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Abstract
Background and objectives  Methionine adenosyltransferase I/III deficiency used to be considered a relatively 
benign disease. This study aims to elucidate the clinical characteristics of methionine adenosyltransferase I/III 
deficiency patients with neurological manifestations.

Methods  The clinical data, blood amino acids, plasma total homocysteine, gene variants, brain imaging, treatments 
and outcomes of 15 patients with methionine adenosyltransferase I/III deficiency were retrospectively analyzed.

Results  Of these 15 patients, 10 demonstrated neurological abnormalities, with delayed language development, 
learning difficulties or abnormal brain imaging findings. Eleven patients were identified by newborn screening. 
Patients with demyelination showed significantly higher blood methionine concentrations at baseline (1102 vs. 396 
µmol/L), and their blood methionine remained markedly elevated despite a low-methionine diet. Their plasma total 
homocysteine was normal to moderate elevated. One patient underwent liver transplantation aged 8 years, which 
reduced his serum methionine concentration to normal. Compound heterozygous and homozygous MAT1A variants 
were identified from the patients. Among the 21 variants observed, nine have been reported previously, while 12 
were novel.

Conclusions  Methionine adenosyltransferase I/III deficiency is not just a benign disease. Severe persistent 
hypermethioninemia can cause brain injuries, especially in the white matter. Liver transplantation may be a potential 
treatment option for refractory methionine adenosyltransferase I/III deficiency.

Keywords  Methionine adenosyltransferase I/III deficiency, Newborn screening, Methionine, MAT1A gene, Brain 
damage
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Introduction
Methionine adenosyltransferase (MAT) I/III deficiency 
is a rare inherited metabolic disorder and a primary 
cause of hypermethioninemia [1]. It was first identified 
in 1974 following newborn screening using dried blood 
spot analysis [2]. MAT I and III are S-adenosylmethi-
onine (AdoMet) synthetases [3] that catalyze the trans-
fer of an adenosyl group from ATP to methionine—the 
first step of the methionine cycle. They mainly function 
in the liver. Up to 85% of all methylation reactions and 
50% of methionine catabolism occur in liver tissues [4]. 
MAT I/III deficiency is caused by pathogenic variants in 
the MAT1A gene which located in the 10q22.3 region [3], 
and is characterized by persistent isolated hypermethi-
oninemia without homocystinuria [5].

The overall incidence of MAT I/III deficiency is 
approximately 1 in 26,000–105,000 [6, 7]. The disorder 
can be autosomal recessively or dominantly inherited. 
An increasing number of patients with homozygous or 
compound heterozygous MAT1A mutations have been 
identified during newborn screening [5]. The clinical 
outcomes of MAT I/III deficiency remain poorly under-
stood. It used to be considered relatively benign [8, 9], 
but some clinicians have noticed the damage caused by 
the autosomal recessive form of this disease, and neuro-
logical sequelae of persistent hypermethioninemia have 
also been reported [3, 10]. Surtees et al. [10] reported that 
cerebrospinal fluid AdoMet deficiency was associated 
with demyelination among infants with inborn errors of 
the methyl-transfer pathway, and they showed that res-
toration of AdoMet was associated with remyelination. 
These findings generally suggest that heterozygosity for 
a dominant MAT1A variant does not cause a clinically 
significant disease phenotype, whereas homozygosity or 
compound heterozygosity for recessive pathogenic vari-
ants is associated with pathological hypermethioninemia 
and neurological symptoms [6].

The lack of specific signs and symptoms renders early 
diagnosis of MAT I/III deficiency challenging. Neverthe-
less, newborn screening represents the best approach 
to detect hypermethioninemia [5], while tandem mass 
spectrometry and the expansion of newborn screening 
have improved the detection of MAT I/III deficiency. 
The differences in clinical characteristics between benign 
conditions and pathological diseases remain unclear. 
Therefore, we aimed to elucidate the clinical character-
istics and neurological outcomes of MAT I/III-deficient 
patients.

Materials and methods
Study participants
Fifteen patients with persistent hypermethioninemia 
who were diagnosed with MAT I/III deficiency at the 
Children’s Medical Center (Department of Pediatrics), 

Peking University First Hospital, between January 2014 
and October 2023 were retrospectively analyzed. The 
data collected included clinical features, brain imaging 
findings, metabolic profiles, gene variants, treatments 
and outcomes. Evidence of brain abnormalities was also 
recorded, and intelligence or development quotient (IQ 
or DQ) assessments were performed using standardized 
neuropsychological tests, including the Wechsler Intelli-
gence Scale for Children (3rd edition), the Bayley Scales 
of Infant Development in (2nd edition), and the Gesell 
Development Scale.

