, age, gender, disease severity, and other factors have been 
reported to be associated with Sn hyperechogenicity in pD. previous studies have discovered that 
excess iron deposition in the Sn underlies its hyperechogenicity in pD, which may also indicate the 
involvement of genes associated with iron metabolism in hyperechogenicity. the objective of our 
study is to explore the potential associations between variants in iron metabolism-associated genes 
and SN echogenicity in Han Chinese PD. Demographic profiles, clinical data, SN echogenicity and 
genotypes were obtained from 221 Han Chinese PD individuals with a sufficient bone window. Serum 
ferritin levels were quantified in 92 of these individuals by immunochemical assay. We then compared 
factors between pD individuals with Sn hyperechogenicity and those with Sn hypoechogenicity to 
identify factors that predispose to SN hyperechogenicity. Of our 221 participants, 122 (55.2%) displayed 
SN hyperechogenicity, and 99 (44.8%) displayed SN hypoechogenicity. Gender and serum ferritin 
levels were found to be associated with SN hyperechogenicity. In total, 14 genes were included in the 
sequencing part. After data processing, 34 common single nucleotide polymorphisms were included in 
our further analyses. In our data, we also found a significantly higher frequency of PANK2 rs3737084 
(genotype: oR = 2.07, P = 0.013; allele: OR = 2.51, P = 0.002) in the SN hyperechogenic group and a 
higher frequency of PLA2G6 rs731821 (genotype: OR = 0.45, P = 0.016; allele: OR = 0.44, P = 0.011) 
in the Sn hypoechogenic group. However, neither of the two variants was found to be correlated with 
serum ferritin. this study demonstrated that genetic factors, serum ferritin level, and gender may 
explain the interindividual variability in Sn echogenicity in pD. this is an explorative study, and further 
replication is warranted in larger samples and different populations.

Parkinson’s disease (PD) is the second most common neurodegenerative disease, characterized by motor and 
non-motor symptoms such as bradykinesia, rigidity, resting tremor, hyposmia, and rapid eye movement sleep 
behaviour disorder1,2. Substantia nigra hyperechogenicity (SN+) under transcranial sonography (TCS) is a com-
mon feature of PD that enables reliable diagnosis of PD with high sensitivity and specificity3,4. SN+ is found in 
approximately 60–90% of individuals with PD; however, it is absent in some cases5–7, indicating potential inter-
individual variability. To date, many factors have been found to be associated with SN+ in PD, including age, 
gender, disease severity, and other factors8–10.

At present, the detailed mechanism underlying SN+ is not very clear11–13. However, postmortem studies have 
revealed that the SN+ area is positively correlated with abnormal iron accumulation in PD14,15, indicating that 
dysfunction of iron metabolism may be involved. PANK2, COASY, PLA2G6, and other genes related to iron 
homeostasis have been reported to cause diseases related to abnormal iron accumulation, such as neurodegen-
eration with brain iron accumulation (NBIA) and infantile neuroaxonal dystrophy (INAD). In the present study, 
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we aimed to compare the clinical characteristics and genotypes of PD individuals with different SN echogenicities 
to determine whether there are genetic factors that play a role in SN+ in PD. This is an explorative study and 
requires further replication.

Methods
Study participants. We recruited 250 consecutive patients with PD (aged from 40 to 83 years) from the 
Department of Neurology of the Second Affiliated Hospital of Soochow University (Suzhou, China) from 
November 2011 to September 2018. Twenty-nine of the 250 individuals were excluded from the study because of 
an insufficient bone window, and 221 individuals were finally included in the study. All of the study participants 
fulfilled either the 2015 Movement Disorder Society clinical diagnostic criteria16 or the UK Brain Bank criteria 
for PD17. The investigation protocol was approved by the ethics committee of the Second Affiliated Hospital 
of Soochow University. Detailed clinical data including demographics, the Unified Parkinson Disease Rating 
Scale (UPDRS) Part III in the “on” state, the modified Hoehn and Yahr stage in the “off ” state18 and peripheral 
blood samples were collected after written informed consent was obtained from all the participants and their 
legally authorized representatives. All methods were performed in accordance with the relevant guidelines and 
regulations.

transcranial sonography. TCS examinations were performed according to our previous study19 within 
1 week after clinical assessment. The brain was insonated through the temporal acoustic bone window in the 
orbitomeatal line using a transducer (Acuson Sequoia 512, Siemens, Germany) with an emitting frequency of 
2.5 MHz. The penetration depth was adjusted to 14 to 16 cm, and the dynamic range was 45 dB to 55 dB3,19,20. The 
hyperechogenic signal at the anatomical site of the SN within the hypoechogenic mesencephalic brainstem was 
visualized to its greatest extent, and the image was frozen and magnified by 3- to 4-fold for more precise meas-
urement3,20. The area of the SN was manually encircled with the cursor, and the planimetric area was calculated 
automatically20. SN+ was defined by a hyperechogenic area within the left or right SN equal to or greater than 
0.20 cm2, whereas SN hypoechogenicity (SN−) was defined as both left and right SN hyperechogenic areas less 
than 0.20 cm2 3. The TCS was performed in a darkened room by the same experienced clinician who was blinded 
to the individuals’ clinical status to eliminate any bias in the results of the examination3.

