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Background: The most common disorder of the intracellular cobalamin
metabolism pathway is the combined methylmalonic acidemia and
homocysteinemia, cblC type (cblC). There is a variation in its clinical spectrum
ranging from severe neonatal-onset forms that are highly fatal to later-onset
forms which are milder. In this study, the first case of an asymptomatic Chinese
woman with a defect in congenital cobalamin (cblC type) metabolism at prenatal
diagnosis due to elevated homocysteine level is identified.

Case presentation: The proband, a male child born to a 29-year-old
G1P0O mother, admitted to local hospital with feeding disorder, intellectual
disability, seizures, microcephaly, as well as heterophthalmos. The level of
the urine methylmalonic was elevated. Equally found were increased blood
propionylcarnitine (C3) and propionylcarnitine/free carnitine ratio (C3/C0) and
decreased methionine levels. The plasma total homocysteine level was elevated
at 101.04 pmol/L (normal < 15 pwmol/L). The clinical diagnosis of combined
methylmalonic acidemia and homocysteinemia was supported. Four years
later, the mother of the boy married again and came to us for prenatal
diagnosis exactly 15 weeks after her last menstrual period. Subsequently,
there is an increase in the amniotic fluid methylmalonate. The level of the
amniotic fluid total homocysteine was marginally high. A considerably elevated
amniotic fluid C3 was equally observed. In addition, there is a respective
significant increase in the plasma and urine total homocysteine at 31.96
and 39.35 umol/L. After the sequencing of MMACHC genes, it is found
that the boy, a proband carried a homozygous mutation of the MMACHC
at c.658_660delAAG. While the boy's mother, she carries two mutations in
MMACHC: c.658_660delAAG and c.617G>A. The fetus is a carrier of the MMACHC
gene. Following the administration of routine treatment, the mother remained
symptom-free in the course of pregnancy, and she gave birth to a healthy boy.
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Variable and nonspecific symptoms characterized the cblC
type of methylmalonic acidemia combined with homocysteinemia.
biochemical assays and mutation analysis are

Both
recommended as crucial

complementary techniques.

methylmalonic acidemia, homocysteinemia, asymptomatic, cblC type, prenatal diagnosis

Introduction

Methylmalonic aciduria (MMA), a rare inherited disorder,
comprise a group of genetically heterogeneous autosomal recessive
disorders caused by defective metabolic pathways involving
methylmalonyl-CoA mutase (MUT) or its cofactor, cobalamin
(1). Combined methylmalonic acidemia and homocysteinemia,
cbIC type (cblC; OMIM #609831, #277400), denoted a consistent
disorder of the intracellular cobalamin metabolism pathway, is the
most common organic aciduria in China (2, 3). From prenatal
detection to adulthood, there may be variation in severity in
the clinical manifestation of cblC in affected patients ranging
from mild to life-threatening (3-5). The relatives of these
patients are burdened with heavy financial burdens. An increasing
hospitalization with various presentations and a heavy financial
burden per hospitalization were observed in Mainland China,
while the medical resources were still relatively centralized in
some districts, such as Beijing, Shanghai and Guangzhou (6).
Therefore, crucial information could be provided through prenatal
diagnosis concerning a decision about pregnancy that involves
a fetus suffering from cblC defect that tends to subsequently
minimize the social and family pressure brought by this defect
(3). Reports from the literature have shown that during prenatal
diagnosis of methylmalonic acidemia, prompt reliable results could
be provided utilizing biochemical analysis of amniotic fluid (7-
9). The challenge posed by the absence of genetic assessment
for families prone to cblC defect fetuses could be resolved by
applying these techniques (8, 10). Thus, this study reports the
case of an asymptomatic pregnant mother who suffered from a
congenital anomaly of cobalamin metabolism (cblC type) during
prenatal diagnosis.

Case presentation

The proband, a male child was a full-term infant born to a 29-
year-old G1P0 mother, through the process of normal spontaneous
vaginal delivery following a pregnancy that was uneventful.
The family history did not indicate an occasion/occurrence of
metabolic diseases. His admission into the local hospital was
due to the diagnosis of disorders in the boy such as feeding
disorder, intellectual disability, seizures, microcephaly, as well
as heterophthalmos when he was a year old. His brain MRI
result showed diffuse cerebral atrophy. Furthermore, the EEG
was equally abnormal in the absence of dominant rhythm in
the bilateral occipital area. The level of the urine methylmalonic
was 516.44 mmol/mol creatinine (normal 0.2-3.6 mmol/mol
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creatinine). Equally found were increased blood propionylcarnitine
(C3) and propionylcarnitine/free carnitine ratio (C3/C0) and
decreased methionine levels. The plasma total homocysteine
level was elevated at 101.04 pmol/L (normal <15 pmol/L).
The clinical diagnosis of combined methylmalonic acidemia and
homocysteinemia was supported through the biochemical findings.
Regrettably, once the diagnosis was conducted, he failed to receive
standardized treatment.

