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ABSTRACT

Folates, MTX gets metabolised to polyglutamate residues (inhibitors of AICARase) and accumulate in the cytosol of various cells. Folic acid and
Folinic acid (N5- Formyl THFA) are essential for the synthesis of precursors of DNA and RNA. RA treatment involves a low dose (< 20mg/week) of
MTX is administered along with folic acid supplements in order to reduce the toxic effects of the drug. The direction of current therapies is to treat
RA aggressively with early use of MTX as the drug of choice in treatment RA. Role of folic acid / folates which is also used along with the therapy of
MTX does not have any conclusive evidences yet it is used in therapy. This article focused on the efficacy role in RA patients treated with MTX along

with folic acid /folinic acid.
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INTRODUCTION

Folates are essential nutrients for DNA synthesis in cell. From a
nutritional perspective, a high folate status may have a
beneficial/protective effect against cancer, birth defects and age-
related diseases. This article provides evidence that a high folate
status can also have a differential impact on the therapeutic efficacy
of both folate-based and other widely used RA agents. The classical
example is Methotrexate (MTX), a folic acid antagonist, which is an
essential part in the treatment of RA. Methotrexate (MTX) is the
most commonly prescribed disease-modifying anti-rheumatic drug
(DMARD) for the treatment of rheumatoid arthritis (RA). Despite its
acceptable safety profile, up to 30% of patients discontinue the
medication due to toxicity. Folate supplementation has been shown
to reduce some of the adverse events of MTX therapy. However, at
present, there is no consensus regarding whether all patients on
MTX should receive folate supplementation or if it should be
initiated once adverse events occur?.

Furthermore, the optimum dose of folic acid supplementation
remains unclear. The current practice in the United States is to start
folic acid to all patients receiving MTX therapy and is considered a
valid quality measure for RA.

Effect of Folic Acid Supplementation On Efficacy Of MTX

There continues to be uncertainty whether folate supplementation
reduces the efficacy of MTX. Most studies including the recent
prospective study and the meta-analysis did not find a decrease in
efficacy of MTX with folate supplementation. The prospective study
of folic acid, higher mean doses of MTX were required in the groups
on folic acid and folinic acid supplementation (18 and 16.4mg/week
respectively) when compared to the placebo group (14.5 mg/ week).
However, there was no evidence of decreased effectiveness of MTX
from folate supplementation as measured by the Disease Activity
Score (DAS) values. The suggested possibility for the difference in
doses noted above is that folate supplementation allows for higher
doses of MTX for effective therapy by minimizing the adverse events
that lead to its discontinuation?.

Evidence For Folate Supplementation With MTX Therapy In RA

Given that some of the adverse events from MTX can be mimicked by
folate deficiency, there have been studies investigating the role of
folic acid in minimizing adverse events from low-dose MTX therapy
in patients with RA. A meta-analysis by Ortiz and colleagues
included seven randomized controlled trials with a total of 307
patients. 80 patients were on folinic acid (leucovorin)
supplementation and 67 patients on folic acid. The study looked at
the effects of folic and folinic acid supplementation in reducing
gastrointestinal, mucosal and hematologic side effects of low-dose
MTX therapy. The meta-analysis concluded that folic acid was

effective and resulted in a 79% reduction in mucosal and GI side
effects which was statistically significant. For folinic acid a non-
statistically significant reduction of 43% was found. Overall, there
was no decrease in the efficacy of MTX therapy. The authors
concluded that folate supplementation reduced GI and mucosal side
effects from low-dose MTX therapys3.

The effect of folic acid supplementation in reducing hematologic
toxicity from MTX therapy remains unclear. In a retrospective
review over 5 years, 25 cases of pancytopenia in patients with RA on
low-dose MTX were identified. Of the 10 patients with severe
pancytopenia, 4 were on folate supplementation while 8 of 15 with
nonsevere pancytopenia were on folic acid. 18 of the 25 patients had
hypoalbuminemia and 8 had renal impairment. There were 7
fatalities in this study, 4 of which were on folate supplementation.
The authors recommended close attention to nutritional status and
consideration for folate supplementation in all patients taking MTX.
Although it appears folate supplementation may reduce the
incidence of severe hematologic toxicity, no definite conclusions can
be made based on currently available data*.

Transport

The transmembrane transport of folate, and antifolate analogs that
share structural similarity with the folate compounds, occurs by at
least two different mechanisms. These mechanisms are energy-
dependent, suggesting an active transport of MTX and reduced
folates. The mechanism involves a relatively low-affinity reduced
folate transmembrane carrier that is capable of transporting
reduced folate analogues such as leucovorin and MTX with
approximately the same efficiency. Although its affinity for reduced
folates and MTX is in the micro molar range, this system transports
folic acid poorly. Intracellular transport of MTX by this carrier
occurs in association with an anionic gradient, which acts as a co-
factor for this carrier> 6.

