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Purpose: To evaluate the effects of a single oral dose of pyridoxine on lysine metabolites
including a-aminoadipic semialdehyde (a-AASA), piperideine-6-carboxylate (P6C), the
sum of AASA and P6C (AASA-PBC), pipecolic acid (PA), and a-aminoadipic acid (a-AAA)
in PDE patients.

Methods: The lysine metabolites of 15 patients with molecularly confirmed PDE were
detected before and 4 h after taking a single oral dose of pyridoxine, respectively, using
liquid chromatography-mass spectrometry (LC-MS/MS) method. Five types of samples
were freshly prepared, including plasma, serum, dried blood spots (DBS), urine, and dried
urine spots (DUS).

Results: All the patients had been treated with long-term oral pyridoxine for
several months to years, with doses of 30-360 mg/d. The concentrations of
a-AASA, P6C, AASA-P6C, PA, and a-AAA before and after taking a single oral
dose of pyridoxine for the same analyte detected in the same type of sample
varied among patients. The mean concentrations increased in almost all the
metabolites after taking an oral dose of pyridoxine, with or without statistical
significance. Whereas, the metabolites concentrations might increase or decrease
among different patients, or in different samples of the same patient, without a
regular tendency. There was no statistical correlation between the concentrations
before and after taking pyridoxine in the same type of sample for most metabolites.
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Wang et al.

Pyridoxine’s Effects on PDE Biomarkers

Conclusions: No obvious relationship between the metabolite levels or concentration
differences and the age, pyridoxine dose (a single oral dose and long-term maintenance
dose), duration of treatment, or neurodevelopmental phenotype was found at present
study. The large individual differences among patients, probably affected by various
genotypes, leading to quite different effects of pyridoxine on the change degree of
metabolites concentrations. Our study suggested that long-term pyridoxine treatment
could control seizures rather than getting toxic lysine metabolites such as a-AASA and
P6C back to normal. In the future, more therapies should be focused to alleviate the

metabolites accumulation and further improve the prognosis of PDE.

Keywords: pyridoxine-dependent epilepsy, ALDH7A1, pyridoxine, lysine, liquid chromatography-mass

spectrometry

INTRODUCTION

Pyridoxine-dependent epilepsy (PDE; OMIM 266100) is a rare
autosomal recessive disorder, caused by mutations of aldehyde
dehydrogenase 7 Al (ALDH7AI) (1). It is characterized by
recurrent seizures, which is resistant to conventional antiepileptic
drugs but respond well to daily pharmacologic doses of
pyridoxine (2). The mutations of ALDH7AI abolish the activity
of a-aminoadipic semialdehyde (a-AASA) dehydrogenase,
affecting the conversion of a-AASA to a-aminoadipic acid (a-
AAA), resulting in the metabolic intermediates within the lysine
catabolic pathway, including a-AASA, piperideine-6-carboxylate
(P6C) and pipecolic acid (PA), elevate in urine, plasma, and
cerebrospinal fluid. The pathophysiology of PDE is thought
to result from chemical condensation of P6C and pyridoxal
phosphate (PLP). PLP is necessary for the action of glutamic acid
decarboxylase, which participate the synthesis of the inhibitory
neurotransmitter GABA (1, 3). A reduction in GABA synthesis
due to this secondary deficiency of PLP is partially responsible
for seizure development in PDE (1). PLP is the active form
of pyridoxine, and pyridoxine supplementation could cease
seizures in most patients.

