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Case Report 
Diagnosis of a pedigree with Fabry disease mimicking 
erythromelalgia: the utility of next-generation  
sequencing in a precision medicine perspective
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Abstract: Fabry disease (FD) is an X-linked inherited metabolic lysosomal storage disease caused by absence or 
deficiency activity of α-galactosidase A coded by GLA gene on Xq22. Here, a Chinese pedigree with FD presenting 
as primary erythromelalgia (PEM) was followed up for 6 years. Diagnosis was not confirmed until we found a known 
common variant in the causative gene GLA using whole-exome sequencing (WES), which further implies that next-
generation sequencing (NGS) technology is a preferable tool for diagnosis on disorders characterized by genetic and 
clinical heterogeneity in a precision medicine perspective.
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Introduction

Fabry disease (OMIM 301500; FD), or Ander- 
son-Fabry’s disease (AFD) is a rare X-linked 
inherited lysosomal storage disease caused by 
absence or deficiency activity of α-galactosi- 
dase A, which results in the accumulation of 
globotriaosylceramide (Gb3) within lysosomes 
in a variety of cell types, including vascular 
endothelium, dorsal root ganglion neuronal 
cells, renal glomerular and tubular epithelial 
cells, and cardiomyocytes [1, 2]. Lysosomal 
α-galactosidase A is coded by causative gene 
GLA, and currently, over 600 variants/muta-
tions in GLA have been described (The Human 
Gene Mutation Database, 2014). Early diagno-
sisof FD in clinical practice may be challenging 
and it is often misdiagnosed as other disorders, 
such as PEM, rheumatic fever, multiple sclero-
sis, Raynaud syndrome, idiopathic polyneurop-
athy [3], et al.

Case report

This pedigree of six generations came from 
mainland of China with a total of 59 members 

including 17 patients (Figure 1A). The age at 
onset (AO) of these affected individuals ranged 
from 7 to 14 years (mean AO for the present 
series: 10 ± 2 years). These patients were char-
acterized by recurrent episodes of burning pain 
associated with redness in the extremities usu-
ally evoked by long time standing, exercise and 
local exposure to warmth, and relieved by put-
ting extremities into cold water. In 2007, we first 
examined the proband, a 28-year-old male with 
the age at onset at 7 years old, with complains 
of burning pain in his feet provoked or aggra-
vated by fever, a long walk and exposure to 
warmth and the symptoms achieved remission 
with a local cooling of his feet. The result of neu-
rological examination was normal. Laboratory 
exams including blood routine test, urinalysis 
and serum creatinase analysis, electrocardio-
gram (ECG) test and electromyography (EMG) 
test revealed were in normal range. In 2013, 
the proband returned for a reexamination. The 
severity of pain in his extremities was relieved 
during these years, and there was no notice-
able sign found by physical examination. Blood 
count and urinalysis were normal. The ECG 
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showed left ventricular high voltage. The UCG 
study showed mild increase of the left atrium 
diameter (LAD) and mild regurgitation was 
detected in pulmonic, tricuspid and mitral 
valves. We recorded clinical data of the pro-
band and several other affected members, 
which showed in Table 1.

With a presumptive diagnosis of PEM, we 
sequenced the candidate gene SCN9A but 

found no causative variant. Then, we employed 
the gDNA of the proband to exome sequencing 
with Illumina Genome Analyser II platform 
(Illumina). About 117 Mb raw base reads of the 
whole exons for the proband were captured and 
sequenced in this study with average depth for 
target region being above 109X (Figure 1C, 1D), 
and on average 98% of base pairs were suc-
cessfully detected indicated high capability for 
variants identification (Table 2).

Figure 1. Pedigree, pathogenic mutation in the GLA gene and skin biopsy of the proband. A. Pedigree. B. Sanger 
sequencing of the GLA gene in the affected individuals and normal controls. C. The distribution of per-base sequenc-
ing depth in target regions for gDNA sample of the proband. D. Cumulative depth distribution in target regions for 
gDNA sample of the proband. E. Skin biopsy (transmission electron microscopy, scale bar = 20 μm) of the proband 
showing lysosomal inclusions consisting of tightly arranged, concentric lamellae, or called lamellar bodies (arrows).
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We analyzed the exome sequencing data and 
surprisingly found out a known mutation, 
c.679C>T of exon 5 (p.R227X), in GLA gene 
encoding α-galactosidase A, which is the caus-
ative gene of FD. Sanger sequencing of affect-
ed individuals and normal controls in this family 
was performed to confirm the variant (Figure 
1B). Thus, a skin biopsy in electron microscopy 
of the proband showed lysosomal inclusions 
consisting of tightly arranged, concentric lamel-
lae, or called lamellar bodies (Figure 1E). 
Activity of α-galactosidase A of isolated leuko-
cytesfrom five individuals were measured fol-
lowing the methods described previously [4] 
and revealed a variety degree of decrease in 
enzyme activity showed in Table 1, which was 
consistent with FD. 

