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Abstract. – Objective: Folate has hetero-
geneous functions and is involved in several ac-
tivities in both animal and human body. It is an
important constituent of our organism, and its
bioavailability is mainly dependent from the cor-
rect function of our gastrointestinal tract. Our
aim is to describe what happens to folate home-
ostasis in gastrointestinal health and disease,
analyzing the alterations of folate metabolism in
some specific conditions of intestinal and liver
impairment.

Discussion: Folate absorption and metabo-
lization involve the small intestine and the liver;
in conditions of gastrointestinal tract disease
(i.e. celiac disease, liver disease) folate function
may be compromised with important conse-
quences on the whole organism. Moreover, fo-
late deficiency may produce gastrointestinal al-
terations too. For this reason, the gastrointesti-
nal tract could be the responsible but also the
victim of folate deficiency.

Conclusions: The presence of folate deficien-
cy should always be assessed in patients with a
gastrointestinal disease. Further studies are
needed to assess the role of folates in gastroin-
testinal tract diseases and in other gynecologic,
neurologic, psychiatric, cardiovascular, oph-
thalmic and neoplastic diseases. Folates supple-
mentation could be considered, in the future, as
an effective complimentary therapy in several
pathologic conditions.

Key Words:

Folate, Folate homeostasis, 5-methyltetrahydrofo-
late (5-MTHF), Liver diseases, Celiac disease, Inflamma-
tory bowel diseases, Liver cancer, Colorectal cancer.

Introduction

Folate, also called “B9 vitamin”, is an impor-
tant constituent of our organism. Folates partici-
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pate to various enzymatic reactions (Figure 1),
which are almost transmethylations, and are in-
volved in metionine, glycine and tymidine syn-
thesis. As a result, folates are necessary in the
regulation of homocysteine levels, DNA and
RNA metabolism, and in the methylation of sev-
eral proteins and cell structural components1-3.
Folate deficiency is the most common hypovi-

taminosis worldwide, and is frequently associat-
ed to intestinal malabsorption, liver disease and
pregnancy. Considering the large number of
functions involved, folate deficiency may have
serious consequences on cell metabolism: im-
pairment in replication, DNA structural alter-
ations, neurologic and neuropsychiatric symp-
toms, membrane dysfunction caused by phospho-
lipids hypomethylation, hyperhomocysteinemia.
In particular, DNA cycle is impaired, leading to
reduction in DNA synthesis and important conse-
quences on cell replication, especially in cells
with a high replication rate (Table I). Frequently,
folate deficiency manifestations involve the bone
marrow function, leading to megaloblastic
anaemia, but also to leucopenia and thrombocy-
topenia. Moreover, since the methylation cycle is
disturbed, DNA cannot be methylated; DNA
methylation is part of the gene silencing system,
and hypomethylated DNA can produce genomic
instability, altered chromosome segregation and
aberrant gene expression, predisposing to tumor
development4-10.
Folate deficiency has several effects on the

nervous tissue. In this condition, themyelin basic
protein, a substrate of the methylation cycle, can-
not be methylated, making myelin not able to
coil and protect axons. Even if non-specific
symptoms (such as irritation, sluggishness, loss
of memory, difficulties in concentration, Table I)
are frequently reported, the most serious conse-
quence is a characteristic demyelination-related
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neuropathy known as “sub-acute combined de-
generation”, which may affect the spinal cord
and peripheral nerves, potentially leading to atax-
ia, paralysis and death, if untreated. However, it
occurs only in case of severe and prolonged fo-
late deficiency, probably due to the capacity of
the nervous tissue to accumulate folate. There-
fore, the evidence of megaloblastic anaemia al-
ways leads to treatment before the development
of this pathologic condition11. B12 vitamin defi-
ciency is associated with a characteristic neu-
ropathy too, and the principal symptoms of its
deficiency resemble those of folate one (Table I).
The reason is that, in case of severe B12 vitamin
deficiency, metionine synthase cannot convert 5-
methyltetrahydrofolate (5-MTHF) in tetrahydro-
folate, realizing the so called “methyl trap”. As a
result, folate, “trapped” into the form of 5-
MTHF, is no longer available to perform all its
functions, and the symptoms of folate deficiency

