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Abstract 
 

Methylmalonic acidemia is a rare autosomal-recessive inborn error of metabolism which 

is caused by a downstream defect in the propionate metabolic pathway.  Methylmalonyl-CoA 

mutase, the enzyme which converts methylmalonyl-CoA to succinyl-CoA is found to be non-

functional in these disorders.  The metabolic block in these disorders often leads to severe keto- 

and organic acidosis, hyperammonemia, hyperglycinemia, and hypoglycemia with marked 

accumulation of methylmalonate in body fluids and tissues of infants and children.  The clinical 

presentation and pathology is accordingly severe in these disorders:  Widespread psychomotor 

dysfunction, failure to thrive, dystonia, and hepatomegaly are some of the symptoms and the 

symptoms can extend to long-term neurological and systemic impairment.  Hematological 

abnormalities are also observed, especially in cases where methylmalonic acidemia is 

accompanied by homocystineuria.  The disorder is lethal in its early (neonatal) onset form, and 

may also manifest as a chronic problem, with episodes of acute decompensation and, in rare 

cases, the patient may be completely asymptomatic (‘benign’ form).  In this article, a 

comprehensive survey of present literature is presented with an emphasis on the molecular basis 

of the disease.1-3  Current methods of diagnosis, treatment, and the prognosis for these patients 

are discussed and some current areas of investigation explored. 
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Figure 1.  This schematic diagram illustrates the precursors and products of 
propionyl-CoA metabolism.26,27  Propionyl-CoA is converted first to D-
methylmalonyl-CoA,28-30 and then L-methylmalonyl-CoA is produced via 
racemization.31  L-methylmalonyl-CoA is converted to succinyl-CoA by 
methylmalonyl-CoA mutase via a mechanism involving the adenosylcobalamin 
(AdoCbl) coenzyme.25  A defiency of methylmalonyl-CoA mutase leads to 
methylmalonic acidemia. 

Introduction  

 Propionyl-CoA, its parent metabolic compounds, and molecules derived from it (e.g., 

methylmalonyl-CoA) are important precursors of succinyl-CoA, an important Krebs cycle 

intermediate.  Recently, this metabolic pathway came to the attention of clinicians struggling 

with disturbing diseases.  Researchers reported that adenosylcobalamin (AdoCbl), a metabolic 

derivative of cobalamin (Cbl; vitamin B12), is an essential coenzyme in the final conversion of L-

methylmalonyl CoA to succinyl-CoA.4-6 Patients with acquired Cbl deficiency excreted large 

amounts of methylmalonic acid in urine.7-10 Subsequently, infants not deficient in Cbl were 

described with similar signs.11,12  The absence of methylmalonic acid in previously described 

ketotic hyperglycinemia13 suggested a novel disorder which was named methylmalonic 

acidemia.  The former was later ascribed to a defect in propionate metabolism, and named 

propionic acidemia.14,15  

Methylmalonic 

acidemia and propionic 

acidemia are now 

recognized as the most 

common inborn errors 

of organic acid 

metabolism. 

 In addition, the 

Cbl deficient cases of 

methylmalonic acidemia who responded to Cbl supplements16,17 had a defect in AdoCbl18-22 

synthesis, the coenzyme of methylmalonyl-CoA mutase,4-6 the enzyme catalyzing the last step of 
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Figure 2.  Pathway of cobablamin (vitamin B12; Cbl) uptake.  
Dietary Cbl is endocytosed into a target cell as the TC II/OH-Cbl 
complex.36 The free Cbl is released  into the cytosol after 
lysozomal processing.  From there it is reduced to either the 
MeCbl or AdoCbl coenzymes.  [TC II = transcobalamin II; OH-
Cbl = hydroxocobalamin; GSCbl = glutathionylcobalamin; 
MeCbl = methylcobalamin; MeFH4 = methyltetrahydrofolate; 
AdoCbl = adenosylcobalamin; CblIII, CblII, and CblI = 
cobalamins with cobalt valence of 3+, 2+, and 1+, respectively.] 
Figure adapted from Fenton, WA, Gravel, RA, & Rosenblatt, DS.  
“Disorders of Propionate and Methylmalonate Metabolism,” in Scriver, 
CR, et al.  (editors) The metabolic and molecular basis of inherited 
disease. Volume II, 2001, p 2165.1  Copyright © The McGraw-Hill 
Copanines, Inc., New York, 2001. 

the propionic acid pathway (Figure 1).23-25  Also, methylmalonic acidemia patients were 

described with homocystineuria and hypomethioninimia, who also had methionine synthase32 

deficiency owing to defective 

synthesis of methylcobalamin 

(MeCbl)33-35—the Cbl derived 

coenzyme of methionine synthase, a 

cytosolic enzyme. Figure 2 to 

describes the current understanding 

of cobalamin metabolism in cells. 

