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Abstract
Combined methylmalonic acidemia and homocystinuria, cblC type, is stated to be the most
common inborn error of intracellular cobalamin metabolism. The disorder can display a wide
spectrum of clinical manifestations, spanning the prenatal period through late adulthood. While
increased homocysteine concentrations and impaired methyl group metabolism may contribute to
disease-related complications, the characteristic macular and retinal degeneration seen in many
affected patients appears to be unique to cblC disease. The early detection of cblC disease by
newborn screening mandates a careful assessment of therapeutic approaches and provides a new
opportunity to improve the outcome of affected patients. The following article reviews the current
knowledge on the complications, pathophysiology, and outcome of cblC disease in an effort to
better guide clinical practice and future therapeutic trials.

Introduction
Combined methylmalonic aciduria and homocystinuria, cblC type (OMIM #277400), is
claimed to be the most common intracellular disorder of cobalamin metabolism. It is a rare
disorder, but newborn screening studies suggest that its incidence appears to be higher than
the previous estimate of 1/200,000 births. One recent study found an approximate incidence
of 1/100,000 in New York State (Weisfeld-Adams et al. 2010), while another study found a
high estimated prevalence of cblC disease in California of 1 in 60,000 and of 1 in 37,000 in
the Hispanic population (Cusmano-Ozog et al. 2007).

Patients with cblC disease can develop severe complications despite treatment and
historically have had a poor long-term outcome (Rosenblatt et al. 1997). The
pathophysiology of complications seen in the patients is not fully understood, but increased
homocysteine concentrations, impaired methyl group metabolism, and oxidative stress
(Richard et al. 2009; Mc Guire et al. 2009) may play an important role. A better
understanding of these mechanisms and their contribution to disease manifestations should
improve the management of patients with cblC.
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The long-term outcome in cblC disease is not well-studied, but there is a variable response
to treatment and progression of complications among patients. Some disease manifestations,
such as pigmentary retinopathy, seem to progress in most patients despite treatment (Enns et
al. 1999; Carmel et al. 1980; Cogan et al. 1980; Robb et al. 1984). Other complications such
as thrombotic microangiopathy have resolved with appropriate treatment (Van Hove et al.
2002). Neurologic status usually improves with treatment, but the sequelae remain in a large
proportion of patients, especially in those where the initiation of treatment was delayed or
insufficient. A late-onset phenotype has a more favorable outcome than early-onset cblC
disease but is still associated with residual sequelae such as variable learning difficulties,
neurobehavioral symptoms, and neurogenic bladder and gait abnormalities (Rosenblatt et al.
1997), and at least one patient that halted treatment died (Thauvin-Robinet et al. 2008).

With the identification of the gene responsible for cblC disease and the detection of cblC
disease through expanded newborn screening in recent years, the possibility to improve the
outcome in patients with cblC disease has emerged. A thorough understanding of the natural
history, pathophysiology, and outcome of the current cohort of patients with cblC disease is
critical to guide current and future therapeutic interventions.

The main goals of this study were to summarize the current knowledge on the
manifestations and pathophysiology of cblC disease and to systematically review the
literature with the specific intention of providing an increased understanding of the factors
contributing to the outcome in cblC disease.

Methods
We performed a review of the literature to compile the knowledge on disease progression
and outcome of patients with cblC disease and examine the potential relationships with
medical management. We conducted a PubMed search from 1969 to 2010 using the
following terms: “cblC,” “cobalamin C,” “intracellular disorders of cobalamin,” “outcome,”
“complications,” “eye disease,” “vascular disease,” “hemolytic-uremic syndrome,” “chronic
microangiopathy.” Additional publications were obtained from references cited in relevant
articles. Publications in English describing the following information on patients with cblC
were eligible for review: (1) detailed ophthalmological findings (n=22), (2) vascular
complications and simultaneous total plasma homocysteine (tHcy) levels (n=8), (3)
hemolytic-uremic syndrome and therapeutic interventions (n=8), (4) outcome and
management (n=32). Forty-three publications were suitable and included 39 case reports, 1
case series, 2 retrospective studies, and 1 longitudinal study. We abstracted demographic
information, relevant findings and metabolites, form of treatment, and the genotype of
patients when available. The information is presented under the “Outcome” subsections of
“Ophthalmological manifestations,” “Vascular manifestations,” “Renal manifestations,” and
“Long-term outcome.”