develop. In this condition, supplementation with
folic or folinic acid may resolve these symptoms,
“masking” the underlying vitamin B12 deficien-
cy; this is the reason why, in these patients, folate
supplementation results ineffective in the man-
agement of neuropathy3,11. In pregnant woman
fetal neural tube closure defects are also possible.
Finally, the reduced synthesis of S-adenosylme-
thionine (SAMe) can affect dopaminergic and
serotoninergic neurotransmission, leading to neu-
ropsychiatric effects on the affective sphere, of-
ten resulting in depression12.
Other frequent symptoms of folate deficiency

regard the gastrointestinal tract (Table I).
Hunter’s atrophic glossitis, often subclinical or,
sometimes, referred as ”burning tongue”, and
cheilitis, are typical manifestations, even if pa-
tients may present non-specific symptoms such as
abdominal pain, dyspepsia, nausea, vomiting, di-
arrhea and disturbances in intestinal functioning.

Figure 1. Folate cycle. Folates are involved into two main metabolic pathways: the methylation cycle and the DNA cycle.
The methylation cycle has the objective to refurnish the pool of intracellular S-adenosylmethionine, which has the role of
methyl donor in several enzymatic reactions (methylation of lipids, myelin basic protein, hormones, DNA and proteins). More-
over, in the liver, the excess of methionine is transformed in homocysteine by the methylation cycle. Homocysteine may, in
turn, be degraded or re-methylated to methionine to maintain adequate S-adenosylmethionine levels. In the DNA cycle, folates
receive a methyl group from serine or formate and participate to de novo biosynthesis of the purine ring and to the conversion
of the uracil-type base found in RNA into the thymine-type base found in DNA, catalyzed by the enzyme thymidylate syn-
thase. As a result both DNA and methylation cycle generate tetrahydrofolate (1).
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ease”, “folate and Crohn’s disease”, “folate and
ulcerative colitis”, “folate and liver disease”, “fo-
late and alcoholic liver disease” was performed.

Folate Homeostasis

Folate and Folic Acid
In the common terminology, “folate” and “folic

acid” are often used to identify the B9 vitamin,
without any distinction. However, this is erro-
neous and there are important differences be-
tween these two terms. Folates are hydrosoluble
and thermolabile vitamins, constituted of three
fundamental parts: pteridine ring, para-aminoben-
zoic acid, and L-glutamic acid.
Naturally occurring folates differ in three as-

pects: reduction of the pteridine ring; presence of
different single carbon unit attached to the N5 or
N10 (methylene CH2, methenyl CH, formyl
CHO, and formimino CHNH); number of L-glu-
tamic acid residues (from 3 to 7), so that in na-
ture are present only as poly-glutamic folates
(Figure 2). They are synthesized by microorgan-

Homocysteine levels are increased when folate
are low, since homocysteine cannot be converted
in methyonine (Figure 1). Hyperhomocysteine-
mia is an independent marker of cardiovascular
disease, leading to an increased risk of cardiac
(coronaropathy), cerebral (stroke and transient is-
chemic attack) and peripheral (low limbs) vascu-
lopathy11,13.
Also some neurodegenerative diseases, such as

Alzheimer’s and Parkinson’s one, together with
hypofertility, risk of miscarriage, premature birth
and low birth-weight of the offspring and oph-
thalmic alterations, have been recognized to be
associated to folate deficiency (Table I).
Considering the important functions provided

by folate in our organism, it is essential to under-
stand the alterations that, in case of disease, may
perturbate folate homeostasis. In this article, we
analyze the principal features of folate homeosta-
sis, focusing on the gastrointestinal diseases ca-
pable to induce folate deficiency or to alter folate
metabolism. To reach this goal, a medline search
performed using search terms such as “folate me-
tabolism”, “folate cycle”, “folate and celiac dis-