 The study of methylmalonyl-

CoA mutase enzyme has advanced 

significantly.  It belongs to the group 

of enzymes catalyzing unusual 1,2-

rearrangements and is the only 

member of this class found in both 

bacteria and animals.37 Ledley, et 

al.38 localized the methylmalonyl-CoA mutase (mcm) gene to the short arm of human 

chromosome 6.  Later the mcm gene was found to span >35 kilobases (comprising 13 exons).39 

Jansen and Ledley40 found the coding sequence of one subunit to be 718 amino acids in length 

(≈80 kilodaltons) with a 32 amino acid mitochondrial targeting sequence.40,41  Mancia, etal.37,42 

solved the protein structure of a homologue of the MCM protein using X-ray diffraction. 
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Analysis of disease condition and defects 

 The current body of data demonstrates that there are 7 distinct molecular defects in 

methylmalonate metabolism.  Two of them, mut0 and mut-, are a direct result of defect in the 

mutase apoenzyme:  mut0 results from complete deficiency; and mut- results from partial 

deficiency of methylmalonyl-CoA mutase.  The other 5 defects are the cbl defects, so-called 

because they result from impaired cobalamin metabolism.  Two are distinct defects of AdoCbl 

synthesis (cblA and cblB), and the three others are complicated by MeCbl deficiency in addition 

to AdoCbl (cblC, cblD, and cblF).  The defects leading to isolated mutase deficiency (mut0, mut-, 

cblA, & cblB) and those leading to combined AdoCbl and MeCbl deficiency (cbl C, D, & F) can 

be treated as separate groups. 

Isolated mutase deficiency 

Clinical and laboratory presentation 

 More than 100 children with isolated mutase deficiency have been documented.1  The 

four known etiologies which result in such patients present with similar clinical findings.  

Matsui, et al.43 surveyed the natural histories of 45 patients with these etiologies:  15 mut0, 5 mut- 

14 cblA, and 11 cblB.  Equal numbers of males and females were in each group.  The most 

common signs and symptoms at the onset of clinical difficulty (usually brought about in children 

by an infection or excessive protein intake2) are listed in Table 1 and were similar in all 

etiologies.  Patients in mut0 class presented earlier than those in other groups.  Whereas 80 

percent of children in the mut0 class became ill in the first week of life, less than half the children 

in the three other groups were ill during this interval.43 Furthermore, clinical onset occurred in 90 

percent of the mut0 patients before the end of the first month, whereas onset beyond the first 
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month was observed in an appreciable fraction of patients the other three groups.  Another 

survey reached similar conclusions.44 

Table 1.  Clinical Presentation in 45 Patients with Methylmalonic 
Acidemia 
Signs and Symptoms at 
Onset 

Mutant Class 

 cblA cblB mut- mut0 Total 

Lethargy 78 83 100 85 84 
Failure to thrive 75 86 40 77 73 
Recurrent vomiting 58 86 80 77 73 
Dehydration 64 86 100 62 71 
Respiratory distress 89 67 50 55 67 
Muscular hypotonia 44 57 33 91 63 
Developmental retardation 36 33 25 65 47 
Hepatomegaly 11 67 0 57 41 
Coma 50 29 40 38 40 
Numerical values represent percentage of patients in each group. 
Adapted from Matsui, et al.43  Copyright © 1983 Massachusetts Medical Society. All rights reserved. 
 

 The laboratory findings in affected patients also show marked similarity between the 

etiologies.  Serum Cbl concentrations were routinely normal.  The findings are listed in Table 2.  

Earlier case reports45 indicated that hypoglycemia, a parameter not assessed in this survey,1 

occurs in about 40% of patients. 

Table 2.  Laboratory Findings in 45 Patients with Methylmalonic 
Acidemia 
Findings at Clinical Onset Mutant Class 
 cblA cblB mut- mut0 Total 
Normal serum cobalamin 100 100 100 100 100 
Metabolic acidosis 100 88 100 85 92 
Ketonemia/ketonuria 78 67 100 85 81 
Hyperammonemia 50 83 80 75 71 
Hyperglycinemia/glycinuria 70 83 40 70 68 
Leukopenia 70 45 60 62 60 
Anemia 10 45 0 58 55 
Thrombocytopenia 75 45 40 40 50 
Numerical values represent percentage of patients in each group. 
Adapted from Matsui, et al.43  Copyright © 1983 Massachusetts Medical Society. All rights reserved. 
 