Biochemical assays
Blood amino acids concentrations in dried blood spots 
were analyzed using liquid chromatography-tandem 
mass spectrometry (Triple Quad 4500; AB Sciex, CA, 
USA). Metabolite concentrations were calculated using 
the Chemoview software (2.02, AB Sciex). The plasma 
total homocysteine was determined using a chemilumi-
nescent immunoassay (Abbott I 2000; Abbott Park, IL, 
USA), and concentrations ≥ 15 µmol/L were considered 
elevated. Hepatic function was also evaluated.

Molecular testing
Genomic DNA was extracted from peripheral blood, 
and causative variants were determined using targeted 
next-generation or whole-exon sequencing. The DNA 
sequence was analyzed and compared to the published 
human genome build UCSC hg19 reference sequence. 
All variants were independently confirmed by Sanger 
sequencing, and were evaluated in accordance with the 
Human Gene Mutation Database (HGMD, ​h​t​t​p​:​/​/​w​w​w​.​
h​g​m​d​.​o​r​g​​​​​) and ClinVar ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​c​l​
i​n​v​a​r​​​​​​)​.​ The pathogenicity of novel variants was evaluated 
on the basis of American College of Medical Genetics 
and Genomics standards and guidelines [11].

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 22.0 (IBM, Armonk, NY, USA). The t-test was 
applied to evaluate the differences between pre- and 
post-treatment blood methionine levels. Statistical sig-
nificance was considered as P < 0.05.

Results
Clinical data
A total of 15 patients (six male, nine female) were 
involved in this study (Table  1). The age at the first 
visit ranged between 1 month and 11 years (median, 
1.5 years). Eleven patients were identified by newborn 
screening. Four were clinically diagnosed.

Brain damage was identified in 10 patients, includ-
ing neurological symptoms only (Patient 7), brain MRI 
abnormalities without clinical symptoms (Patient 1 and 

http://www.hgmd.org
http://www.hgmd.org
https://www.ncbi.nlm.nih.gov/clinvar
https://www.ncbi.nlm.nih.gov/clinvar
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12), or both (Patient 2–6, Patient 8, and Patient 15). 
Patient 7 and Patient 8 were siblings. While Patient 7 was 
symptomatic, brain MRI was not performed due to non-
compliance. The majority of symptomatic patients dem-
onstrated an insidious onset of language development 
delay and learning difficulties, with the age of onset rang-
ing between 17 months and 5 years (average, 2.83 ± 1.15 
years). IQ or DQ was slightly low in five patients (Patient 
3–6 and Patient 15). Malodourous urine was observed in 
three patients (Patient 4, 6 and 15). The remaining five 

patients (Patient 9–11, 13 and 14) were clinically asymp-
tomatic throughout the follow-up period.

Brain MRI features
Eleven patients underwent brain MRI. Lesions were 
observed in nine patients (81.8%, Patient 1–6, 8, 12, and 
15), as shown in Table 2; Fig. 1A–D. Cerebral white mat-
ter demyelination was observed in all of them.

Biochemical analysis
The blood methionine concentrations of asymptomatic 
and symptomatic patients are shown in Tables  1 and 
3. Severe hypermethioninemia was observed in eight 
patients (Patient 1–6 and Patient 14–15). Pre-treatment 
methionine concentrations ranged between 306 and 1816 
µmol/L among patients with brain abnormalities (Patient 
7 and 8 had missing results) and 117–475 µmol/L among 
those without brain abnormalities. Significant differences 
were observed between the mean pre-treatment methio-
nine concentrations of these two patient groups (1102 ± 
492 µmol/L vs. 396 ± 202 µmol/L; P < 0.05; Table 3). The 
blood methionine concentrations of all parents were nor-
mal. Plasma total homocysteine levels were normal or 
elevated (4.1–57.8 µmol/L) in all patients. Serum alanine 
aminotransferase, aspartate transaminase, total bilirubin, 
alkaline phosphatase, albumin, total plasma protein, and 
gamma glutamyl-transpeptidase levels were normal.

Table 2  Brain magnetic resonance imaging (MRI) abnormalities 
in the 9 symptomatic patients
Pa-
tient 
No.