Moreover, after 4 years, the mother of the boy married
again and was pregnant at age 33. She came to us for genetic
counseling and prenatal diagnosis exactly 15 weeks after her last
menstrual period. Subsequently, she was subjected to medical
check-ups and metabolic assessments. The amniotic fluid sample
was conducted in our hospital at the Department of Obstetrics and
Gynecology. There is an increase in the GC-MS detected amniotic
fluid methylmalonate to 3.08 mmol/mol creatinine (normal < 0.2
mmol/mol creatinine). At 6.06 pwmol/L (normal < 5 pwmol/L),
the level of the amniotic fluid total homocysteine was marginally
high. Furthermore, a considerably elevated amniotic fluid C3 at
5.13 pmol/L (normal < 3 pmol/L) was equally observed by the
metabolic workup assessed through the LC-MS/MS (11-14). In
addition, there is a respective significant increase in the plasma
and urine total homocysteine at 31.96 and 39.35 pmol/L. Is this
fetus assessed as “affected”? Or can we assume that the real
patient is the mother? Sequencing of genes related to cobalamin
metabolism has been performed for this family. From the research
outcome, it is found that the boy, a proband carried a homozygous
mutation of the MMACHC at ¢.658_660delAAG(p.Lys220del).

€.658_660delAAG

VA A

€.658_660delAAG
c.617G>A

c.658_660delAAG €.658_660delAAG

c.658_660delAAG

FIGURE 1
The family pedigree showing the mutations detected in MMACHC.
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While in the case of the boys mother, she carries two
mutations in MMACHC: c¢.658_660delAAG(p.Lys220del) and
c.617G>A(p.Arg206Gln). The fetus is a carrier of the MMACHC
gene. Cobalamin C disorder (cblC) was both diagnosed in the boy
and his mother (Figure 1). The fetus was unaffected as the boy’s
mother was an asymptomatic patient. Following the administration
of routine treatment for the mother: cobalamin mixture or
hydroxocobalamin (1 mg, twice per week, i.m.), calcium folinate
(15 mg/day p.o.), L-carnitine (2 g/day p.o.) and betaine (2 g/day
p.0.), as well as a normal diet (15-17), she remained symptom-
free, and there were no neurological abnormalities found on clinical
examination. The routine blood and biochemical tests were normal
and the urine methylmalonate and plasma total homocysteine
levels-maintained stability in the course of pregnancy. After a
gestation period spanning 38 weeks, she went into labor and gave
birth to a healthy boy.

Discussion

CbIC defects denote an inborn defect caused by intracellular
cobalamin metabolism (2). According to our earlier assertion,
this defect also represents congenital organic aciduria, which is
most common in mainland China (3, 4). It has complicated
clinical manifestations ranging from asymptomatic to deadly
having an extensive range of manifesting from prenatal period
to adulthood. Patients afflicted with this form of the disease
are often diagnosed with episodes of chronic metabolic acidosis,
hypotension, developmental delay, encephalopathy and even death
(3, 4, 18). Regarding patients with mild forms, they tend to
have an asymptomatic period and only manifest later at school
age or adulthood where symptoms that are manifested include
psychomotor degeneration, seizures, the decline in school or work
performance, social withdrawal, and neuropsychiatric disturbances
(19-21). Till recently, the fact that an unaffected infant was born to
a woman with a mild form, i.e., asymptomatic cbIC diagnosed after
a positive newborn screening (NBS) for low carnitine (22). And a
case of pregnancy in a symptom-free patient with cobalamin C/D
deficiency diagnosed through family screening (23).

Over the past 22 years, as advances are recorded in selective
screening and neonatal screening, treatment with favorable
outcomes has been achieved in an increasing number of Chinese
patients afflicted with this disease, which has led to proper
health care and care delivery for some of them when they reach
childbearing age (3, 4). Nevertheless, the long-term outcomes are
still not satisfactory, particularly in patients whereby the disease
manifested at an early stage due to chronic neurological sequelae.
The families of these patients bear significant financial and
psychological burdens. Nevertheless, it is evident that biochemical
techniques also have their shortcomings (8).