A number of pathologic signs involving various organ systems have been documented 

and characterized to some degree.  These are presented in Table 3. 
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Table 3:  Pathologic signs of Methylmalonic Acidemia 
Metabolic stroke (following episodes of metabolic decompensation) 46-48 

PancytopeniaA (about half the reported patients)43 
NeutropeniaA and thrombocytopeniaA (during the first year)3 
AnemiaA (neonatal period)3 
Susceptibility to viralA and bacterialA infections49 
Chronic renal insufficiency50-52 (May be associated with renal tubular acidosis and chronic tubulointerstitial 
nephritis53-56) 
Hepatic steatosis50-56 
Ataxia and mental retardation possibly resulting from demyelination of subcortical and other neurons and 
characteristic lesions in the globus pallidus (evident from MR and CT imaging)B,46,57-59 
Failure of linear growth (seen in some short and obese patients)2,60 
Acute pancreatitis (due to metabolic decompensation)3 
AThese signs may be due to methylmalonate inhibition of marrow stem cell growth in a concentration-dependent fashion61 
BOther neurologic consequences have also been observed62,63 including some in animal models.64-66  Some may be due to 
excessive methylmalonate levels 58, 64-66 or the effects of hyperammonemia67 
 

 Mutase deficiency may sometimes be asymptomatic.68 Presumably, these patients have 

an enzyme defect which retains just enough activity that homeostasis is maintained.1  Another 

report describes patients with methylmalonic aciduria urine levels of approximately 1400 

mmoles/mmole creatinine, who had normal somatic and cognitive outcomes.69  Levy, et al.7 

followed closely a child who suffered several acute episodes in childhood but afterwards 

remained asymptomatic, with an outstanding academic performance.  Interestingly, one study 

reports that children with methylmalonic acidemia have an increased resting energy expenditure 

(REE) in spite of being asymptomatic.70 

 On the otherhand, other groups appear to have a puzzlingly mild methylmalonic acidemia 

without demonstrable defect in methylmalonyl-CoA mutase activity or in Cbl metabolism.71,72 

The patients in at least one report72 presented with psychomotor delay, no metabolic acidosis and 

methylmalonic semialdehyde dehydrogenase deficiency. 
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 The most prominent chemical abnormality observed in patients with the isolated mutase 

deficiency is large amounts of methylmalonic acid in urine and blood, as indicated in Table 4.7,45  

Importantly patients with mild, late-onset, or 

“benign”68 disease may have much lower levels of 

methylmalonate, particularly when clinically 

asymptomatic.8,68  Propionate and some of its upstream 

precursors also accumulate in blood and urine of these 

patients,14, 73-76 thus accounting for the great similarity 

observed in the presentation of propionic and 

methylmalonic acidemias.2,77 

Lastly, research has shown that administration of protein and amino acid precursors of 

propionate (and methylmalonate), such as methionine, threonine, valine, and isoleucine, 

augments methylmalonate accumulation and, in some instances, ketosis or acidosis. 11,12,14,16  

When Cbl-responsive patients are given supplements vitamin B12, such augmentation by 

methylmalonate precursors is lessened.78 

Physiologic disturbances in isolated mutase deficiency (mut0, mut-, cblA, & cblB) 

 All studies in vivo and in vitro in patients with methylmalonic acidemia indicate that the 

primary block in the conversion of methylmalonyl-CoA to succinyl-CoA explains the 

methylmalonate accumulation and accompanying biochemical changes.1  However, primary 

block does not explain several important physiologic disturbances such as acidosis, 

hypoglycemia, hyperglycinemia, and hyperammonemia.  Oberholzer, et al.11 suggested an 

explanation for the observed acidosis that methylmalonyl-CoA might be “trapping” the cellular 

supply of coenzyme A, leading to impaired carbohydrate metabolism.  Alternatively, 

Table 4: Metabolic 
derangements of 
methylmalonic acid levels in 
children with methylmalonic 
acidemia (Isolated enzyme 
deficiency type). 

