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Abstract

Vitamin B12 deficiency is a common condition that causes a variety of disorders ranging from the development of mega-
loblastic anemia to the building up of neurological damage. Historically one of the leading causes of B12 deficiency
appears to be secondary to malabsorption in part caused by the development of atrophic gastritis in pernicious anemia.
More recently B12 deficiency could also depend on dietary restrictions. Cobalamin deficiency also appears to be closely
related to folate metabolism, causing a reduction in methionine synthase activity. This results in the accumulation of
5-methyltetrahydrofolate (5-MTHF) and defective DNA synthesis. It has been hypothesized that reduced activity of the
enzyme methylene-tetrahydrofolate reductase (MTHFR) could reduce the production of 5-MTHEF, thereby shifting folate
metabolism to thymidylate synthesis and promoting proper DNA synthesis. Our aim was to investigate the role of the
C677T and A1298C MTHFR gene polymorphisms, which are associated with reduced enzyme activity, in predisposing
to the development of anemia, neurological symptoms, and atrophic gastritis in a population of 105 consecutive Ital-
ian patients with cobalamin deficiency. We found statistically significant correlations between the degree of anemia and
thrombocytopenia and the C677T MTHFR polymorphism, while hemoglobin levels alone significantly correlated with
A1298C polymorphism, contradicting the potential protective role of these polymorphisms. Furthermore, in patients with
atrophic gastritis, we found an association between the absence of parietal cell antibodies and the presence of the C677T
polymorphism in homozygosity. Our results suggest a role for MTHFR enzyme activity in the severity of hematologic
manifestations of vitamin B12 deficiency and as an independent mechanism of predisposition to the development of
atrophic gastritis.
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Introduction

Vitamin B,, deficiency is a common condition and it rep-
resents a significant public health problem, particularly
among the elderly. Vitamin B, (cobalamin) is a cofactor
for only two enzymes: methionine synthase and L- methyl-
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hyperhomocysteinemia, and deterioration of cognitive
function.

Interaction between folate and B12 causes impaired DNA
biosynthesis leading to ineffective erythropoiesis, intramed-
ullary hemolysis, release of lactate dehydrogenase, and
megaloblastic anemia seen in both vitamin deficiencies [1].

Vitamin B12 plays a key role in the myelination process
of the central nervous system. The specific type of neurop-
athy in vitamin B, deficiency is most likely the result of
hypomethylation of myelic basic protein. This can lead to
sequelae such as peripheral neuropathy, depression, cogni-
tive disturbances, and dementia [3].

Moreover, decreased methionine synthase activity causes
impaired regeneration of methionine from homocysteine,
resulting in homocysteine accumulation, which may con-
tribute to the risk of vascular disease [4].

Folate metabolism plays an essential role in DNA synthe-
sis and methylation processes. The methylfolate trap hypoth-
esis assumes that S-methyltetrahydrofolate (5-MTHF)
cannot be transformed back to its precursor 5,10-methylene-
tetrahydrofolate (5,10-MTHF), because the reaction cata-
lyzed by MTHEFR is irreversible. In cobalamin deficiency,
methionine synthase is inactive, causing the accumulation
of 5-MTHEF, which is a poor substrate for folypolyglutamate
synthase. The C677T and A1298C MTHFR gene poly-
morphisms are associated with decreased enzyme activity.
Thus, the homozygous genotype may protect patients with
reduced methionine synthase activity from defective DNA
synthesis because folate metabolism tends to be shifted to
thymidylate synthesis.

Several studies have reported an association between dis-
turbances of folate metabolism and increased risk of gastric
cancer. Moreover, intestinal metaplasia, which is a frequent
gastric complication of atrophic gastritis associated with
vitamin B, deficiency, is a risk factor for adenocarcinoma.
[5, 6].

We aimed to examine cobalamin-deficient patients with
reduced MTHFR activity, according to above mentioned
MTHFR polymorphisms, to evaluate their predisposition
to develop anemia and its severity, neurological symptoms,
and atrophic gastritis.

Table 1 Patients’ characteristics

Patients (n) 105

M/F 53/52

Median age; years (range) 58; (19-90)
Median hemoglobin value (g/dl); (range) 7;(3.1-14.3)
Median MCV value (fl.); (range) 108; (77-138)
Median PMN value (x10°/L); (range) 3.9; (1.16-13.19)
Median platelets value (x10°/L); (range) 97; (14-460)
Atrophic gastritis 52

PCA positivity 22

Neurological symptoms 7
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Materials and methods

We enrolled 105 Italian patients (53 males and 52 females),
with a median age of 58 years (range 19-90), who were
consecutively admitted to our Hematology Division from
January 2006 to December 2022, with a diagnosis of mega-
loblastic anemia, with clinical and biochemical evidence
of cobalamin deficiency. The study was conducted accord-
ing to the Declaration of Helsinki and was approved by the
Internal Review Board of the Hematology Department.