In order to determine if the fetus was “affected”, this study
reported that the metabolite analysis of acylcarnitines by LC-
MS/MS, organic acids by GC-MS, and total homocysteine in
amniotic fluid were all elevated. Moreover, both urine and
blood samples were collected from the pregnant woman. The
result demonstrated that there is a significant increase in total
homocysteine levels in blood and urine compared to amniotic
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fluid. The pregnant woman was suspected of having methylmalonic
acidemia associated with homocysteinemia. From gene assessment,
it is confirmed two mutations in MMACHC were carried by the
mother. According to her diagnosis, she had a cobalamin C (cblC)
disease. The fetus was a carrier of the MMACHC gene. The
€.658_660delAAG and c.617G> A were all reported, and predicted
to be damaging (24, 25). The ¢.658_660del AAG was one of the most
common mutations in China (26). It seems that a rapid and precise
technique for the prenatal diagnosis of methylmalonic acidemia is
the biochemical analysis of amniotic fluid samples using GC-MS
and/or LC-MS/MS combined with the total homocysteine assay;
nevertheless, it is extremely recommended to incorporate the gene
assessment during parental diagnosis (8).

variable  and
cbIC  type
combined with homocysteinemia. A reliable, albeit imperfect,

Conclusively, non-specific  symptoms

characterized the of methylmalonic acidemia
biochemical method of prenatal diagnosis is the combination
of total

organic acid assay. For the entire case, both biochemical

homocysteine assay with acyl-carnitine and
assays and mutation analysis are recommended as crucial

complementary techniques.

Data availability statement

The original data presented in the study are included
in the article, further inquiries can be directed to the
corresponding authors.

Ethics statement

The studies involving human participants were reviewed
and approved by Peking University First Hospital. Written
informed consent to participate in this study was provided
Written
informed consent was obtained from the individual(s), and

by the participants legal guardian/next of kin.
minor(s)” legal guardian/next of kin, for the publication of
any potentially identifiable images or data included in this

case report.

Author contributions

JQ and Y-LY designed the study. Y-PL drafted the manuscript
and analyzed the data. Z-HC, L-LK, R-XH, YL, C-YS, J-YC, HD,
and YZ participated in the clinical management and patient data
collection. J-QS, M-QL, and Y] helped with the patient data
collection. All authors contributed to the article and approved the
submitted version.

Funding

This project was supported by grants from the National Key
Research and Development Program of China (2019YFC1005100),
Beijing Municipal Science and Technology Commission (Nos.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1124387
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Liu et al.

7141107004414036 and Z151100003915126), and the Foundation
of 2018 Beijing Key Clinical Specialty Construction Project-
Pediatrics (No. 2199000726).

We would like to thank all the patients and their families
who participated in this study. We thank the Running Gene Inc.
(Beijing, China) and Chigene Translation Medical Research Center
Co., Ltd. (Beijing, China) for the genetic sequencing and analysis.
We are greatly indebted to the team of Professor Seiji Yamaguchi
(Department of Pediatrics, Shimane Medical University, Japan)
for their expert technical assistance in diagnosis and treatment of
methylmalonic acidemia.

1. Forny P, Horster E Ballhausen D, Chakrapani A, Chapman KA, Dionisi-
Vici C, et al. Guidelines for the diagnosis and management of methylmalonic
acidaemia and propionic acidaemia: First revision. J Inherit Metab Dis. (2021) 44:566—
92. doi: 10.1002/jimd.12370

2. Lerner-Ellis JP, Anastasio N, Liu J, Coelho D, Suormala T, Stucki M, et al. Spectrum
of mutations in MMACHCG, allelic expression, and evidence for genotype-phenotype
correlations. Hum Mutat. (2009) 30:1072-81. doi: 10.1002/humu.21001

3. Liu Y, Liu YP, Zhang Y, Song JQ, Zheng H, Dong H, et al. Heterogeneous
phenotypes, genotypes, treatment and prevention of 1 003 patients with methylmalonic
acidemia in the mainland of China. Zhonghua Er Ke Za Zhi. (2018) 56:414-20.
doi: 10.3760/cma.j.issn.0578-1310.2018.06.003