Discussion

We here reported a Chinese pedigree with FD 
mimicking PEM on early stage. Diagnosis was 
delayed until six years later the finding of a 
known variant in the disease-causing gene GLA 
using WES as well as a decreased leukocytes 

α-GLA activity subsequently, indicating that it is 
likely to misdiagnose for atypical FD cases.

This variant was first reported by Christine M. 
Eng, et al. [5] in two FD families with the classi-
cal phenotype. However, this case we reported 
has atypical symptoms without typical acropar-
esthesia, angiokeratomas, cornea verticillata, 
et al. The proband was not recognized as FD 
until the finding of a known variant in the caus-
ative GLA gene, showing that a high possibility 
of clinical heterogeneity may exist in FD. In clini-
cal practice, unfortunately, realizing the early 
signs of FD may be challenging and conse-
quently considerable diagnostic delays occurr- 
ed, due to a variety of reasons, including the 
rarity of the disease, heterogeneity of clinical 
features and a lack of awareness of this dis-
ease [6, 7].

The advent of precision medicine that aims 
togenerate individualized strategies of preven-
tion, diagnosis and treatment would provide 
abroad insight into whole range of disease [8]. 
As for rare genetic disease, the utility of NGS as 

Table 1. Overview of clinical features of the proband and some other individuals in Chinese family

Clinical features
Patient NO.

III:5 IV:1 IV:9 IV:17 V:2 V:3 V:5 V:9 V:11 V:13 V:16 VI:5
Gender F F F M M F F F F F M M
Age 71 56 65 54 34 32 31 29 28 44 37 25
Age at onset 10 N 13 10 7 11 10 7 11 12 10 8
Acroparesthesias + - + + - - + + + + + +
Angiokeratoma - - - - - - - - - - - -
Hypohidrosis - - - - - - - - - - - -
Headache - - - - - - - - - - - -
Vertigo - - - - - - - - - - - -
Corneal opacities / - / / - / / / / - - -
ECG abnormalities / - / / + / / / / - - -

UCG abnormalities / - / / + / / / / - - -
EMG abnormalities / - / / - / / / / - - -
Proteinuria / - / / - / / / / - - -
Uric acid / - / / + / / / / - - -
Anemia / - / / + / / / / - - -
Brain MRI / - / / - / / / / - - -
a-GLA activity in isolated leukocytes (nmol/h/mg)# / 17.06 / / 2.27 / / / / 15.45 2.09 2.13
Notes: M, Male; F, Female; /, data not available; N, individual IV:1 is the proband’s mother and she was not clinically affected. #GLA activity in 
isolated leukocytes in 100 normal individuals from China rang from 24.71~94.79 nmol/h/mg (mean, 51.97 ± 15.24 nmol/h/mg).

Table 2. Overview of data production
Raw reads 
yield (Mb)

Capture 
specificity (%)

Coverage of tar-
geted region (%)

Mean depth of 
targeted region

Depth of targeted 
region ≥ 4 × (%)

Depth of targeted 
region ≥ 10 × (%)

Depth of targeted 
region ≥ 20 × (%)

10531 70.19 99.45 109.12 98.71 97.48 95.10
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an updated molecular diagnostic approach-
could help to uncover the molecular etiology of 
diseases with high clinical and genetic hetero-
geneity [9]. This case illustrates that NGS tech-
nology is a powerful tool for diagnosis and dif-
ferential diagnosis, which would facilitate the 
evolution of so-called “precision diagnosis” in 
patients with atypical presentations and equiv-
ocal diagnoses. Although there exist some 
debated results relevant to this method, the 
interpretation of data resulted from NGS tech-
nology can be reasonable and reliable based 
on the guideline proposed by ACMG [10]. As 
NGS becomes both affordable and accessible 
in the immediate future, the convenience and 
effectiveness of this genetic diagnostic strate-
gy will be recognized by more clinicians, thus 
promoting the clinical application of NGS in the 
early diagnosis of atypical FD cases or other 
inherited metabolic diseases.
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