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Abstract

Background: Combined Methylmalonic Aciduria (MMA) and homo-
cystinuria are a genetically heterogeneous disorder of cobalamin
metabolism, caused by homozygous or compound heterozygous
mutation in the MMACHC gene on chromosome 1p34. Clinical man-
ifestations and the age of onset of clinical signs and symptoms are
variable. May be associated with this condition, which involves hy-
perhomocysteinemia, cases of epilepsy, seizures and neurological
disorders. For these conditions is essential early diagnosis and ap-
propriate treatment as early as possible.

Case Report: We report two different cases: of a 41-years-old man,
with an apparently unexplained elevated plasma level of homocys-
teine and no neurologic symptoms, and of a 35-years-old woman
with a history of epilepsy who consults for high level of homocys-
teine. Both diagnosed with combined methylmalonic acidemia and
homocystinuria cblC variant. We found in both the patients a condi-
tion of compound heterozygosity for 2 mutations: a mutation in exon
4, c .440 G> C p.Gly147Ala, and an insertion of a base in exon 2,
c.271dupA (p.Arg91LysfsX14).

Conclusion: These cases suggest that even if combined methylma-
lonic aciduria with homocystinuria is a rare entity, its identification is
essential so as to allow the initiation of an effective early treatment
to avoid the pathophysiological progression and the serious clinical
consequences of this disease, even in cases of late-onset cbIC.
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Background

Combined Methylmalonic Aciduria (MMA) and homocystinuria is
a genetically heterogeneous disorder of cobalamin (cbl; vitamin B12)
metabolism. As a result of this enzyme deficiency, methylcobalamin
and adenosylcobalamin are not synthesised: the former plays a cen-
tral role as a cofactor for methionine synthase, the latter is a cofactor
for the mitochondrial enzyme methylmalonyl-CoA mutase, which is
involved in the breakdown of methylmalonic acid [1]. Different forms
of the disease have been classified according to the complementation
groups of the cells in vitro: c¢blC, cblD, cblF and cblJ. The cblC vari-
ant is more common and more severe. The mutations for methylma-
lonic aciduria and homocystinuria, cbIC type, have been identified in
aregion of the short arm of chromosome 1 containing the MMACHC
gene (MMACHC gene, OMIM*609831). This is an autosomal reces-
sive disorder, so a homozygous or compound heterozygous mutation
in this gene causes the disease [2]. An incidence of cblC ranging from
of 1:100,000 to 1:200,000 births has been estimated, with a higher
frequency in the Hispanic population (about 1:37,000) [3]. Clinical
manifestations and the age of onset of clinical signs and symptoms
are variable. Most of described patients show the severe, early-onset
disease [1,4].

Affected individuals may present with developmental, haema-
tological, neurological, metabolic, ophthalmological, and dermato-
logical clinical findings. Although considered a disease of infancy
or childhood, some individuals develop symptoms in adulthood [5].
Rarely, affected individuals present with gait ataxia and cognitive
decline in adulthood. Treatment with hydroxocobalamin can im-
prove the clinical features of early-onset disease and prevent clinical
late-onset disease. In the absence of neurological disease, clinical sus-
picion and diagnosis may be delayed or missed [6,7]. Correct diagno-
sis and effective treatment are essential.

Recent cases raise the possibility that derangements of cobalamin
metabolism could be a contributing factor in cases of hemiconvul-
sion-hemiplegia-epilepsy, as well as febrile seizures in general [8].

We report two different case: of a 41-years-old man, with an ap-
parently unexplained elevated plasma level of homocysteine and no
neurologic symptoms, and of a 35-years-old woman with a history
of epilepsy who consults for high level of homocysteine. Both diag-
nosed with combined methylmalonic acidemia and homocystinuria
¢cblC variant.

Cases Presentations

We present two clinical cases. One is a 41-year-old male patient
from Southern Italy with a history of suspected homocystinuria de-
ficiency. The patient initially showed no signs or symptoms. Plasma
homocysteine was measured following an occasional analysis. The
analysis showed elevated plasma homocysteine levels tHey: 113 pmol
/ L (range: 5-12 pmol / L). Other relevant values found in the haema-
tological analysis were: folate: <40 nmol / L (range: 3.1-17.5 nmol
/ L) and serum vitamin B12 levels: 748 pmol / L (range: 191-663
pmol /L). However, after treatment with folic acid, which lasted 10
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months, and benexol (a drug belonging to the therapeutic category of
vitamin-based Vitamin B1 + B6 + B12) lasted three months, showed
no significant reduction in plasma levels of homocysteine, with a high
value of 96 umol / L. Subsequently, the dosage of the metabolites on
sample extract from the patient’s serum was also performed, through
the technology of tandem mass spectrometry (QTrap instrument in
MRM mode) resulting in the following values: L-Methionine 36.87
+2.77 umol / L (range: 11 + 35), L-Phenylalanine 7.96 + 1.52 umol
/ L, Ratio L-Methionine / L-Phenylalanine 4.6 (range: 0.26 = 0.56).

The second case came to our attention in October 2020, a 35-year-
old woman from southern Italy with a personal history of minor
episodes of sporadic epilepsy diagnosed in treatment and under fol-
low-up for Neurology, as well as, after blood tests, high homocysteine
levels equal to 53 umol / L (range: 5-12) without reaching a clear
etiology of the same. After three months due to therapy with hydroxo-
cobalamin, serum homocysteine levels decreased to 16,28 umol / L.