Eye disease classification
Twenty-seven patients with early-onset and eight with late-onset cblC disease were
classified by age and their severity of eye disease as follows: 1 no alterations found; 2 mild
maculopathy, peripheral pigmentary retinopathy; 3 progressive maculopathy, retinal
extension of pigmentary changes, 4 legally blind (Supplementary Table 1).

Long-term outcome
Twenty-one patients with early-onset and 18 with late-onset cblC disease were classified
according to their type of management and outcome. Notably, only 11 of these patients were
maintained on daily doses of hydroxocobalamin (OHCbl), only 2 had a dose adjustment for
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increased body weight, and 18 did not receive therapy with betaine. Consistent monitoring
strategies and target metabolite levels to guide treatment were also highly variable among
studies (Supplementary Table 2).

Clinical severity classification
Patients were assigned to different clinical stages of disease severity as follows: 1 no clinical
alterations; 2 mild manifestations not affecting daily quality of life; 3 moderate
manifestations including growth impairment, developmental delay, eye disease; 4 severe
disease manifestations either affecting daily quality of life or requiring intensive medical
care; 5 death.

Results
Mortality

Early detection and treatment with parenteral OHCbl have decreased the mortality in
newborns with cblC. A retrospective analysis of 50 patients with cblC disease reported an
overall mortality rate of 30% (13/44) (Rosenblatt et al. 1997). In the 13 patients that
perished, 4 had no treatment, 2 received only cyanocobalamin (CNCbl), and 3 were initially
treated with CNCbl and then switched to OHCbl (Rosenblatt et al. 1997). A compilation of
the reported complications in patients with cblC disease is presented in Table 1.

Growth
Poor growth is one of the most striking manifestations of early-onset cblC disease.
Intrauterine growth retardation can be detected in the third trimester as described in a patient
homozygous for the c.271dupA mutation who declined from normal growth parameters at
23 weeks to the 4th centile by 35 weeks of gestational age (De Bie et al. 2009).

After birth, untreated patients have very poor weight gain and may remain below birth
weight for several weeks. Growth improves after treatment is initiated, and a significant
increase in weight gain to 42 from 8 g/day after the initiation of treatment has been reported
(Mamlok et al. 1986).

Central nervous system
Patients with early-onset cblC disease display a wide range of neurological manifestations
that include microcephaly, hydrocephalus, hypotonia, cognitive deficits, and seizures.
Patients with late-onset disease can present with a progressive encephalopathy manifested
by regression, deterioration in school or work performance, impaired dexterity and memory,
behavioral and personality changes, social withdrawal, speech difficulties, dementia, visual
and auditory hallucinations, delirium, psychosis, and episodes of acute mental confusion,
lethargy, and seizures that improve with the initiation of therapy (Boxer et al. 2005; Brunelli
et al. 2002; Mitchell et al. 1986; Ben-Omran et al. 2007; Thauvin-Robinet et al. 2008;
Augoustides-Savvopoulou et al. 1999; Powers et al. 2001; Roze et al. 2003; Tsai et al. 2007;
Bodamer et al. 2001; Shinnar and Singer 1984). Subacute combined degeneration of the
spinal cord (SCD) is also well described.

Seizures—The most common types of seizures are simple and partial complex seizures.
Severely affected patients are difficult to treat and may have recurrent status epilepticus.
EEG findings include (1) occurrence of diffuse delta rhythms substituting the normal
background activity, (2) focal and multifocal abnormalities associated with slowed
background activity, and (3) increased abnormalities during sleep EEG (Biancheri et al.
2002).
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Cognitive deficits—Vary considerably depending on the severity of the disease and onset
of treatment. Frontal/executive dysfunction appears to be a common cognitive abnormality
in cblC disease; it resembles nutritional B12 deficiency (Akdal et al. 2008; Tangney et al.
2009), impacts the acquisition of new skills, and exacerbates further intellectual problems.
Neuropsychological testing in two patients with early-onset cblC disease followed
longitudinally showed declining attention and executive function, while other skills were
relatively spared (Beauchamp et al. 2009). An adult with cblC disease had improvement of
executive function when homocysteine levels were lowered (Boxer et al. 2005).

