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Case Report: A Case of Adult Methylmalonic Acidemia With Bilateral Cerebellar Lesions Caused by a New Mutation in MMACHC Gene
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Methylmalonic acidemia is a severe heterogeneous disorder of methylmalonate and cobalamin (Cbl; vitamin B12) metabolism with poor prognosis. Around 90% of reported patients with methylmalonic acidemia (MMA) are severe infantile early onset, while cases with late-onset MMA have been rarely reported. Few reported late-onset MMA patients presented with atypical clinical symptoms, therefore, often misdiagnosed if without family history. Herein, we report a 29-year-old female who was admitted to our hospital due to symptoms manifested as encephalitis. The brain MRI showed symmetrical bilateral cerebellar lesions with Gd enhancement. Laboratory tests showed significantly elevated levels of homocysteine and methylmalonic acid. A genetic analysis identified a novel homozygous mutation (c.484G>A; p.Gly162 Arg) in the MMACHC gene. The patient was diagnosed with MMA, and her symptoms improved dramatically with intramuscular adenosine cobalamin treatment. In conclusion, for patients with symmetrical lesions in the brain, the possibility of metabolic diseases should be considered, detailed medical and family history should be collected, and metabolic screening tests as well as gene tests are necessary for correct diagnosis. The mutation diversity in MMACHC gene is an important factor leading to the heterogeneity of clinical manifestations of patients with MMA.
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INTRODUCTION

Methylmalonic acidemia is an autosomal recessive genetic organic acid hematic disease due to methyl propylene acyl coenzyme A (MMCoA) mutase (methylmalonyl CoA mutase, MCM) defect or synthesis error in its coenzyme adenosyl cobalamin (AdoCbl) (1), causing abnormal accumulation of methylmalonic acid, propionic acid, and methyl citrate in the circulation, which can lead to pancreatitis, kidney failure, as well as neurological symptoms such as mental impairment, optic atrophy, and symptoms related to spinal cord and basal ganglia damage. Two main forms of the disease have been identified, including isolated methylmalonic acidurias and combined methylmalonic aciduria and homocystinuria. Isolated methylmalonic acidurias is due to defects of MCM or methyl malonyl CoA mutase (MUT) coenzyme AdoCbl, while combined methylmalonic aciduria and homocystinuria is characterized by elevated plasma homocysteine and decreased levels of the coenzymes AdoCbl and methyl cobalamin (MeCbl) (1). Cobalamin C deficiency (CblC) type is most common among all combined patients with methylmalonic aciduria and homocystinuria. The disease is caused by mutations in the MMACHC gene (OMIM *609831) located on chromosome 1p34.1. The altered function of MMACHC results in a decreased intracellular production of adenosyl cobalamin and MeCbl, cofactors for the methyl malonyl-CoA mutase (EC 5.4.99.2) and methionine synthase (EC 1.16.1.8) enzymes. The deficient activity of these enzymes causes an elevation of methylmalonic acid and homocysteine and a decreased production of methionine. Symptoms of patients with CblC disease usually occur before 1 year old, while late-onset CblC disease often occur after 4 years old. The clinical classification of early-onset and late-onset CblC disease can correlate with the genotype of patients (2). To date, not more than 100 cases of late-onset methylmalonic acidemia (MMA) have been reported, with significant variations in clinical symptoms (3, 4). It has been proposed that the clinical heterogeneity of MMA is associated with the nature of different MMACHC mutations and the polymorphisms of other genes associated with cobalamin metabolism. Patients with late-onset MMA can be acute or insidious and show sudden deterioration. The clinical manifestations of late-onset patients are very heterogeneous and may be misdiagnosed if without family history. A recent study showed that the mean delay time from initial symptoms to diagnosis was 32.1 months (5). Herein, we report a 29-year-old female characterized by symmetrical bilateral cerebellar lesions, however, mainly manifested with symptoms of encephalitis. The patient was finally diagnosed with MMA, and her symptoms were improved dramatically with intramuscular hydroxocobalamin treatment.



CASE REPORT

A 29-year-old female was hospitalized due to abnormal mental behavior for 10 days, mainly manifested as cognitive decline, cannot recognize family members, and inaccurate answers to questions. The patient had dizziness, headache, nausea, and vomiting occasionally; however, no fever was present during the disease course. The patient was diagnosed with hypothyroidism 1 year ago and was treated with oral levothyroxine sodium at 50 μg/day. A neurological exam showed delirium and increased muscle tone of limbs and ataxia. Meningeal signs (neck rigidity, Kernig's, Brudzinski's signs, jolt accentuation, and eyeball tenderness) were absent. All other neurological examination results were otherwise normal. Upon admission, based on the clinical symptoms, the possibility of encephalitis was considered. Methylprednisolone sodium was given at the dose of 1,000 mg/day for 3 days and penciclovir antiviral therapy was given as well. However, on the 4th day of admission, the patient began to show dysphoria at night, manifested as shouting and uncontrollable. A neurological examination showed increased muscle tone than before. The patient's brain MRI showed abnormal signals in the vermis and in the bilateral cerebellar hemispheres (Figure 1), with low signal on T1-weighted image (A), high signal on T2-weighted image (B), and high signal on DWI sequence (C) with Gd enhancement (D).
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FIGURE 1. The patient's brain MRI showed abnormal signals in the vermis and in the bilateral cerebellar hemispheres, with low signal on T1-weighted image (A), high signal on T2-weighted image (B), and high signal on DWI sequence (C) with Gd enhancement (D).