However, a majority of patients with PDE still had varying
degrees of psychomotor development retardation under seizure
control. It was generally believed that early diagnosis and
treatment with pyridoxine were important to minimize severe
neurodevelopmental consequences (4, 5). Considering the
possible potential toxicity of the accumulating a-AASA, P6C
and PA to the neurodevelopment (6), one could speculate
that a dose-response relationship between pyridoxine dose
and the above metabolite levels might exist and that lower
metabolite levels might improve neurodevelopmental outcome.
One study reported that in five PDE patients, the one
receiving the highest daily dose of pyridoxine had the lowest
a-AASA (7). However, heretofore, the investigations on the
relationship between metabolite level and either pyridoxine
dose or neurodevelopmental phenotype were rare. Here, in
order to explore the possible relationship between them, the
metabolites including a-AASA, P6C, the sum of AASA and P6C
(AASA-P6C), PA and a-AAA were detected before and after
taking a single oral dose of pyridoxine during the course.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the Biomedical Research Ethical
Committee of Peking University First Hospital, and written
informed consents were obtained from the legal guardians
(parents) of the children. All experiments were performed in
accordance with relevant guidelines and regulations.

Samples Preparation

A total of five types of samples from 15 patients with molecularly
confirmed PDE were collected, including plasma, serum, dried
blood spots (DBS), urine and dried urine spots (DUS). All
samples were freshly prepared. All patients were on daily
pyridoxine supplements at the time of testing, without specific
diet restriction. The psychomotor development was assessed
according to intelligence tests (Wechsler or Gesell intelligence
scales) or clinical judgment and parents’ questionnaires. Blood
and urine of two time points were collected: (1) immediately
after getting up, before meal and taking pyridoxine; (2) 4h
after taking a single oral dose of pyridoxine in the morning.
Two types of DBS were prepared with peripheral blood with
or without anticoagulant, respectively. No plasma sample after
taking pyridoxine was collected from Pt 1 and Pt 9, and no serum
sample was collected from Pt 14.

Control samples (1-13 years old) were collected from the
patients came to our hospital for genetic generalized epilepsy, tic
disorders, or simple upper respiratory infection. Only samples
with normal findings on routine biochemical tests, metabolic
screening, or genetic tests were included. Reference ranges of the
control for plasma (n = 28), serum (n = 25), DBS (n = 25), urine
(n = 25), and DUS (n = 25) were established.

All samples were kept on dry ice during shipment and then
stored at —80°C until analysis. Lysine metabolites including
a-AASA, P6C, AASA-P6C, PA, a-AAA were determined.

The Determination of the Lysine
Metabolites Using LC-MS/MS

Reagents

The following reagents were purchased: hydrochloric acid, 3Nin
n-butanol (Regis Technologies, Inc.), methanol and acetonitrile
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(Meker, US), formicacid, a-AAA, PA, 5-sulfosalicylic acid
dihydrate Amberlyst® 15 dry resin and allysine-ethylene acetal
(AEA, Sigma), d9-PA, and d3-a-AAA (CDN Isotopes).

AASA-P6C Synthesis

Lacking commercially available standards, the AASA-P6C
reference material (a mix of a-AASA and P6C) was synthesized
from AEA using Amberlyst® 15 bead according to published
procedures (8). The efficiency of the conversion of AEA to AASA-
P6C and residue traces of AEA were confirmed as the published
procedure (7). According to these results, the final concentration
of AASA-P6C in reference material was calculated based on the
assumption of 100% of synthesis efficiency. Reproducibility of
AASA-P6C synthesis was evaluated by the peak areas ratio of
a-AASA and P6C for the same amounts of synthesized material
from the different batches on three different days.

We used 1:3 ratio to approximate a-AASA/P6C
concentrations based on assumption that the ionization
efficiency of a-AASA and P6C were close as the published
procedure (7-9).

Control Samples and Calibration

Six non-zero calibrators were prepared at concentrations of 2—
400 umol/L for AASA-P6C, 0.5-100 umol/L for PA, and 0.5-
100 umol/L for a-AAA in buffer (2.5% BSA and 0.8% NaCl) for
plasma, at the same concentrations in urine for urine and in 30%
acetonitrile for DBS.