High-throughput sequencing. Genomic DNA was extracted from the blood samples using the QIA 
ampDNA Blood Maxi Kit (QIAGEN, Valencia, CA, USA). Two genes in the iron metabolic pathway (TF and 
SLC11A2)21,22 and 12 genes associated with NBIA23–26 (FTL, CP, PANK2, COASY, PLA2G6, C19orf12, FA2H, 
ATP13A2, WDR45, DCAF17/C2orf37, SCP2, and GTPBP2) were included in our genotype analysis. One hundred 
seventeen of the samples were sequenced by target-region sequencing, and the other 104 samples were sequenced 
by whole-exome sequencing, as described in our previous study27. Single nucleotide polymorphisms (SNPs) and 
insertions and deletions (Indels) located within the exons and exon-intron boundaries of the gene were then 
identified as described previously27.

After variant calling and annotation, the data were compared to the 1000 Genome Project East Asian database 
(GRCh37) and to our in-house data to distinguish common and rare variants. Linkage disequilibrium was esti-
mated using SHEsis (online version)28,29, and SNPs with r2 ≥ 0.80 were defined as being in linkage disequilibrium.

Serum ferritin assessment. Fasting blood samples for serum ferritin quantification were obtained from 
101 of the 221 participants after an overnight fast of at least 12 h. Ferritin levels in the serum samples were quan-
tified by immunochemical assay (Cobas 6000–1, Roche, Roche Diagnostics International Ltd, Switzerland) in 
the radio-immuno imaging centre of the Second Affiliated Hospital of Soochow University within 1 h of sample 
collection. Nine participants with acute or chronic inflammation or tumours were excluded30 from further asso-
ciation analyses of SN echogenicity, genotype and ferritin.

Statistical analyses. For univariate analyses, variables were tested for normality by the Kolmogorov- 
Smirnov test or Shapiro-Wilk’s test. Differences in metric variables between the SN+ group and SN− group were 
evaluated by Student’s t-test or Mann-Whitney U test. Dichotomous variables were compared between the two 
groups by the chi-square test or Fisher’s exact test. We assessed the associations among demographic profiles, 
ferritin levels, and common SNPs by binary logistic regression of SN echogenicity.

All statistical tests were two sided with P < 0.05 as the threshold for statistical significance. All tests were per-
formed using IBM SPSS Statistics, version 25.0, 64-bit (IBM Corporation, Armonk, NY, USA).

Results
Demographics, clinical features, TCS assessment, and genetic findings. All 221 participants 
underwent TCS examination and high-throughput DNA sequencing. The study cohort included 138 (62.4%) 
men and 83 (37.6%) women. Among 221 participants, 122 (55.2%) were SN+ (unilateral SN area on either side 
≥ 0.20 cm2), and the other 99 were SN− (SN area on both sides <0.20 cm2). The proportion of males was signif-
icantly higher among the individuals with SN+ than among those with SN− (P < 0.001), whereas age, disease 
duration, Hoehn and Yahr stage, and UPDRS-III ratings were similar between the two groups (Supplemental 
Table 1). Variants with minor allele frequency (MAF) < 0.15 were excluded from further analyses to increase our 
statistical power. We also excluded SNPs that were present because of linkage disequilibrium with another SNP 
within the same region. Then, 34 common SNPs were included (MAF ≥ 0.15), and 0 common Indel was included 
(MAF ≥ 0.15) in our further analysis.

predisposing common Snps among patients with Sn+ and Sn−. To determine if any of the 
34 common SNPs were associated with the SN echogenicity status, we conducted a logistic regression analysis 
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between the SN+ group and SN− group, considering age, gender, disease duration, and disease severity. We 
found a significantly higher frequency of PANK2 rs3737084 (genotype: OR = 2.07, P = 0.013; allele: OR = 2.51, 
P = 0.002) in the SN+ group and a higher frequency of PLA2G6 rs731821 (genotype: OR = 0.45, P = 0.016; 
allele: OR = 0.44, P = 0.011) in the SN− group (Table 1, Supplemental Tables 2 and 3). In addition, we also found 
that gender was associated with SN+ (genotype: OR = 0.32, P = 0.001; allele: OR = 0.31, P < 0.001) (Table 1, 
Supplemental Tables 2 and 3), indicating female gender as a protective factor, which is in accordance with the 
results of a previous study8.

Comparison of serum ferritin, rs3737084, and rs731821 between SN+ and Sn−. Because 
serum ferritin has been shown to be associated with SN echogenicity10, we further included serum ferritin data in 
our logistic analysis of SN echogenicity referring to our candidate SNPs, i.e., rs3737084 and rs731821.

