N

N
N

HAL

open science

IgE-mediated anaphylactic reaction against free
synthetic folic acid and methyl folate

Francesco Gaeta, Antonino Romano, Rosa-Maria Guéant-Rodriguez,

Jean-Louis Guéant

» To cite this version:

Francesco Gaeta, Antonino Romano, Rosa-Maria Guéant-Rodriguez, Jean-Louis Guéant.

mediated anaphylactic reaction against free synthetic folic acid and methyl folate. Journal of Al-
lergy and Clinical Immunology: In Practice, 2020, 8 (2), pp.809-811.

hal-02504063

HAL Id: hal-02504063
https://hal.univ-lorraine.fr /hal-02504063
Submitted on 21 Jul 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

10.1016/j.jaip.2019.08.026 .


https://hal.univ-lorraine.fr/hal-02504063
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S2213219819307494
Manuscript_81188680608cdcdba011bca76c¢7a0f98

[EnN

10

11

12

13

14

15

16

17

18

19

20

21

22
23
24
25
26
27

1

IgE-mediated anaphylactic reaction against free synthetic folic acid and methyl folate

Francesco Gaeta, MD,! Antonino Romano, MD,! Rosa-Maria Guéant-Rodriguez, MD
PhD,?Jean-Louis Guéant JL, MD PhD AGAF*"

"Department of Internal Medicine and Geriatrics, UCSC-Allergy Unit, Complesso Integrato
Columbus, Rome, Italy

2Inserm UMRS-1256, Faculté de Médecine, University of Lorraine and University Hospital
Center (CHU) of Nancy, Nancy, France,

* Corresponding author: Professor Jean-Louis Guéant, MD, DSc, AGAF. INSERM U1256,
NGERE - Nutrition, Genetics, and Environmental Risk Exposure, Faculty of Medicine of
Nancy, University of Lorraine, Vandoeuvre-les-Nancy, F-54000, France. Phone: + 33 3 83 68
32 71; Fax: + 33 3 83 68 32 79; E-mail: jean-louis.gueant@univ-lorraine.fr

E-mail address of authors:

francesco.gaeta@policlinicogemelli.it, aromano.allerey@ email.com, Rosa-Maria.Gueant-

Rodriguez @univ-lorraine.fr, jean-louis.gueant @univ-lorraine.fr

Conflict of Interest disclosure statement: the authors have no conflict of interest to declare
Funding

This work was supported by a grant from the french PIA project « Lorraine Université
d’Excellence », reference ANR-15-IDEX-04-LUE

Word count: 1000

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S2213219819307494
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S2213219819307494

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Clinical Implications box

We report two cases with immediate type reactions to synthetic folic acid and methylfolate
tablets and folic acid-fortified cereals and identification of specific IgE against free folic acid.
Folic acid sensitization should be carefully considered in patients taking supplements and

enriched food products and in those with suspected cereal allergy.

To the Editor,

Folate is the generic term for vitamin B9, which is notably found in leafy vegetables, dried
beans and peas and bakers yeast. Folic acid (FA) is a fully oxidized, synthetic form of folate
not naturally present in foods (Figure 1). FA is used as supplement for the treatment of folate
deficiency and the prevention of birth defects and chronic diseases.! The mandatory food
fortification with FA has been introduced in the USA and Canada for the last 3 decades.! It
has been extended to other countries but not in Europe. FA is also added in many
multivitamin drinks and cereal derived food products. Hypersensitivity to FA present in
tablets and drinks has been described in very few cases through mechanisms that are not
clearly established.””

We report two cases with immediate allergy to FA and we found specific IgE against free FA
in one of the two cases. The first case was a 34-year-old Italian woman who had an
anaphylactic reaction 5 minutes after taking Fertifol (a 400 pg FA tablet), with angioedema,
vomiting, dyspnea, lipothymia and spontaneous resolution after 40 minutes. One month later,
she had a more severe reaction with angioedema, dyspnea, hypotension, tachycardia and
lipothymia less than 5 minutes after taking PreFol (a 400 pg methylfolate tablet). The episode
was resolved after treatment with antihistamine, betamethasone and adrenaline. Intradermal
testing with FA was positive (5 pg/mL, 10 mm wheal, 45 mm flare). The second case was
also an Italian female, aged 30 years. She had an anaphylactic reaction with urticaria,
dyspnea, tachycardia, hypotension and lipothymia 60 minutes after taking a tablet of 5 mg FA
(FOLINA® Acido folico, Teofarma, Italy). She was admitted to emergency room where she
received adrenaline therapy. One month later, she had an extensive erythematous rush 120
minutes after ingestion of Kellogg’s brand cereals fortified with FA. We observed a positive
skin-prick test with FA (5 pg/mL, 14 mm wheal, 35 mm flare) and positive intradermal skin
testings with methyl folate (100 pg/mL, 12 mm wheal, 40 mm flare), folinic acid 10 ug/mL (9

