Kidne Kidney Blood Press Res 2018;43:1636-1645

& DOI: 1Q,1159/000404678 © 2018 The Author(s)
Blood Pressure Published online: 29 October 2018 Published by S. Karger AG, Basel
karger.com/kbi
Resea rCh Accepted: 19 October 2018 merereem

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution
for commercial purposes as well as any distribution of modified material requires written permission.

Original Paper

Results of Fabry Disease Screening in

Male Pre-End Stage Renal Disease Patients
with Unknown Etiology Found Through
the Platform of a Chronic Kidney Disease
Education Program in a Northern Taiwan
Medical Center

Cheng-Jui Lin*®*  Yin-Hsiu Chienc Thung-S. Lai Hong-Mou Shih?
Yi-Chou Chen® Chi-Feng Pan® Han-Hsiang Chen** Wuh-Liang Hwu¢
Chih-Jen Wuaef

Division of Nephrology, Department of Internal Medicine, Mackay Memorial Hospital, Taipei, "Mackay
Junior College of Medicine, Nursing and Management, Taipei, ‘Department of Medical Genetics,
National Taiwan University Hospital, Taipei, “Graduate Institute of Biomedical Science, Mackay Medical
College, New Taipei City, eDepartment of Medical Research, China Medical University Hospital, China
Medical University, Taichung, ‘Graduate Institute of Medical Sciences and Department of Pharmacology,
School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan

Key Words
Fabry disease « Chronic kidney disease ¢ High-risk screening

Abstract

Background/Aims: Fabry disease (FD), a rare x-lined genetic disorder is a cause of renal
deterioration. The phenotype of FD is highly variable and nonspecific, and correct diagnosis
has always been delayed. We aimed to explore the prevalence and clinical presentation of FD
in this high-risk male population in a Northern Taiwan medical center. Methods: This is the
first study to survey the incidence of FD in this high-risk population through the platform of
a chronic kidney disease (CKD) education program in Asia. A total of 1,012 male patients with
unknown CKD causes were screened using an assay of alpha-galactosidase A activity (a-Gal A)
by dried blood spots (DBS). A final GLA gene analysis was also done for those with low enzyme
activity. Results: We identified two new patients with classic FD and four patients with late-
onset FD. One novel GLA mutation with c.413 G>A was found in one classic FD patient (index
5). The prevalence of FD is about 0.59 % (6 in 1,012) in the high-risk population group with
CKD. The clinical symptoms of FD patients are nonspecific except in those with various degrees
of renal failure. Those patients’ correct diagnosis was delayed, taking years and even decades.
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Three patients received enzyme replacement therapy and one started regular hemodialysis
due to persistent renal function deterioration. Another two patients were found from family
screening through a new index. In addition, a false negative result occurred in one patient who
was proved to have FD by his kidney pathology as determined by this screening. Conclusion:
FD is not such as rare a disease and its prevalence is greater in this high-risk male population.
Clinicians need to be aware that FD should be included in the differential diagnosis in CKD
with unknown etiology.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Fabry disease (FD) is an X-linked lysosomal storage disorder that leads to excessive
deposition of glycosphingolipids in the vascular endothelium and in the epithelial and
smooth muscle cells of multiple organs due to deficient activity of the lysosomal enzyme
a-galactosidase A (a-Gal A) resulting from mutations in the GLA gene (Xq21.3-q22) [1, 2].
Progressive endothelial accumulation of glycosphingolipids accounts for the associated
clinical abnormalities, including neurological pain [3], angiokeratoma [4], proteinuria [5],
renal failure [6], ventricular hypertrophy [7], arrhythmia [8], and cerebral infarction [9].
Although the clinical manifestations of FD reflect the cellular sites of globotriaosylceramide
(Gb3) storage, the symptoms are heterogeneous among patients, making a timely diagnosis
a challenge. Thus, correct diagnosis has typically been delayed for years and even decades.