Three plasma quality controls (QC) were prepared by spiking
normal plasma with AASA-P6C, a-AAA, and PA standards
at low (5 mol/L), medium (20 mol/L) and high (100 mol/L)
concentrations. Three DBS QC were prepared by spiking normal
whole blood with the same levels of AASA-P6C, a-AAA, and
PA standards as whole blood. Then these samples were spotted
onto filter paper card (Protein Saver™ 903® Card, Whatman
Inc., Piscayaway, NJ) and allowed to dry at room temperature
for about 4 h and then stored in sealed plastic bags. Three QCs
were prepared in urine at low (5 mol/L AASA-P6C, a-AAA,
and PA), medium (20 mol/L AASA-P6C and AAA, 50 mol/L
PA), and high (200 mol/L AASA-P6C and a-AAA, 100 mol/L
PA) concentrations.

Detection Methods

Separation was achieved on an ACQUITY BEH-C18 column (2.1
x 50 mm, 1.7 m) at a temperature of 40°C using a linear gradient
of mobile phase A (0.1% of formic acid in water) and mobile
phase B (0.1% of formic acid in methanol) as follows: 0 min, 10%
B (0.4 mL/min); 1.5 min, 45% B (0.3 mL/min); 2.5 min, 75% B
(0.3 mL/min); 3 min, 95% B (0.3 mL/min); 4-5min, 10% B (0.3
mL/min). The mass spectrometer was operated in positive ion
mode on a Waters Xevo TQD MS/MS with a 1.2 kV capillary
voltage. The source and desolvation gas temperature were 150
and 550°C, respectively. The data were collected with multiple
reaction monitor (MRM).

Plasma, Urine, and DBS Specimens

An aliquot of 20 L of urine was mixed with 120 pL of
acetonitrile (contains 15.0 WM of d3-a-AAA and d9-PA used as
the internal standard). An aliquot of 50 WL of plasma was mixed

with 220 WL of acetonitrile (contains 7.5 uM of d3-a-AAA and
d9-PA used as the internal standard). Three DBS (ID 3 mm)
was mixed with 150 pL of 50% methanol (contains 10.0 uM of
d3-a-AAA and d9-PA used as the internal standard). Then the
mixture was, respectively, vortexed for 2 min, allowed to stand
for 3min, and then centrifuged at 20,000 g at 4°C for 10 min.
An aliquot of supernatant was transferred to a clean tube and
dried by nitrogen flow in room temperature. The residue was
derivatized with 100 w1 of 3 N HCl in n-butanol (v/v) at 65°C and
600 rmp for 30 min dried as described above and redissolved in
100 pL water/methanol (70:30) containing 0.1% of formic acid.

LOD/LOQ

The limit of detection (LOD) was determined by analyzing
plasma DBS, and urine lowest control samples by diluting
concentrations progressively (# = 6) until a minimum signal-to-
noise ratio (S/N) of 3 was achieved. The limit of quantification
(LOQ) for all analytes was determined as LOD until a minimum
signal-to-noise ratio (S/N) of 10 was achieved.

Precision

Three replicates of each QC level for plasma, DBS and urine
were used to calculate the intra-assay precision and the inter-
assay precision evaluated as CV% by analyzing the samples over 5
days. The intra-assay precision of AASA-P6C, a-AAA, and PA in
plasma DBS and urine were within 10%. The inter-assay precision
of AASA-P6C, a-AAA, and PA in urine were 1.91 ~ 6.18%, 2.57 ~
8.66%, and 2.71 ~ 5.87%, respectively. The inter-assay precision
of AASA-P6C, a-AAA, and PA in plasma were 4.10 ~ 5.86%,
7.04 ~ 9.79%, and 4.04 ~ 10.32%, respectively. The inter-assay
precision of AASA-P6C, a-AAA, and PA in DBS were 3.38 ~
5.8%, 2.84 ~ 4.20%, and 4.43 ~ 5.72%, respectively.