For both a defect in homocysteine metabolism with genetic etiol-
ogy has been hypothesized.

Methods

Patients DNA was extracted from a blood sample and using an
automated method for MagCore® HF16 Plus. Later, the open-reading
frame and flanking exon sequences of CBS and MMACHC genes
were sequenced after gene amplification with standard protocol of
PCR. PCR products were purified with Plates MultiScreen PCRu96
(Millipore). Then, products were analyzed on an ABI 3130x] DNA
Sequencer (Applied Biosystems). Sequencing files were processed
using Sequence Analysis software (Applied Biosystems) and were
assembled and analyzed using Sequencer 4.7 Software.

The analysis of the CBS gene (Cystathionine beta-synthase) was
carried out but no mutation was found. Then the complete screening
of the MMACHC gene (cobalamin C associated metabolism gene)
was performed [9]. We found in both the patients a condition of com-
pound heterozygosity for 2 mutations: a mutation in exon 4, ¢ .440
G> C p.Gly147Ala, and an insertion of a base in exon 2, ¢.271dupA
(p-Arg91LysfsX14). These mutations have already been described in
the literature and associated with Combined Methylmalonic Aciduria
(MMA) and homocystinuria condition [2].

Results and Discussion

CblC disease is a multisystem disease, including metabolic insta-
bility, pancreatitis, renal failure, intellectual impairment, optic nerve
atrophy, spinal cord, and basal ganglia injury. Depending on the age
of disease onset, cblC disease patients are divided into early-onset
type and late-onset type. The late-onset cblC defect is a rare disease
and unfortunately, diagnosis is often delayed. Raising awareness for
this disorder can significantly improve patients’ outcome and perspec-
tive by timely initiation of targeted treatment. Late-onset cblC disease
was first reported in the 1980s [10].

Cases so far described in literature were characterized by cogni-
tive and psychiatric problems. In the case of the two patients here
described the diagnosis of the disease was overlooked due to absence
of'signs in the first case and of the rarity of this disease in general. The
problem of epilepsy in the second patient was never associated with
this pathology in the past.
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The age of onset in the two patients was 41 years and 35 years.
Total plasma Hcy concentrations in the patients were markedly in-
creasing, which is a useful indicator for the prompt diagnosis of cblC
disease, although the identification of high homocysteine values in
both cases was occasional. Following suspicion of cblC deficiency in
patients, the main genes involved, CBS and MMACHC, were studied.
Both the patients have a condition of compound heterozygosity for
two mutations in the MMACHC gene: a mutation in exon 4, ¢ .440
G> C, p.Glyl47Ala, and an insertion of a base in exon 2, ¢.271dupA,
p-Arg91LysfsX14.

Therefore, late-onset cblC disease cannot be considered a ho-
mogeneous clinical entity. The wide clinical heterogeneity of cblC
disease likely depends on the nature of the different MMACHC mu-
tations. When juvenile/adult patients with hyperhomocysteine in plas-
ma present with neurological symptoms that are not consistent with
common neurological diseases, cblC disease needs to be considered.
The organic acid screening and genetic analysis for MMACHC gene
mutations should be implemented to allow for early diagnosis and to
improve prognosis.

Although its occurrence is rare, late-onset combined methylmalo-
nic aciduria and homocystinuria, cblC type, should be considered in
making a differential diagnosis in patients who present with neurolog-
ical symptoms that are not consistent with common neurological dis-
eases, especially when cognition, the pyramidal tract and peripheral
nerves are involved.

The therapy based on vitamin b12 undertaken promptly led to ex-
cellent results in both cases studied. In case 1 the plasma homocys-
teine levels tHcy were 113 pmol / L before therapy. Thanks to the
therapy with Vitamin B12 - Neocytamen 1000 in intramuscular vials
for 4 weeks and then an oral vial every two days, in less than a month
the plasma homocysteine value has dropped from 113 pmol / L to 39
pmol / L. The plasma homocysteine value, although remaining higher
than the range of normal values, underwent a significant decrease in a
short time.

In case 2, although out of the normal range, serum homocysteine
levels dropped from 53 pmol / L to 16.28 pmol / L after three months
with hydroxocobalamin therapy. Homocysteine remains slightly
higher than the norm but has decreased considerably, demonstrating
that even in cases of late-onset cblC, diagnosis and timely therapy are
important for the welfare and health of the patient.

Conclusion

In this study, we analyzed the clinical presentations and treatment
outcomes of late-onset cblC in two patients. Most patients reported
with cblC deficiency show severe clinical manifestations at an early
age [4]. The late-onset cblC deficiency is rare and difficult to diagnose
due to its wide spectrum of clinical manifestations. Up to now, no
more than 100 late-onset cblC cases have been reported [7,11].

When juvenile or adult patients present only with high serum level
of homocysteine or with also neurological symptoms that are unex-
plained by common neurological diseases, cblC deficiency needs to
be considered. The organic acid screening and genetic analysis for
MMACHC gene are recommended to the early diagnosis.

These cases suggest that even if combined methylmalonic aciduria
with homocystinuria is a rare entity, the correct diagnosis is important
to avoid the pathophysiological progression and the serious clinical
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consequences of this disease, because early treatments usually can
bring clinical improvements, even in cases of late-onset cblC.
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