Patients who experience a stroke at a young age, cardiomyopathy and renal failure
with unknown etiology have been regarded as the groups at high risk for FD. The early
renal manifestation in patients with the classic phenotype is proteinuria or a decreased
glomerular filtration rate. These manifestations progress over time, eventually leading to
end-stage renal disease (ESRD) in nearly all male patients [5, 6,10]. The prevalence of FD in
dialysis populations has been explored in several screening studies that have shown that the
prevalence may be higher in patients on hemodialysis (HD) than in the general population
[11-13]. The highest value up to 1.2% has been reported in a Japanese study [14]. Thus, FD
is a potential cause of ESRD in patients with unknown etiology.

Recent evidence has shown that the progression of FD may be attenuated by enzyme
replacement therapy, and clinicians should be aware of the importance of early diagnosis of
FD and understand its comorbidities [15]. Prevention of CKD patients from rapid progression
to ESRD is a serious public health issue worldwide. However, the actual incidence of FD in the
population of CKD patients not on dialysis remains unclear. The prevalence of ESRD patients
receiving renal replacement therapy in Taiwan is the highest in the world [16]. In order to
reduce the burden of dialysis, Taiwan’s Health Promotion Administration established the
nationwide CKD Preventive Project with a multidisciplinary care program, early CKD and
Pre-ESRD, in 2013. Therefore, this study aimed to investigate the prevalence and clinical
presentation of FD in the high-risk male group of Pre-ESRD patients by using the platform of
an education program in a medical center in Northern Taiwan.

Materials and Methods

CKD patients

This study isa cross-sectional analytical study to investigate the prevalence of FD in high risk population.
The enzymatic activity can be normal or slightly lower in female FD patients. In order to avoid having high
false-negative results using dry blood spots (DBS) in this screening study, female patients were excluded.
A total of 1, 012 male patients, with stable CKD (stage 1-5) attending the early CKD or Pre-ESRD education
program in our institution’s outpatient department, were screened for FD from July 2015 to November
2017. The classification of CKD was based on the criteria of the Kidney Disease: Improving Global Outcomes
(KDIGO) (2012) Clinical Practice Guidelines. Patients with a definite diagnosis of renal failure, or those who
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were younger than 18 years of age were excluded from the study. The definite etiology of CKD was assayed
by independent nephrologists based on physical examination, past history, family history and biochemical
data. A combined enzymatic and confirming genetic assay were used to examine the activity of a -Gal A and
the GLA genotype in dried blood and whole blood samples, respectively. In short, the male patients met the
criteria of unknown CKD cause were enrolled and screened for FD by using DBS. If the initial result from DBS
showed low a -Gal A activity, genetic analysis was further done to confirm the diagnosis of FD. Subsequently,
a series of biochemistry and cardiac examination was arranged for patients with FD. Kidney biopsy was
also suggested if patients agreed. The study was performed according to the principles of the Declaration of
Helsinki, and approved by the ethics committee of the Mackay Memorial Hospital in Taiwan.

a-Galactosidase A Activity assay

To determine GLA activities of males by DBS, assays were carried out as previously described by the
biochemical lab in the National Taiwan University hospital [17, 18]. Two other enzyme activities, neutral
a-Glucosidase (NAG) and -galactosidase (BGAL), served as a control enzyme to monitor the sample quality
and quantity. In the first screening, both GLA and NAG activities were measured from the first DBS samples.
The NAG/GLA activity ratio (the ratio) was determined (normal mean * SD) of NAG:19.29 * 6.15; of GLA
4.75 * 1.80, range of the ratio: 2.01-8.62. For samples with the NAG/GLA ratio > 15 in the first DBS, the
second DBS assays were performed on the same sample for GLA activity using BGAL as the control. For
samples with a BGAL/GLA ratio >15, the respective patients were recalled for confirmatory enzyme and
gene tests with blood samples. The cutoffs were intended to detect only patients with classical FD but not
variants of FD who have higher residual GLA activity. As of Nov 2016, the GLA activity was detected by the
MS/MS method [19] and alpha-L-iduronidase (IDUA) was used as the control enzyme in duplication. The
cutoff IDUA/GLA ratio (the ratio) >10 was set for confirmatory assays (normal mean * SD) of IDUA: 9.03 +
3.57; of GLA 4.07 £1.76; range of the ratio: 0.94-5.46.