SCD—A recognized complication of late-onset cblC disease. The symptoms are progressive
and include numbness of lower extremities, increased frequency of falls, incontinence, gait
disturbances, progressive leg weakness, spastic paraparesis, and tetraplegia. There is a
significant improvement after treatment is initiated, although a complete recovery of
function is not seen frequently (Bodamer et al. 2001; Mitchell et al. 1986; Gold et al. 1996;
Tsai et al. 2007; Ben-Omran et al. 2007; Powers et al. 2001; Roze et al. 2003; Thauvin-
Robinet et al. 2008). A resolution of spinal cord lesions by MRI has been reported in a
patient 6 months after the initiation of daily betaine, folinic acid, and parenteral OHCbl
(Thauvin-Robinet et al. 2008). Pathological findings of SCD in patients with cblC disease
are comparable to those seen in vitamin B12 deficiency and include multifocal
demyelination and vacuolation of the lateral and dorsal columns associated with myelin loss,
reactive gliosis, and macrophagocytic infiltration (Smith et al 2006).

Neuroradiological findings—Include hydrocephalus, progressive supratentorial white
matter disease, and less commonly lesions in the basal ganglia (Longo et al. 2005).
Hydrocephalus can be present in the first months of life, may require shunting, and usually
decreases with time (Longo et al. 2005). White matter disease can progress from isolated
periventricular white matter hyperintensities to confluent lesions, followed by diffuse white
matter loss (Longo et al. 2005; Rossi et al. 2001; Enns et al. 1999). White matter changes
have improved in one patient with late-onset disease after the initiation of treatment (Boxer
et al. 2005). Magnetic resonance spectroscopic (MRS) imaging may be useful in cblC
disease; one study found decreased brain choline concentrations without significant changes
in N-acetylaspartate or creatine values (Debray et al. 2008); another found “lactate” peaks in
the basal ganglia and the periventricular white matter (Longo et al. 2005).

Post-mortem—Brain findings include diffuse white matter disease characterized by
perivascular demyelination, disintegrating myelin sheaths, infiltration of macrophages filled
with myelin debris, reactive microglia, and diffuse gliosis (Smith et al. 2006). Deeper
structures and the grey matter usually appear normal (Dayan and Ramsey 1974).

Pathophysiology—Elevated cerebrospinal fluid homocysteine levels have been reported
in cblC disease (Harding et al. 2003) and have been shown to compromise the blood-brain
barrier integrity in mice (Kamath et al. 2006) and cause seizures in a dose-dependent manner
when administered to immature rats (Folbergrova 1997; Kubova et al. 1995; Mares et al.
2004). Homocysteic and homocysteine sulphinic acids are excitotoxic in culture and have
been postulated to contribute to seizures in patients with hyperhomocysteinemia (Flott-
Rahmel et al. 1998). Hyperhomocysteinemia has also been implicated in the development of
hydrocephalus (Martinelli et al. 2011; Rossi et al. 2001; Longo et al. 2005).

Deficiency of S-adenosylmethionine (SAM), the main substrate in many methylation
reactions, has been found to contribute to demyelination in patients with remethylation
defects (Surtees 1998). The same mechanism may apply to patients with cblC, although
some have a discordant increase in plasma SAM levels of unknown significance (Bodamer
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et al. 2005; Debray et al. 2008). Some important reactions that require methyl donors in the
brain include the methylation of Arg107 in myelin basic protein, an important step in the
formation of myelin (Lee et al. 1992; Horster et al. 2005). The methylation of
guanidinoacetate to form creatine consumes approximately 40% of the methyl groups
provided by SAM (Brosnan et al. 2011; Longo et al. 2011); methyl donors are also needed
in the synthesis of choline and phosphatidylcholine (Bodamer et al. 2005; Debray et al.
2008; Younessi et al. 2009). Myelination and brain growth is significant during the last
trimester of pregnancy and during the first year of life. Intensive management during this
period, aiming to reduce toxic metabolites and normalize methionine levels, may be helpful
in preventing some neurological complications associated with cblC disease (Smith et al.
2006).

The role of hypomethioninemia in the pathophysiology of SCD was suggested by the
occurrence of this complication in patients with cblC and MTHFR deficiency, but not in
those with cystathionine beta synthase (CBS) deficiency (Smith et al. 2006). Several animal
studies have supported these observations (Scott et al. 1981; Weir et al. 1988) and have
found that the pharmacologic inhibition of methionine adenosyltransferase causes
intramyelinic vacuolation in the white matter of the brain and SCD of the spinal cord in
young mice (Lee et al. 1992).

Ophthalmologic manifestations
Maculopathy, progressive retinal dysfunction (Schimel and Mets 2006; Gerth et al. 2008),
and less frequently optic atrophy (Patton et al. 2000) are seen in most patients with infantile
cblC disease. Some reports also describe ophthalmologic complications in patients with late-
onset disease (Gerth et al. 2008; Shinnar and Singer 1984; Van Hove et al. 2002).