Symptoms
Hematological Typical: macrocytosis, neutrophil hypersegmentation, aregenerative

macrocytary anaemia, medullar megaloblastosis (“blue spinal cord”)
Rare: isolated thrombocytopenia and neutropenia, pancytopenia
Very rare: hemolytic anaemia, thrombotic microangiopathy
(presence of schistocytes)

Gastrointestinal Typical: Hunter’s glossitis, jaundice, LDH and bilirubin elevation
(‘‘intramedullary destruction’’)

Debatable: abdominal pain, dyspepsia, nausea, vomiting, diarrhea,
disturbances in intestinal functioning

Rare: resistant and recurring mucocutaneous ulcers
Neurologic Frequent: irritation, sluggishness, loss of memory, lightheadedness,

difficulties in concentration
Rare: neuropathy (“sub-acute combined degeneration”)

Other possible manifestations/associations
Gynecologic diseases/pregnancy Atrophy of the vaginal mucosa and chronic vaginal and urinary infections

Hypofertility
Premature birth, low birth-weight
Neural tube defects (spina bifida, anencephaly) Down’s syndrome

Neurologic diseases Stroke
Dementia, Alzheimer’s disease, Parkinson’s disease
Seizures
Hypoacusia
Autism

Psychiatric diseases Depression, schizophrenia
Ophthalmic diseases Glaucoma, macular degeneration
Cardiovascular diseases Hyperhomocysteinemia, increased risk of vascular disease
Cancer development Colorectal cancer (also leukemia, breast, pancreas, stomach, lung,

cervix, esophagus)

Table I. Principal symptoms and diseases associated to folate deficiency71,73.
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isms and plants. Therefore, eukaryote organisms,
such as animals and humans, can only introduce
folates with the diet1,2. Folate gets its name from
the latin word “folium” for “leaf”, since green
vegetables, but also fruit, cereals and liver, are
rich in folates. Natural folates rapidly lose activi-
ty in foods over periods of days or weeks; this
chemical lability results in a significant loss of
biochemical activity during harvesting, storage,
processing, and preparation. Half or even three-
quarters of initial folate activity may be lost dur-
ing these processes. The synthetic form of the vi-
tamin, instead, is more stable1,2,14-18. The intesti-
nal microbial flora can produce a small part of
folates too, contributing to maintain the whole
body pool14.
Folic acid, instead, is synthetic, consists in the

pteroil-mono-glutamic acid, and represents the
most oxidized form of folates. It is recognizable
in minimal parts in the food and is used to enrich
aliments or as dietary supplement3-19.

The Route of Folates Through
the Human Body
Poly-glutamic folates introduced with the diet

are resistant to gastric proteolysis and are con-
verted in the jejunum in the mono-glutamic form
by the enzymes of the intestinal juice and of the
enterocytes brush border (mostly folylpolygluta-
mate hydrolase and pteroyl gamma-glutamyl car-
boxypeptidase, GCPII)20. Indeed, only mono-glu-
tamic folates can be absorbed1-3.
Folates are absorbed in the jejunum and in the

proximal tract of the ileum. In presence of high
concentrations (> 10 µM, e.g. during pharmaco-
logical supplementation), the absorption is driven

by gradient diffusion, while, in presence of lower
concentrations, by saturable and competitive
mechanisms of energy-dependent transport or H+

co-transport21-23.
Intestinal folate absorption involves two sys-

tems. The reduced folate carrier (RFC)24-26 is
ubiquitary expressed; in the small bowel it is lo-
cated not only on the luminal surface of mature
enterocytes in the villi but also in the immature
cells in the crypts; it transports reduced folate
and has a pH optimum of 6.0. The proton-cou-
pled folate transporter (PCFT)3 is expressed in
the small bowel and in the liver; it transports also
monoglutamic folate with optimal activity at a
pH of 5.5; in the liver the PCFT is involved in the
generation of active form of folate.
In the enterocytes, monoglutamic folates are

reduced into dihydrofolate or tetrahydrofolate,
adding hydrogen at position 5, 6, 7, and 8; then
they are converted to 5-formyl-tetrahydrofolate
with the addition of a monocarbon unit, and fi-
nally are reduced to 5-MTHF which is conveyed
into the portal circulation.
Most of the folate found in portal circulation is