Statistical Analysis

All statistical analyses were completed using SPSS 16.0. The
Shapiro-Wilk test was used to test whether variables were
normally distributed. A Student’s t-test (2-tailed) or Mann-
Whitney U test was used to test differences of metabolites
concentrations between PDE patients and control group. A
pared t-test (2-tailed) was used to compare the metabolites
concentrations before and after taking an oral dose of pyridoxine.
The associations of the metabolites concentrations between
different type of samples, or between the same type of sample
before and after taking pyridoxine were analyzed by calculating
the correlation coefficient, and R* > 0.7 was considered to be
strong correlation. The significance level was set at 0.05 and all
tests to assess P values were two-sided.

RESULTS

Concentrations of Metabolites Before and
After Taking a Single Oral Dose of
Pyridoxine

We have measured a-AASA, P6C, AASA-P6C, PA, and a-
AAA in plasma, serum, DBS, urine and DUS collected from
the PDE patients before and after taking an oral dose of
pyridoxine. Compared to control, in both the two time
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points: (1) The a-AASA, P6C and AASA-P6C in all types of
samples were markedly elevated (p < 0.001). (2) The mean
concentration of PA was elevated in plasma, serum and DBS
(p < 0.001). (3) The mean concentration of a-AAA was
elevated in all types of samples (p < 0.001 or p < 0.05),
except for DUS (p = 0.092) before taking pyridoxine. (4)
The concentration ranges of PA and a-AAA were overlapped
partially between PDE and control groups, which could be
moderate elevated or within normal range as specific to each PDE
patient (Figure 1).

Compared the mean concentrations of metabolites in the
samples before and after taking an oral dose of pyridoxine, we
found that: (1) Significant differences of a-AASA levels were
presented in plasma (p = 0.002) and serum (p = 0.023). (2)
Significant differences of P6C levels were presented in urine
(p = 0.001) and DUS (p = 0.005). (3) Significant differences
of AASA-P6C levels were presented in plasma (p = 0.033),
serum (p = 0.020), and DBS prepared with anticoagulant
blood (p = 0.008). (4) Significant differences of PA levels
were presented in serum (p = 0.013) and DBS prepared with
anticoagulant blood (p = 0.007). (5) Significant differences of
a-AAA levels were presented in all the five types of samples
(p < 0.05 in all) (Table 1). The mean concentrations of the
above metabolites with significant differences were higher after
taking pyridoxine than before (Figure 1). However, to the single
patient, the metabolites concentration after taking pyridoxine
might increase or decrease among different patients, or in
different samples of the same patient, without a regular tendency
(Figure 2 and Figure S1).

The correlations of the concentrations in the same type of
sample before and after taking an oral dose of pyridoxine were
good for a-AASA (R? = 0.898, p < 0.001), AASA-P6C (R? =
0.892, p < 0.001), PA (R* = 0.933, p < 0.001), and a-AAA (R?
=0.718, p < 0.001) in DBS; good for a-AASA (R? = 0.780, p <
0.001) and PA in plasma (R? = 0.924, p < 0.001); and good for
PA in serum (R?> = 0.898, p < 0.001) also (Figure S2).

Concentrations of Metabolites Between
Different Samples in PDE Patients

After taking a single oral dose of pyridoxine, the concentrations
of a-AASA (p < 0.001) and AASA-P6C (p = 0.003) between the
DBS prepared with anticoagulant blood and those prepared with
non-anticoagulant blood were significant different, which were
higher in the former. The concentrations of the a-AASA (R? =
0.962, p < 0.001), AASA-P6C (R?* = 0.906, p < 0.001), PA (R?
= 0.894, p < 0.001) and a-AAA (R* = 0.837, p < 0.001) in
DBS from anticoagulant blood and non-anticoagulant blood after
taking pyridoxine were significant positively correlated, whereas,
the correlation of P6C between these two samples was not so
good (R = 0.668, p < 0.001).

At both the time points before and after taking a single oral
dose of pyridoxine, the concentrations of a-AASA, P6C, AASA-
P6C, PA, and a-AAA between plasma and serum were positively
correlated, as well as between urine and DUS. Except for P6C
and a-AAA, the concentrations of a-AASA, PA and AASA-P6C
in plasma and DBS of anticoagulant blood, and/or in plasma and
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FIGURE 1 | Box-plot of the a-AASA, P6C, AASA-PEC, PA, and a-AAA levels
in PDE patients before and after taking a single oral dose of pyridoxine, as well
as in control. *P < 0.05; **P < 0.01; **P < 0.001.

