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CASE REPORT

Spectrum of clinical manifestation 
of methylmalonic acidemia and homocystinuria 
in a family of six siblings: novel combination 
of transcobalamin receptor defect (CD320) 
and cblC deficiency (MMACHC)
Nadia Waheed1*  , Zafar Fayyaz2 and Ahmad Imran2 

Abstract 

Background:  Methylmalonic acidemia with homocystinuria is caused by a rare inborn error of vitamin B12 (cobala-
min) metabolism. There are four complementation classes of cobalamin defects cblC, cblD, cblF, and cblJ that are 
responsible for combined methylmalonic acidemia and homocystinuria.

Case presentation:  We report a case of a Pakistani family composed of six children diagnosed with methylmalonic 
acidemia and homocystinuria (MMA + HCU). Mutation analysis of siblings revealed a variable combination of 
c.394C>T mutation in the MMACHC gene and c.262_264del in CD320 gene. All siblings had variable age of onset, initial 
symptomatology, the severity of disease, and response to treatment. The maximum age of presentation was 6.5 years 
and the minimum age was at birth. The spectrum of symptoms ranged from a subtle learning disability to global 
developmental delay within the same family. None of them had a seizure disorder, megaloblastic anemia, visual dis-
turbance, and vascular events.CD320 defect itself is very rare, and only 12 cases have been reported so far. We report 
six cases, four of them had homozygous MMACHC variant c.394C>T and the other two had heterozygous MMACHC 
mutations in c.394C>T and c.262_264del in CD 320 genes. To date, neither such case has been reported in the literature 
or this compound heterozygous mutation.

Conclusion:  Our case report emphasizes that the diagnosis of inherited metabolic disorder in a child obviates the 
need to screen all siblings for the same disorder.
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Background
Cobalamin is vitamin B12, an essential water-soluble 
vitamin, which has a vital role in the functioning of sev-
eral enzymes in our body [1]. After ingestion, cobalamin 
binds to intrinsic factors and enters the enterocytes. In 
circulation, it is complexed with transcobalamin and 

taken into the cells by the transcobalamin receptor. This 
receptor is encoded by CD320 located on the short arm 
of chromosome 19 [2]. Defect in transcobalamin recep-
tor and intracellular cobalamin metabolism results in 
methylmalonic acidemia and homocystinuria [3]. The 
MMACHC protein is responsible for the intracellular 
trafficking of cobalamin. It is involved in the decyanation 
of cyanocobalamin as well as in the dealkylation of alky-
lcobalamins through a glutathione transferase activity, 
leading to the formation of adenosylcobalamin (AdoCbl) 
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and methylcobalamin (MeCbl) [4]. Adenosylcobalamin 
(AdoCbl) is a cofactor in the metabolism of methyl malo-
nyl co A into succinyl co A which is the final step in the 
metabolism of amino acids (valine, leucine, threonine, 
and methionine) odd chain fatty acids and cholesterol. 
Methylcobalamin (MeCbl) acts as a cofactor in the re-
methylation of homocysteine to methionine [5].

We discussed a family of 6 siblings having sympto-
matic methylmalonic acidemia and homocystinuria with 
a novel combination of defects in the MMACHC and 
CD 320 gene. All siblings presented with variable initial 
symptomatology, age of onset, and severity of symptoms 
and showed variable response to treatment.

Case presentation
This family first sought medical attention when their eld-
est daughter suffered from behavioral changes at 6 years 
of life. At that time she became aphasic, isolated, non-
interactive, lost interest in her surroundings, poor appe-
tite, and lost weight. She was worked up for tuberculous 
meningitis which was normal, and she was discharged 
home on multivitamins. Her symptoms deteriorated fur-
ther, her gait became ataxic, and gradually she lost ambu-
lation at 10 years of age. Her magnetic resonance imaging 
of the thoracolumbar spine performed was normal, but 
MRI brain revealed bilateral symmetrical hyper-intensi-
ties in periventricular and peritrigonal areas suggestive 
of demyelination due to a metabolic disorder. She was 
worked up for metabolic disorder; her laboratory param-
eters showed compensated metabolic acidosis, mild 
ketoacidosis, normal serum ammonia and lactate level. 
Her urinary gas chromatography mass spectrometry 
(GCMS) revealed a peak of methylmalonic acid (MMA). 
She was started on oral vitamin B12 (methylcobalamin), 
carnitine, and protein restriction with little improve-
ment. When she visited us she was on this treatment for 
the last 6 months.

Her parents were first cousins; she was born at term 
with normal antenatal, natal, and postnatal periods. 
She achieved all her milestones appropriately according 
to age and was a student of grade 2 when she started to 
have the first symptom. Furthermore, she has left school 
because of illness. Currently she is 11 years of age.