Total (n = 221) SN+ (n = 122) SN− (n = 99) OR 95% CI P

Gender (Male, %) 138 (62.4%) 92 (75.4%) 46 (46.5%) 0.32 0.16–0.63 0.001*

Age (years) 62.5 ± 8.6 63.4 ± 8.2 61.4 ± 9.0 1.02 0.98–1.06 0.260*

PD Duration (years) 4.3 ± 3.6 4.3 ± 3.8 4.2 ± 3.2 1.01 0.91–1.13 0.833*

H-Y 2.1 ± 0.7 2.1 ± 0.7 2.1 ± 0.8 0.78 0.42–1.46 0.432*

UPDRS-III 25.0 ± 11.9 25.6 ± 12.7 24.4 ± 10.9 1.01 0.97–1.05 0.552*

rs731821 (CC/CA/AA) 122/87/12 75/44/3 47/43/9 0.45 0.24–0.86 0.016*

rs3737084 (CC/CG/GG) 132/74/15 62/49/11 70/25/4 2.07 1.17–3.67 0.013*

Gender (Male, %) 276 (62.4%) 184 (75.4%) 92 (46.5%) 0.31 0.20–0.49 <0.001†

Age (years) 62.5 ± 8.6 63.4 ± 8.2 61.4 ± 9.0 1.02 0.99–1.05 0.139†

PD Duration (years) 4.3 ± 3.5 4.3 ± 3.8 4.2 ± 3.2 1.01 0.94–1.09 0.791†

H-Y 2.1 ± 0.7 2.1 ± 0.7 2.1 ± 0.7 0.79 0.53–1.19 0.264†

UPDRS-III 25.0 ± 11.9 25.6 ± 12.7 24.4 ± 10.9 1.01 0.99–1.04 0.293†

rs731821 (C/A) 331/111 194/50 137/61 0.44 0.24–0.83 0.011†

rs3737084 (C/G) 338/104 173/71 165/33 2.51 1.39–4.53 0.002†

Table 1. Genotype and allele analysis of 34 SNPs among 221 individuals with PD. PD: Parkinson’s disease; 
SN+: Substantia nigra hyperechogenicity; SN−: Substantia nigra hypoechogenicity; OR: odds ratio; H-Y: 
Hoehn and Yahr stage (“off ” state); UPDRS-III: Unified Parkinson Disease Rating Scale Part III (“on” state). *P-
values estimated from binary logistic regression models adjusted for age, gender, disease severity, and disease 
duration. The results of the other 32 SNPs are available in Supplemental Table 2. †P-values estimated from 
binary logistic regression models adjusted for age, gender, disease severity, and disease duration. The results of 
the other 32 SNPs are available in Supplemental Table 3.

Total (n = 92) SN+ (n = 49) SN− (n = 43) OR 95% CI P

Gender (Male, %) 57 (62.0%) 37 (75.5%) 20 (46.5%) 0.26 0.09–0.77 0.015*

Age (years) 63.7 ± 8.7 64.0 ± 7.9 63.3 ± 9.6 0.98 0.92–1.04 0.549*

PD Duration (years) 5.0 ± 3.8 5.1 ± 4.2 5.0 ± 3.3 1.11 0.94–1.31 0.233*

H-Y 2.3 ± 0.7 2.3 ± 0.8 2.3 ± 0.7 0.97 0.40–2.35 0.943*

UPDRS-III 28.1 ± 12.6 29.0 ± 14.3 27.1 ± 10.6 0.99 0.94–1.04 0.726*

Ferritin (μg/L) 186.9 ± 128.1 223.8 ± 150.8 144.9 ± 78.6 1.01 1.00–1.01 0.014*

rs731821 (CC/CA/AA) 51/36/5 33/16/0 18/20/5 0.18 0.07–0.50 <0.001*

rs3737084 (CC/CG/GG) 55/30/7 24/21/4 1931–09–03 2.84 1.13–7.13 0.026*

Gender (Male, %) 114 (62.0%) 74 (75.5%) 40 (46.5%) 0.29 0.14–0.60 <0.001†

Age (years) 63.7 ± 8.7 64.0 ± 7.8 63.3 ± 9.5 0.99 0.95–1.03 0.599†

PD Duration (years) 5.0 ± 3.8 5.1 ± 4.2 5.0 ± 3.3 1.06 0.95–1.18 0.306†

H-Y 2.3 ± 0.7 2.3 ± 0.8 2.3 ± 0.7 1.00 0.55–1.81 0.989†

UPDRS-III 28.1 ± 12.6 29.0 ± 14.2 27.1 ± 10.5 1.00 0.97–1.04 0.888†

Ferritin (μg/L) 186.9 ± 127.7 223.8 ± 150.0 144.9 ± 78.1 1.01 1.00–1.01 <0.001†

rs731821 (C/A) 138/46 82/16 56/30 0.20 0.08–0.48 <0.001†

rs3737084 (C/G) 140/44 69/29 71/15 3.45 1.41–8.45 0.007†

Table 2. Genotype and allele analysis of rs731821 and rs3737084 among 92 PD individuals with serum 
ferritin data. PD: Parkinson’s disease; SN+: Substantia nigra hyperechogenicity; SN−: Substantia nigra 
hypoechogenicity; OR: odds ratio; H-Y: Hoehn and Yahr stage (“off ” state); UPDRS-III: Unified Parkinson 
Disease Rating Scale Part III (“on” state). *P-values estimated from binary logistic regression models adjusted 
for age, gender, disease severity, and disease duration. †P-values estimated from binary logistic regression 
models adjusted for age, gender, disease severity, and disease duration.
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Inflammation and tumours are ever-known factors leading to ferritin increase, so we excluded patients with 
chronic inflammation or tumours from further analysis. In total, 101 of 221 PD had serum ferritin quantification, 
and 9 were excluded because of the comorbidity of inflammation or tumours. Among the 92 participants included 
in the serum ferritin analysis, 49 (53.3%) were SN+, and 43 (46.7%) were SN− (Supplemental Table 4).