A laboratory test showed significantly elevated serum homocysteine (Hcy) levels (178.41 μmol/L, normal range 0–15 μmol/L). Serum folic acid levels (16.2 ng/ml, normal range 3.1–20.0 ng/ml) and serum vitamin B12 levels (248 pmol/l, normal range 139–652 pmol/l) were within the normal range. A thyroid function test showed increased levels of anti-thyroglobulin antibodies (163.45 IU/ml, normal range 0–4.11 IU/ml) and anti-thyroid peroxidase antibodies (>1,000.00 IU/ml, normal range 0–5.61 IU/ml); however, the thyroid hormone levels were within the normal range. Serum virus infection tests showed increased levels of herpes simplex virus (HSV) type I IgG antibodies (4.44 s/Co, normal range: <1.00), HSV type II IgG antibody (1.72 s/Co, normal range: <1.00), and Rubella virus IgG antibodies (2.76 s/Co, normal range: <1.00). A CSF routine test showed normal intracranial pressure (130 mmH2O, normal range: 80–180 mmH2O), slightly increased levels of IgG (47.03 mg/L, normal range 0–34.0 mg/L), the CSF cell count, and glucose and protein levels were within the normal range. The serum and CSF autoimmune encephalitis and paraneoplastic antibody panel tests were all negative. The patient's EEG and blood examination results were normal. Inflammatory markers such as C-reactive protein and procalcitonin levels were within the normal range. All the other immune function–related tests including antinuclear antibody; anti-deoxyribonuclease; complements; rheumatoid factor; anticardiolipin antibodies; antiphospholipid antibodies; lipoprotein A; factors II (prothrombin), VII, VIII, IX, XI, and XII; protein C; protein S; and antithrombin levels were normal.

Due to the symmetric lesions in the cerebellum showed by the brain MRI and significantly elevated serum homocysteine levels, metabolic disease was considered. Therefore, the blood and urine samples were sent out to Jilin Kingmed for Clinical Laboratory Co., Ltd. for a metabolic analysis. The results from blood examination showed that the ratio of propionyl carnitine and propionyl carnitine to acetylcholine increased, indicating MMA or propionic acidemia. Urine examination results showed increased methylmalonic acid (306.4 μmol/mmol creatinine, normal range 0.0–4.0 μmol/mmol creatinine) and methyl citrate (5.6 μmol/mmol creatinine, normal range 0.0–0.7 μmol/mmol creatinine) levels, indicating MMA (Figure 2); The levels of 3-hydroxypropionic acid and acetone were also found increased in the urea, indicating ketonuria. A genetic analysis was performed with the permission of the patient's parents and showed mutation in MMACHC gene: c.484G>A/c.658_660del (Figure 3). Therefore, MMA was diagnosed.
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FIGURE 2. GC-MS urinary organic acid profile. The arrow showed spectrum of elevated methylmalonic acid, which was 100 times higher than normal levels.
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FIGURE 3. Results of the MMACHC gene test. Gene mutation in c.484G>A and c.658_660del. c.484G>A (red arrows) was observed due to an amino acid change in codon position 162, which is highly suspected to be a new genetic mutation.


The patient was given adenosine cobalamin at 1.0 mg/day and l-carnitine at 1 g/day intramuscularly, and vitamin B6 10 mg/day and folic acid 15 ug/day were given orally as well. The patient's symptoms improved gradually, with decreased muscle tone and better cognitive status. The levels of homocysteine in the serum (from 178.41 to 35.42 umol/L) and the levels of methylmalonic acid in the urine were significantly decreased than before (from 306.4 to 6.1 μmol/mmol); the patient was discharged from the hospital on the 20th day of admission. After 2 months, the patient's cognitive ability had nearly returned to normal.



DISCUSSION

We present a 29-year female patient, who manifested an acute episode of cognitive impairment and psychiatric symptoms with symmetrical lesions in the cerebellum. Encephalitis was initially considered; glucocorticoids and antiviral therapy were given. However, the symptoms of the patient progressively deteriorated. Afterward, significantly increased levels of Hcy and methylmalonic acid were found, and mutation in MMACHC gene was detected; thus, late-onset CblC-type MMA was diagnosed.