Another mechanism of transport is by transporter receptor a
membrane- associated folate-binding protein (FBP). That has
nanomolar affinity for both the reduced folates and folic acid. It is
found in multiple cell lines and its expression increases when cells
are adapted to low folate concentrations?- 8. This folate receptor is a
40 kDa glycoprotein and in cell lines appears to be responsible for
internalization of folates and MTX. MTX is a relatively poor substrate
for the FBP, with affinities that are 10 to 30 fold lower than that of
the reduced folates. The relative expression of each of these
transport system appears to depend, to a large extent, on the
extracellular folate concentration.

At high concentration, MTX uses passive diffusion as well as the low-
affinity transporter. This passive diffusion is the most important
route used in mutant cells that do not possess the active
transporters®.



(Anti)Folate Transport

MTX has to be transported across the cellular membrane into the
cell and the drug has to be retained in the cell. MTX can enter the cell
via several processes that may operate exclusively or simultaneously
in mammalian cells®. The reduced folate carrier (RFC) is an integral
membrane protein that mediates inward transport of folates and
antifolates in most neoplastic cells. RFC displays a characteristic
profile of high affinity transport for reduced folate cofactors and
MTX but a poor affinity for transport of folic acid!® 11 and 12
general, RFC activity is relatively high in undifferentiated neoplastic
and fetal tissues, whereas its activity declines upon cellular
maturation/differentiation. In addition, functional RFC activity can
be subject for metabolic regulation as changes in the cellular folate
and purine status can down-regulate transport activity!3.

Folic acid can up regulate the expression and function of various
efflux pumps, such as that of the multidrug resistance associated
efflux pump MRP1 and of BCRP. The Membrane Folate Receptor
(MFR)/membrane associated Folate Binding Protein (mFBP) is
structurally different from RFC, since it resides in the outer layer of
the plasma membrane via a glycosylphosphatidyl inositol (GPI)
anchor. MFRs are glycosylated membrane proteins (molecular
weight 38-44 kD) with a high affinity for folic acid; but
approximately 3-fold and 100-fold lower, for reduced folate
cofactors and MTX14 1516,

Mechanism of Folic Acid Supplementation

After being taken up in the cell, folic acid enters the folate cycle via
DHFR and is subsequently converted to CH2-THF and CH3-THF. The
later serves as a methyl donor for synthesis of methionine from
homocysteine, a reaction that is catalyzed by methionine synthase
and vitamin B12 dependent. Folic acid supplementation leads to a
depletion of homocysteine, along with an increase of S-adenosyl-
methionine, a substrate for methylation reactions?.
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Fig 1: Mechanism of folic acid supplementation. After being
taken up in the cell, folic acid enters the folate cycle via DHFR
and is subsequently converted to CH2-THF and CH3-THF. The
latter serves as a methyl donor for synthesis of methionine
from homocysteine, a vitamin B12 dependent reaction that is
catalyzed by methionine synthase. Folic acid supplementation
leads to a depletion of homocysteine, along with an increase of
S-adenosyl-methionine, a substrate for methylation reactions.

Enzymatic Targets of MTX
Dihydrofolate reductase

Formation of thymidylate (dTMP) from deoxyuridylate(dUTP),
catalyzed by TS, involves both one-carbon transfer and the oxidation
of the reduced folate cofactor, 5,10 methylenetetrahydrofo-
late(5,10-methylene FH4), resulting in the generation of
dihydrofolate (FH2) Fig: 2. Normally, the FH2 so formed is reduced
by DHFR in the presence of NADPH to tetrahydrofolate, which
equilibrates the active reduced folate cofactor pool (Fig: 2). MTX is a
potent inhibitor of the enzyme DHFR. Blockade of this enzyme
prevents regeneration of FH4 from FH2 produced in the de novo
synthesis of dTMP from dUTP by the TS 18,
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Consequently, generation of 5-10-methylene FH4 is also inhibited
with the result that pathways that utilize this cofactor are blocked,
providing that exogenous FH4 is not available or that its transport
into the cell is competitively blocked by MTX. The inhibition of DHFR
by MTX is stoichiometric and competitive with FH2.1°

Folic and folinic acids antagonize the inhibiting effect of MTX by
increasing the intracellular level of FH2 and FH4, respectively.
Indeed, when the ratio of FH2 to MTX increases, for instance, by
addition of folic acid, there is competition between these compounds
for enzyme binding with the displacement of MTX from the critical
few DHFR binding sites that are sufficient to maintain normal levels
of FH4 synthesis. Folinic acid (N5-formyl-FH4) does not compete
with MTX for binding to DHFR but directly overcomes MTX blockade
of this enzyme by increasing FH4.
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Fig. 2: Cycle and pathway of de novo synthesis of purine
nucleotides from ribose 5-phosphate. Direct and indirect
enzyme targets of MTX are represented in bold. Abbreviations
used: AICAR: 5-amino 4 carboxamide ribonucleotide;
AICARTase: AICAR transformylase; F-AICAR: formyl AICAR;
DHFR: dihydrofolate reductase; 5-EN: 5X ectonucleotidase;
GAR: glycinamide ribonucleotide; GAR Tase: GAR
transformylase; F-GAR: formyl GAR; MS: methionine synthetase;
MTHFR: methylene tetrahydrofolate reductase; TS: thymidilate
synthase.

