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Editorial
I have spent more than twenty-five years clarifying the molecular 
basis of the well-known neurotrophic effect of cobalamin 
(Cbl), more commonly known as vitamin B12. My studies have 
mainly concentrated on rat spinal cord (SC), the part of the 
central nervous system (CNS) that is most severely affected by 
Cbl deficiency both in humans and rats. The results obtained 
are described below in the order of the chronology and logical 
development of the research itself. 

Identification of a new Cbl-deficient (Cbl-D) 
experimental model 
I first identified a new experimental model reflecting all of the main 
neurological and haematological abnormalities characterising 
chronic Cbl deficiency in humans: the totally gastrectomised (TGX) 
rat. TGX rats become deficient in intrinsic factor immediately 
after total gastrectomy (TG) and Cbl-D over time, thus providing 
a surgical paradigm of pernicious anaemia (PA) [1, 2]. These 
rats develop the typical lesions of human subacute combined 
degeneration (i.e., Cbl-D neuropathy) in the CNS and peripheral 
nervous system (PNS): spongy vacuolation of SC white matter, 
CNS astroglial “activation”, and endoneural oedema, together 
with the “activation” of Schwann cells in the PNS. It was found 
that all of these pathological changes were reversed by the 
chronic post-TG administration of Cbl, thus suggesting that the 
damage is specifically related to the rats’ permanent Cbl-D status. 
No signs of demyelination or remyelination were found in either 
the CNS or PNS. As TG is a surgical procedure that leads to various 
severe consequences in rat, the morphological and biochemical 
findings were always compared with those observed in otherwise 
normal (ON) rats fed a Cbl-D diet, and there was a constant 
correspondence between the two experimental models [1, 2].

Identification of Cbl-regulated cytokines and 
growth factors 
We next demonstrated that the severity of the neuropathological 
features of SC white matter in TGX rats did not correlate with 
serum or tissue accumulation of methylmalonic acid and 
homocysteine: i.e., there was no substantial increase in the 
severity of the SC white matter spongy vacuolation over time 
as the metabolites related to the failure of the Cbl-dependent 
enzymes (L-methylmalonyl-CoA mutase and homocysteine 
methyltransferase) accumulated in the SC, kidneys, liver and 
serum [2]. On the basis of this finding, we hypothesised that, 

rather than the simple withdrawal of the vitamin, deranged CNS 
production of some cytokines and/or neurotrophic factors might 
be a key element in the pathogenesis of Cbl-D central neuropathy 
in TGX rats. This hypothesis was supported by the fact that: a) 
different CNS cell types (mainly astrocytes) become “activated” 
after various CNS injuries and thus modify the synthesis and 
release of cytokines and/or growth factors; and b) optical 
and electron microscopy show that CNS glial cells (especially 
astrocytes) are severely affected by Cbl deficiency [1, 2].

It was subsequently demonstrated that: a) Cbl down-regulates 
the level of tumour necrosis factor(TNF)-α in the SC of TGX 
rats; b) intracerebroventricular (i.c.v.) microinjections of agents 
antagonising the production and/or effects of TNF-α, such as 
anti-TNF-α antibodies (Abs), interleukin(IL)-6, and transforming 
growth factor-β1, largely prevent spongy vacuolation in SC white 
matter of TGX rats; c) repeated i.c.v. microinjections of TNF-α 
cause spongy vacuolation in the SC white matter of ON rats that 
is similar to that observed in Cbl-D rats; d) Cbl down-regulates 
rat cerebrospinal fluid (CSF) but not serum levels of the soluble 
(s) CD40:sCD40 ligand (L) dyad, which belongs to the TNF-α:TNF-
α-receptor superfamily; e) Cbl administration or inactivation by 
anti-CD40 Abs to TGX rats is accompanied by the normalisation of 
the myelin ultrastructure of SC white matter; f) Cbl up-regulates 
CSF levels of  epidermal growth factor (EGF) and its synthesis in 
neurons and CNS glia; g) repeated i.c.v. microinjections of EGF 
into TGX rats are as effective as Cbl in significantly reducing the 
severity of spongy vacuolation in SC white matter even if their 
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Cbl-D status remains unchanged; h) repeated i.c.v. microinjections 
of anti-EGF Abs cause spongy vacuolation in the SC white matter 
of ON rats that is similar to that observed in Cbl-D rats; i) Cbl 
up-regulates rat CSF levels of IL-6 (but not vasoactive intestinal 
peptide, somatostatin, or leptin); j) Cbl down-regulates the 
levels of nerve growth factor (NGF) by decreasing its synthesis 
in rat SC and its levels in rat CSF; k) although the Cbl deficiency-
induced peak in SC NGF synthesis occurs after the appearance 
of neuropathological lesions in the SC white matter of TGX rats, 
repeated i.c.v. microinjections of anti-NGF Abs shortly after TG 
substantially prevents the onset of such lesions; and l) Cbl down-
regulates transcobalamin receptor levels in different rat organs 
(including SC) [2-4].

We then hypothesised that the serum and CSF of adult patients 
with clinically confirmed severe Cbl deficiency might show a 
similar imbalance in TNF-α and EGF levels to that observed in the 
CNS and/or CSF of Cbl-D rats. It was demonstrated that there is 
such an imbalance in the serum of patients with PA, but not in 
those with severe iron-deficient anaemia, and that this imbalance 
can be rectified by Cbl-replacement therapy. This imbalance 
is also present in the CSF of patients with subacute combined 
degeneration (SCD), whose TNF-α levels are abnormally high and 
EGF levels abnormally low [3, 4].