Maculopathy—CblC disease is one of the few disorders associated with infantile
maculopathy. The first signs of eye disease are frequently noted several weeks after birth
and include “wandering eye movements,” inability to fixate, and nystagmus. The
fundoscopic exam reveals pigmented macular changes that progress to the characteristic
“bull’s eye” maculopathy, a lesion characterized by a hypopigmented perimacular zone
surrounded by a hyperpigmented ring (Robb et al. 1984).

Retinopathy—On fundoscopic exam, the salt-and-pepper pigmentary changes usually
progress from the periphery to the rest of the retina. In parallel, the electroretinogram shows
a progressive decline in scotopic (cones) and/or photopic (rods) responses (Schimel and
Mets 2006; Robb et al. 1984; Gerth et al. 2008; Gaillard et al. 2008). In one instance, rod
cell sensitivity was reported to improve in a patient with cblC disease following
normalization of plasma methionine levels (Tsina et al. 2005). Pathological findings include
photoreceptor degeneration in the macula, loss of nerve fibers and ganglion cells, and partial
optic atrophy. Electron microscopy showed fine granular inclusions in ganglion and retinal
pigment epithelial cells and markedly swollen mitochondria in photoreceptors in one patient
(Traboulsi et al. 1992).

Pathophysiology—The pathophysiology of ophthalmologic complications in cblC is
unclear. The absence of the characteristic retinopathy and maculopathy in patients with other
forms of methylmalonic acidemia and most remethylation defects suggests a distinct
pathophysiologic mechanism. Optic atrophy has been reported in isolated MMA (Pinar-
Sueiro et al. 2010; Williams et al. 2009) and cblG disease (Poloschek et al. 2005), while
retinopathy has been seen in transcobalamin II deficiency (Dharmasena et al. 2008). It is
possible that the MMACHC protein may play a specific role in eye tissues. Some studies
suggest that MeCbl and SAM have a protective role in retinal cell culture (Kikuchi et al.
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1997) and that elevated homocysteine levels may affect eye development (Maestro de las
Casas et al. 2003).

Outcome—We reviewed the reports of 27 patients with early-onset and 8 with late-onset
cblC disease that described ophthalmological findings in the literature. Some of these
patients were monitored longitudinally (Gerth et al. 2008). Several cases of early-onset
disease describe the presence of macular pigmentation in the first month of life. This is
followed by a bull’s eye maculopathy that appears between 6 and 12 months of life. Several
patients develop retinopathy in the first year, and optic atrophy is variably present. The
progression of ophthalmologic complications seems to invariably lead to blindness in the
first decade of life (Fig. 1; Supplementary Table 1). Patients with late-onset disease do not
have vision loss and may only have discrete fundoscopic changes.

Hematological manifestations
Untreated patients with cblC disease usually have anemia, thrombocytopenia, neutropenia,
and a megaloblastic bone marrow. Hypersegmented neutrophils and macrocytes in the
peripheral blood smear are sensitive markers of megaloblastosis even when the mean
corpuscular volume (MCV) is within normal range (Carmel et al. 1980; Mitchell et al. 1986;
Tsai et al. 2007; Ben-Omran et al. 2007; Russo et al. 1992). These findings in association
with normal folate and vitamin B12 levels should suggest the diagnosis of a genetic defect of
cobalamin metabolism. The initiation of treatment with parenteral OHCbl is associated with
a progressive improvement and normalization of the hematological parameters after several
weeks (Mamlok et al. 1986).

Pathophysiology—The production of tetrahydrofolate in cblC is decreased because of
insufficient MeCbl. Tetrahydrofolate is the main methyl group donor in the thymidylate
synthetase reaction, and its deficiency leads to decreased thymine production. The decreased
availability of thymine leads to impaired DNA synthesis and eventually to impaired cell
division. Hematopoietic cells are dividing constantly, and their reduced DNA synthesis
manifests as megaloblastic anemia. The bone marrow of a patient with cblC disease had an
abnormal deoxyuridine suppression test in vitro that was corrected with folic acid and
OHCbl, but not with methyltetrahydrofolate, CNCbl, adenosylcobalamin, or MeCbl, and
was worsened by homocysteine (Carmel et al. 1980).