Quantity Normal 
Subjects 

Methylmalonic 
Acidemia 
Patients 

methylmalonate 
excreted daily 

<0.04 mmole 
(5 mg)  

2.1 to 49 
mmoles (240 
to 5700 mg) in 
a 24-h period.7 

Plasma & 
CSF45 
methylmalonate 
concentrations 

Undetectable 0.22 to 2.9 mM 
(2.6-34 
mg/dl).7 
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methylmalonyl-CoA might interfere with gluconeogenesis,79 leading directly to hypoglycemia, 

and the subsequent increase in lipid catabolism could cause ketoacidosis.  Halperin, et al.80 

showed that methylmalonate inhibited the transmitochondrial shuttle of malate and argued that 

impairment of this key step in gluconeogenesis could lead to hypoglycemia.  Treacy, et al.81 have 

suggested that a deficiency of glutathione may also contribute to lactic acidosis in these patients. 

Additionally, in methylmalonic acidemia the accumulated organic acids or their CoA 

esters inhibit intramitochondrial glycine cleavage and an enzyme associated with the urea 

cycle.82-88  These are probable causes of hyperglycinemia and hyperammonemia in affected 

children.  Carnitine deficiency results from decreased renal handling of filtered carnitine and the 

excretion of acylcarnitine derivatives formed from organic acids.2,89,90  This deficiency may 

contribute to muscle hypotonia and other clinical findings (Tables 1 & 3). 

Inheritance pattern and epidemiology (mut0, mut-, cblA & cblB) 

 Each of the four etiologies for isolated methylmalonyl-CoA mutase deficiency are 

inherited as autosomal-recessive traits, as a number of studies demonstrate.40,43,91-98  

The prevalence of methylmalonic acidemia is difficult to define precisely.  One survey in 

Massachusetts suggested an occurrence of 1:48,000 infants,99 while another in Quebec suggested 

1:61,000 infants.100  Others have suggested a figure of 1:29,000.99,68 A much greater prevalence 

of between 1:1,000 and 1:2,000 has been reported in Middle Eastern populations.60 

Molecular characterization of isolated mutase deficiency (mut0, mut-, cblA, & cblB defects) 

Evidence for defect in methylmalonyl-CoA mutase apoenzyme came from in vitro 

studies showing instances where mutase enzyme activity could not be restored at saturating 

AdoCbl concentrations, whereas, in other cases, the activity was restored to normal.101,102 

Subsequently, much has been learned about the mut0 and mut- defects. 
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Figure 3.108  Schematic representation of the secondary structure of 
the methylmalonyl CoA mutase enzyme.  The adenosylcobalamin 
(AdoCbl) binding site is indicated.  The locations of a number of 
identified mutations are indicated (see Text & Table 3).  From 
Thoma, NH; Leadlaey, PF:  Homology modeling of human 
methylmalonyl-CoA mutase:  A structural basis for point mutations 
causing methylmalonic aciduria.  Protein Sci  5: 1922, 1996.108  
Copyright © 1996, Cold Spring Harbor Laboratory Press. 

 The mut0 defect, constituting two-thirds of the mut group, shows mutase activity which is 

undetectable in cultured fibroblasts (<0.1% of control), even in the presence of excess 

AdoCbl.96,102 The molecular flaws in mut0 patients range from no enzyme synthesis at all, to 

unstable and rapidly degraded enzyme, to highly reduced enzyme levels—and a problem with 

mitochondrial targeting in one case.103-105 

 The other defect, mut-, involves a structurally abnormal mutase apoenzyme.  The mutated 

enzymes in extracts from these cells retain 2 to 75% of normal activity, bind AdoCbl 200 to 5000 

times less well than normal enzyme, and exhibit increased thermolability.96,106,108 Since 

individuals who appear to be mut0/mut- compound heterozygotes are affected, both defects must 

reflect abnormalities of the same 

locus (i.e., the mut gene).96,106 

Moreover, considerable 

information exists on the 

molecular abnormalities 

underlying the mut group of 

defects in methylmalonic 

acidemia.  Ledley, et al.98 

initially found reduced mRNA 

levels in some lines. Table 5 lists 

many of the mutations identified 

to date.  To date, about 34 mutations and 2 benign sequence changes have been 

identified.40,91,92,105,109-121  A number of mutations have been characterized which are common 

among people from different racial or ethnic groups.111,113,116,117 Figure 3 shows a linear 
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representation of the structure of human mutase,108 based on the crystal structure of a bacterial 

homologue.37,42  On it are indicated the locations of a number of the missense mutations in 

mutase identified so far.  The effects of some of these have been rationalized in terms of the 