In our data, considering age, gender, disease duration, disease severity and serum ferritin, we also found a 
significantly higher frequency of PANK2 rs3737084 (genotype: OR = 2.84, P = 0.026; allele: OR = 3.45, P = 0.007) 
in the SN+ group and a higher frequency of PLA2G6 rs731821 (genotype: OR = 0.18, P < 0.001; allele: OR = 0.20, 
P < 0.001) in the SN− group (Table 2). In addition, the individuals with SN+ had higher serum ferritin lev-
els than those with SN− (P < 0.05; Table 2). We also found that gender was associated with SN+ (genotype: 
OR = 0.26, P = 0.015; allele: OR = 0.29, P < 0.001) (Supplemental Table 4).

Analyses of the association of serum ferritin with rs3737084 and rs731821. To determine 
whether rs3737084 and rs731821 were associated with serum ferritin levels, we conducted a logistic regression of 
the alleles, considering gender, age, disease duration, and disease severity. We did not find that any of the alleles of 
the two variants were correlated with serum ferritin levels (P = 0.557 for each SNP; Table 3).

Discussion
In 1995, Becker described structural changes in the SN of patients with PD for the first time31. Since then, TCS 
has become established as an important component of PD diagnosis32. TCS is used extensively in clinical prac-
tice, although it is not as accurate as expected5–7. SN echogenicity is heterogeneous among individuals with PD, 
appearing in approximately 60–90% of individuals5–7. To date, many factors have been linked to the variation 
in SN echogenicity, including age, gender, disease severity, serum ferritin, and other clinical factors8–10. Genetic 
factors have rarely been explored in relation to SN echogenicity33–35. We found that male gender and higher serum 
ferritin levels were associated with SN+, which is in accordance with previous findings by Zhou et al. and Yu et 
al.8,10. Those studies, like our own, mainly included Han Chinese individuals. Conducting similar studies consid-
ering other populations in the future is suggested.

We found that regardless of serum ferritin levels, there was a higher frequency of PLA2G6 rs731821 in the 
SN− group and a higher frequency of PANK2 rs3737084 in the SN+ group, indicating that genetic factors may 
play an important role in SN echogenicity. PLA2G6 encodes a phospholipase (phospholipase A2, group IV) that 
localizes in the mitochondria and is important in membrane phospholipid remodelling, signal transduction, cell 
proliferation, and apoptosis36–39. Disruption of normal PLA2G6 function could also lead to iron deposits40,41. In 
our study, we found that rs731821 was associated with SN−. This SNP locus is located within intron 2 of PLA2G6, 
which may affect its transcription or splicing, causing its dysfunction involving iron metabolism. PANK2, another 
NBIA causative gene, encodes an essential mitochondrial regulatory enzyme (pantothenate kinase 2) in a com-
mitted step of coenzyme A biosynthesis. Disruption of normal PANK2 function could lead to iron accumulation 
in the brain by altering brain iron transport, mediated by alteration of ferroportin expression42, which is involved 
in PD pathology43. In our study, we found that PANK2 rs3737084 is associated with SN+. This SNP locus is 
also located within exon 1 of PANK2, which is a missense variant leading to the 126th amino acid residue alter-
ation from glycine to alanine, which may cause the dysfunction of PANK2 and be involved in iron metabolism. 
However, the detailed underlying mechanisms of the two SNPs remain unknown, and additional functional anal-
yses are warranted in the future for further explanation.

Ferritin is important in the maintenance of iron homeostasis, mainly for iron storage and recycling44. SN+ PD 
were previously found to have elevated ferritin levels both in the SN hyperechogenic area and in the serum10,45. 

Gender (Male, %) Age (years) PD Duration (years) H-Y UPDRS-III Ferritin (μg/L)

rs731821

Total (n = 184) 114 (62.0%) 63.7 ± 8.7 5.0 ± 3.8 2.3 ± 0.7 28.1 ± 12.6 186.9 ± 127.7

‘C’ (n = 138) 84 (60.9%) 63.9 ± 8.7 4.9 ± 4.0 2.3 ± 0.8 29.3 ± 13.2 191.8 ± 131.0

‘A’ (n = 46) 30 (65.2%) 63.2 ± 8.6 5.5 ± 3.3 2.2 ± 0.6 24.8 ± 10.0 172.4 ± 117.4

OR 0.83 0.99 1.12 0.92 0.96 1.00

95% CI 0.39–1.76 0.95–1.03 1.01–1.24 0.49–1.70 0.92–1.00 0.39–1.76

P† 0.626 0.703 0.039 0.782 0.031 0.557

rs3737084

Total (n = 184) 114 (62.0%) 63.7 ± 8.7 5.0 ± 3.8 2.3 ± 0.7 28.1 ± 12.6 186.9 ± 127.7