Vascular manifestations
Thromboembolic complications, including recurrent venous thrombosis (Thauvin-Robinet et
al. 2008; Roze et al. 2003; Augoustides-Savvopoulou et al. 1999; Bodamer et al. 2001;
Powers et al. 2001; Guigonis et al. 2005), pulmonary thrombosis (Powers et al. 2001;
Thauvin-Robinet et al. 2008; McCully 1969; Baumgartner et al. 1979b; Van Hove et al.
2002), cor pulmonale (Brandstetter et al. 1990; Profitlich et al. 2009a), and cerebrovascular
complications (Brunelli et al. 2002; Geraghty et al. 1992), are an important cause for
morbidity and mortality in patients with cblC disease. The vascular lesions are focal and
characterized by intimal and medial proliferation of connective tissue, disruption of the
elastica interna, proliferation of perivascular connective tissue, and enlargement of
endothelial cells (McCully 1969).

Pathophysiology—The similarities between the vascular pathology seen in patients with
CBS deficiency (McCully 1969) and cblC disease suggest that homocysteine or its
derivatives play an important role in the pathophysiology of vascular disease (McCully
1996). Several cellular (Upchurch et al. 1997; Heydrick et al. 2004; Wall et al. 1980) and
animal studies (Eberhardt et al. 2000; Dayal and Lentz 2007, 2008) have shown evidence of
biochemical and physiological dysfunction of vascular endothelial cells (Handy et al. 2005;
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Weiss et al. 2001; Ungvari et al. 2003; Topal et al. 2004; Vitvitsky et al. 2004) and suggest a
contribution to the vascular pathology promoted by hyperhomocysteinemia. Among the
consequences of the altered endothelial function secondary to hyperhomocysteinemia are a
prothrombotic state (Dayal et al. 2006; Undas et al. 2005) and decreased fibrinolysis
(Colucci et al. 2008; Sauls et al. 2006). A potential unifying mechanism was recently
proposed to explain the vascular dysfunction associated with hyperhomocysteinemia:
homocysteine forms a mixed disulfide bond with the Cys9 residue of annexin A2,
decreasing the binding affinity of this receptor to tissue plasminogen activator, reducing
plasminogen activation, and impairing fibrinolysis and angiogenesis (Jacovina et al. 2009;
Hajjar et al. 1998). Furthermore, murine studies have implicated hyperhomocysteinemia in
atherosclerosis (Hofmann et al. 2001) and associated it with hypertriglyceridemia (Mikael et
al. 2009).

Hyperhomocysteinemia may also contribute to vascular disease by an elevation of
homocysteine thiolactone (HcyTL), a cyclic thioester formed when methionine aminoacyl-
tRNA synthetase removes a homocysteine that has been misincorporated in the place of
methionine (Jakubowski 2000). HcyTL is thought to be cytotoxic, prothrombotic, and
atherogenic (Jakubowski 1997, 1999, 2002) and is elevated in patients with CBS and
MTHFR deficiencies (Chwatko et al. 2007).

Numerous large studies examining the influence of lowering homocysteine levels on the risk
of common vascular disease have yielded conflicting results. Patients enrolled in these
studies had median baseline total plasma homocysteine (tHcy) levels of less than 15 µM, and
the interventions caused a decrease of less than 5 µM (Albert et al. 2008; Armitage et al.
2010; Loland et al. 2010). It may not be appropriate to extrapolate the results of these
population studies to patients with inborn errors leading to hyperhomocysteinemia.

Outcome—We reviewed eight cases in the literature that reported vascular complications
simultaneously with tHcy levels. Our review suggests that vascular complications were seen
with tHcy levels above 45 µM, and their severity may correlate with increasing tHcy levels
(Fig. 2). More importantly, intensive treatment with OHCbl and betaine led to the resolution
of thrombotic microangiopathy in two siblings (Van Hove et al. 2002) and to the complete
resolution of cor pulmonale in a 3-year-old patient (Profitlich et al. 2009a). This supports the
importance of lowering tHcy in the management of cblC disease.

Renal manifestations
Several cases of infantile hemolytic-uremic syndrome manifested by intravascular
hemolysis, thrombocytopenia, hypertension, oliguria, and renal failure have been described
(Baumgartner et al. 1979b; Geraghty et al. 1992; Russo et al. 1992; Chenel et al. 1993; Kind
et al. 2002; Sharma et al. 2007). A chronic form of thrombotic microangiopathy with
intravascular hemolysis, microscopic hematuria, proteinuria, hypertension, and intermittent
renal function deterioration, occasionally with renal failure, can occur in older patients (Van
Hove et al. 2002; Guigonis et al. 2005). Cases of focal segmental glomerulosclerosis
(Brandstetter et al. 1990) and atypical glomerulopathy have been reported (Brunelli et al.
2002). Histological findings of the kidneys include widening of the mesangium, swelling of
endothelial cells with detachment from the basement membrane, and granular deposits in the
subendothelial space (Van Hove et al. 2002; Russo et al. 1992; Brunelli et al. 2002; McCully
1969).