predicted three dimensional structure.92,108,110,118,122 

Table 5.  Mutations in Methylmalonic Acidemia. (Phenotype 
confirmed by gene transfer where indicated.) 
Amino Acid Base Exon Phenotype Investigators 
Q18X C T, 128 II mut0 Ledley, et al. 1990 
R93H G A, 354 II mut0a Raff, et al. 1991 
W105R T C, 389 II mut0 Jansen and Ledley, 1990 
A377E C A, 1206 VI mut0 Jansen and Ledley, 1990 
G623R G A, 1943 XI mut0 Qureshi, et al. 1994109 
G626C G T, 1952 XI mut- Crane and Ledley, 1994110 
G630E G A, 1965 XI mut0 Crane and Ledley, 1994110 
G648D G A, 2019 XI mut- Crane and Ledley, 1994110 
R694W C T, 2156 XII mut- Crane and Ledley, 1994110 
G703R G C, 2183 XII mut0 Qureshi, et al. 1994109 
G717V G T, 2226 XIII mut- Crane, et al. 1992111,115 
H532R A G, 1671 IX Polymorphism Crane, et al. 1992;111,115 

Qureshi, et al. 1994;109 
Crane and Ledley, 1994110 

G671I G A, 2087 XII Polymorphism Crane, et al. 1992; 111,115 
Qureshi, et al. 1994;109 
Crane and Ledley, 1994110 

E84X G T,b 326   Ogasawara, et al. 1994i112 
A197T G A, 665   Ogasawara, et al. 1994i112 
FrSh231 769delCAb   Ogasawara, et al. 

1994i,ii112,113 
E117X G T,b 425   Ogasawara, et al. 

1994i,ii112,113 
Y231N T A,c 767   Kogekar, et al. 199792 
V368D T A, 1179   Ogasawara, et al. 1994i112 
R369H G A,b 1182   Kogekar, et al. 1997;92 

Ogasawara, et al. 1994i112 
FrSh655 1952del13   Touraine, et al. 1995 
V669E T A, 2082   Ogasawara, et al. 

1994i,ii112,113 
H678R A G,b 2109   Kogekar, et al. 199792 
aThis mutation exhibits interallelic complementation (Raff, et al. 1991; Crane and Ledley, 1994;110 Qureshi, et 
al. 1994109) 
bMutations identified by Kogekar, et al. 199792 are from mut- cell lines but may individually express either 
mut- or mut0 phenotypes. 
cAssociated with reduced mRNA levels. 
Table adapted from Ledley and Rosenblatt, 1997.121 Note: this table indicates mutations that had been 
identified till 1997.  See text for more recent findings.108,117-120 
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The molecular abnormality of adenosylcobalamin synthesis—i.e., the Cbl-responsive 

forms of the disease (i.e. the cbl- defects)—are associated with functional deficiency of specific 

mitochondrial enzymes of AdoCbl synthesis (Figure 2).23,24  In particular, two mutant classes 

have been differentiated among patients defective only in AdoCbl synthesis, that is, cblA and 

cblB.93-95,123  The cblA defect is associated with a deficiency of a mitochondrial Cbl reductase.124  

There is some evidence indicating a possibility of interallelic complementation in this defect.125  

The second defect designated cblB, results from deficiency of cob(I)alamin 

adenosyltransferase.97 

Combined methionine synthase and methylmalonyl-CoA mutase deficiency 

Presentation and pathology 

 The defects in this category differ from isolated mutase deficiency in that they 

demonstrate both methylmalonic acidemia and homocystineuria.  Many patients with the 

inherited combined disorder have been subject of individual case reports.126, 127-143  Cells from 

these children comprise three biochemically and genetically distinct complementation groups, 

designated cblC, cblD, and cblF. 93,94,125,144 Of these, the cblC defect is inherited as an autosomal-

recessive trait,93 but the mode of inheritance of cblD and cblF defects is not yet known. 

Among the more than 100 patients characterized with cblC defect, clinical findings have 

varied widely, and some cases diagnosed only in adult life.  In a review of 50 patients,144 44 had 

onset in the first year of life and 6 had onset after 6 years of age, and 13 early-onset patients died.  

The clinical presentation and laboratory findings of cblC patients are given in Table 6. 

 Neither of the two brothers in the cblD group126 had any clinical problems until the older 

brother presented with severe behavioral pathology and moderate mental retardation.  The 2-

year-old sibling was asymptomatic, although biochemically affected, and neither had any 

hematologic abnormalities. 



 14

 Additionally, six patients have been reported in the cblF group.  The clinical and 

laboratory findings from patients in this category are presented in Table 7. 