‘C’ (n = 140) 82 (58.6%) 63.4 ± 8.5 5.0 ± 3.8 2.3 ± 0.7 28.2 ± 13.2 188.4 ± 130.9

‘G’ (n = 44) 32 (72.7%) 64.8 ± 9.1 5.2 ± 3.9 2.3 ± 0.7 28.0 ± 10.9 182.2 ± 118.5

OR 0.52 1.01 1.02 0.97 1.00 1.00

95% CI 0.24–1.14 0.97–1.06 0.92–1.13 0.52–1.82 0.96–1.04 1.00–1.00

P† 0.102 0.527 0.734 0.931 0.991 0.557

Table 3. Rs3737084, rs731821, and serum ferritin associations among 92 individuals with serum ferritin data. 
PD: Parkinson’s disease; H-Y: Hoehn and Yahr stage; UPDRS-III: Unified Parkinson Disease Rating Scale Part 
III, OR: odds ratio; PD: Parkinson’s disease; CI: confidential interval. †P-values estimated from binary logistic 
regression models adjusted for age, gender, disease severity and disease duration.
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In our study, SN+ PD had higher serum ferritin levels than SN− PD, which is in accordance with previous stud-
ies10,45. However, we did not find an association between serum ferritin levels and PLA2G6 rs731821 or PANK2 
rs3737084, suggesting that these two SNPs might influence SN echogenicity by a mechanism that may not involve 
serum ferritin.

This is an explorative study, and further validation of our findings is needed. To the best of our knowledge, this 
is the first study to provide evidence of the relationship between SN echogenicity and genetic factors in the Han 
Chinese population. Our study had some limitations, however. First, because of our limited sample size, we did 
not pay attention to rare and less common variants in our analyses, and we only had serum ferritin data for 92 of 
the participants, which limits our statistical power. Future studies with larger sample sizes will be able to include 
more rare genetic variants and have greater statistical power to detect relationships (such as the other genes asso-
ciated with iron metabolism in our study) that our analysis might have missed. Second, we did not correct the 
P-values to a stricter standard, such as by Bonferroni or false discovery rate corrections, which could decrease 
the false positive rate with multiple comparisons. However, the two candidate SNPs identified in our analysis are 
located in PLA2G6 and PANK2, which are both known to play important roles in iron metabolism-related genes, 
which may offer more evidence for our results. Third, the individuals in the SN+ group were more frequently 
male; however, given our limited sample size, we did not conduct subgroup analyses for men and women.

conclusion
Our study demonstrated that genetic factors, in addition to serum ferritin level and gender, might be associ-
ated with SN echogenicity in PD, which might explain the partial variability in SN echogenicity among different 
individuals. This is an explorative study, and further replication is warranted in larger samples and different 
populations.

Received: 25 December 2019; Accepted: 29 April 2020;
Published: xx xx xxxx

References
 1. Ascherio, A. & Schwarzschild, M. A. The epidemiology of Parkinson’s disease: risk factors and prevention. The Lancet. Neurology 15, 

1257–1272, https://doi.org/10.1016/s1474-4422(16)30230-7 (2016).
 2. Kalia, L. V. & Lang, A. E. Parkinson’s disease. Lancet (London, England) 386, 896–912, https://doi.org/10.1016/s0140-6736(14)61393-3 

(2015).
 3. Berg, D., Godau, J. & Walter, U. Transcranial sonography in movement disorders. The Lancet. Neurology 7, 1044–1055, https://doi.

org/10.1016/s1474-4422(08)70239-4 (2008).
 4. Prestel, J., Schweitzer, K. J., Hofer, A., Gasser, T. & Berg, D. Predictive value of transcranial sonography in the diagnosis of Parkinson’s 

disease. Movement disorders: official journal of the Movement Disorder Society 21, 1763–1765, https://doi.org/10.1002/mds.21054 
(2006).

 5. Huang, Y. W., Jeng, J. S., Tsai, C. F., Chen, L. L. & Wu, R. M. Transcranial imaging of substantia nigra hyperechogenicity in a 
Taiwanese cohort of Parkinson’s disease. Movement disorders: official journal of the Movement Disorder Society 22, 550–555, https://
doi.org/10.1002/mds.21372 (2007).

 6. Behnke, S., Berg, D., Naumann, M. & Becker, G. Differentiation of Parkinson’s disease and atypical parkinsonian syndromes by 
transcranial ultrasound. Journal of neurology, neurosurgery, and psychiatry 76, 423–425, https://doi.org/10.1136/jnnp.2004.049221 
(2005).

 7. Walter, U. et al. Brain parenchyma sonography discriminates Parkinson’s disease and atypical parkinsonian syndromes. Neurology 
60, 74–77, https://doi.org/10.1212/wnl.60.1.74 (2003).

 8. Zhou, H. Y. et al. Substantia nigra echogenicity correlated with clinical features of Parkinson’s disease. Parkinsonism & related 
disorders 24, 28–33, https://doi.org/10.1016/j.parkreldis.2016.01.021 (2016).