The patient presented with acute cognitive impairment, psychiatric symptoms, and symmetrical abnormal signals in the cerebellum. Psychiatric symptoms such as aggression, irritability, and marked disturbance in sleep/wake cycles may occur in patients with autoimmune encephalitis (6), Moreover, anti-glutamic acid decarboxylase (anti-GAD)-associated bilateral symmetrical cerebellar lesions in patients with autoimmune encephalitis have also been reported (7). Thus, autoimmune encephalitis was initially considered and the patient was treated with glucocorticoids and antiviral therapy while awaiting CSF autoimmune antibody results. However, the patient's symptom deteriorated with the above treatment and CSF autoimmune antibody results came back negative. Therefore, the diagnosis of autoimmune encephalitis was excluded.

Most patients with MMA show varied symptoms in the infancy period, including poor feeding, hypotonia, seizures, coma, and death (8). The clinical features of late-onset CblC MMA are rarely reported and are quite different from those of early-onset ones (2). Cerebral white matter and basal ganglia lesions were the most common reported in early-onset patients, while cerebrum atrophy and white matter lesions were frequently reported in the late-onset patients (9). However, abnormal cerebellar signals were rarely reported with only three cases reported so far. Sheng et al. (10) reported a case of late-onset CblC MMA with subacute onset ataxia for 6 weeks. The T2-weighted brain MRI showed abnormally high signals in bilateral cerebellar hemispheres and right basal ganglia. Chang et al. (9) reported a case of late-onset CblC MMA with gait disturbance and psychiatric symptoms for a year. In this case, the brain MRI at the age of 15 showed altered signal from the dorsal portions of the cerebellar hemispheres. Wang et al. (11) reported another late-onset CblC MMA case with progressive cognitive impairment of 1-month duration, gait instability, bilateral upper and lower limb rigidity, urine incontinence, delirium, and auditory hallucinations. Bilateral abnormality of cerebellum cortex was found in diffusion-weighted imaging (DWI) and fluid attenuated in version recovery (FLAIR) sequence. The brain MRI of our patient upon admission also showed similar symmetrical bilateral cerebellar lesions with Gd enhancement. However, our patient mainly presented as cognitive impairment and psychiatric symptoms. Her EEG showed mild abnormalities. The abnormal mental behavior of the patient might be due to the excitatory toxicity, oxidative stress, and inhibition of methylation metabolism of Hcy (12). The characteristics of MMA cases reported in the previous literature along with our case were summarized in Table 1.


Table 1. The clinical presentations, treatments, and outcomes of cases with late-onset CblC deficiency.
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Methylmalonic acidemia is a metabolic disorder of vitamin B12; the CblC-type affects the synthesis of adenosine cobalamin and mecobalamin, which catalyzes the conversion of Hcy into methionine, resulting in MMA with hyper Hcy-induced MMA (12). Genetic analysis is the gold standard for the diagnosis of MMA. The responsible gene has been confirmed to be MMACHC gene located on chromosome 1P34.1, and more than 50 mutation types have been reported (2). The type of gene mutation reported in patients with late-onset MMA includes c.482G>A, c.347T>C, c.609G>A, c.394C>T, c.440G>C, etc. (1). The most common mutation types in patients with CblC type in China were c.609G>A and c.658_660delAAG, and c.609G>A accounted for 55.4% of the total number of mutation types (15). The pathogenic genes of our patient are c.658_660delAAG and c.484G>A. The mutation of C. 658_660delAAG was common in late-onset CblC disease (16); however, the pathogenicity of c.484G>A has not been reported so far, and we highly suspected that it is a new genetic mutation, which is speculated to be related to the clinical heterogeneity of the patient. This mutation was not found in the Human Genome Mutation Database (HGMD). Several types of mutations were found in codon 161, while our mutation causes an amino acid change in codon position 162. An in silico evaluation of this variation was done with the Mutation tester, Polyphen2, and SIFT databases, and all judged this variation as disease causing. The father of our patient was found to be heterozygous for this mutation (c.484G>A; p.Gly162Arg). SIFT, PolyPhen2, and Mutation Taster were used to predict the protein damage of the mutation, and the results indicated that it was likely to be a pathogenic protein.

The patient was treated with intramuscular injection of vitamin B12 and oral administration of l-carnitine and folic acid. Her laboratory, imaging results as well as clinical symptoms significantly improved. The CblC type is mostly well-responsive to vitamin B12; therefore, patients with CblC-type MMA should be treated with vitamin B12 as soon as possible (17). MMA is a treatable disease involving multisystem damage caused by metabolic abnormality, whose clinical manifestations overlap with other common diseases of the nervous system. In clinical practice, the possibility of MMA should be considered for patients with older onset age and abnormally increased Hcy levels. A screening of hematuria metabolism and a gene testing at an early stage are of great value for diagnosis (18).

In conclusion, for patients with symmetrical lesions in the brain, the possibility of metabolic diseases should be considered, detailed medical and family history should be collected, and metabolic screening tests as well as gene tests are necessary for correct diagnosis. The mutation diversity in MMACHC gene is an important factor leading to the heterogeneity of clinical manifestations of patients with MMA. We also emphasized the importance of early recognition of CblC deficiency and early treatment with hydroxocobalamin for a better prognosis of the disease.
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