Her family history revealed that her younger sister (sib-
ling 2) has a global developmental delay. She was born 
full-term with normal antenatal natal and postnatal his-
tory. She did not achieve any of her motor, language, and 
communication skills. Likewise, she is hypotonic, micro-
cephalic, and bedridden. The family has been told that 
she has cerebral palsy due to some adverse event at birth, 
but the parents denied any such adverse event. Currently, 
she is 8 years of age; her clinical and metabolic details are 
shown in Table 1.

3rd sister (sibling 3) developed symptoms at 6.5 years 
of age in the form of psychiatric illness. She was phobic 
about unseen things, had bouts of laughter and cries; 
otherwise, she was well, walking around having normal 
hearing and speech.

4th sibling was a 5-year-old boy and according to his 
parents, he was well except for his disinterest in studies 
and learning disability.

The youngest of all were identical twin boys aged 
3.5  years. One of them has developed symptoms one 
month back with regression in motor and language skills.

There was history of the death of one sibling at 15 days 
of life as sudden infant death and one early trimester 
miscarriage.

The common thing in all siblings was that none of them 
had a single episode of metabolic crisis, blood transfu-
sion, seizures, visual loss despite the variable onset of 
symptomatology, age of onset, and severity of symptoms.

Detailed examination, laboratory parameters, and 
genetic mutation of all siblings are shown in Table 1.

Baseline investigations for all revealed hypochro-
mic microcytic anemia with mean Hb of 10.1 ± 2.01  g/
dl, mean platelets of 250,000 ± 25,000/ul, and TLC of 
4500 ± 213/ul. Liver function tests, serum ammonia, 
renal function tests, serum calcium, magnesium, and 
CSF were normal. The metabolic screen revealed raised 
serum methylmalonic level (mean 7100 ± 205  nmol/L 
normal = less than 600  nmol/L) along with raised levels 
of homocysteine levels (mean 109.33 ± 42.35 umol/L in 
normal = less than 15 umol/L) in urine confirming the 
diagnosis of methylmalonic acidemia with homocystinu-
ria. Mean serum level of cobalamin (695 ± 82 umol/l; ref-
erence range 150–600) and cysteine (9.1 ± 2.1; reference 
range 4.7–14.1) was in the normal range. Magnetic reso-
nance imaging (MRI) scan of the brain showed variable 
type and severity of brain involvement in  siblings 1, 2, 5 
as shown in Fig. 1.

Methylmalonic acidemia advanced panel for all sib-
lings and mother (father has expired) was performed at 
Centogene Germany, which included the entire coding 
region of ABCD4, ACSF3, LMBRD1, MCEE, MLYCD, 
MMAA. MMAB, MMACHC, MMADHC, MTR, MTRR​ 
genes. Four siblings have homozygous pathogenic 
MMACHC variant c.394C>T P.(Arg132*) which creates 
a premature stop codon and causes cobalamin c disease 
(cblC), plus they were carrier for pathogenic variant 
CD320,c.262_264del p.(glu88del) which creates an in-
frame deletion of three base pairs in exon2 and is respon-
sible for transcobalamin receptor defect (Fig. 2).

Two siblings and mother had a heterozygous mutation 
for both above-mentioned pathogenic variants. Mother 
aged 40 years was found to have forgetfulness and insom-
nia when inquired about her symptoms in detail. Her 
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systemic examination was normal including the central 
nervous system. We performed her metabolic workup 
afterward which revealed elevated Methylmalonic level 
(mean 625 nmol/L) along with raised levels of homocyst-
eine levels (240 umol/L) in serum confirming the diagno-
sis of methylmalonic acidemia with homocystinuria.

They are being managed with Inj. hydroxocobalamin 
1  mg intramuscular weekly, tablet Betaine oral daily, 

oral carnitine, and folic acid. Detailed parental coun-
seling was done regarding the diagnosis, progression of 
disease, outcome, and adherence to treatment. The ini-
tial response to our treatment is shown in Table 1. All 
siblings are on our close follow-up and post-treatment 
levels of MMA showed marked improvement (Table 1). 
Mother sleep has improved after treatment.

Table 1  Clinical manifestation, laboratory parameters and genetic analysis of all siblings