Adenosine as Anti-Inflammatory Molecule

Biochemical studies demonstrated that MTX inhibition of AICAR
transformylase by MTX resulted in increased release of adenosine by
fibroblasts, endothelial cells and other cell types 20. Adenosine is a
potent endogenous anti-inflammatory purine nucleotide that
inhibits superoxide anion generation in neutrophil-mediated injury
to endothelial cells. 2122 Similarly, adenosine inhibits adhesion and
phagocytosis of immunoglobulin-coated particles by neutrophils
2324, Moreover, MTX-mediated reduction of leukocyte accumulation
in the inflamed hamster air pouch model is partially reversed by
injection of ADA into the air pouch, and completely reversed by the
specific adenosine receptor A2 antagonist, 3,7-di-methyl-1
propargylxanthine(DMPX)?25. These observations provide converging
evidence that the anti-inflammatory effects of MTX are mediated by
adenosine and its A2-receptors. While these data document the anti-
inflammatory properties of MTX, they do not exclude an
immunosuppressive activity. Indeed, deficiency in ADA is associated
with a severe combined immunodeficiency disease. The A2
receptors are expressed on various subsets of lymphocytes
depending on their activation status, and adenosine has been shown
to increase cyclic AMP content and to inhibit several lymphocyte
responses reviewed in 24.



Role of Folate Supplementation

In India, most patients with RA reach a rheumatologist relatively late
in the course of their illness after having tried a variety of remedies.
By this stage most of them have developed deformities and the early
window of opportunity during which treatment could potentially
alter disease course has long since closed. The rheumatologist is
then left with the unrewarding task of attempting to achieve tight
disease control while focusing on rehabilitation as a mainstay. At the
same time a fair share of blame also rests with physicians who are
not sensitized to the need for establishing an early diagnosis and
starting therapy early. The use of early diagnostic tests like anti-CCP
antibodies continues to be very low. It is not uncommon to see
patients with evident disease who are either not being given
DMARDs or being prescribed suboptimal doses. Steroids, long
considered the panacea for most illnesses by local practitioners,
continue to be abused, being used in high doses, for prolonged
periods and in treating burnt out disease.

After a long period of dependence on NSAIDs, an exciting era has
dawned. Newer agents are being discovered regularly and DMARD
combinations are being fine tuned. We can offer more hope to our
patients today than ever before. Words such as “cure” and
“remission” are more often being encountered in the literature.
Failure to translate clinical research findings into clinical practice
can prove to be very expensive for our patients. The need of the hour
is to educate both patients and physicians about the importance of
an early diagnosis and early goal-directed treatment for rheumatoid
arthritis. Failing this, we shall continue to demonstrate to our
students patients with multiple classical deformities, the result of
having missed the “window of opportunity”!

CONCLUSIONS

Folate supplementation was given to prevent drug-associated
toxicity. However, this also enabled to increase the dose (or prevent
dose de-escalation), ultimately resulting in increased antitumor
activity of the antifolate based combination. Since in several
countries food is fortified with folic acid or patients take food and/or
vitamin-like supplements this may affect drug, especially antifolate,
efficacy. Notably, we have also observed that a high folate status will
increase not only the expression but also the functional capacity of
various ABC transporters such as MRP and BCRP. It is therefore
unlikely that folic acid decrease MTX-mediated immunosuppressive
activity at the doses used in RA. Furthermore, folic acid may not
interfere with the adenosine production and the anti-inflammatory
properties of MTX, while minimize some side effects through as yet
unknown metabolic pathways.

In conclusion, MTX, like other antimetabolites that interfere with
purine and pyrimidine nucleotides synthesis, is a potent
immunosuppressor that may delete T cell clones that undergo
antigenic activation during drug treatment. In addition, MTX,
through the induction of adenosine synthesis, and possibly other
mechanisms, has anti-inflammatory activities. The beneficial effects
of MTX treatment observed in autoimmune and chronic
inflammatory disorders, and in bone marrow transplantation, may
be attributed to both the anti-inflammatory and the
immunosuppressive effects of the drug.

Folic acid can be given daily; except in patients with a very low
baseline folate, there is no need to administer loading doses of folate.
We found it easier to ask patients to take folic acid every day than to
ask them to take it only on the days MTX is not administered; this
procedure is safe given the fact that folic acid does not alter the
efficacy of MTX.

During the first few months of MTX administration, or when the
dose of the compound is being escalated, it is recommended to
obtain hematologic and biochemical profiles every month; once the
dose is stable, the interval can be increased to 6-8 weeks.
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