 

Molecular characterization of 
combined deficiency states 
(cblC, cblD, & cblF defects) 
 A variety of experiments 

have revealed that in cblC and 

cblD forms of the disease, the 

cellular metabolism of cobalamin 

(Cbl, vitamin B12) becomes 

deranged such that the 

coenzymes for both 

methylmalonyl-CoA mutase and 

methionine synthase (AdoCbl 

and MeCbl, respectively) are 

improperly synthesized.33,127  Experiments have indicated lower Cbl content in liver and kidney 

fibroblasts,33,128,148,149 and inability of cells to retain radioactively labeled CN-Cbl or convert it to 

either MeCbl or AdoCbl.24,94,150  The two enzymatic deficiencies improve with OH-Cbl 

supplementation of growth medium.24,33,94,95,151 cblC is unable to convert CN-Cbl to OH-Cbl, a 

necessary prerequisite for MeCbl and AdoCbl synthesis, indicating a defective cytosolic 

cob(III)alamin reductase.152,153,154 This is indeed the case for both cblC and cblD.155,156 

Glutathionyl Cbl intermediate in the reductive pathway may also be mutated in these groups.157 

Table 6.  Clinical presentation and 
laboratory findings in patients with cblC 
type combined methylmalonyl CoA mutase 
and methionine synthase functional 
deficiencies 
Early-Onset (≈88%)145 Late-Onset (≈12%)145 
Feeding difficulties Decreased cognitive performance 
Hypotonia Confusion 
Failure to thrive Dementia 
Seizures Delirium 
Microcephaly Myelopathy 
Developmental delay Tremor 
Cortical atrophy Pigmentary retinopathyc 
Hydrocephalus Skin lesionsa 
Nystagmus Megaloblasticb anemia 
Pigmentary retinopathy Thrombocytopeniab 
Decreased visual acuity Leukopeniab 
Megaloblastic anemia Neutropeniab 
Thrombocytopenia Cbl = Normal 
Leukopenia Folate = Normal 
Neutropenia  
Renal failured  
areported by Howard, et al.146 
bhematologic abnormalities observed in half the later-onset patients 
conly one case observed 
donly a few cases observed. 
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 Although the cblF defect results in impaired AdoCbl and MeCbl synthesis, affected cells 

accumulate unmetabolized CN-Cbl in lysozomes, indicating a deficiency in the process by which 

cobalamin metabolites exit from lysozomes after being taken up (Figure 2). 

 

Differences between pathophysiology of 
combined enzyme deficiency and isolated 
methylmalonyl-CoA mutase deficiency 
 
 In general the two groups of combined 

methionine synthase and methylmalonyl-CoA 

mutase deficiency and isolated methylmalonyl-

CoA mutase share more in common than not.  

But important differences set these categories of 

methylmalonic acidemia apart which should be 

noted.  A comparison of the two groups of 

disorders is presented in Table 8.  One should 

also note that homocystinuria present in the 

combined disease form may not always be 

detectable although methione synthase activity 

is reduced.140-143 

Table 8: Important differences between pathophysiologies of combined 
enzyme deficiency and isolated mutase deficiency in methylmalonic 
acidemia patients. (Also compare tables 1-3  and tables 6-7) 

Combined methionine synthase and methylmalonyl-CoA 
mutase deficiency 

Isolated methylmalonyl-CoA mutase deficiency 

megaloblastic anemia (in cblC patients reflects deficiency 
of methionine synthase)145,146 

no such hematologic dysfunction 

Early and severe central nervous system anomalies143 (in 
cblC group) result from methionine synthase deficiency158 

neurologic problems result from severe metabolic 
ketoacidosis46,57-59,62-66 

Less severe methylmalonic aciduria Severe methylmalonic aciduria 
Hyperglycinemia not reported Hyperglycinemia frequently present (Table 2) 
Hyperammonemia not reported Hyperammonemia frequently present (Table 2) 

Table 7.  Clinical and Laboratory 
findings in cblF type combined 
deficiency disorder 
Clinical signs and 
symptoms 

Laboratory findings 

Small size for 
gestational 
age/Inadequate weight 
gain140,141,147 

Methylmalonic 
aciduria140,141 

Poor feeding140,141,147 Cbl malabsorption140-142 
Failure to thrive142,147 Macrocytosis140,141 
Developmental delay142 Homocysteinuria140,141 
Persistent stomatitis140-

142 
Hypoglycemia143 

Growth 
retardation140,141 

Thrombocytopenia143 

Minor facial 
anomalies140,141 

Neutropenia143 

Dextrocardia140,141 Anemia142 
Persistent rash140,141 Low serum Cbl142 
Premature arthritis143  
Confusion143  
Disorientation143  
Pigmentary 
dermatitis143 

 

Aspiration 
pneumonia143 (at birth) 

 

Hypotonia143  
Lethargy143  
Recurrent infections142  
Gastroesophageal 
reflux147 
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Diagnosis 

A number of techniques exist for the diagnosis of methylmalonic acidemia and these are 

indicated in Table 9.  Other sources of ketoacidosis must also be ruled out.  Confirmation and 

etiologic designation (i.e., mut or cbl defect) depend on studies with cultured cells and extracts 

therefrom (see Table 9).159,160 Prenatal detection of methylmalonic acidemia has also been 

accomplished as indicated in Table 9. 