Age Brain MRI findings

1 3 y Diffuse symmetrical long T1 and T2 signals, T2FLARE 
high signal, DWI high signal in bilateral cerebral hemi-
sphere white matter involving the corpus callosum, 
bilateral globus pallidus, and the dorsal brainstem.

2 7 y T2 high-intensity signal in bilateral cerebral hemi-
sphere white matter (Fig. 1A).

3 3 y 
4 m

Diffuse high-intensity T2WI and FLAIR signals in the 
cerebral white matter and corpus callosum, with low 
ADC values (Fig. 1B).

4 4 y Long T1 and T2 signals, and T2 FLARE high signals in 
bilateral cerebral hemisphere white matter area, me-
dulla, dorsal midbrain, and dorsal pons; and increased 
T2WI signal in bilateral anterior limb of internal cap-
sule, globus pallidus, and corpus callosum (Fig. 1C).

5 11 y Long T1 and T2 signals, T2 FLARE high signal, and DWI 
high signal in bilateral cerebral hemisphere white 
matter, bilateral internal capsule, corpus callosum; 
and T2 long signal in bilateral midbrain, pons, and 
medulla oblongata.

6 1 y 
6 m

Demyelination of subcortical white matter of the 
occipital lobe (Fig. 1D).

8 3 y Abnormal signal in white matter of the left parietal 
lobe.

12 5 y Abnormal signals in white matter, globus pallidus, 
and brainstem of both cerebral hemispheres.

15 2 y Demyelination of white matter in bilateral cerebral 
hemispheres.

Table 3  Blood methionine concentrations of pre-treatment in 
symptomatic and asymptomatic patients
CNS status Number Blood methionine 

concentrations 
(µmol/L)

t-value P-
val-
ue

Mean Standard 
deviation

Abnormal 8 1102 492 3.017 0.012
Normal 5 396 202
CNS = central nervous system

Fig. 1  Brain MRI abnormalities observed in (A) Patient 2, (B) Patient 3, (C) Patient 4, and (D) Patient 6. (A) Brain MRI of Patient 2 (age, 7 years) showed a 
T2 high-intensity signal in bilateral cerebral hemisphere white matter. (B) Brain MRI of Patient 3 (age, 3 years 4 months) showed diffuse high-intensity 
T2-weighted imaging (T2WI) and fluid-attenuated inversion recovery (FLAIR) signals with low apparent diffusion coefficient values in the cerebral white 
matter and corpus callosum. (C) Brain MRI of Patient 4 showed long T1 and T2 signals and high-intensity T2 FLAIR signals in bilateral cerebral hemisphere 
white matter area, medulla, dorsal midbrain, and dorsal pons and increased T2WI signals in the bilateral anterior limb of the internal capsule, globus 
pallidus, and corpus callosum. (D) Brain MRI of Patient 6 (age, 1 year 6 months) showed demyelination of subcortical white matter of the occipital lobe
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Genetic studies
Homozygous and compound heterozygous MAT1A 
variants were identified in all patients, and an autoso-
mal recessive inheritance pattern was observed in all 
patients. No other pathogenic or likely pathogenic vari-
ant was identified related to neurodevelopmental disor-
ders or inborn metabolic disorders. Twenty-one variants 
were detected, of which nine (c.895  C > T, c.874  C > T, 
c.274T > C, c.188G > T, c.757G > A, c.695  C > T, 
c.596G > A, c.1006G > A, c.790 C > T) had been reported 
previously [7, 12–16] and 12 variants (c.1067G > A, 
c.887  A > G, c.875G > A, c.359G > A, c.178T > C, 
c.163G > A, c.76G > A, c.572-592dupACAATGGCG-
CAGTCATCCTG, c.470 C > T, c.451 C > A, c.1169 C > A, 
c.623  A > C) were novel (Table  4). c.895  C > T was 
observed in five patients, while the c.274T > C and 
c.178T > C variants were observed in two patients from 
different families. c.895 C > T is a variant hotspot in our 
patients. The data of 12 novel variants for the MAT1A 
gene have been uploaded to ClinVar ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​n​c​
b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​c​l​i​n​v​a​r​​​​​, submission ID SUB12700124, 

SUB12913275). No autosomal dominant mutations were 
found.

Treatments and follow-up
Low-methionine diet
Dietary methionine restriction was initiated after diagno-
sis in all patients. However, compliance was challenging 
among young patients, resulting in fluctuations in serum 
methionine concentrations. No marked reductions to 
normal in methionine concentrations were observed with 
dietary therapy.