5-MTHF; some dihydrofolate and 5-formyl-
tetrahydrofolate is also present, but is successive-
ly converted by the liver into 5-MTHF1-3. 5-
MTHF is the only folate that does not need liver
first-pass20.
After this metabolic process, folates could

be stored by the liver or released into the sys-
temic circulation or enter the entero-hepatic cir-
culation1-3,20. Part of 5-MTHF could also be pre-
sent in the intestinal lumen, and its process of ab-
sorption seems to resemble that of the other
forms of folate27-29.
Much of the folate present in the portal blood

can be taken up by the liver, where it is metabo-
lized to polyglutamate derivatives by the
folylpolyglutamate synthetase1 and stored or re-
leased into the blood or the bile, entering the en-
tero-hepatic circulation1-3,20. When released into
circulation, folate polyglutamates are reconverted
to the mono-glutamate form by γ-glutamylhydro-
lase.
The 5-MTHF released in the entero-hepatic

circulation is re-absorbed and distributed to or-
gans and tissues (about 50% of the circulating
pool)30,31.
Most plasma folate (30-40%)2 is loosely asso-

ciated with albumin. Other binders include al-
pha2-macroglobulin and transferrin. A small
fraction of plasma folate is bound to the high-
affinity folate binding protein (FBP), also called

Figure 2. Folate (A) and folic Acid (B) molecular struc-
ture.

A

B
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folate receptor (FR)2, responsible for the trans-
port of 5-MTHF to tissues with high turnover
cells and to storage organs, including liver. FRs
are present in three principal isoforms: FRα and
FRβ, on the cell membrane, and FRγ, a soluble
plasma transporter32. FRα is involved in the re-
absorption of folate in the proximal renal tubule
and in the transport of folate across the placenta
and the choroid plexus. Interestingly, the FRα is
over-expressed in the kidney at the level of the
proximal tubule by several tumors (mouth, ovary,
kidney and brain)32. While folate carriers are
ubiquitary in the organism, receptors distribution
is more restricted33.
Folates are also incorporated by erythroblast in

the bone marrow, and are mostly recognizable in
the red blood cells (RBC) as folylpolygluta-
mates. They apparently do not have any metabol-
ic role, but represent an important reserve to
maintain folate homeostasis. When senescent
erythrocytes are destroyed, folates are uptaken by
reticuloendothelial cells and transported to the
liver2.
During periods of insufficient dietary intake,

liver releases 5-MTHF to be transported to the
other tissues. When liver reserve is depleted, low
levels of serum and red blood cells folate appear.
Therefore, plasma and red blood cell folate, to-
gether with homocysteine levels, are useful to as-
sess folate status. Plasma levels are very sensitive
to folate intake, while RBC concentration re-
flects the accumulation during a longer period
(erythrocytes are present in circulation for about
120 days). Therefore, the former reflect folate
bioavailability and are commonly used in clinical
practice, the latter is used to quantify folate re-
serve. Finally, there is an inverse relationship be-
tween fasting homocysteine and blood folate lev-
els, which can indirectly provide a picture of the
body folate status3. Folate concentration is mea-

sured with radioimmunoassay; it ranges from 3
to 20 ng/l in serum, and from 165 to 600 ng/l in
RBC34.

