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Vitamin B12, demyelination, remyelination and repair in multiple sclerosis
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Abstract

Multiple Sclerosis (MS) and vitamin B12 deficiency share common inflammatory and neurodegenerative pathophysiological

characteristics. Due to similarities in the clinical presentations and MRI findings, the differential diagnosis between vitamin B12 deficiency

and MS may be difficult. Additionally, low or decreased levels of vitamin B12 have been demonstrated in MS patients. Moreover, recent

studies suggest that vitamin B12, in addition to its known role as a co-factor in myelin formation, has important immunomodulatory and

neurotrophic effects. These observations raise the questions of possible causal relationship between the two disorders, and suggest further

studies of the need to close monitoring of vitamin B12 levels as well as the potential requirement for supplementation of vitamin B12 alone or

in combination with the immunotherapies for MS patients.
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1. Physiology of Vitamin B12

Vitamin B12, also known as Cobalamin, is a complex

organometallic compound in which a cobalt atom is situated

within a corrin ring, a structure similar to the porphyrin from

which heme is formed. Unlike heme, however, cobalamin

cannot be synthesized in the human body and must be

supplied in the diet. The only dietary source of cobalamin is

animal products such as meat and dairy foods. The

minimum daily requirement for cobalamin is about 2.5 Ag.
During gastric digestion, cobalamin is released from the

ingested food and forms a stable complex with gastric R-

binder, a glycoprotein found in various secretions, phag-

ocytes, and plasma. Upon entering the duodenum, the

complex is digested releasing the cobalamin, which then

binds to intrinsic factor (IF), a glycoprotein produced by the

parietal cells of the stomach. The cobalamin–IF complex is

resistant to proteolytic digestion and reaches the distal ileum,

where it is absorbed by specific receptors. In the ileal
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mucosal cell the IF is destroyed and the cobalamin is

transferred to transcobalamin (TC) II. The cobalamin–TCII

complex is then secreted into the circulation, from which it is

rapidly taken up by the liver, bone marrow, and other cells.

Cobalamin is an essential cofactor for two enzymes in

human cells: methionine synthase, which catalyzes the

conversion of homocysteine to methionine, and methylma-

lonyl-CoA synthase, which catalyzes the conversion of

methylmalonyl CoA to succinyl CoA (reviewed in [1]).
2. Vitamin B12 deficiency

In view of the minimal daily requirement, about 3–6

years are needed for a normal individual to become

cobalamin-deficient if absorption is ceased abruptly.

The various reasons for cobalamin deficiency include

mainly inadequate intake (vegetarians) and malabsorption.

Malabsorption may be caused by defective release of

cobalamin from food, inadequate production of IF such as

in cases of pernicious anemia, disorders of terminal ileum,

and competition for cobalamin such as in cases of intestinal

worms and blind-loop syndrome [1].
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Pernicious anemia is considered a major cause of cobal-

amine deficiency. It is caused by the absence of IF either

because of gastric mucosa atrophy or autoimmune destruc-

tion of parietal cells. The incidence of pernicious anemia is

substantially increased in patients with other diseases of

immunologic origin. Abnormal circulating antibodies (Abs)

can be found in pernicious anemia patients. 90% express anti

parietal cell Abs and 60% express anti IF Abs, though the

disease is thought to be cytotoxic T-cell mediated [2].

Impairment in the conversion of homocysteine to

methionine leads to a defect in DNA synthesis and a

megaloblastic maturation pattern as well as to a defective

production of choline and choline containing phospholipids,

which in part are responsible for the neurologic complica-

tions of cobalamin deficiency. Increase in tissue levels of

methylmalonyl CoA and its precursor leads to formation

and incorporation of non-physiologic fatty acids into

neuronal lipids. Such lipids are found in myelin sheaths

and their damage can be in part responsible for the

neurologic complications of cobalamin deficiency [1,3].

The clinical features of cobalamin deficiency involve the

hematologic system, the gastrointestinal (GI) tract and the

nervous system.

The hematologic manifestations are mainly the result of

anemia, although very rarely purpura may appear, and may

include weakness, light-headedness, vertigo, tinnitus, palpi-

tations, angina, and symptoms of congestive failure.

The GI manifestations reflect the effect of cobalamin

deficiency on the rapidly proliferating GI epithelium, and

may include sore tongue, anorexia, moderate weight loss,

diarrhea, and other GI complaints.