Drug therapy
Eight patients received vitamin B6 before genetic analy-
sis, but no significant effects were observed. Blood methi-
onine levels decreased in six children who received oral 
ademethionine 1,4-butanedisulfonate (500–1000  mg/
day) in addition to a low-methionine diet. Their blood 
methionine concentrations decreased from 926 to 1685 
µmol/L to 502–757 µmol/L after 1 month.

Table 4  21 variants identified from MAT1A *of 15 patients
No. Nucleotide

alteration
Protein
alteration

Exon/
Intron

ACMG/AMP grading Reported PMID/
ReferencesClassification Evidence code

1 c.1067G > A Arg356Gln 8 VUS PM2-supporting, PP3 This study
2 c.895 C > T Arg299Cys 7 LP PM2-supporting, PS3_sup-

porting, PM3_Strong
20675163[12], 26933843[7]

3 c. 887 A > G Tyr296Cys 7 VUS PM2-supporting, PP3 This study
4 c.875G > A Arg292His 7 VUS PM2-supporting, PP3 This study
5 c.874 C > T Arg292Cys 7 VUS PM2-supporting, PP3, 

PM3_supporting
20675163[12]

6 c.359G > A Cys120Tyr 4 VUS PM2-supporting, PP3 This study
7 c.274T > C Tyr92His 3 LP PM3-Strong, PM2-support-

ing, PP3
15569761[13], 26933843[7], 
Ma YY, et al.[14], 2018

8 c.188G > T Gly63Val 3 VUS PM2-supporting, PP3 31851615[15]
9 c.178T > C Cys60Arg 3 VUS PM2-supporting, PP3 This study
10 c.163G > A Ala55Thr 2 VUS PM2-supporting, PP3 This study
11 c.76G > A Gly26Arg 1 VUS PM2-supporting, PP3 This study
12 c.757G > A Gly253Arg 6 VUS PM2-supporting, PP3 Ma YY, et al.[14] 2018
13 c.695 C > T Pro232Leu 6 VUS PM2-Supporting, PM3, PP3 31851615 [15], Wu J, et 

al.[16], 2019
14 c.596G > A Arg199His 6 VUS PM2-supporting, PM3_

supporting, PP3
26,289,392[19]

15 c.572-592dupACAATGGCGCAGTCATCCTG Splicing Intron 
5

VUS PM2-Supporting, 
PVS1_Supporting

This study

16 c.470 C > T Ala157Val 5 VUS PM2-Supporting, PP3 This study
17 c.451 C > A Pro151Thr 5 VUS PM2-Supporting, PP3 This study
18 c.1006G > A Gly336Arg 8 VUS PM2-supportting, PP3 10677294[3]
19 c.790 C > T Arg264Cys 7 VUS PM2-supportting, PP3 10677294[3]
20 c.1169 C > A Pro390His 9 VUS PM2-Moderate, PP2-Sup-

porting, PP3-Supporting
This study

21 c.623 A > C Gln208Pro 6 LP PM1-Moderate, PM2-Mod-
erate, PP2-Supporting, PP3

This study

* The transcript references were NM_000429. ACMG/AMP, American College of Medical Genetics and Genomics and the Association for Molecular Pathology; 
LP = likely pathogenic, VUS = uncertain significance

https://www.ncbi.nlm.nih.gov/clinvar
https://www.ncbi.nlm.nih.gov/clinvar
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Liver transplantation
One patient (Patient 2) benefited from newborn screen-
ing and was initially managed with dietary control 
and ademethionine 1,4-butanedisulfonate. However, 
development and progression of white matter lesions 
were observed when he was 7 years old. After special-
ist consultation and obtaining consent from his family, 
segmental living-donor liver transplantation from his 
father was performed at the age of 8 years. His blood 
methionine concentration decreased from 1200 µmol/L 
to 108 µmol/L one week after liver transplantation, and 
remained stable thereafter (Fig.  2). At present, he is 11 
years old and studying in primary school. His physi-
cal and psychomotor development have remained good, 
and the white matter of his brain has shown significant 
improvement.

Discussion
While MAT I/III deficiency is a rare disease, it is the most 
common cause of persistent isolated hypermethionin-
emia. Expanded newborn screening with tandem mass 
spectrometry represents the gold-standard approach for 
early detection of hypermethioninemia [17], and increas-
ing numbers of patients with MAT I/III deficiency have 
been diagnosed by newborn screening [1, 5, 18]. While 
the exact incidence of MAT I/III deficiency remains 
unknown, the incidence of persistent hypermethionin-
emia has been reported to be 1 in 23,470 and 1 in 30,893 
in Galicia [6] and Suzhou [17], China, respectively. In our 
study, 11 patients were identified by expanded newborn 
screening, and four were clinically diagnosed by selective 
screening for neurological symptoms. Blood amino acids 
analysis was considered the first-line diagnostic approach 
for hypermethioninemia in both patient groups.