Molecular Analysis of the a-GLA Gene

Primers for polymerase chain reaction (PCR) were designed to amplify DNA fragments to span all 7
exons and [VS4. The nucleotide sequence of the GLA gene was obtained from GenBank Accession Number
NG_007119.1 (sequences of the primers are available on request). As a result, a total of 8 amplicons
were used to sequence the coding regions and a specific region of intron4. For PCR amplification, 100-
200 ng of the DNA was added to a 48-pL master mix and the amplification was carried out in 38 cycles
(94°C for 1 minute; 63°C for 1 minute; 72°C for 1 minute) with 10 pmol primers and 1U Ampli Taq Gold
DNA polymerase (Thermo Fisher). PCR products were purified with the QIA quick PCR Purification Kit
(Qiagen). The sequencing reaction of the PCR products was performed using the Big Dye Terminator v3.1
Cycle Sequencing Kit and the further automated capillary electrophoresis was carried out by ABI PRISM
3130 Genetic Analyzer (Applied Bio systems) according to the manufacturer’s instructions. To confirm the
presence of a particular mutation, sequencing with the reverse primer was performed using the same PCR
product if a variant was detected. The sequence variants found were checked to determine whether they
had been reported in the database such as HGMD, NCBI Pub Med and “fabry-database.org.” A polymorphism
was defined as a > 1% variant frequency in an unaffected population.

Laboratory analysis and data collection

Patients’ age, gender and arterial blood pressure were recorded and measured. Demographic data,
patients’ history, and other laboratory results were also reviewed from their medical charts. A general
physical examination was also done concurrently. Heparinized blood samples from the patients were
collected and prepared by cold centrifugation within 30 minutes of blood collection and sent for basic
biochemistry analysis. In addition, urinalysis and daily urinary protein losses were also measured.

Cardiac Evaluation and Kidney Histology

Cardiac evaluation consisted of a 12-lead electrocardiogram, echocardiogram, and magnetic resonance
imaging (MRI). A transthoracic 2-dimensional color Doppler echocardiogram was done by experienced
cardiologists. It was arranged that all patients with cardiac variant FD undergo cardiac MR, except those
with low GFR. Only 2 patients (index patient 3 and index patient 5) agreed to undergo a percutaneous kidney
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biopsy guided by ultrasonography to investigate the pathogenesis. A kidney biopsy was performed before
ERT initiation. An experienced nephropathologist assessed the samples using light, immunofluorescence,
and electron microscopy.

Statistical Analyses
Data are shown as mean * standard deviation for the positive cases. The prevalence of FD was calculated
by dividing the number of affected individuals by the number of patients in whom FD was screened.

Results

Patient selection

Atotal of 2, 512 patients at different CKD stages and not on dialysis joined the early CKD
or Pre-ESRD program at the nephrology clinic in a medical center located in Taipei, Taiwan,
from July 2015 to Nov 2017. There were 1050 female CKD patients. Some 450 patients had
definite CKD causes including 444 with diabetic nephropathy, 3 with ADPKD and 3 with lupus
nephritis. Finally, a total of 1, 012 patients at different CKD stages were initially screened for
FD by assay of plasma a-Gal A activity with DBS. These patients ranged from 20 to 85 years
of age. Fig. 1 illustrates the flow diagram for FD screening in a male CKD population.