DBS of non-anticoagulant blood were positively correlated also.
The P6C level in plasma was much higher than that in DBS in
both the samples before and after taking pyridoxine (p < 0.001).

Frontiers in Pediatrics | www.frontiersin.org

August 2019 | Volume 7 | Article 337


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Wang et al. Pyridoxine’s Effects on PDE Biomarkers

TABLE 1 | Comparison of the metabolites’ mean concentrations between the samples before and after taking a single oral dose of pyridoxine.

a-AASA P6C AASA-P6C PA a-AAA

Pre- Post- P value Pre- Post- P value Pre- Post- Pvalue Pre- Post- P value Pre- Post- P value

Plasma 5.1625 ~ 7.6143  0.002 6.0135 6.4498 0.532 11.1660 14.0641 0.033 4.2636 4.5357 0.076  4.1460 5.1905  0.024
Serum  3.8604 5.3524  0.023 59305 7.0908 0.074  9.7909 12.4432 0.020 4.7163 512218 0.013  4.3541  5.8941 0.011
DBS 3.7965 41943  0.0683  0.6440 0.8089  0.051 4.4423 50032 0.008 3.3795 3.6717 0.007 56442 6.4438 0.014
Urine  31.4280 31.7326 0.951 10.5263 24.4905 0.001 419492 56.223 0.065 0.1289 0.1548 0.418 27.9851 42.9981  0.002
DUS  30.0622 28.1482 0.764 10.4348 19.5964 0.005  40.487 47.7446 0.351 0.1315 0.1598 0.438 28.5384 424395 0.005

Bold values indicate statistical significance (p < 0.05).
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FIGURE 2 | The concentration differences of a-AASA, P6C, PA, and a-AAA in plasma and urine for each patient (concentration differences = the concentrations after
taking an oral dose of pyridoxine minus those before taking pyridoxine).

Evaluation the Relationships of Other pyridoxine for months to years (4-62 months), with doses of 30—
Factors and Metabolites Concentrations 360 mg/d (1.8-18 mg/kg/d) divided into two or three measures
At the time of testing, the mean age of our 15 patients was (15-180 mg for an oral dose). The concentrations of a-AASA,
4.5 years old (range: 1.3-8.6 years old). The seizures in all ~P6C, AASA-P6C, PA, and a-AAA in plasma, serum, DBS as
but one patient had been controlled well with long-term oral ~ well as in urine and DUS, varied considerably in our patients.
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No age-related or dose-related pattern was found between the
metabolites concentrations and age, daily pyridoxine dosage
and the duration of long-term oral pyridoxine (Figures S3-S5).
Neurodevelopmental evaluation showed 10 out of 15 patients
have expressive speech delay, most with mild delay (7/10),
two with moderate delay and one with severe delay. Only 2
patients showed motor delay, all others were normal on motor
development (Table 2). No correlation was found between the
metabolites concentrations and psychomotor development also
(Figure S6).

DISCUSSION

After the problem of seizure control was solved by pyridoxine in
most patients, psychomotor development became an increasing
concern in PDE. Presumably, developmental outcome was multi-
factorial and might be influenced by not only the age of clinical
onset, diagnosis and treatment, but also long-term pyridoxine
compliance, associated brain dysgenesis possibly caused by the
accumulated toxic metabolites, and so on (6, 10). Here, we
detected the metabolites including a-AASA, P6C, AASA-P6C,
PA, and a-AAA before and after taking a single oral dose
of pyridoxine, in order to investigate the possible relationship
between metabolites levels and pyridoxine supplement.