Sibling 1 Sibling 2 Sibling 3 Sibling 4 Sibling 5 Sibling 6

Mutation MMACHC, 
c.394C>T
Homozygous

MMACHC, 
c.394C>T
Heterozygous

MMACHC, 
c.394C>T
Homozygous

MMACHC, 
c.394C>T
Heterozygous

MMACHC, 
c.394C>T
Homozygous

MMACHC, c.394C>T
Homozygous

CD320, 
c.262_264del
Heterozygous

CD320, 
c.262_264del
Heterozygous

CD320, 
c.262_264del
Heterozygous

CD320, 
c.262_264del
Heterozygous

CD320, c.262_264del
Heterozygous

Gender Female Female Female Male Male Male

Current age 11 years 8 years 7 years 5 years 3.5 years 3.5 years

Age at onset 6 years 3 months 6.5 years 3.5 years 3.5 years 3.5 years

1st symptoms Behavior changes Developmental 
milestones not 
achieved

Psychiatric changes Learning dis ability Loss of motor and 
language skills

Normal

Condition at pres-
entation

No speech, no 
socialization
Lost ambulation
Poor appetite
Bed ridden

Global develop-
mental delay
Only hearing 
and vision were 
preserved

Phobias
Bouts of cries and 
laughter

Below average 
at studies, take 
too long to learn 
simple task

Bed ridden
Lost ambulation
Socialization
Speech

Normal

Examination at 
presentation

Conscious
Tone increased
Reflexes brisk
Plantars upgoing

Conscious
Can fix gaze and 
localize sound
Tone increased, 
reflexes brisk, plan-
tars b/l up going

Conscious
Power tone and 
reflexes were 
normal

Conscious
Power tone and 
reflexes were 
normal

Conscious
Normal power, 
tone and reflexes

Conscious
Normal power tone 
and reflexes

Failure to thrive
(z score)

Wt; 46
Ht;160
− 1 SD

16 kg
113 cms
− 1 SD

12 kg
114 cms
− 4 SD

16 kg
107 cms
− 1 SD

10 kg
91 cms
− 2 SD

10 kg
96 cms
− 3 SD

OFC 53 cms 45 cms 46 cms 49 cms 46 cms 46 cms

Megaloblastic 
anemia

Absent Absent Absent Absent Absent Absent

Serum B12 level Normal Normal Normal Normal Normal Normal

Serum homocyst-
eine level

165 umol/l 98 umol/l 102 umol/l 65 umol/l 156 umol/l 70 umol/l

Serum methionine 
level

45 umol/l 29 umol/l 41 umol/l 35 umol/l 51 umol/l 29 umol/l

Urinary GCMS Raised MMA Raised MMA Raised MMA Raised MMA Raised MMA Raised MMA

Quantitative urinary 
mma (before tx)

7100 nmol/l 6895 nmol/l 7305 nmol/l 7100 nmol/l 6721 nmol/l 7174 nmol/l

Quantitative urinary 
mma (after tx)

170 nmol/l 158 nmol/l 145 nmol/l 168 nmol/l 225 nmol/l 198 nmol/l

Brain imaging Fig. 1a Fig. 1b Normal Normal Fig. 1c Normal

Clinical condition 
after 6 months of 
treatment

She has become 
social and interac-
tive, fluent speech 
walks with ataxic 
gait

She has started 
sitting with sup-
port, responds to 
commands and 
recognizes faces

Little improvement 
in symptoms

Same Started walking, 
active, alert and 
plays with siblings



Page 4 of 6Waheed et al. Egypt J Med Hum Genet           (2021) 22:75 

Discussion
Methylmalonic acidemia with homocystinuria (MMA 
with HCU) is caused by defects in the intracellular 
metabolism of cobalamin that interfere with the forma-
tion of methylcobalamin and adenosylcobalamin [6]. 
There are seven defects of intracellular cobalamin metab-
olism, among them cblC, cblD, cblF, cblJ, cblX causes 
MMA with HCU. Cobalamin c (cblC) defect is the most 
common inborn error of intracellular cobalamin metab-
olism with over 550 patients has been diagnosed so far 
[7]. Transcobalamin receptor defect causing MMA and 
HCU has recently been described in the literature and 
12 patients have been reported so far [8]. This is the first-
ever case of a family having dual pathogenic MMACHC 
and CD320 variants responsible for MMA and HCU. The 
MMACHC variant c.394C>T has been described previ-
ously as causing late-onset disease [9]. In our case four 
of among six affected kids were homozygous for this 
mutation, and they developed symptoms beyond one 
year of life which is consistent with the literature. The 
other two symptomatic siblings were heterozygous for 
MMACHC and CD320 variants. All previously reported 

CD320 variants were asymptomatic and diagnosed on 
newborn screening except one reported by Karth et  al. 
[10] and all of the reported cases are homozygous for 
c.262_264delGAG except one reported by Anastasio 
et  al. [11]. In our case these two siblings were carrying 
one mutation for cblC and one for transcobalamin recep-
tor defect, having carrier status for two different genes 
responsible for the same disease. The mother also had the 
same combination and had mild symptoms.

The fact that mother and siblings 2, 4 had clinical and 
biochemical manifestations suggests that double het-
erozygosity is causing phenotype in them though CD320 
biochemical manifestations in humans and mice are mild 
and CD320 and MMACHC do not interact. There may 
be another missing intronic or regulatory MMACHC 
variant that can be detected through whole-genome 
sequencing. There is a need to search further for com-
pound epigenetic–genetic heterozygosity in patients with 
typical disease manifestation and genetic heterozygosity 
in disease-causing genes located in other gene trios [12].