The neurologic manifestations begin pathologically with

demyelination, followed by axonal degeneration and even-

tual irreversible damage due to axonal death [1]. The spinal

cord, brain, optic nerves, and peripheral nerves may all be

affected by cobalamin deficiency. The spinal cord is usually

affected first and often exclusively. The term subacute

combined degeneration (SCD) is customarily reserved for

the spinal cord lesion of vitamin B12 deficiency and serves

to distinguish it from other types of spinal cord diseases that

happen to involve the posterior and lateral columns. The

patient first notices general weakness and paresthesias. As

the illness progresses the gait becomes unsteady and

stiffness and weakness of the limbs develop, as well as

ataxic paraplegia. The Lhermitte phenomenon is not an

uncommon finding. Mental signs are frequent and range

from irritability, apathy, somnolence and emotional insta-

bility to marked confusional or depressive states. Visual

impairment due to optic neuropathy may occasionally be the

earliest or sole manifestation.

The pathologic lesions, mainly involving the myelin

sheath, are not limited to specific systems of fibers but are

scattered irregularly through the white matter [3]. It should

be emphasized that a neurologic disease may occur in a

patient with a normal hematocrit and normal red blood cell

indexes [1].
The diagnosis of cobalamin deficiency is typically based

on measurement of serum vitamin B12 level. However,

about 50% of patients with subclinical disease have normal

B12 levels. A more sensitive method of screening for

cobalamin deficiency is measurement of methylmalonic

acid and homocystein blood levels, which are increased

early in vitamin B12 deficiency. However, elevated meth-

ylmalonic acid and homocystein blood levels seem to be

related more to folic acid than to vitamin B12 deficiency [4].

Use of the Schilling test for detection of pernicious anemia

has been replaced for the most part by serologic testing for

parietal cell and IF Abs [5,6].

In a study evaluating the neuro-physiological and

magnetic resonance imaging (MRI) changes in patients

presenting with vitamin B12 deficiency and neurological

syndromes, the evoked potentials and MRI changes were

found to be consistent with focal demyelination of white

matter in the spinal cord and optic nerve [7]. MRI imaging

of the brain and spinal cord demonstrates, in some cases of

vitamin B12 deficiency, a typical pattern of white matter

degeneration commonly seen in MS, such as extensive areas

of T2 high-intensity signal in the periventricular white

matter [8,9].
3. Vitamin B12 deficiency and multiple sclerosis

Due to the above-mentioned clinical and MRI character-

istics, the differential diagnosis between vitamin B12

deficiency and MS may be difficult [10]. Additionally,

low or decreased levels of vitamin B12 have been

demonstrated in MS patients. Several studies have demon-

strated significantly reduced serum levels of vitamin B12 as

well as macrocytosis in MS patients [11–13]. A different

study demonstrated significantly reduced levels of vitamin

B12 in the cerebrospinal fluid (CSF) of MS patients with a

trend towards reduced levels in the serum [14]. On the other

hand, a study evaluating methylmalonic acid levels in MS

patients did not confirm B12 deficiency as a common

feature of the disease [15], and increased plasma homo-

cysteine levels without signs of vitamin B12 deficiency, in

patients with multiple sclerosis was described recently by

others [16]. Nonetheless, positive findings of oligoclonal

bands in CSF of patients with clinical phenotype of CNS

demyelination are supportive of MS vs. vitamin B12

deficiency.

As mentioned above, vitamin B12 deficiency leads to

defective formation of the myelin sheath, due to incorpo-

ration into neuronal lipids of non-physiologic fatty acids [3]

as well as to defective methylation of myelin basic protein

(MBP), a major component of CNS myelin [17,18].

Cobalamin deficiency may serve as a metabolic basis for

MS by leading to formation of defective central myelin

which triggers the autoimmune process. Additionally,

recent studies support existence of important immunoregu-

latory effects of vitamin B12, including modulation of
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cytokines TNFa activity [19–22]. In line with these

mechanisms, cobalamin deficiency may exacerbate existing

MS by worsening the inflammatory and demyelination

processes, as well as slowing remyelination and repair. On

the other hand, aberrant activation and proliferation of

immunocompetent cells, having an enhanced demand for

B-vitamins [22], and repeated or continuous inflammatory

and demyelinating processes followed by endogenous

attempts for remyelination and repair, increase vitamin

B12 consumption and may lead to its deficiency. Thus,

multiple levels of inter-relationship (including aspects of

association, causality or aggravation) between cobalamin

deficiency and MS, may be suggested (Fig. 1), but yet to be

confirmed. Noteworthy, hyperhomocysteinemia, which is

associated with an increased risk of atherosclerosis, neuro-

vascuslar and neurodegenerative processes, which seem to

take place also in MS, is triggered by vitamin B12

deficiency as well as by Th1-type immune response which

is a characteristic of MS [22], adding to the complexity of

these biological interactions.
Fig. 1. Potential associations between vitam
Of note, the first reports about possible role of B12 in the