MAT I/III deficiencies, particularly those caused by 
heterozygous MAT1A variants, were previously consid-
ered to be a clinically benign condition [19]. However, 
the clinical manifestations of MAT I/III deficiency are 
heterogenous and poorly understood [3]. Neurological 
manifestations include intellectual disability, dystonia, 
and reduced IQ [20], while extra-CNS manifestations 
include growth retardation, anorexia, gastrointestinal 
disturbances, and malodourous urine and sweat smelling 
like boiled cabbage [21]. In our data, brain damage was 
observed in 10 patients (66.7%), including intellectual 
disability, language development delays, abnormal psy-
chomotor development or intelligence, emotional insta-
bility, ataxia, and low IQ/DQ scores. Delayed language 
development and learning difficulties were the main 
neurological manifestations of this disease. Malodourous 
urine was only reported in three patients, while epilepsy 
was not observed. Thus, our findings indicate that blood 
amino acids and acylcarnitine analysis should be per-
formed for all patients presenting with delayed develop-
ment and low IQ/DQ scores.

Demyelination as a consequence of severe hyperme-
thioninemia has been reported in MAT I/III deficient 
patients. In the study by Mudd et al. [22], brain MRI 
abnormalities indicative of cerebral edema were observed 
in the cerebral cortex and posterior brainstem of two 
patients with severe hypermethioninemia. In our study, 
white matter demyelination was the main MRI feature. 
Abnormal MRI signals were also observed in the white 
matter area of both cerebral hemispheres, corpus callo-
sum, globus pallidus, brain stem, medulla, dorsal mid-
brain, dorsal pons, bilateral anterior limb of the internal 
capsule, and bilateral internal capsule. However, the clini-
cal symptoms were inconsistent with brain MRI findings, 

Fig. 2  Blood methionine concentrations of Patient 2 before and after liver transplantation. Before liver transplantation, the blood methionine concentra-
tions of Patient 2 were markedly elevated (418–1200 µmol/L). After liver transplantation, the patient’s blood methionine concentration decreased rapidly 
to the normal level (10–50 µmol/L)
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with two patients showing evidence of abnormal myelin-
ation demonstrating normal intelligence and neurological 
function. Chien et al. [19] similarly reported the presence 
of brain MRI lesions despite the lack of CNS abnormali-
ties. Regardless, brain MRI remains an important exami-
nation for evaluating the degree of abnormal myelination, 
even in asymptomatic patients. Close follow-up and 
brain MRI are therefore required for all patients with 
persistent hypermethioninemia. Furthermore, brain MRI 
and metabolic studies should be considered in all patients 
showing development delay or retrogression.

Blood methionine levels may serve as the best indi-
cator for the severity of MAT I/III deficiency. Cases of 
mild-to-moderate hypermethioninemia due to domi-
nant variant c.791G > A (p.Arg264His) on MAT1A have 
been reported. In the study by Couce et al. [6] involv-
ing five MAT I/III deficiency patients with heterozygous 
c.791G > A variants, blood methionine concentrations 
ranged between 164 and 573 µmol/L, with no neurologi-
cal symptoms observed. CNS abnormalities often occur 
in patients with substantially elevated methionine levels. 
Chien et al. [19] reported that plasma methionine con-
centrations > 800 µmol/L were likely to be associated with 
CNS abnormalities. Consistent with this finding, Hira-
bayashi et al. [23] reported neurological complications in 
nine MAT I/III deficiency patients with plasma methio-
nine concentrations of 600–1870 µmol/L, while Mudd 
et al. [24] reported the association of extreme hyper-
methioninemia (> 1000 µmol/L, and certainly > 2000 
µmol/L) with severe neurological disorders such as cere-
bral edema. The lack of AdoMet-dependent methylated 
products may be a cause of CNS demyelination [25]; 
thus, the lack of AdoMet analyses was a limitation of the 
present study. However, we observed that pre-treatment 
methionine concentrations were higher in patients with 
CNS abnormalities than those who were asymptomatic, 
suggesting that higher methionine concentrations may 
increase the risk for CNS complications. Additional stud-
ies are warranted to determine the cutoff value for such 
risk.