 9. Behnke, S. et al. Substantia nigra echomorphology in the healthy very old: Correlation with motor slowing. NeuroImage 34, 
1054–1059, https://doi.org/10.1016/j.neuroimage.2006.10.010 (2007).

 10. Yu, S. Y. et al. Clinical features and dysfunctions of iron metabolism in Parkinson disease patients with hyper echogenicity in 
substantia nigra: a cross-sectional study. BMC neurology 18, 9, https://doi.org/10.1186/s12883-018-1016-5 (2018).

 11. Berg, D., Godau, J., Riederer, P., Gerlach, M. & Arzberger, T. Microglia activation is related to substantia nigra echogenicity. Journal 
of neural transmission (Vienna, Austria: 1996) 117, 1287–1292, https://doi.org/10.1007/s00702-010-0504-6 (2010).

 12. Zhou, H. Y. et al. The role of substantia nigra sonography in the differentiation of Parkinson’s disease and multiple system atrophy. 
Translational neurodegeneration 7, 15, https://doi.org/10.1186/s40035-018-0121-0 (2018).

 13. Berg, D. et al. Vulnerability of the nigrostriatal system as detected by transcranial ultrasound. Neurology 53, 1026–1031, https://doi.
org/10.1212/wnl.53.5.1026 (1999).

 14. Berg, D. et al. Echogenicity of the substantia nigra: association with increased iron content and marker for susceptibility to 
nigrostriatal injury. Archives of neurology 59, 999–1005, https://doi.org/10.1001/archneur.59.6.999 (2002).

 15. Berg, D., Siefker, C. & Becker, G. J. J. N. Substantia nigra hyperechogenicity on transcranial ultrasound±state marker for Parkinson’s 
disease and impact on disease course. J Neurol, (in press) (2001).

 16. Postuma, R. B. et al. MDS clinical diagnostic criteria for Parkinson’s disease. Movement disorders: official journal of the Movement 
Disorder Society 30, 1591–1601, https://doi.org/10.1002/mds.26424 (2015).

 17. Daniel, S. E. & Lees, A. J. Parkinson’s Disease Society Brain Bank, London: overview and research. Journal of neural transmission. 
Supplementum 39, 165–172 (1993).

 18. Goetz, C. G. et al. Movement Disorder Society Task Force report on the Hoehn and Yahr staging scale: status and recommendations. 
Movement disorders: official journal of the Movement Disorder Society 19, 1020–1028, https://doi.org/10.1002/mds.20213 (2004).

 19. Sheng, A. Y. et al. Transcranial sonography image characteristics in different Parkinson’s disease subtypes. Neurological sciences: 
official journal of the Italian Neurological Society and of the Italian Society of Clinical Neurophysiology 38, 1805–1810, https://doi.
org/10.1007/s10072-017-3059-6 (2017).

 20. Behnke, S. et al. Long-term course of substantia nigra hyperechogenicity in Parkinson’s disease. Movement disorders: official journal 
of the Movement Disorder Society 28, 455–459, https://doi.org/10.1002/mds.25193 (2013).

 21. Muckenthaler, M. U., Rivella, S., Hentze, M. W. & Galy, B. A Red Carpet for Iron Metabolism. Cell 168, 344–361, https://doi.
org/10.1016/j.cell.2016.12.034 (2017).

 22. Jiang, H., Wang, J., Rogers, J. & Xie, J. Brain Iron Metabolism Dysfunction in Parkinson’s Disease. Molecular neurobiology 54, 
3078–3101, https://doi.org/10.1007/s12035-016-9879-1 (2017).

https://doi.org/10.1038/s41598-020-65537-5
https://doi.org/10.1016/s1474-4422(16)30230-7
https://doi.org/10.1016/s0140-6736(14)61393-3
https://doi.org/10.1016/s1474-4422(08)70239-4
https://doi.org/10.1016/s1474-4422(08)70239-4
https://doi.org/10.1002/mds.21054
https://doi.org/10.1002/mds.21372
https://doi.org/10.1002/mds.21372
https://doi.org/10.1136/jnnp.2004.049221
https://doi.org/10.1212/wnl.60.1.74
https://doi.org/10.1016/j.parkreldis.2016.01.021
https://doi.org/10.1016/j.neuroimage.2006.10.010
https://doi.org/10.1186/s12883-018-1016-5
https://doi.org/10.1007/s00702-010-0504-6
https://doi.org/10.1186/s40035-018-0121-0
https://doi.org/10.1212/wnl.53.5.1026
https://doi.org/10.1212/wnl.53.5.1026
https://doi.org/10.1001/archneur.59.6.999
https://doi.org/10.1002/mds.26424
https://doi.org/10.1002/mds.20213
https://doi.org/10.1007/s10072-017-3059-6
https://doi.org/10.1007/s10072-017-3059-6
https://doi.org/10.1002/mds.25193
https://doi.org/10.1016/j.cell.2016.12.034
https://doi.org/10.1016/j.cell.2016.12.034
https://doi.org/10.1007/s12035-016-9879-1


6Scientific RepoRtS |         (2020) 10:8660  | https://doi.org/10.1038/s41598-020-65537-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

 23. Rouault, T. A. Iron metabolism in the CNS: implications for neurodegenerative diseases. Nature reviews. Neuroscience 14, 551–564, 
https://doi.org/10.1038/nrn3453 (2013).