At diagnosis, the hemoglobin median value was 7.3 g/
dl for men (range: 3.1-13.3 g/dl) and 6.8 g/dl for women
(range: 3.2-14.3 g/dl). Mean corpuscular volume (MCV)
median value was 108 fl. (range: 77—-138). Median white
blood count was 3.9x10%1 (range: 1.16-13.19x10%/).
Median polymorphonuclear (PMN) count was 2.16x 10°/1
(range: 0.41-9.8x109/1). Median platelets count was
97 x 10%/1 (range 14-460x 10°/1).

The median plasmatic vitamin B, dosage by CLIA was
74 pg/ml (range: 9-367 pg/ml; normal values 187-883 pg/
ml). The median plasmatic folate dosage was 6.0 ng/ml
(range: 0.7-41 ng/ml; normal values: >4 ng/ml). The median
plasmatic ferritin dosage was 191 ng/ml (range: 4-1600 ng/
ml; normal values: 12-290 ng/ml). Anti-parietal cell anti-
bodies (PCA) were available in 88 out of 106 patients.

Patients’ characteristics are summarized in Table 1.

Peripheral blood samples were obtained after informed
consent from each patient or guardian for use in biologi-
cal studies. All patients were tested for C677T and A1298C
SNPS by polymerase chain reaction (PCR) techniques, as
previously described [7, 8].

Statistical analysis was performed using Fisher’s exact
test and x° test for categorical variables and Kruskal Wallis
test and Mann-Whitney test for continuous variables.

The significance level was set at p <0.05.

Results

By univariate analysis, we correlate hemoglobin value,
MCYV, white blood count (WBC), neutrophil count, plate-
lets count, folate and B12 levels, neurological symptoms,
and presence of atrophic gastritis and positivity of parietal
cells antibody (PCA) at diagnosis with the distribution of
C677T and A1298C genotypes. The following prevalence
of the different genotypes was observed: for MTHFR
C677T, 32 patients (30%) were wild type (CC), 49 (47%)
had heterozygous genotype (CT) and 24 (23%) were homo-
zygous (TT); for MTHFR A1298C, 53 patients (50%) were
wild type (AA), 46 (43%) had heterozygous genotype (AC)
and 4 (7%) were homozygous (CC). The distribution of the
three polymorphisms is quite similar to those reported in the
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Italian healthy controls from our previous study on MTHFR
genotypes [9].

We found a statistically significant correlation between
patients carrying MTHFR C677T homozygous and hetero-
zygous variant and lower hemoglobin value (p=0.01) and
lower platelet count (p=0.006). We found a trend that did
not reach statistical significance between patients carrying
MTHFR C677T homozygous and heterozygous variants
and lower PMN count (p=0.06).

We found a trend of higher ferritin value (p=0.05)
between patients carrying MTHFR C677T homozygous and
heterozygous variants.

Regarding MTHFR A1298C polymorphism, we found a
statistical correlation between homozygous and heterozy-
gous variants and lower hemoglobin values (p=0.02).

We found no statistical correlation between MTHFR
polymorphisms and B12 and folate levels, LDH level,
spleen size, neurological symptoms, and gastropathy.

All seven patients with neurological symptoms presented
primarily with peripheral neuropathy; they all had very low
levels of vitamin b12, below 100 pg/ml. In patients with neu-
rological symptoms, the distribution of the polymorphisms
was as follows: for MTHFR C677T, 1 patient was wild type
(CQO), five patients had heterozygous genotype (CT) and 1
patient was homozygous (TT); for MTHFR A1298C, three
patients were wild type (AA) and four patients had hetero-
zygous genotype (AC).

Thirty-three out of 88 patients (37.5%) were positive for
anti-parietal cell antibodies (PCA).

Fifty-two of the 105 patients (49%) had a diagnosis of
gastropathy documented by endoscopy and histological
examination. Among patients homozygous for MTHFR
C677T the incidence of gastropathy was 62.5%. Interest-
ingly we found a statistically significant association between
patients carrying the MTHFR C677T homozygous genotype
and the absence of anti-parietal antibodies (p =0.03) despite
a high incidence of gastropathy. Among patients with gas-
tropathy, the analysis of plasma levels of folate showed the
presence of low folate levels in patients with PCA negativity
(p=0.004).

Results are summarized in Table 2.

Discussion

Over time, MTHFR gene polymorphisms have been associ-
ated with a variety of conditions, including certain cancers,
cardiovascular risk factors, neural tube defects, and vitamin
B12 deficiency.

All of these studies have often produced conflicting
results, especially about cancer susceptibility. This is mainly
due to the different distribution of polymorphisms in differ-
ent ethnic groups and the variability in lifestyle and dietary
habits of different populations.