a-Gal A activity and genotype analysis

Of these screened negative cases, the mean a-Gal A enzyme activity in DBS was 3.097
+ 1.76 umol/L wb/hr (Fig. 2). In total, 5 patients were found to be positive (low enzyme
activity) and this was further confirmed by genetic analysis. We identified two new patients
with classic FD (index patient 4 and 5, c.1228A>G (p.T410A) and c.413G>A (p.G138E),
respectively) and three late-
onsetFD (c.639+919G>A) (index 2512
patient 1: 2: and 6) In addition' Patients with CKD joining
one false negative result CKD education program
occurred in index patient 3 who
has GLA mutation as p.P210S
and finally proved to have FD by 450 patients with
kidney pathology (Fig 3). The (ke dguot for i
overall positive rate in male CKD
patients with an unknown cause
for FD screening was about 0.59 1012
%. In this study, GLA mutation Patients with unknown etiology
with c.413G>A in index patient 5 M
was a novel missense mutation
for classic FD in Asia.

1050 female patients

Dried blood sample enzyme I
. , . tvity ) 1 patient
Phenotypic characterization o “_' aesa 5cree|l:ia|1:|;lecath'e
We identified two patients confirmed by
with classic FD and four patients kidney biopsy
. . & gene analysis
with late-onset FD from this V4
study. The characteristics and 5
history of these detected index Patients with bw enzyme activity

patients are listed in Table 1. The
mean age of the 6 index patients ﬂ ﬁ

was 52.2 + 21.4 years and the 5 3 '1
average eGFR was 50.5 + 28.0 Classic FD Late-onset FD Late-onset FD

mL/min. These patients had
various degrees of proteinuria Fig. 1. Flow diagram and total outcomes of screening of high risk

patients with unknown CKD etiology.
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from 0.4 to 6.25 g per day
(mean 2.0 g/day). Three
patients presented with
microscopic hematuria at
diagnosis. Four patients had
hypertension. Index patient
4 and 5 were diagnosed as
classic FD by genetic analysis
and were younger than
those with late onset FD.
Their clinical presentations
were not fully concordant.
They developed advanced
renal failure earlier and
had extrarenal diseases
including hypertrophic
cardiomyopathy, neuropathy
and / or skin lesions.
According to  medical
chart report, both patients
had experienced and

hospitalized several times
with unexplained cerebral

infarction, neuropathy
and hypertrophic
cardiomyopathy at

their young age. Index patient 4 had
gastrointestinal symptoms and index
patient 5 had skin angiokeratoma. Neither
index patient 4 nor index patient 5 had
ophthalmic lesion. Kidney biopsy was
suggested for both patients. Only index
patient 5 agreed and had completed kidney
biopsy. The pathology showed accumulation
of myeloid bodies in podocytes (Fig. 3).
The correct diagnosis was delayed for two
decades.

However, index patients 2 and 6 were
diagnosed with late-onset FD in old age. A
cardiac MRI showed septal hypertrophy
and intramyocardial fibrosis of the left
ventricular wall for both two patients. In
addition to an ischemic heart lesion, they
also had mild renal function impairment.
Index patient 1 was diagnosed very early
because he joined screening study at the

Fig. 2. Kidney pathology from index patient 3 (up) and 5 (below). The
accumulation of myeloid bodies in podocyte (A)EM, 2500X, (B)EM,
12000X; and renal tubules. (C) PAS stain, 80X, (D) EM, 2000X.
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Fig. 3. GLA enzyme activity in patients with CKD by
DBS.

age of 30 for early CKD and did not have cardiac problem.