 24. Vela, D. Iron Metabolism in Prostate Cancer; From Basic Science to New Therapeutic Strategies. Frontiers in oncology 8, 547, https://
doi.org/10.3389/fonc.2018.00547 (2018).

 25. Dusi, S. et al. Exome sequence reveals mutations in CoA synthase as a cause of neurodegeneration with brain iron accumulation. 
American journal of human genetics 94, 11–22, https://doi.org/10.1016/j.ajhg.2013.11.008 (2014).

 26. Horvath, R. et al. SCP2 mutations and neurodegeneration with brain iron accumulation. Neurology 85, 1909–1911, https://doi.
org/10.1212/wnl.0000000000002157 (2015).

 27. Zhang, J. R. et al. Genetic analysis of LRRK2 in Parkinson’s disease in Han Chinese population. Neurobiology of aging 72, 187.
e185–187.e110, https://doi.org/10.1016/j.neurobiolaging.2018.06.036 (2018).

 28. Li, Z. et al. A partition-ligation-combination-subdivision EM algorithm for haplotype inference with multiallelic markers: update of 
the SHEsis (http://analysis.bio-x.cn). Cell research 19, 519–523, doi:10.1038/cr.2009.33 (2009).

 29. Shi, Y. Y. & He, L. SHEsis, a powerful software platform for analyses of linkage disequilibrium, haplotype construction, and genetic 
association at polymorphism loci. Cell research 15, 97–98, https://doi.org/10.1038/sj.cr.7290272 (2005).

 30. Knovich, M. A., Storey, J. A., Coffman, L. G., Torti, S. V. & Torti, F. M. Ferritin for the clinician. Blood reviews 23, 95–104, https://doi.
org/10.1016/j.blre.2008.08.001 (2009).

 31. Becker, G., Seufert, J., Bogdahn, U., Reichmann, H. & Reiners, K. Degeneration of substantia nigra in chronic Parkinson’s disease 
visualized by transcranial color-coded real-time sonography. Neurology 45, 182–184, https://doi.org/10.1212/wnl.45.1.182 (1995).

 32. van de Loo, S. et al. Reproducibility and diagnostic accuracy of substantia nigra sonography for the diagnosis of Parkinson’s disease. 
Journal of neurology, neurosurgery, and psychiatry 81, 1087–1092, https://doi.org/10.1136/jnnp.2009.196352 (2010).

 33. Djarmati, A. et al. ATP13A2 variants in early-onset Parkinson’s disease patients and controls. Movement disorders: official journal of 
the Movement Disorder Society 24, 2104–2111, https://doi.org/10.1002/mds.22728 (2009).

 34. Hochstrasser, H. et al. Ceruloplasmin gene variations and substantia nigra hyperechogenicity in Parkinson disease. Neurology 63, 
1912–1917, https://doi.org/10.1212/01.wnl.0000144276.29988.c3 (2004).

 35. Yoshino, H. et al. Phenotypic spectrum of patients with PLA2G6 mutation and PARK14-linked parkinsonism. Neurology 75, 
1356–1361, https://doi.org/10.1212/WNL.0b013e3181f73649 (2010).

 36. Wolf, M. J. & Gross, R. W. Expression, purification, and kinetic characterization of a recombinant 80-kDa intracellular calcium-
independent phospholipase A2. The Journal of biological chemistry 271, 30879–30885, https://doi.org/10.1074/jbc.271.48.30879 
(1996).

 37. Seleznev, K., Zhao, C., Zhang, X. H., Song, K. & Ma, Z. A. Calcium-independent phospholipase A2 localizes in and protects 
mitochondria during apoptotic induction by staurosporine. The Journal of biological chemistry 281, 22275–22288, https://doi.
org/10.1074/jbc.M604330200 (2006).

 38. Gadd, M. E. et al. Mitochondrial iPLA2 activity modulates the release of cytochrome c from mitochondria and influences the 
permeability transition. The Journal of biological chemistry 281, 6931–6939, https://doi.org/10.1074/jbc.M510845200 (2006).

 39. Strokin, M., Seburn, K. L., Cox, G. A., Martens, K. A. & Reiser, G. Severe disturbance in the Ca2+ signaling in astrocytes from 
mouse models of human infantile neuroaxonal dystrophy with mutated Pla2g6. Human molecular genetics 21, 2807–2814, https://
doi.org/10.1093/hmg/dds108 (2012).

 40. Beck, G. et al. Neuroaxonal dystrophy in calcium-independent phospholipase A2beta deficiency results from insufficient remodeling 
and degeneration of mitochondrial and presynaptic membranes. The. Journal of neuroscience: the official journal of the Society for 
Neuroscience 31, 11411–11420, https://doi.org/10.1523/jneurosci.0345-11.2011 (2011).

 41. Gregory, A. et al. Neurodegeneration associated with genetic defects in phospholipase A(2). Neurology 71, 1402–1409, https://doi.
org/10.1212/01.wnl.0000327094.67726.28 (2008).