MAT1A variants mostly show autosomal recessive 
inheritance. Several autosomal dominant mutations have 
also been observed, including c.776 C > T (p.Ala259Val), 
c.791G > A (p.Arg264His) [26], c.746G > A (p.Arg249Gln), 
and c.838G > A (p.Gly280Arg) [7]. Insights into the rela-
tionship between genotype and phenotype are currently 
lacking. The c.791G > A mutation represents the most 
prevalent variant in Asian populations, such as those 
in Japan and Taiwan [1, 27], and is associated with the 
development of mild hypermethioninemia [28]. Among 
13 patients with hypermethioninemia in Suzhou, China, 
10 carried the c.791G > A mutation and were free of CNS 
abnormalities [17]. Similarly, none of the 13 patients with 
the dominant form of MAT I/III deficiency in Michigan 

demonstrated any neurological signs [29]. These findings 
support the benign nature of persistent isolated hyper-
methioninemia due to heterozygous MAT1A variants. 
However, no dominant variants, including c.791G > A, 
were observed in our patients. c.895  C > T is the most 
frequent variant in our population. All of our patients 
demonstrated autosomal recessive mutations with two 
variants. Besides one patient who carried a duplication 
(Patient 15), the remaining patients demonstrated mis-
sense variants. No exonic deletions or truncating muta-
tions were detected, as reported previously [24]. Brain 
damage was observed in the majority of our patients 
(66.7%). As such, we speculated that CNS manifestations 
may be more prevalent among patients with autosomal 
recessive MAT I/III deficiency. Large-scale studies are 
thus warranted to investigate the relationship between 
the genotype and phenotype of this disease.

There is no consensus regarding the treatment for 
MAT I/III deficiency. Although some studies have sug-
gested strict dietary methionine restriction in early 
infancy to maintain plasma methionine levels of < 750 
µmol/L and prevent neurological complications [23], 
evidence regarding the efficacy of such interventions is 
limited. Furthermore, strict dietary control may be unfea-
sible during the neonatal period, and only regular clinical 
monitoring can be undertaken. Other studies have rec-
ommended ademethionine 1,4-butanedisulfonate sup-
plementation or protein restriction [30]. Furujo et al. [31] 
reported neurological improvement after ademethionine 
1,4-butanedisulfonate supplementation alone, and they 
omitted dietary methionine restrictions based on the 
premise that reduced methionine intake may be associ-
ated with reduced AdoMet synthesis. Dietary control was 
recommended to our patients, but their blood methio-
nine levels remained elevated during treatment and 
cerebral white matter lesions could not be avoided. Ade-
methionine 1,4-butanedisulfonate was used in five cases 
during our study, and these patients’ blood methionine 
levels decreased slightly. The long-term effectiveness of 
ademethionine 1,4-butanedisulfonate supplementation 
as a treatment for MAT I/III deficiency remains to be 
studied.

The outcomes of liver transplantation in MAT I/III 
deficiency have not yet been elucidated. In the present 
study, liver transplantation was performed in one patient 
(Patient 2), which resulted in drastically reduced methio-
nine concentrations. To our knowledge, this is the first 
study reporting the effects of liver transplantation on 
hypermethioninemia in a MAT I/III deficiency patient. 
In the report by Strauss et al. [32] describing the findings 
for a child with severe S-adenosylhomocysteine hydro-
lase deficiency, segmental liver transplantation from a 
healthy, unrelated living donor following failure of dietary 
therapy resulted in normal and stable blood methionine 
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and AdoMet levels on an unrestricted diet throughout 
the 6-month follow-up period. The patient also showed 
promising improvements in gross motor, language, and 
social skills [32]. Since MAT1A, which encodes MAT 
I and III, is only expressed in non-fetal liver tissues [13, 
23], any healthy liver tissue should be able to promote 
the synthesis of sufficient amounts of MAT I and III to 
increase overall MAT activity. Indeed, liver transplanta-
tion has been widely used in the treatment of inherited 
metabolic liver disorders in China, and its efficacy is now 
well-established [33, 34].

Conclusions
Hypermethioninemia due to autosomal recessive MAT I/
III deficiency is a disorder which can have significant clin-
ical consequences. The clinical phenotypes vary greatly. 
The possibility of CNS abnormalities should be consid-
ered in patients with MAT I/III deficiency and severe 
hypermethioninemia. These patients should receive close 
follow-up and brain MRI examinations. Liver transplan-
tation may be a treatment alternative following failure of 
dietary and drug therapy.
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