In addition, index patient 3 developed proteinuria (1.2 g/day) at age of 31 and was
enrolled to CKD education program. His FD screening result showed borderline a-Gal A
activity in the DBS test (GLA 1.03 pmol/L wb/hr, BGAL/GLA 14.89) and were classified
as negative. However, kidney pathology showed some myelin bodies in the podocytes
and parietal epithelial cells indicated FD (Fig. 3). Genetic analysis showed a mutation
with ¢.628C>T (p.P210S) compatible with late onset FD. Unfortunately, he lost follow-up
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Table 1. Diagnosis, characteristics and clinical presentation in patients with the newly recognized FD. (PS:

: negative; NP: not performed; IHD: ischemic heart disease; CHF: congestive heart failure; SSS: sick sinus
syndrome; HCM: hypertrophic cardiomyopathy; CAD: coronary artery disease)

Index Patient 1 2 3 4 5 6 Mean +SD
Age (yrs) 30 82 31 43 56 71 52.2+21.4
CKD stage at diagnosis 2 3b 2 5 3 3

eGFR (ml/min) 85 39 82 12 42 43 50.5+28.0
Daily protein loss (g) 0.7 0.6 0.6 6.25 0.4 3.6 2.0x2.4
Microscopic hematuria - Y - Y Y -

Hypertension - Y - Y Y Y

Heart disease - IHD - CHF/HCM SSS/HCM CAD

Angiokeratoma - - - - Y -

Neuropathy - - - Y Y

Eye abnormalities -

Gastrointestinal symptoms - - - Y -

Stroke - - - Y Y -

Time (yrs) of first symptoms till 0.2 15 0.4 20 20 8 10.6%9.1
DBS GLA activity (umol/L wb/hr) 0.18 0.69 1.03 0.07 0.11 0.90

GLA Mutation €.639+919 G>A  ¢.639+919 G>A c.628 C>T c.1228A>G  c413G>A €.639+919 G>A

Phenotype Late-onset Late-onset Late-onset Classic Classic Late-onset

Kidney biopsy NP NP Myelin body NP Myelin body NP

Affected relatives ? 2 ? 0 1 -

On dialysis - - - Y -

ERT - Y - Y Y

without any information after final diagnosis. No extra-renal lesion except cardiac lesion
(index patient 2 and 6) was noted for these with late onset of FD. The mean time of first
symptom developed until final definite diagnosis was 10.6 years for these 6 patients. Family
screenings of these index patients were suggested and performed as enzyme analysis in DBS
and genetic testing. Only index patient 2, 4, 5 and 6 and their families agreed to do further
screening for FD and the results were showed in Fig. 4. Average two another two patients
were found from family screening through a new index.

Discussion

To the best of our knowledge, this is the first study to explore the prevalence of FD
in high-risk patients with male CKD with unknown cause through the platform of the CKD
education project in Asia. Our screening results indicated that FD prevalence (0.59 %) is
high among this population. The highly variable phenotype in FD increased the difficulty in
recognizing this condition.

The incessant growth of ESRD will lead to a global health burden. Taiwan had the
highest incidence and prevalence rate of ESRD according to the USRDS report. The first step
in preventing renal function progression is to look for the definite etiology of CKD. Little
is known about the causes of CKD of uncertain etiology (CKD u) around the world. Early
identification of the etiologies of CKD u across high-risk populations may help to maintain
renal function in CKD patients. Patients with FD are at high risk for developing CKD or even
ESRD. Diabetes mellitus, chronic glomerulonephritis and hypertension are the predominant
causes of ESRD in the world [20].