Compared the detection results before and after taking an
oral dose of pyridoxine, the mean concentration of a-AAA
was significant different in all the five types of samples; a-
AASA, AASA-P6C, PA were significantly different in the several
samples prepared with blood, and P6C was significant different
in urine and DUS. These suggested that a-AAA might be
more susceptible to oral pyridoxine than other metabolites no
matter in which samples; a-AASA, AASA-P6C, and PA might
be firstly influenced in blood after taking pyridoxine. These
findings might provide new perspectives for further study of the
interaction between pyridoxine metabolic pathway and lysine
metabolic pathway.

The concentrations of a-AASA, P6C, AASA-P6C, PA, and
a-AAA in both the time points varied considerably in our
patients. No correlation was found between these metabolite
concentrations and the age, long-term maintenance pyridoxine
dose, or the duration of oral pyridoxine treatment. In addition,
the concentration differences for the same analyte detected
in the same type of sample before and after taking an oral
dose of pyridoxine varied among patients. It seemed that the
mean concentrations of almost all the metabolites increased
after taking an oral dose of pyridoxine, with or without
statistical significance. However, to the single individual, the
metabolite concentrations might increase or decrease among
different patients, or in different samples of the same patient,
without a regular tendency. There was no statistical positive
correlation between the concentrations before and after taking
an oral dose of pyridoxine in the same type of sample for
most metabolites. As well, no correlation was found between
the concentration differences (before and after taking an oral
dose of pyridoxine) and the single oral dose of pyridoxine.
All above findings indicated that there were large individual
differences, which might be decided by various genotypes,
leading to quite difference of the metabolite levels in different

PDE patients, even under the same dose of pyridoxine. Under
the long-term pyridoxine treatment, the levels of metabolites
were still elevated obviously, which might had been in a relative
stable state and presented a transient change after taking each
oral dose of pyridoxine. It suggested that long-term pyridoxine
treatment could control seizures rather than getting toxic lysine
metabolites such as a-AASA and P6C back to normal. This
assumption might explain the limited efficacy of pyridoxine, as
75-80% of patients suffered developmental delay or intellectual
disability despite seizure control (4, 11). However, the lack
of detection before starting treatment with pyridoxine and
other time points after taking an oral dose of pyridoxine
resulted in these hypotheses remaining unproven. Recently,
the combination of a lysine-restricted diet with pyridoxine
and arginine supplements, known as triple therapy, showed
improved biomarkers and psychomotor development in majority
of reported PDE patients, and the direct correlation between
lysine levels and PDE biomarkers had been reported (12, 13).
However, it was not clear if various lysine intake contributes
to the variation here because no specific diet was restricted in
our patients in daily life or between the two time points of
sample collected. Given the possible harmful effects of these
accumulated metabolites on cerebral function (14), further
application of lysine-restricted diet would be essential for our
patients here. Besides, Crowther et al. had observed that the PA
pathway might not be as important in lysine degradation as the
saccharopine pathway, which might be another explanation for
our results (15).

After taking a single oral dose of pyridoxine, the
concentrations of a-AASA and AASA-P6C were significant
different between DBS prepared with anticoagulant blood and
those with non-anticoagulant blood, higher in the former.
Moreover, except for P6C, the concentrations of all metabolites
in these two types of DBS were significant positively correlated.
These findings indicated that a-AASA and P6C were unstable
and susceptible to other factors, and the anticoagulant in blood
might influence the degradation of them. Besides, in the samples
collected before and after taking the oral dose of pyridoxine,
respectively, all the metabolites concentrations were positively
correlated between plasma and DBS, except for P6C and a-AAA.
And the P6C level in plasma was much higher than that in DBS.
It indicated that P6C might be greatly affected in the process of
preparing DBS from whole blood. Though many analytes used
in newborn screening were known to be more stable in DBS
compared to those in plasma, blood, or other aqueous solutions
(16), it seemed not to apply to P6C. This might be because
the dehydration process of the sample on the card affected the
chemical and enzymatic hydrolysis of this analyte; or perhaps,
the drying process at room temperature for about 4 h during the
preparation of DBS might lead to the degradation of P6C, as the
unstable properties of P6C at room temperature, even at —20°C
had been reported (7, 17).