All of the above indicated that the severe CNS damage caused by 
chronic Cbl deficiency in rat is due to a shift in the physiological 
equilibrium of CNS cytokines and growth factors in favour of 
myelinotoxic TNF-α and NGF, and against myelinotrophic EGF and 
IL-6. “Moonlighting” (a term originally used to describe a single 
protein with multiple functions that are not due to gene fusions 
or splice variants) may also apply to Cbl insofar as it has at least 
two functions: in addition to its canonical co-enzyme functions, it 
also modulates the synthesis of cytokines and growth factors in 
the CNS as well as in organs that are not morphologically affected 
by Cbl withdrawal (e.g. liver and kidneys) [2-4].

We then hypothesised that steps that stay behind the Cbl-
regulated cytokines and growth factors might be modified by Cbl 
deficiency, and further experiments demonstrated that: a) the 
Cbl deficiency-induced increases in TNF-α and NGF levels in the 
SC of Cbl-D rats are also responsible for increased SC levels of 
an activated transcription factor, nuclear factor(NF)-κB, which is 
capable of binding DNA; and b) Cbl up-regulates p75 neurotrophin 
receptor-immunoreactive cell levels and EGF receptor expression 
in the white matter of rat SC. As Cbl is classically considered 
a micronutrient, studies of NF-κB levels in Cbl-D rats can be 
included in the field of nutritional genomics or nutrigenomics. 
Furthermore, as Cbl indirectly regulates transcription processes 
by modulating NF-κB levels, Cbl has another mechanism for 
modulating DNA expression in addition to the regulation of 
methylation reactions [4, 5].

Cbl and PrPCs: A newly identified relationship 
between two key neurobiological molecules
Finally, we hypothesised that the normal cellular prion (PrPC) 
isoform may be indirectly regulated by Cbl in rat CNS, and 
therefore involved in the pathogenesis of rat Cbl-D neuropathy. 
The rationale underlying this hypothesis was that: a) PrPCs play a 
crucial role in maintaining CNS myelin; b) Cbl deficiency damages 
SC myelin by increasing TNF-α and NGF, and decreasing EGF levels; 
and c) other authors have shown that TNF-α and EGF regulate PrPC 
expression in vitro. The subsequent experiments demonstrated 
that: a) PrPC levels have increased in the SC and peripheral nerves 
(but not liver) of Cbl-D rats by the time myelin lesions appear; 
b) these increases are mediated by excess myelinotoxic TNF-α in 
Cbl-D SC and sciatic nerves, because the Cbl-D rats treated with 
i.c.v. microinjections of anti-TNF-α Abs showed no increase in SC, 
CSF and sciatic PrPC levels, and had normal SC and PNS myelin 
ultrastructures; c) Cbl and EGF up-regulate PrPC mRNA levels in 
rat SC and duodenal mucosa (but not liver), albeit to different 
degrees; d) repeated i.c.v. microinjections of Abs against the 
octapeptide repeat (OR) region of the PrPC molecule normalise 
SC and PNS myelin morphology, SC and PNS TNF-α levels, and 
maximum nerve conduction velocity (MNCV) in Cbl-D rats even if 
their Cbl-D status remains unchanged; and e) ON rats repeatedly 
treated with i.c.v. PrPC microinjections show spongy vacuolation in 
SC and myelin lesions in sciatic nerves, together with significantly 
reduced MNCV values. This shows that an excess of OR regions is 
involved in the pathogenesis of the CNS and PNS lesions observed 
in Cbl-D rats. It is believed that this is the first demonstration that 
an experimental myelin disease (rat Cbl-D neuropathy) can be 
caused by a local excess of PrPC OR regions. The number of OR 
regions in rat SC and peripheral nerves is therefore “buffered” by 
still unknown mechanisms in order to keep myelin normal, and 
Cbl plays a key role in this. In conclusion, rat Cbl-D neuropathy 
seems to be the first neurological disease shown to be due to 
excess PrPCs without any need for them to be conformationally 
transformed into a pathological form as in the case of PrP scrapie 
(PrPSC) [6,7].

Once again, we investigated whether PrPC increases similar to 
those observed in Cbl-D rats also occur in the CSF and serum 
of patients with clinically confirmed severe Cbl deficiency (i.e., 
with PA and/or SCD). Mean CSF PrPC levels in SCD patients were 
significantly higher than in the neurological controls; but no 
significant change was observed in patients with Alzheimer’s 
disease or amyotrophic lateral sclerosis in comparison with 
neurological controls. Mean serum PrPC levels in the PA patients 
were significantly higher than those in the controls, but 
normalized after Cbl therapy. There was no significant change in 
the sera of the patients with other forms of anemia [6, 7]. As the 
serum and CSF PrPC levels in each of the groups of Cbl-D patients 
(PA and SCD) correlated significantly with serum and CSF Cbl 
levels, it can be concluded that Cbl regulates serum and CSF PrPC 
levels in these physiological fluids [6, 7].
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The most innovative results of the research led by Dr. Scalabrino are summarised in the figure 
below
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