Outcome—Six of the eight patients with cblC and infantile hemolytic-uremic syndrome
had a fatal outcome probably associated with insufficient treatment: two patients were not
treated and were diagnosed postmortem (Russo et al. 1992); one was treated with CNCbl

Carrillo-Carrasco and Venditti Page 7

J Inherit Metab Dis. Author manuscript; available in PMC 2013 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



(Baumgartner et al. 1979a), while another started treatment with IM OHCbl at a late stage of
the disease (Russo et al. 1992), and another received vitamin B12, but the form, dose, and
frequency were not described (Geraghty et al. 1992). One responded to parenteral OHCbl
but died of neurological complications (Chenel et al. 1993). Of the two infants that survived,
one developed HUS while on CNCbl, which resolved when daily IM OHCbl was given
(Sharma et al. 2007), and the other responded to daily parenteral OHCbl and did not require
dialysis (Kind et al. 2002). Neither has reported recurrences (Kind et al. 2002; Sharma et al.
2007), emphasizing the importance of early detection and treatment with daily, appropriate
doses of parenteral OHCbl.

Cardiac manifestations
Congenital heart disease (Andersson et al. 1999) and fetal dilated cardiomyopathy (De Bie
et al. 2009) have been reported in association with cblC disease. Recently, a retrospective
study of 10 patients followed at a single center showed that 50% had structural heart defects
(Profitlich et al. 2009b), most commonly left ventricular hypertrabeculation followed by
atrial or ventricular septum defects, dysplastic pulmonary valve without stenosis, and mitral
valve prolapse with mild regurgitation. Although ventricular hypertrabeculation may be
asymptomatic, it can cause progressive impairment of ventricular function and arrythmias
(Finsterer 2009). The risk of progressive cardiac deterioration and the high prevalence of
heart defects in patients with cblC highlight the importance of cardiac function monitoring
as an important part of the management of these patients.

Pathophysiology—The pathophysiology of congenital heart defects and other prenatal
manifestations of cblC disease are poorly understood. Elevated MMA or tHcy levels are
likely not toxic in utero as fetuses with isolated methylmalonic acidemia and CBS
deficiency are not reported to have prenatal manifestations. The activity of methionine
synthase is higher in fetal than in mature human tissues (Gaull et al. 1973) suggesting a
higher activity may be needed during fetal life. Abnormal methyl group metabolism may
affect DNA and histone methylation mechanisms and could potentially modify gene
expression during embryogenesis (Geiman and Muegge 2010).

Other manifestations
Hepatic steatosis (Russo et al. 1992; Brandstetter et al. 1990; McCully 1969; Geraghty et al.
1992), severe gastritis with cystic dysplastic mucosal changes (Russo et al. 1992; McCully
1969), and protein-losing enteropathy (Ellaway et al. 1998) have been described in cblC
disease. An erosive, desquamating dermatitis associated with cheilitis has been reported in
two infants with cblC disease without nutritional deficiencies (Howard et al. 1997).
Hemophagocytic lymphohistiocytosis has been described in a 4-month-old patient with cblC
disease (Wu et al. 2005).

Long-term outcome
We reviewed the reports of 21 patients with early-onset and 18 with late-onset cblC disease
to identify factors associated with the outcome of patients. We confirmed the contribution of
the genotype to the age of presentation and outcome of patients with cblC. Besides severity
of the disease, we found that the onset and type of management appear to be important
contributors to the long-term outcome of patients with both early- and late-onset cblC
disease (Fig. 3, Supplementary Table 2). Treatment with daily OHCbl in combination with
betaine and initiation of treatment in the prenatal period were associated with a better
outcome. Intermediate outcomes were seen in patients receiving daily OHCbl alone (no
betaine), followed by those receiving less frequent dosing of OHCbl. A patient in whom
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there was considerable neurological improvement on daily OHCbl developed seizures when
the frequency of injection became weekly (Carmel et al. 1980).