 42. Poli, M. et al. Pantothenate kinase-2 (Pank2) silencing causes cell growth reduction, cell-specific ferroportin upregulation and iron 
deregulation. Neurobiology of disease 39, 204–210, https://doi.org/10.1016/j.nbd.2010.04.009 (2010).

 43. Mastroberardino, P. G. et al. A novel transferrin/TfR2-mediated mitochondrial iron transport system is disrupted in Parkinson’s 
disease. Neurobiology of disease 34, 417–431, https://doi.org/10.1016/j.nbd.2009.02.009 (2009).

 44. Arosio, P., Elia, L. & Poli, M. Ferritin, cellular iron storage and regulation. IUBMB life 69, 414–422, https://doi.org/10.1002/iub.1621 
(2017).

 45. Zecca, L. et al. In vivo detection of iron and neuromelanin by transcranial sonography: a new approach for early detection of 
substantia nigra damage. Movement disorders: official journal of the Movement Disorder Society 20, 1278–1285, https://doi.
org/10.1002/mds.20550 (2005).

Acknowledgements
We express our gratitude to all the individuals who participated in the study. This work was supported by the 
National Key R&D Program of China (2017YFC0909100), Jiangsu Provincial social development projects 
(BE2018658, BE2017653), Jiangsu Provincial Medical Key Discipline Project (ZDXKB2016022), the Priority 
Academic Program Development of Jiangsu Higher Education Institutions (PAPD), National Natural Science 
Foundation of China (81801120) and Pre-research project for doctors of the Second Affiliated Hospital of 
Soochow University (SDFEYBS1702).

Author contributions
K.L., Y.G. and C.L. conceived the study, designed the experiments and interpreted the results. Y.Y., F.W., C.M. 
and C.L. supervised the study. C.G., J.Z., H.J., J.L. and X.C. carried out clinical assessment and serum ferritin 
quantification. Y.Z. performed TCS examination. K.L. and Y.G. performed data analyses. K.L. and Y.G. wrote and 
edited the manuscript with support from J.C. and C.L.

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-65537-5.
Correspondence and requests for materials should be addressed to C.-F.L.
Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1038/s41598-020-65537-5
https://doi.org/10.1038/nrn3453
https://doi.org/10.3389/fonc.2018.00547
https://doi.org/10.3389/fonc.2018.00547
https://doi.org/10.1016/j.ajhg.2013.11.008
https://doi.org/10.1212/wnl.0000000000002157
https://doi.org/10.1212/wnl.0000000000002157
https://doi.org/10.1016/j.neurobiolaging.2018.06.036
https://doi.org/10.1038/sj.cr.7290272
https://doi.org/10.1016/j.blre.2008.08.001
https://doi.org/10.1016/j.blre.2008.08.001
https://doi.org/10.1212/wnl.45.1.182
https://doi.org/10.1136/jnnp.2009.196352
https://doi.org/10.1002/mds.22728
https://doi.org/10.1212/01.wnl.0000144276.29988.c3
https://doi.org/10.1212/WNL.0b013e3181f73649
https://doi.org/10.1074/jbc.271.48.30879
https://doi.org/10.1074/jbc.M604330200
https://doi.org/10.1074/jbc.M604330200
https://doi.org/10.1074/jbc.M510845200
https://doi.org/10.1093/hmg/dds108
https://doi.org/10.1093/hmg/dds108
https://doi.org/10.1523/jneurosci.0345-11.2011
https://doi.org/10.1212/01.wnl.0000327094.67726.28
https://doi.org/10.1212/01.wnl.0000327094.67726.28
https://doi.org/10.1016/j.nbd.2010.04.009
https://doi.org/10.1016/j.nbd.2009.02.009
https://doi.org/10.1002/iub.1621
https://doi.org/10.1002/mds.20550
https://doi.org/10.1002/mds.20550
https://doi.org/10.1038/s41598-020-65537-5
http://www.nature.com/reprints


7Scientific RepoRtS |         (2020) 10:8660  | https://doi.org/10.1038/s41598-020-65537-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-65537-5
http://creativecommons.org/licenses/by/4.0/

	Substantia nigra echogenicity is associated with serum ferritin, gender and iron-related genes in Parkinson’s disease
	Methods
	Study participants. 
	Transcranial sonography. 
	High-throughput sequencing. 
	Serum ferritin assessment. 
	Statistical analyses. 

	Results
	Demographics, clinical features, TCS assessment, and genetic findings. 
	Predisposing common SNPs among patients with SN+ and SN−. 
	Comparison of serum ferritin, rs3737084, and rs731821 between SN+ and SN−. 
	Analyses of the association of serum ferritin with rs3737084 and rs731821. 

	Discussion
	Conclusion
	Acknowledgements
	Table 1 Genotype and allele analysis of 34 SNPs among 221 individuals with PD.
	Table 2 Genotype and allele analysis of rs731821 and rs3737084 among 92 PD individuals with serum ferritin data.
	Table 3 Rs3737084, rs731821, and serum ferritin associations among 92 individuals with serum ferritin data.