4. Yang Y, Sun E Song J, Hasegawa Y, Yamaguchi S, Zhang Y, et al. Clinical and
biochemical studies on Chinese patients with methylmalonic aciduria. J Child Neurol.
(2006) 21:1020-4. doi: 10.1177/7010.2006.00231

5. He R, Mo R, Shen M, Kang L, Song J, Liu Y, et al. Variable phenotypes
and outcomes associated with the MMACHC c609G>A homologous mutation:
long term follow-up in a large cohort of cases. Orphanet ] Rare Dis. (2020)
15:200. doi: 10.1186/s13023-020-01485-7

6. Jiang YZ, Shi Y, Shi Y, Gan LX, Kong YY, Zhu ZJ, et al. Methylmalonic
and propionic acidemia among hospitalized pediatric patients: a nationwide report.
Orphanet ] Rare Dis. (2019) 14:292. doi: 10.1186/s13023-019-1268-1

7. Zhang Y, Yang YL, Hasegawa Y, Yamaguchi S, Shi CY, Song JQ,
et al. Prenatal diagnosis of methylmalonic aciduria by analysis of organic
acids and total homocysteine in amniotic fluid. Chin Med J. (2008)
121:216-9. doi: 10.1097/00029330-200802010-00006

8. Liu Y, Chen Z, Kang L, He R, Song J, Liu Y, et al. Comparing
amniotic fluid mass spectrometry assays and amniocyte gene analyses
for the prenatal diagnosis of methylmalonic aciduria. PLoS ONE. (2022)
17:0265766. doi: 10.1371/journal.pone.0265766

9. Hwang N, Jang JH, Cho EH, Choi R, Choi SJ, Park HD. Prenatal diagnosis
of combined methylmalonic acidemia and homocystinuria cobalamin C type using
clinical exome sequencing and targeted gene analysis. Mol Genet Genomic Med.
(2021) 9:e1838. doi: 10.1002/mgg3.1838

10. Chen T, Liang L, Zhang H, Ye J, Qiu W, Xiao B, et al. Value of
amniotic fluid homocysteine assay in prenatal diagnosis of combined methylmalonic
acidemia and homocystinuria, cobalamin C type. Orphanet ] Rare Dis. (2021)
16:125. doi: 10.1186/s13023-021-01762-z

11. Kimura M, Yamamoto T, Yamaguchi S. Automated metabolic profiling and
interpretation of GC/MS data for organic acidemia screening: a personal computer-
based system. Tohoku ] Exp Med. (1999) 188:317-34. doi: 10.1620/tjem.188.317

12. FuX, Iga M, Kimura M, Yamaguchi S. Simplified screening for organic acidemia
using GC/MS and dried urine filter paper: a study on neonatal mass screening. Early
Hum Dev. (2000) 58:41-55. doi: 10.1016/50378-3782(00)00053-0

13. Wilcken B, Wiley V, Hammond J, Carpenter K. Screening newborns for inborn
errors of metabolism by tandem mass spectrometry. N Engl ] Med. (2003) 348:2304-
12. doi: 10.1056/NEJMo0a025225

Frontiersin

10.3389/fnut.2023.1124387

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

14. Weisfeld-Adams JD, Morrissey MA, Kirmse BM, Salveson BR, Wasserstein
MP, McGuire PJ, et al. Newborn screening and early biochemical follow-up in
combined methylmalonic aciduria and homocystinuria, cblC type, and utility of
methionine as a secondary screening analyte. Mol Genet Metab. (2010) 99:116-
23. doi: 10.1016/j.ymgme.2009.09.008

T, Mitchell GA, Lambert M. Treatment
deficiency  during  pregnancy. ]  Inherit
Suppl  3:5409-12. doi:  10.1007/s10545-010-9

15. Brunel-Guitton C, Costa
of cobalamin C  (cblC)
Metab  Dis.  (2010) 33
202-7

16. Matos IV, Castejon E, Meavilla S, O’Callaghan M, Garcia-
Villoria ], Lopez-Sala A, et al. Clinical and biochemical outcome after
hydroxocobalamin dose escalation in a series of patients with cobalamin C
deficiency. Mol Genet Metab. (2013) 109:360-5. doi: 10.1016/j.ymgme.2013.0
5.007

17. Carrillo-Carrasco N, Chandler RJ, Venditti CP. Combined methylmalonic
acidemia and homocystinuria, cblC type. I Clinical presentations, diagnosis and
management. J Inherit Metab Dis. (2012) 35:91-102. doi: 10.1007/s10545-011-9364-y