Patients receiving oral OHCbl and CNCbl had a poor outcome (clinical stage 4 or 5), which
was comparable to patients not receiving any treatment (Powers et al. 2001). All patients
receiving CNCbl in our review (n=4) had a poor outcome, including death (n=1) (Mudd et
al. 1969), diffuse pulmonary thromboembolism (n=1) (Brandstetter et al. 1990), hemolytic-
uremic syndrome (n=1) (Sharma et al. 2007), and multifocal epilepsy associated with a
semicomatose state (n=1) (Mitchell et al. 1986). The last two patients improved dramatically
with the initiation of parenteral OHCbl. In our review, two patients receiving oral OHCbl
had a fatal outcome; one died at 21 years of age with cerebrovascular complications
(Brunelli et al. 2002) and another at 12 months of age with severe neurologic impairment
(Frattini et al. 2010).

Discussion
There have been several advances in the understanding of the molecular basis of cblC
disease. Diagnostic approaches have improved considerably, and cblC can be diagnosed
early in life through expanded newborn screening (Fearing and Marsden 2003). However,
the management and outcome of patients with cblC disease have not changed significantly,
and there is a need to perform clinical trials. One of the limiting factors in planning such
studies is the lack of information regarding the natural history and factors associated with
the outcome of patients with cblC disease. The present review attempts to compile the
knowledge on the clinical manifestations and pathophysiology since cblC disease was
identified in 1969 (Mudd et al. 1969). It also systematically reviews the literature to
understand the factors associated with the outcome in cblC disease.

We found that most publications related to cblC disease are case reports; we only found a
few case series and small longitudinal studies; no controlled trials were identified. The
clinical evaluation, biochemical parameters, monitoring strategies, and management of
patients differed significantly among studies, and most did not include genotype data. The
heterogeneity among publications and the lack of classification tools complicated the
analysis and comparison of the data obtained.

Although cblC disease was identified more than 40 years ago, the management strategies
have remained largely unchanged. Parenteral OHCbl remains the treatment of choice, and its
use has likely decreased the infantile mortality rate in cblC disease considerably (Rosenblatt
et al. 1997). However, the treatment of cblC disease appears to be based on expert opinion
rather than clinical trial results, similar to other rare disorders (Vockley and Vockley 2010).
Our review of the literature also showed that the treatment of cblC disease varies
significantly, and patients receive different formulations, doses, and routes of administration
of cobalamin. Not all patients are treated with betaine, and the supplementation of folic acid
and carnitine is varied. The use of low-protein diets, which have the possibility to reduce
methionine intake, is common. These therapeutic strategies are based on very limited
evidence, and there have been no clinical trials to evaluate their efficacy.

When comparing the different therapeutic strategies reported in the literature, we found that
the combination of daily doses of parenteral OHCbl with betaine provides a better outcome
than other therapeutic strategies. An intermediate response was seen in patients given
parenteral OHCbl less frequently or in those not receiving betaine. The review of published
case reports discourages the use of CNCbl and oral OHCbl alone in the treatment of cblC, as
they were associated consistently with a poor outcome in the cases reviewed (Fig. 3,
Supplementary Table 2).
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The effectiveness of parenteral OHCbl is supported further by the increased survival of
patients with hemolytic-uremic syndrome and the reversal of severe complications in
patients receiving other cobalamin formulations (Sharma et al. 2007; Mitchell et al. 1986;
Kind et al. 2002). The use of higher doses of parenteral OHCbl has been effective at
reducing metabolites (Carrillo-Carrasco et al. 2009) and has led to the resolution of
thrombotic microangiopathy in patients with cblC disease (Van Hove et al. 2002).

Although infantile mortality has decreased considerably, there is a growing population of
children and young adults with cblC disease who develop complications despite treatment.
Patients with early-onset disease have a progressive visual loss leading to blindness in the
first decade of life. None of the current interventions seem to slow the progression to
blindness, although optimized therapy with OHCbl and betaine and early prenatal therapy
could play a role. Patients with late-onset cblC disease have variable visual alterations,
suggesting the severity of the disease correlates with the progression of eye disease.

There are few reports describing prenatal treatment in patients with cblC, but this strategy
seems to improve the outcome of patients (Patton et al. 2000; Huemer et al. 2005). No cases
of prenatal treatment before the third trimester of pregnancy have been reported. Since cblC
is a developmental disorder, the initiation of prenatal interventions at the beginning of
pregnancy may have a more significant impact.