In conclusion, after detecting the lysine metabolites before
and after taking a single oral dose of pyridoxine in PDE
patients, no obvious relationship between metabolite levels or
concentration differences (pre- and post- taking pyridoxine) and
either pyridoxine dose (an oral dose and long-term maintenance
dose), duration of treatment or neurodevelopmental phenotype
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TABLE 2 | The general information of the fifteen PDE patients.

Patient Seizure onset age Age at test Pyridoxine dose ALDH7A1 mutations Development
(NM_001182.4)
Language Motor
1 3 months 4y3 months 180 mg bid (18.0 mg/kg/d) ¢.1061A >G; Deletion of exon Moderate Normal
8-13
2 3.5 months 8y7 months 100 mg bid (7.0 mg/kg/d) €.1553G > C; c.1061A > G Normal Normal
3 23 days 3y4 months 30mg tid (5.0 mg/kg/d) c.1279G > C; ¢.1279G > C Mild Normal
4 6 months 4y5 months 60 mg tid (8.9 mg/kg/d) c.1547A > G;c.212C > T Normal Normal
5 2 days 3 years 50mg tid (9.1 mg/kg/d) c.10084+1G > A; ¢.796C > T Mild Normal
6 1 days 5y6 months 60mg tid (8.1 mg/kg/d) IVS17- Moderate Normal
1_7delCCACTAG+c.1566_1567delTA;
c.8714+5G > A
7 1y1 months 5y4 months 60 mg tid (8.2 mg/kg/d) €.1279G > C; ¢.986G > A Mild Normal
8 8 days 6y1 months 60mg tid (7.7 mg/kg/d) c.965C > T; c.952G > C Normal Normal
9 2 months 5y8 months 60mg tid (7.9 mg/kg/d) ¢.410G > A; c.1008+1G > A Normal Mild
10 1 days 4y5 months 50mg tid (7.5 mg/kg/d) €.14154+1G > T, ¢.87145G > A Mild Normal
11 1 days 3y10 months 40mg tid (6.8 mg/kg/d) c.1531G > A; ¢.1008+1G > A Severe Normal
12 5 months 5y3 months 80mg tid (10.9 mg/kg/d) c.1061A > G; ¢.1008+1G > A Mild Normal
13 1 months 4y9 months 30mg tid (4.3 mg/kg/d) c.1547A > G; c.1061A > G Mild Mild
14 1.5 months 1y4 months 60 mg tid (12.9 mg/kg/d) c.1547A > G; c.15647A > G Normal Normal
15 8 days 2y6 months 15mg bid (1.8 mg/kg/d) Cc.1547A > G; c.1072C > T Mild Normal

was found at present study. The large individual differences
among patients, probably affected by various genotypes, leading
to quite different effects of pyridoxine on the change degree
of metabolites concentrations, even under the same dose of
pyridoxine. More therapies, such as triple therapy, should be
focused to alleviate the metabolites accumulation and improve
the prognosis of PDE in the future. Our current findings can
provide insight and a baseline for further research on the
pathophysiological consequences of antiquitin deficiency beyond
the lysine catabolism defect.

Whereas, we acknowledged that the findings here were
preliminary and had several limitations. (1) The number of PDE
patients was too small to make any definite conclusion, more
samples from PDE patients should be studied for validation in
the next step. (2) All the patients had been treated with long-
term pyridoxine supplements at the time of testing, lacking
the data before starting pyridoxine treatment. (3) The detailed
metabolic curve of pyridoxine had been unclear, so it was difficult
to determine the peak time after taking a single oral dose of
pyridoxine. Based on the metabolic curves of other medicines,
we chose 4 h as a critical point for testing, which needed a further
study to verify. (4) The study was unavoidably affected by some
confounding factors, such as age, dietary intake, accurate time
difference of sampling, personal status such as hungry or full, etc.
More well-designed multi-center larger sample researches need
to be done in the future.
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