18. Carrillo-Carrasco N, Venditti CP. Combined methylmalonic acidemia and
homocystinuria, cblC type. II Complications, pathophysiology, and outcomes. J Inherit
Metab Dis. (2012) 35:103-14. doi: 10.1007/s10545-011-9365-x

19. Kalantari S, Brezzi B, Bracciama V, Barreca A, Nozza P, Vaisitti T, et al.
Adult-onset CbIC deficiency: a challenging diagnosis involving different adult clinical
specialists. Orphanet ] Rare Dis. (2022) 17:33. doi: 10.1186/s13023-022-02179-y

20. Wang §J, Yan CZ, Liu YM, Zhao YY. Late-onset cobalamin C deficiency Chinese
sibling patients with neuropsychiatric presentations. Metab Brain Dis. (2018) 33:829-
35. doi: 10.1007/s11011-018-0189-3

21. Xu B, Zhang L, Chen Q, Wang Y, Peng Y, Tang H. Case report: a case of late-
onset combined methylmalonic acidemia and hyperhomocysteinemia induced by a
vegetarian diet. Front Pediatr. (2022) 10:896177. doi: 10.3389/fped.2022.896177

22. Lin HJ, Neidich JA, Salazar D, Thomas-Johnson E, Ferreira BF, Kwong AM,
et al. Asymptomatic maternal combined homocystinuria and methylmalonic aciduria
(cblC) detected through low carnitine levels on newborn screening. J Pediatr. (2009)
155:924-7. doi: 10.1016/j.jpeds.2009.06.046

23. Konings H, Jacquemyn Y. Cobalamin deficiency in pregnancy. Clin Case Rep.
(2021) 9:€04282. doi: 10.1002/ccr3.4282

24. Grarup N, Sulem P, Sandholt CH, Thorleifsson G, Ahluwalia TS,
Steinthorsdottir V, et al. Genetic architecture of vitamin B12 and folate levels
uncovered applying deeply sequenced large datasets. PLoS Genet. (2013)
9:¢1003530. doi: 10.1371/journal.pgen.1003530

25. Lerner-Ellis JP, Tirone JC, Pawelek PD, Doré C, Atkinson JL, Watkins D, et al.
Identification of the gene responsible for methylmalonic aciduria and homocystinuria,
cblC type. Nat Genet. (2006) 38:93-100. doi: 10.1038/ng1683

26. Liu MY, Yang YL, Chang YC, Chiang SH, Lin SP, Han LS, et al
Mutation spectrum of MMACHC in Chinese patients with combined methylmalonic
aciduria and homocystinuria. ] Hum Genet. (2010) 55:621-6. doi: 10.1038/jhg.
2010.81


https://doi.org/10.3389/fnut.2023.1124387
https://doi.org/10.1002/jimd.12370
https://doi.org/10.1002/humu.21001
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.06.003
https://doi.org/10.1177/7010.2006.00231
https://doi.org/10.1186/s13023-020-01485-7
https://doi.org/10.1186/s13023-019-1268-1
https://doi.org/10.1097/00029330-200802010-00006
https://doi.org/10.1371/journal.pone.0265766
https://doi.org/10.1002/mgg3.1838
https://doi.org/10.1186/s13023-021-01762-z
https://doi.org/10.1620/tjem.188.317
https://doi.org/10.1016/S0378-3782(00)00053-0
https://doi.org/10.1056/NEJMoa025225
https://doi.org/10.1016/j.ymgme.2009.09.008
https://doi.org/10.1007/s10545-010-9202-7
https://doi.org/10.1016/j.ymgme.2013.05.007
https://doi.org/10.1007/s10545-011-9364-y
https://doi.org/10.1007/s10545-011-9365-x
https://doi.org/10.1186/s13023-022-02179-y
https://doi.org/10.1007/s11011-018-0189-3
https://doi.org/10.3389/fped.2022.896177
https://doi.org/10.1016/j.jpeds.2009.06.046
https://doi.org/10.1002/ccr3.4282
https://doi.org/10.1371/journal.pgen.1003530
https://doi.org/10.1038/ng1683
https://doi.org/10.1038/jhg.2010.81
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Case report: An asymptomatic mother with an inborn error of cobalamin metabolism (cblC) detected through high homocysteine levels during prenatal diagnosis
	Introduction
	Case presentation
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