Vascular complications are a major cause or morbidity and mortality in patients with early-
and late-onset cblC disease (Fig. 2). Hyperhomocysteinemia is a recognized risk factor for
vascular complications. Although tHcy levels improve with appropriate treatment in cblC
disease, they are rarely reduced to safe levels. In our review of the literature, most patients
remain in the moderate (26–50 µM) or severe (>50 µM) range, and several have levels above
100 µM. Interestingly, we found tHcy levels above 45 µM have been reported to be
associated with the development of vascular complications in several patients. Whether
these metabolite levels represent a goal for treatment is uncertain, but it is possible that if
tHcy concentrations in cblC could be decreased below this range with optimized OHCbl and
betaine doses, outcomes could be affected.

In conclusion, controlled studies are needed to provide appropriate evidence to guide clinical
decisions in cblC disease, as has been suggested for other inborn errors of metabolism
(Steiner 2005; Vockley and Vockley 2010). These include longitudinal studies to better
define the natural history, progression, and factors associated with outcome in cblC disease.
The information provided by such studies can be used to create appropriate classification
tools to monitor patients and guide the choice of outcomes in controlled studies. Clinical
trials are needed to determine whether higher doses of OHCbl, prenatal treatment, or other
therapies could improve the management and outcome of patients with cblC disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Abbreviations

cblC Cobalamin C disease

CBS Cystathionine beta synthase

CNCbl Cyanocobalamin

IM Intramuscular
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MeCbl Methylcobalamin

MMA Methylmalonic acid

MTHFR Methylenetetrahydrofolate reductase

OHCbl Hydroxocobalamin

SAM S-Adenosylmethionine

SCD Subacute combined degeneration of the spinal cord

tHcy Total plasma homocysteine

HcyTL Homocysteine thiolactone
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Fig. 1.
Ophthalmologic complications in patients with cblC disease. Patients with early and late-
onset cblC disease with eye exam performed at different ages (years). Proposed
classification stages: 1 no alterations found; 2 mild maculopathy, peripheral pigmentary
retinopathy; 3 progressive maculopathy, retinal extension of pigmentary changes; 4 legally
blind. See details in Supplementary Table 2
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Fig. 2.
Vascular complications in cblC disease and their relation to plasma total plasma
homocysteine (tHcy; normal range 5–15 µM) References: 1Guigonis et al. 2005; 2Van Hove
et al. 2002; 3Tsai et al. 2007; 4Kind et al. 2002; 5Sharma et al. 2007; 6Thauvin-Robinet et al.
2008; 7Profitlich et al. 2009a, b; 8Brunelli et al. 2002. TMA Thrombotic microangiopathy,
HUS hemolytic uremic syndrome, PE pulmonary embolism. tHcy was approximated from
plasma-free homocysteine of *23 and **61 µM
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Fig. 3.
Outcome of patients with cblC disease according to their management. Patients with early-
onset (a) and late-onset (b) cblC disease evaluated at different ages (years) and classified
according to type of management and severity of disease. Proposed clinical staging: 1 no
clinical alterations; 2 mild manifestations not affecting daily quality of life; 3 moderate
manifestations including growth impairment, developmental delay, eye disease; 4 severe
disease manifestations either affecting daily quality of life or requiring intensive medical
care; 5 death. See details in Supplementary Table 2
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Table 1

Complications by system in cblC disease

System Complications

Growth and habitus Prenatal growth retardation

Postnatal failure to thrive

Marfanoid habitus

Dysmorphic facial features

CNS Congenital microcephaly

Seizures

Developmental delay

Regression

Cognitive impairment ranging from executive dysfunction to severe mental retardation (Rosenblatt et al. 1997)

Neuropsychiatric disturbances

Subacute combined degeneration of the spinal cord

Leukoencephalopathy

Basal ganglia lesions (less frequent)a

Eye Maculopathy

Progressive pigmentary retinopathy

Optic atrophy

Blindness

Blood Anemia, thrombocytopenia and/or neutropenia, megaloblastosis

Vascular Recurrent venous thrombosis

Cor pulmonaleb or subclinical pulmonary thrombosis

Cerebrovascular complicationsc

Renal Hemolytic-uremic syndrome

Chronic thrombotic microangiopathy

Heart Congenital heart defects

Left ventricular noncompaction

Fetal dilated cardiomyopathyd

Other Hepatic steatosise

Dermatitisf

References:

a
Longo et al. 2005.

b
Brandstetter et al. 1990; Profitlich et al. 2009a.

c
Brunelli et al. 2002; Geraghty et al. 1992.

d
De Bie et al. 2009.

e
Russo et al. 1992; Brandstetter et al. 1990; McCully 1969; Geraghty et al. 1992.

f
Howard et al. 1997
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