pathogenesis of MS came out more than three decades ago,

but the small number of published studies that examined the

association and the weak study designs and methodological

problems that characterize these studies make it impossible

to derive a causal inference about the association. The

association was determined only in cross-sectional case-

control study designs and was not tested in prospective or

nested case-control designs, thus lacking the ability to

answer one of the basic and necessary causality criteria that

the cause must precede the effect in time.

The studies were done in the clinical surrounding and

the selection of cases and controls was based mainly on

high accessibility to the populations and not on methodo-

logical considerations. The inclusion of cases was not

based on strict diagnostic criteria but usually on physician

diagnosis and the control groups were usually historic

controls or hospital staff controls. The possibility of

selection bias as a possible explanation of the results

cannot be ruled out.
in B12 levels and multiple sclerosis.
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The importance of strict diagnostic criteria for MS and

B12 deficiency becomes even more important in the last

decade as it was shown that MRI imaging in B12 deficiency

patients can be very similar toMRI changes inMS, increasing

the possibility of diagnosis misclassification between the two

diseases as a possible explanation of the association. Some of

the studies used non-specific hematological and metabolic

changes associated with B12 deficiency (macrocytosis,

increased plasma or CSF homocystein) as a marker for B12

deficiency, but no one tested the all spectrum of laboratory,

metabolic, hematological, gastroenterological and neuro-

logical changes associated with B12 deficiency.

The possibility that B12 has no causal contribution in the

etiology of MS but rather that the association is a result of

confounding effect of a third genetic or environmental factor

cannot be ruled out on the basis of current data. The studies

did not use multivariate models for the control of possible

cofounders like demographic, dietary and other lifestyle

characteristics, probably because such data was not

collected. It is timely for the conduction of a well-designed

prospective or nested case-control study to assess the causal

relationship of these two disorders.
4. Multiple sclerosis therapy and vitamin B12

High dose methylprednisolone therapy of MS patients

was reported to lead to a significant decrease in vitamin B12

CSF levels and to a trend of reduction in serum B12 levels

[23]. Immune-mediated therapy of MS with either Copax-

one (Cop-1), Interferon-h (IFN-h), or immuno-suppressive

agents leads, according to a large number of studies [24–

27], to a Th1 to Th2 immune-deviation. A shift to a Th2

immune profile entails the risk of over-activating the

humoral arm of the immune system, thus leading to

antibody mediated autoimmune disorders.

Pernicious anemia was recently reported in a patient

treated with interferon-a for chronic hepatitis C [24].

Treatment with Interferon-h has been reported to induce

elevated titers of anti-nuclear, anti-smooth muscle and

other auto Abs [28,29], subacute thyroiditis [30], and

Graves disease [31,32]. One such Th2 autoimmune

disorder may result in elicitation of auto Abs specific to

parietal cells or IF, leading to pernicious anemia and

associated vitamin B12 deficiency. A study recently

conducted in our laboratory [33] demonstrated that

immuno-therapy of MS patients with IFN-h and to a

lesser extend with Cop-1 is associated with a significant

reduction in vitamin B12 serum levels. This reduction,

however, did not appear to be related to aberrant induction

of self-Abs, but may be secondary to therapy-mediated

suppression of the inflammatory processes while enhanced

repair mechanisms, which are associated with enhanced

consumption of vitamin B12 (Fig. 1). This is of special

interest due to recent evidence supporting neurotrophic

action of vitamin B12 [34].
However, independently of the mechanism(s) by which

vitamin B12 levels may be affected by MS and its

therapies, if confirmed, these findings emphasize the need

for meticulous follow-up of vitamin B12 levels prior to

and during immuno-therapy and for evaluation of the

necessity of vitamin B12 supplementation for MS patients.

This latter issue has received further support recently in a

study of Mastronardi et al. [35] who demonstrate dramatic

improvements of clinical, histological, and laboratory

parameters in in-vivo experimental models of demyelinat-

ing disease, through combination therapy with IFN-h plus

vitamin B12.
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