mm wheal, 29 mm flare) and methotrexate (150 pg/mL, 12 mm wheal, 35 mm flare). We
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subsequently assessed the presence of specific serum IgE against FA by fluoro-enzyme
Immunoassay (FEIA) in this second case. The serum of the first case was not available. We
prepared FA covalently coupled to epoxy-activated Sepharose 6B, as previously described.’
We detected specific IgE bound to folate-Sepharose using a secondary enzyme-coupled
antibody. The results were expressed as a percentage of the anti-IgE antibody bound to the
solid-phase drug. We performed a competitive inhibition assay of IgE binding to folate-
Sepharose in the presence of increasing concentrations of soluble folic acid, folinic acid or
methotrexate. The detection of serum-specific IgE bound on folate-Sepharose was positive
(Figure 2). The binding of specific IgE to folate-Sepharose was significantly inhibited by folic
acid and to a much lesser extent by methotrexate and methylfolate (Figure 2).

The mode of sensitization of patients with folate allergy is still a matter of debate.>> Our two
patients had no reported previous exposure to anti folate drugs, folate tablets or multivitamin
drinks. The synthetic folic acid is more prone to act as an allergen than natural folate
isoforms. The FEIA inhibition test suggested that the patient’s specific IgEs had a much
higher affinity for FA than for reduced folates (Figure 2). Natural polyglutamated reduced
folates are transported as monoglutamate folate in blood and stored as polyglutamylated folate
in tissues and erythrocytes (figure 1). FA can be absorbed more rapidly than natural folate.’
Unmetabolized FA is detected in blood, in subjects who use FA supplements and folate-rich
dietary products.” An association between blood unmetabolized FA and NK cytotoxicity
suggested an effect of high FA intake on immune function in postmenopausal US women.® In
addition, FA can bind to folate receptor beta of pro-Th2 M2 anti-inflammatory/regulatory
macrophages (Figure 1).°

All previously reported allergic reactions against FA were produced by tablets and fortified
drinks??. The report of our second case shows that they can also occur with FA fortified
cereals. FA can be recognized as an allergen by mucosa as it triggers reactions few minutes
after ingestion. Despite limited in vitro cross reactivity of IgE with reduced folates (Figure 2),
the FA sensitization produces an in vivo cross reactivity illustrated by the consecutive
anaphylactic reactions against FA and methyl folate in the first case and the cross reactivity
between FA, methyl folate and folinic acid in skin tests of the second case. The cross
reactivity of FA with methotrexate suggested that patients with FA allergy should be
considered at increased risk of sensitivity to methotrexate and related drugs and conversely,
that patients with immediate-type reactions to methotrexate and pemetrexed could be at
increased risk of reactions against FA from supplements and fortified food.

A previous group identified serum IgE that recognized FA covalently coupled to human
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serum albumin (HSA) but not free FA.®> They suggested that FA could act as an allergen
through its haptenization with self-proteins.®> Our FEIA data provide the first evidence that FA
allergy can be related to an IgE-mediated mechanism against free FA. These results are
consistent with the absence of reported haptenization of folate in human metabolism and the
release of basophile histamine by free FA in another case of FA allergy."* In fact, drugs with
similar molecular size than FA, including muscle relaxant drugs, can produce IgE-mediated
sensitization without any haptenization.®

To our knowledge, we report the first patient who underwent an allergic reaction after
ingestion of food derived from FA-fortified cereals. This reaction was weaker than that
produced by folic acid tablets. In regard to the few cases reported in the literature, FA
sensitization may be under estimated. It should be investigated not only in patients taking
supplements but also in those with suspected cereal allergy and negative skin testing with FA-
free cereal extracts.? The label of FA-fortified food products and the access to FA-free cereals

and related food brands should be considered for FA allergic subjects.
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Figure Legends

Figure 1

A. Folate consists of pteridine attached to p-aminobenzoic acid and glutamate residues. The
monocarbon is carried on N5 (methyl folate) and N5, N10 (folinic acid). B. Folate absorption
and distribution. Abbreviations : folate polyglutamate (FPG) and (FMG), gamma-glutamyl
carboxypeptidase (FGCP), dihydrofolate reductase (DHFR), methyltetrahydrofolate
(methylTHF), folate binding proteins (FBP), folate receptor (FR), reduced folate carrier
(RFC), proton-coupled folate transporter (PCFT).

Figure 2

IgE detected by folic acid-Sepharose fluoro-enzyme Immunoassay in controls (n = 6) and
patient (4 determinations). A. Specific IgE level is reflected by fluorescence intensity of anti-
IgE conjugate. B. IgE binding is inhibited by serum incubation with folic acid. The inhibition
(D) is estimated from fluorescence intensity in presence (B) or without folic acid (A), using the

formula: I= A-B/A
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