Associations between MTHFR gene polymorphisms
and susceptibility to vitamin B12 deficiency have been
described in the literature. Indeed, several studies have
found an increased prevalence of the C677T polymorphism
in homozygosity in affected patients compared with healthy
controls in the Jordanian and Israeli populations [10, 11].

Another study conducted in pregnant women in South
India showed an association of both polymorphisms inves-
tigated with the finding of B12 deficiency [12].

In our study, carried out in a population with established
vitamin deficiency, the frequencies of the different polymor-
phisms overlapped with those of the general Italian popula-
tion. This finding, in apparent contradiction with reported
studies, could be due to several factors. First of all, we per-
formed the study in a small sample size population, then we
had to take into account the important multifactorial nature
of this disease and the obvious differences between the dif-
ferent ethnic groups.

However, it is interesting to note that in our patients’
population, not only both polymorphisms do not prevent
the development of anemia, as previously hypothesized, but
they also seem to be associated with a more severe hema-
tologic manifestation of vitamin B12 deficiency. It is likely
that in individuals already more prone to vitamin deficiency,
reduced MTHFR enzyme function leads to a metabolic
imbalance, exacerbating anemia.

We found no statistical correlation between MTHFR
polymorphisms and B12 and folate levels; this may be
because some patients started folate therapy before coming
to our attention; on the other hand, all patients had a vitamin
B12 level below the lower limit. In particular patients with
neurological symptoms presented very low levels of vitamin

Table 2 Clinical and laboratory findings according to genotype frequencies

MTHFR C677T MTHFR A1298C n (%)

CC n(%) CT n(%) TT n (%) p AC n(%) CC n(%) GG n(%) p
Anemia (83) 25 (30) 35(41) 23 (29) 0.01 47 (58) 31(38) 3(4) 0.02
Thrombocytopenia (60) 19 (31) 25 (42) 16 (27) 0.006 31(50) 26 (49) 1(1) ns
Neutropenia (28) 10 (35) 10 (35) 8(30) ns 16 (59) 11 (41) 0(0) ns
Mean corpuscular volume (79) 23 (29) 38 (48) 18 (23) ns 39 (50) 34 (45) 4(5) ns
Atrophic gastritis (52) 15 (29) 22(42) 15 (29) ns 30 (59) 21 (41) 0 (0) ns
PCA negativity (23) 4(17) 9 (40) 10 (43) 0.03 13 (45) 9 (55) 0 (0) ns

@ Springer



Annals of Hematology

b12, confirming the role of myelination of the central ner-
vous system as well as for the maintenance of its normal
function, No correlation with polymorphisms’ distribution
was found, due to the small number of patients with neuro-
logical symptoms.

More interesting, however, are the data regarding the gas-
tropathy found in these patients and the presence or absence
of gastric parietal cell antibodies. The role of MTHFR gene
polymorphisms in the development of gastric cancer has
long been debated. It is difficult to reach an unequivocal
result in this regard, considering that the pathogenesis of
cancer is multifactorial [13].

In the development of gastric cancer, it has been hypoth-
esized that polymorphisms in this gene may indeed contrib-
ute to a predisposition to the development of gastropathy
with associated intestinal metaplasia, which may then act
as a precancerous lesion and increase the likelihood of later
cancer development. [14].

Along these lines, recent studies have shown that the
C677T polymorphism, in particular, is associated not only
with an increased incidence of gastritis in Helicobacter
pylori-negative individuals but also with a worse clinical
course and a higher rate of malignant evolution in HP-medi-
ated gastritis. [15, 16].

In our study, it is very interesting to note that in subjects
who underwent endoscopic examination and were found
to have gastropathy, an association was found between the
C677T polymorphism of MTHFR and the absence of anti-
gastric parietal cell antibodies. This finding, consistent with
what has been described in the literature, would suggest a
role for this polymorphism in predisposing to the devel-
opment of gastric damage, in a manner completely inde-
pendent of the autoimmune stimulus typical of pernicious
anemia. Other suggestive data in this regard are the signifi-
cantly lower serum folate levels in PCA-negative patients,
suggesting the predominant role of metabolic patterns in
this type of situation. However, none of these considerations
can be applied to the A1298C polymorphism.

A recent study in the Chinese population demonstrated
an improvement in intestinal metaplasia with folic acid sup-
plementation in patients with chronic atrophic gastropathy,
with a greater effect in patients with the C677T polymor-
phism in homozygosity, further confirming the above. [17].

In conclusion, our results suggest that the MTHFR
C677T polymorphism, which directs folate toward thymi-
dylate synthesis and away from methionine synthesis, does
not protect against anemia and is associated with lower
platelet counts.

It also suggests a possible correlation between MTHFR
gene polymorphisms, folic acid levels, and the development
of chronic atrophic gastritis.
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Larger population studies may better elucidate the impact
of these polymorphisms on the hematologic manifestations
of B12 deficiency and the gastric complications that have
the greatest impact on the prognosis of these patients.
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