Table 9:  Techniques for diagnosing methylmalonic acidemia. 
calorimentric assays for urinary methylmalonate (simplest technique) 
such as automated tandem mass spectrometrya,161 
gas-liquid chromatography (GLC)a 
gas chromatography—mass spectrometry (GC-MS) a,1,2 
Direct measurement of serum Cbl concentration (for excluding Cbl deficiency) 
For confirmation and etiologic designation (i.e., mut or cbl defect):1 
Studies of Cbl uptake and AdoCbl formation by intact cultured fibroblasts 
Assays of mutase activity in cell extracts 
Genetic complementation studies with cultured cell heterokaryons 
Prenatal detection of methylmalonic acidemia: 
Measurement of methylmalonate in amniotic fluid and maternal urine at mid-trimester162,163 
Studies of mutase activity and Cbl metabolism in cultured amniotic fluid cells.93,163,164   
Assays of [14C]propionate utilization165,166 uncultured chorionic villus biopsy specimens (Proven unsatisfactory? 167) 
aAssays for serum and urinary methylmalonate. 

 

Based on current understanding, the presence of methylmalonic aciduria, homocystinuria, 

and normal serum Cbl concentrations is the combination needed to distinguish patients in the 

combined deficiency groups from those with isolated mutase deficiency, and one of several other 

causes of homocystineuria.  Such distinctions can be confirmed by cell studies.  Thus, patients in 

this category can be expected to present with a combination of symptoms from both the isolated 

mutase deficiency (Tables 1-3) and those attributable to the methionine synthase deficiency 

(Tables 6-7).146,158 

 



 17

Treatment 

The acute management of methylmalonic acidemia2,60 involves (1) protein elimination 

with provision of adequate calories to suppress gluconeogenesis using intravenous fluids with 

glucose, (2) administration of intravenous bicarbonate to correct acidosis, and (3) pharmacologic 

doses of hydroxocobalamin (OH-Cbl)  (1 mg) in the new or undefined patient.  Dialysis may be 

necessary in some cases.  Carnitine supplementation is useful, not only to reverse the deficiency 

of free carnitine that regularly occurs in these conditions, but also to form carnitine esters of 

accumulated toxic CoA esters; these carnitine esters are subsequently excreted in the urine.3,168 

Two treatment regimens for children with methylmalonic acidemia exist for chronic 

therapy and should be used in tandem.  A diet restricted in protein (or a special formula restricted 

in precursors of methylmalonate) should be instituted as soon as life-threatening problems such 

as ketoacidosis, hypoglycemia, or hyperammonemia have been addressed;2,60 and supplementary 

Cbl (1-2 mg CN-Cbl or, preferably, OH-Cbl intramuscularly daily for several days) should be 

given as soon as the diagnosis of methylmalonic acidemia is seriously considered.  Such 

measures should decrease the circulating concentrations of methylmalonate and propionate.  

Even Cbl-unresponsive children with delayed development have been shown to improve 

markedly when treated with careful dietary protein restriction.169,170  Table 10 lists several other 

treatment options that may be successful. 

Table 10.  Additional treatments in chronic therapy for methylmalonic acidemia 
that may supplement conventional therapy (i.e., dietary restriction and Cbl 
supplements). 
L-carnitine supplementation3,168 
Oral antibiotic therapy171-174 
Total parenteral nutrition175 
Allupurinol to treat uricacidemia60 
Ascorbate to treat glutathione deficiency81 
Growth hormone to correct short stature and obesity60 
Immunoglubulin therapy for brief tonic seizures176 
Prenatal therapy with Cbl supplements (either to pregnant woman163,177,178 or intrauterine179) 
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In addition, the successful treatment of cblC, cblD, or cblF patients may demand 

administration of very large amounts of Cbl.126,129,131-133,140,180 Such treatment has resulted in 

dramatic decreases in methylmalonate (less dramatic changes in urinary homocysteine) in 

patients who have received it.181  Additionally, supplementation with betaine, methionine, and 

carnitine can reduce homocysteine and organic acid levels, while alleviating many associated 

symptoms.180,182 

 
Prognosis 
 

The prognosis of patients with methylmalonic acidemia—either owing to isolated mutase 

deficiency (mut0, mut-, cblA, or cblB) or the forms with an additional methionine synthase 

deficiency (cblC, cblD, or cblF) depends on (a) early diagnosis and (b) the ability to effect good 

long-term metabolic control.1 However some defects are less severe than others in terms of the 

outcome.  Both the response to Cbl supplements and the long-term outcome in affected patients 

depend considerably on the nature of the biochemical lesion causing methylmalonic acidemia:43 