Folate Deficiency
Considering the complex process of absorp-

tion, metabolization and distribution, folate defi-
ciency could be of different origin (Table II)16.
Different drugs (Table III) may also affect all the
steps of folate metabolism. In some cases, as like
as during methotrexate treatment, which is used
to inhibit folate cycle in highly replicating tumor
cells, folinic acid supplementation is usually as-
sociated as “rescue therapy”, since it helps
healthy cells to recover from methotrexate ef-
fects.
We will focus on the principal mechanisms of

folate deficiency due to gastrointestinal tract dis-
eases; intestinal malabsorption, liver impairment
or alcohol abuse are recognized as relatively fre-
quent causes of folate deficiency and will be dis-
cussed in the text.

Folate Deficiency Due to
Gastrointestinal Tract Diseases

Liver Diseases
The most crucial step of the metabolic cycle of

folates in humans and mammals particularly in-
volves the gastrointestinal tract and the liver. The
entero-hepatic circulation of folates, the biotrans-
formation of dihydrofolates and formilhydrofo-
late deriving from the small bowel into the active
folate 5-MTHF, the final poly-glutamation
process and folates storage are completely liver-
dependent steps of folate homeostasis.
Thus, any systemic or hepatic disease which

could cause a transient or permanent liver impair-
ment could heavily affect folate bioavailability.

Cause Etiology

Insufficient dietary intake Low uncooked fruit or vegetables assumption; chronic alcoholism; total
parenteral nutrition

Impaired absorption Congenital folate malabsorption; acquired malabsorption syndromes: celiac disease,
inflammatory bowel diseases, small intestinal bacterial overgrowth

Inadequate utilization Congenital or acquired enzyme deficiency; alcoholism; drugs (folate antagonists:
methotrexate, triamterene, trimethoprim, anticonvulsants)

Increased demand Pregnancy, breast feeding, infancy, increased metabolism
Increased excretion Renal dialysis (peritoneal or hemodialysis)

Table II. Causes of folate deficiency74.
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Folic acid supplementation is a common prac-
tice in patients affected by liver disease. The hy-
peractivation of the inflammatory response in liv-
er disease is associated with an increased rate of
hepatocyte apoptosis, which is related to the
severity of parenchymal fibrosis24,26, to cellular
regeneration and, nonetheless, to the altered
composition of extracellular matrix35,36. Each fac-
tor able to increase the rate of apoptosis can de-
termine the progression of liver damage.
Folic acid has a pivotal role in purine and

thimidine synthesis, in the regulation of cell cy-
cle and apoptosis and in maintaining DNA stabil-
ity31. However, differently from the already
known importance of folic acid supplementation
in the prevention of tumors and cardiovascular
disease, a few is known about its use in patients
with liver disease. Marsillach et al37 demonstrat-
ed, in experimental rats exposed to carbon tetra-
chloride (CCl4) to determine liver necrosis, in-
flammation and bridging fibrosis, that folic acid
supplementation led to a more severe histological
and biochemical damage in respect to controls.
Liver histology showed thicker fibrotic septa and
regeneration nodules, with an increased expres-
sion of genes associated to fibrogenesis, and a re-
duced expression of those associated to apoptosis
and folate metabolism12,13. Even if the Authors
concluded that this effect could be due to the
dose of folic acid used in their study, remarkably
higher with respect to the standard therapeutic
dose38, folic acid supplementation could have a
deleterious effect in patients affected by chronic
liver disease receiving often high-dose, long-term
treatment.
Chronic alcoholism may alter any step of the

complex process of folate metabolism; folate ab-
sorption seems reduced as well as folate uptake
and storage, while hepatocellular folate metabo-
lism seems to be conserved20,39-41; levels of GCPII
and FBP are reduced, those of RFC increased
and the capacity of poly-glutamic folate hydroly-
sis is reduced3,19,42-44.