However, a certain percentage of patients have an unknown etiology of ESRD [21]. A
couple of studies investigated the frequency of FD in dialysis [12-14, 22-25] and the results
showed that the average prevalence rate of FD in dialysis was about 0.37% [26]. It was
too late to diagnose new FD patients until they were on HD. However, this situation can be
reversed by the introduction of widespread screening for the population at risk. From our
results, the diagnosis of FD made several years later after the first symptoms developed, was
compatible with other investigations [13, 27]. Patients with a delayed diagnosis will develop
more complications, have a poor response to ERT treatment and often die due to cardiac
failure in their 40s [28]. Early diagnosis will change patients’ outcomes. This concept can
be applied to the prevention and treatment in CKD. FD is a potential risk factor that leads to
ESRD. Thus, we try to explore the exact frequency of FD in male CKD patients with unknown
causes through the platform of CKD prevention program.
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Fig. 4. The results of family screening and pedigree from index patient 2, 4, 5 and 6. The index patient is
marked by an oblique arrow. (PS: E: leukocyte enzyme activity; G: genotype; NA: not check)
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The worldwide frequency of FD in CKD is not clear. Previous epidemiological study
results showed the frequency of FD to be about one in 1, 250 male newborns [17]. The
prevalence of FD in this study was 0.59%. Our results indicated that FD prevalence was
high, especially in the high-risk population. There were two and four patients confirmed as
classical FD and late onset of FD, respectively. Patients with classic FD will present first with
cardiac arrhythmia, LVH, early stoke and unknown etiology of renal failure. The extra kidney
and cardiac symptoms were not always present in our classic FD patients. The ocular lesion
cannot be found in these patients. Only index patient 5 had atypical skin angiokeratoma.
However, the GLA mutation with c.413 G>A in this patient was a novel missense mutation,
which has been reported in Germany and the USA [29, 30]. Interestingly, he presented with
an unusual symptom - lymphedema for 20 years and the accurate diagnosis was delayed
until he developed renal failure, stroke, and arrhythmia.

However, four patients had late-onset FD including index 2 and 6 diagnosed at a late
age and index 1 and 3 diagnosed at a young age by a DBS test. Three of the 4 late-onset FD
patients had a GLA mutation in c¢.639+919 G>A, a popular mutation site found in studies of
male newborns screening for cardiac variant FD in Taiwan [17, 31]. This result indicated
that the mutation in IVS4+919G-> A will be high in adults, which is also compatible with the
results showing the high prevalence of late-onset FD in our screening. In addition to CKD,
patient with young stroke as well as unknown etiology of cardiac arrhythmia or LVH were
high risk for FD [7, 32, 33]. Thus, screening in these populations was essential to an early
diagnosis of FD. Evidence from a clinical study with 10 years of follow-up showed that earlier
treatment intervention supported a better response for kidney function maintenance [29].

From our results, all patients with low GLA enzymatic activity screened by initial DBS
can be confirmed as having FD by further genetic analysis. However, a false negative result
was noted in this screening for one patient (index patient 3) who was negative by DBS and
proved to have FD by kidney pathology. Tanakahashi N et al. reported that a middle-aged
woman with normal GLA enzyme activity was diagnosed with FD by kidney pathology [34].
For a heterozygous female, X chromosome inactivation means there is no clear association
between clinical symptoms and GLA enzyme activity [35].In female FD patients, the enzymatic
activity can be normal or slightly lower. Having this false-negative result was extremely rare
in our screening study. In addition to a good screening method, tissue pathology from the
kidney or heart was essential to further and together confirm the diagnosis of FD.

Our study had some limitations. First, our study did not include female CKD patients
because their GLA enzyme activity might not be sensitive to the initial DBS test. Second, this
high-risk screening study was carried out in only one medical center in Northern Taiwan, not
nationwide. It was therefore unable to completely reflect the true prevalence and distribution
of FD in CKD in our country. Third, we did not report patients’ long-term outcomes and their
response to ERT. Finally, we don’t have kidney biopsy from those IVS 4+919G>A patients
to confirm if their CKD is related to this low GLA activity. Thus, additional prospective
investigations are required to further address these intriguing questions.

Conclusion

Our study demonstrates the feasibility to investigate the prevalence of FD in high-risk
patients with male CKD from the platform of the CKD education project in Asia. We point out
that the prevalence of FD is much higher than we expected in this population. Although the
screening of FD in dialysis patients is suggested by the guidelines from KDIGO [36], we think
the screening should be done earlier and extended to pre-ESRD patients without definite
cause for renal impairment. Clinicians need to be aware that FD should be included in the
differential diagnosis in high-risk patients. Timely detection of FD and treatment may avoid
the development of serious complications in the future, and also benefit to other families.
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