None of the children designated mut0 or mut- responded to Cbl supplements with a distinct 

decrease in blood and urinary methylmalonate, whereas over 90% of the cblA and about 40% of 

the cblB patients showed a response.  Moreover, one must alleviate the enzyme deficiency just 

slightly to see a positive response as studies suggest that raising enzyme activity to only 10 

percent of normal via growth medium supplementation with OH-Cbl distinctly augments 

propionate pathway activity.95,159  The use of AdoCbl instead of CN-Cbl or OH-Cbl is 

ineffective.183,184 

Owing to complete methylmalonyl-CoA mutase deficiency the mut0 group has the 

poorest prognosis, with approximately 60% deceased and 40% distinctly impaired 

developmentally.43,44 In contrast, cblA patients (i.e., the group biochemically most responsive to 
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Cbl supplements) had the best outcome: 70% were alive and well at ages up to 14 years.  The 

cblB and mut- groups were intermediate, with about equal fractions in each group being found in 

the alive and well, alive and impaired, or the deceased category.43   

Additionally, a long-term complication of methylmalonic acidemia patients is chronic 

renal failure.50-56 One report indicated that 8 of 12 non-Cbl responsive patients (1-9 years of age) 

had a reduced glomerular filtration rate, with five severely affected.51 In one of these, “greatly 

improved metabolic control” over a period of 18 months led to increased, but still impaired, renal 

function.51 It is not known what impact better metabolic control and Cbl supplementation may 

have in this and similar cases.1 

Finally, early diagnosis and prompt institution of therapy with Cbl supplements (and 

betaine) may be the only way to change the outcome of cblC, cblD, and cblF patients which has 

mostly been dismal thus far.126,127-143 At least one recent study reports on more favorable 

outcomes for eight cblC patients subjected to aggressive therapy with intramuscular OH-Cbl, 

carnitine, and oral betaine.182 

 

Conclusion and future directions 

 Methylmalonic acidemias are a group of rare but severe inborn errors of metabolism 

caused by non-functional methylmalonyl-CoA mutase.  The resulting accumulation of organic 

and ketotic acid compounds precipitates a constellation of biochemical and pathologic problems 

which are often debilitating and fatal in infants and young children.  Owing to the severity of the 

metabolic disorders of methylmalonic acidemia much work remains to be done towards the 

development of more effective treatments, and several paths toward doing so are being carved 

out.   
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 Not surprisingly, liver transplantation has been attempted in a limited number of early-

onset patients, who have the worst prognosis.185-188 Although liver transplantation appears to 

protect against acute metabolic decompensation, biochemical correction is incomplete and it is 

not certain that there will be complete protection against the renal and neurologic complications.1  

In one case, combined liver-kidney transplantation led to marked improvement, but the precise 

mechanism of its effectiveness remains to be worked out.189 

Preliminary steps have also been taken toward somatic gene therapy for mutase 

deficiency.190,191  Besides all the usual questions of safety and long-term stability of response that 

surround somatic gene therapy, two important issues remain unanswered for mutase: How much 

activity must be restored in vivo to normalize the biochemical hallmarks of the disease?  And, 

does correction of the defect in the liver, for example, lead to reversal or amelioration of the 

pathologic changes in other organ systems and overall clinical improvement? 

Another interesting concept involves the study of the molecular defects through an 

understanding of the enzyme structure.37,121,122 For example, it is known that certain mutations at 

the cobalamin binding site, sterically block the docking of the AdoCbl coenzyme, thus 

preventing holoenzyme formation.122  If one could chemically modify a Cbl derivative such that 

it could now fit into the binding site, then it would be possible to design specific pharmacologic 

agents against known structural defects of methylmalonyl-CoA mutase.  In other words, such 

wonder drugs could restore compromised activity to methylmalonyl-CoA mutase in affected 

individuals to a significant degree, alleviating many symptoms of the disease.  Approaches of 

this kind are important reasons for researchers to continue the molecular characterization of 

defects in methylmalonic acidemia.121 
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