Being an autosomal recessive disorder, there is a 1:4 
risk of developing the disease in each pregnancy of 

Fig. 1  Magnetic resonance imaging and magnetic resonance spectroscopy of sibling 1. a Sibling 1: 12 year female. Axial FLAIR and T2W images. 
Bilateral symmetrical white matter hyperintensities in peri-ventricular and peritrigonal white matter. b Sibling 2. 06 year female: Axial T2W image—
bilateral increased white matter intensities in centrum semi-ovale and peritrigonal white matter. Ventricular and extra-ventricular CSF spaces are 
prominent. c Sibling 5: 2.5 years male—axial T2W images: bilateral symmetrical increased white matter intensities with mild hydrocephalus. MRS 
multi-voxel technique. Increased Choline peak with abnormal Choline creatine ratio favors demyelinating disease
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carrier parents. Our case is unique in which the whole 
family is affected with no normal siblings.

All of them developed the disease at different ages, of 
variable symptoms and severity, progression and out-
come, though they had inherited the same genetic muta-
tion since birth and had the same environmental factors. 
The first affected sibling was sibling 2; currently, she is 
8 years of age with global developmental delay. She had 
an uneventful full-term birth, fed on breast milk, and 
never had an episode of respiratory distress, uncon-
sciousness, and seizures. But she failed to achieve any of 
her developmental milestones, had feeding difficulty and 
poor growth. She was labeled as having cerebral palsy due 
to some adverse event at birth and never investigated for 
her condition. Among all siblings, Sibling 2 has classical 
early-onset Cblc while others have the late-onset disease.

The literature revealed that the patient who presents 
early-onset disease presents before the first birthday 
with metabolic crisis and neurological deterioration like 
MMA while the late-onset disease can present any time 
after 1st year with neurologic and psychiatric distur-
bances with or without thrombosis. Early-onset cblC is a 
much more severe form with the clinical outcome being 
generally poor despite treatment and metabolic manage-
ment. The late-onset form has a much more favorable 
outcome, including reversal of neurological and psychiat-
ric symptoms if treatment is initiated early [13].

The patients with cblC disease display a wide spectrum 
of clinical manifestations as we described in our patients 
ranging from subtle learning difficulty to neuropsychiat-
ric symptoms and from neuro-regression to global devel-
opmental delay. In contrary to the literature we did not 
find hematologic, ophthalmologic dermatologic and skel-
etal abnormalities in our patients. Our case also eluded 
that early onset of the disease has severe clinical mani-
festation and rapid worsening as compared to late-onset 
as the eldest sibling who was first to be diagnosed with 
the disease had progressive worsening over a period of 
5 years [14].

Brain magnetic resonance imaging (MRI) features 
of methylmalonic aciduria and homocystinuria reveal 
changes in the basal ganglia along with Hydrocephalus 
and diffuse supratentorial white matter edema as the 
main MRI features; this was also seen in our case [14].

Cyanocobalamin (CNC bl) is the most common com-
mercially available form of cobalamin and hydroxo-
cobalamin (OHCbl), methylcobalamin (MeCbl), and 
5′-deoxyadenosylcobalamin (AdoCbl) are the naturally 
occurring forms. In cblC disease, the circulating cyano-
cobalamin concentration is usually normal with a very 
low intracellular concentration of methylcobalamin 
and adenosylcobalamin. A high dose of cyanocobala-
min (CNC bl) causes a tenfold increase in c circulating 
cobalamin with only a small increase in intracellular 

Fig. 2  Pedigree of family
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cobalamin as compared to Hydroxocobalamin (OHCbl). 
Studies have revealed the efficacious role of OHCbl as 
supplements in cblC for normal OHCbl within the cellu-
lar milieu [15].

Parenteral and oral cobalamin has been used for 
Transcobalamin receptor defect with the same efficacy 
resulting in normal serum levels of MMA and HCU [16]. 
Literature documents poor long-term outcomes in early-
onset patients with progression of visual and neurologi-
cal impairment. We found a good short-term outcome 
and will follow the family for a long-term outcome.

Conclusion
This is a first case report of a family of six affected sib-
lings with MMA+ HCU with variable phenotype. This 
case report also describes a novel cobalamin recep-
tor defect CD320 in combination with methylmalonic 
acidemia type C. We would like to emphasize that the 
diagnosis of inherited metabolic disorder in a child obvi-
ates the need to screen all siblings for the same disorder. 
Moreover, patients with typical disease manifestation and 
genetic heterozygosity in disease-causing genes located 
in other gene trios need further studies for compound 
epigenetic–genetic heterozygosity.
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