It has been recently demonstrated that folate
deficiency may induce oxidative stress, leading
to liver steatosis and metabolic liver disease. In
the alternative, metabolic pathway (Figure 1), the
enzyme betaine homocysteine S-metiltransferase
converts choline in betaine. Methyonine is, there-
fore, converted to S-adenosilmethyonine (SAMe)
by methyonine adenosiltransferase, present in the
liver as MAT1A and in the other tissues as
MAT2A. Finally, S-adenosilmethyonine is con-
verted to homocysteine by a hydrolase. SAMe
regulates glutathione synthesis, through a reac-
tion of trans-sulfuration with the homocysteine in
the liver, the intestine and the kidney45. The re-
duced/oxidized glutathione ratio is a good mea-
sure of the overall oxidative state4. Several stud-
ies demonstrated that in animal models fed with
alcohol, methyonine and SAMe levels are re-
duced, with a secondary reduction of glutathione
levels. Supplementation with SAMe can prevent
this process7,10. Several studies, demonstrated
that supplementation with high dose folic acid in
rats receiving high fat diet, with consequent de-
velopment of liver steatosis and steatohepatitis,
can reduce visceral obesity, liver inflammatory
activity and plasma levels of adiponectin, im-
proving insulin resistance through the hyperacti-
vation of the AMP-dependent kinase46. The
AMP kinase plays an important role in the meta-
bolic control and its hyperactivation improves in-
sulin-resistance. Also liver biopsies of patients
with chronic liver disease showed reduced levels
of MAT1A mRNA, MS and betaine homocys-
teine S-methyltransferase47 in liver tissue. A mul-
ticentre European trial reported a better survival
of patients with alcoholic liver disease receiving
SAMe supplementation compared to controls48.

Celiac Disease
Celiac disease (CD) typical lesions usually ex-

tend from proximal to distal segment of intestine;
due to its the specific localization (the proximal
intestine is the major site for folate uptake) folic

Mechanism Drugs

Inhibition of dihydrofolate reductase Methotrexate
Antagonism 5-fluorouracil, hydroxyurea, pyrimethamine,

trimethoprim/sulfamethoxazole, pentamidine, anti-inflammatory
drugs, pancreatic enzymes

Reduced absorption Metformin, cholestyramine, oral contraceptives, anticonvulsants,
antacids, alcohol

Table III. Drugs affecting folate metabolism71,75.



acid deficiency, together with vitamin B12, iron,
and vitamin D, is one of the principle metabolic
complications of CD. Thus, elevated homocys-
teine levels, signs of iron lack, bone and immune
disorders are common in patients with CD.
Folate deficiency is a common finding in

children with newly diagnosed CD and also in
adolescents and young adults with CD diag-
nosed by screening49,50. Folate deficiency has
also been reported in association with dermati-
tis herpetiformis, a skin disease often associat-
ed with CD51. Patients affected by CD show
low serum/cerebrospinal fluid folic acid con-
centrations. Impairment of intestinal folic acid
absorption with a defect in folic acid transport
across the blood-brain barrier, has been demon-
strated in the in case of epilepsy and cerebral
calcifications associated with celiac disease52.
Wilcoxon and Mattia53 showed as in patients

with CD, hyperhomocysteinemia can be com-
pletely normalized by folic acid supplementation
combined with gluten-free diet. Moreover, Ha-
dithi et al (54) demonstrated in celiac patients
with similar degree of villous atrophy, consistent-
ly lower levels of homocysteine in those receiv-
ing supplementation with vitamin B6, B12 and
folic acid compared to a population of celiac pa-
tients not supplemented. Interestingly, this study
showed the absence of any genetic predisposi-
tion: both groups showed an approximate 50%
prevalence of the common 5,10-MTHFR thermo-
labile variant T-allele54.
Food folate intake cannot be sufficient for the

celiac population as folate levels have been found
to be low in gluten-free products55. Therefore,
pharmacologic supplementation should be con-
sidered the best choice in patients with CD.

Small Intestinal Bacterial Overgrowth
An increased number of bacteria in the small

intestine may interfere, directly or indirectly,
with several small intestinal functions leading to
a lack of intraluminal bile acids causing fat mal-
absorption and steatorrhea, a variable degree of
non-specific inflammation and mucosal injury al-
tering micronutrients absorption. Furthermore, as
most bacteria require cobalamin for growth, in-
creased concentrations of bacteria can cause
cobalamin deficiency with megaloblastic
anaemia and potentially neurologic changes.
Which is the role of intestinal bacteria in fo-

late metabolism? Abundance of bacteria in the
upper small intestine may produce folic acid,

overcoming folate malabsorption due to the high
pH and to the absorptive functions impairment.
However, it is still unclear if de novo folate syn-
thesis in the lumen of the small intestine can play
any significant role for the host56-59.

Inflammatory Bowel Diseases (IBD)
Patients affected by IBD have an increased

risk of developing micronutrients deficiency
most frequently involving folate, iron, cobal-
amin and vitamin D. Micronutrients deficiency
may be directly related to the extent of the mu-
cosal damage or result from inadequate intake,
increased nutritional requirements due to the in-
flammatory condition, surgical bowel resections.
Less frequently, the competitive inhibition due
to the concomitant therapy with sulfasalazine
can also cause folate deficiency. High plasmatic
and mucosal levels of homocysteine have been
detected in IBD patients60-63. Hyperhomocys-
teinemia is present in approximately 26.5% of
patients with IBD compared to 3.3% of controls
with the same genetic pattern64. It seems to be
related to the higher occurrence of venous and
arterial thromboembolic accidents as well as to
mesenteric microvascular thromboembolism in
IBD patients65,66. Reduced levels of folate and
vitamin B12 (not necessarily overt deficitary
conditions) were largely related to hyperhomo-
cysteinemia in patients with IBD67. In two Ital-
ian studies, the prevalence of folate deficiency
among IBD patients was higher than healthy
controls, despite it was similar for vitamin B12
and MTHFR or cystathionine β-synthase geno-
type64,67,68. Similarly, studies conducted in
Greece and Israel have shown reduced levels of
vitamin B12 and folate in patients with Crohn
disease (CrD) and ulcerative colitis (UC) com-
pared to healthy controls, but the deficiency of
folate appeared to be the only risk factor in de-
veloping hyperhomocysteinemia. Unlike for vit-
amin B12 and folate, vitamin B6 deficiency does
not appear to be associated with plasma homo-
cysteine levels69. In a cohort of 174 patients
evaluated by Mahamud et al70, the C677T ther-
molabile variant of MTHFR gene was detected
in the 17.5% of patients with UC and the 16.8%
of them with CrD respectively, compared to the
7.3% of healthy controls70.
Based on the available data, it is considered a

good practice to recommend folic acid supple-
mentation in patients with IBD as an anti-throm-
botic agent70.
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trahydrofolate transport in basolateral membrane
vesicles from human liver. Am J Clin Nutr 1993;
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Conclusions

The gastrointestinal tract could be responsible
of the maintenance of normal folate levels, but, at
the same time, could be the victim of folate defi-
ciency.
Folate exerts a crucial function in several enzy-

matic activities in the human body, and its defi-
ciency is the cause of various degrees of cell pro-
liferation and homeostasis impairment. This per-
turbation of the physiologic tissue balance may
have several consequences, ranging from mild
anaemia and nervous alterations to tumor devel-
opment. Folate deficiency should be always in-
vestigated in presence of a gastrointestinal tract
disease and, whenever recognized, an appropriate
supplementation with folate should be consid-
ered. In particular, folate levels should be moni-
tored in case of disease reacutization, also consid-
ering that the need of folates is increased in con-
ditions of intense cell replication. Therefore, for
an instance, IBD reacutization may cause folate
depletion for both a reduced absorption and an in-
creased request. Moreover, since our knowledge
about the mechanisms of cellular growth and neo-
plastic transformation is still incomplete, large
clinical trials based on in vitro and animal studies
should be designed in the future to investigate the
potential role of folate in tumor prevention.
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