In vitro demonstration of IgE antibody to
folate-albumin in anaphylaxis from folic

acid
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Background: Folic acid (the synthetic form of folate B vita-
minsin foods) iswidely used in vitamin supplements. Anaphy-
laxis from ingestion or injection of folic acid suggests | gE anti-
body-mediated mechanisms, but this has not been
demonstrated previoudly in vitro.

Objective: This study was conducted to better define the mech-
anism of folic acid hyper sensitivity and cross-reactivity among
folic acid congeners.

Methods: Skin testing was performed with folic acid congeners
in a woman who developed anaphylaxis after ingestion of 2 dif-
ferent multivitamin preparations containing folic acid. In vitro
immunologic serum studies were conducted using a
folate-human serum albumin (HSA) conjugate prepared by a
novel application of carbodiimide condensation.

Results: The patient had positive immediate-type skin test
reactions to folic acid and several folate analogues including
leucovorin (folinic acid). Urticaria developed during graded
oral test dosing with leucovorin. Using a dot immunoblot assay
or an ELISA for IgE antibody to folate-HSA, results of the
patient’s serum testing wer e positive, whereas results of sera
from normal control subjects were negative, thefirst in vitro
demonstration of IgE to a falic acid—protein conjugate. By
ELISA, the positive result of the patient’s serum was inhibited
significantly by serum coincubation with folate-HSA, but not
HSA or folic acid.

Conclusions: Immediate hyper sensitivity to folic acid and pos-
sibly other vitamins can be mediated by IgE antibody to con-
jugates formed between vitamins and self-proteins or polypep-
tides. Leucovorin can have clinically important immunologic
cross-reactivity with folic acid. A diet rich in natural folates
(pteroylpolyglutamates) appear s useful as a management strat-
egy for providing adequate nutrition to patients with folic acid
hyper sensitivity. {J Allergy Clin Immunol 2000;106:386-9.)

Folic acid (pteroylmonoglutamic acid) is a 441-d B
vitamin that is essential for DNA synthesis and other
metabolic processes. Folic acid deficiency may lead to
megaloblastic anemia, impaired growth, neural tube
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Abbreviations used
EDAC: 1-Ethyl-3-(3-dimethyaminopropyl) carbodiimide
HSA: Human serum abumin
THFA: Tetrahydrofolic acid

defects, and other abnormalities.12 More recent evidence
suggests that increased intake of folic acid is associated
with decreased risk of atherosclerotic heart disease and
certain malignancies.37 Accordingly, folic acid is
increasingly used as a vitamin supplement, and now for-
tifies all enriched grain products in the United States to
reduce the risk of neural tube defects in newborns.

Although there are a number of reports of anaphylax-
is from ingestion of folic acid,810 to our knowledge IgE
antibodies to folic acid have never been demonstrated in
vitro. We report the first in vitro demonstration of IgE to
folic acid in serum from a patient who developed ana-
phylaxis from vitamin supplements. Our results indicate
that folic acid acts as a hapten in association with self-
polypeptides or proteins.

CASE REPORT

A 32-year-old woman developed urticaria, facial angioedema,
nausea, and repeated vomiting 20 minutes after ingesting a multivi-
tamin tablet. The patient was treated in an emergency department
and the reaction resolved over several hours. She had a similar reac-
tion after ingestion of a different brand of multivitamin tablet sev-
eral years earlier. She previously had tolerated a liquid high-poten-
cy vitamin mixture without adverse reaction. Constituents common
to both vitamin tablets but absent in the liquid formula included
folic acid, yellow dye No. 6, and numerous inert substances or trace
minerals.

Immediate skin testing

Skin prick testing results were negative for reactivity to yellow
dye No. 6, but markedly positive to folic acid 5 mg/mL (12-mm
wheal/50-mm flare). Skin prick testing using serial 10-fold dilutions
of 5 mg/stock solutions of folic acid and its congeners demonstrat-
ed the following positive endpoint titers: folic acid 1:10,000,
tetrahydrofolic acid (THFA) 1:1000, methyltetrahydrofolic acid
1:100, and folinic acid (leucovorin) 1:1000. All these folic acid con-
geners have a hydroxyl group at position 4 of the pterin ring. How-
ever, the patient had a negative skin test result to methotrexate (5
mg/mL); methotrexate has an amino group at position 4 (Figure 1).
Five normal control subjects had negative skin test results to the
highest tested concentrations of folic acid, its congeners, and yellow
dye No. 6.
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FIG 1. Structures of folic acid and its analogues. The asterisk indicates the site where polyglutamates are

conjugated to folic acid in naturally occurring folates.

Graded challenge with folinic acid

For graded oral challenge with folinic acid (leucovorin), the
patient sequentially received doses of 10 mg, 50 mg, and 100 mg
with a 30-minute interval between each dose. Twenty minutes after
the 100-mg dose, the patient developed generalized urticaria

In vitro studies

Preparation of folate-human serum albumin conjugate. For in
vitro antibody studies, a conjugate of folic acid and human serum
albumin (HSA) was prepared by carbodiimide condensation, atech-
nique that covalently links carboxyl groups of organic acids to free
amino groups of proteins.1! Folic acid was dissolved in a minimal
volume of 0.1N sodium hydroxide before adding it to an HSA solu-
tion in 0.003 mol/L phosphate buffer, pH 6.3. While pH was main-
tained at 6.3, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDAC, molecular weight 192) was added slowly. After stirring
overnight in the dark, the solution was then extensively dialyzed
(using a membrane with a molecular weight cutoff of 6000-8000)
for 3 dayswith 0.005 mol/L PBSat pH 7.2 to remove freefolic acid
and EDAC. The resulting solution of the folate-HSA conjugate
retained the characteristic yellow color of folic acid. By gel elec-
trophoresis, migration of the folate-HSA conjugate was altered
from that of HSA. The protein concentration of the conjugate was
assayed with BCA Protein Assay (Pierce, Rockford, 1l1).

Dot immunoblot assay for IgE to folate-HSA. A dot immunoblot
assay for IgE to folic acid-HSA was performed by applying drop
aliquots of folic acid-HSA solution to nitrocellulose. After air dry-
ing, the following reagents were added with appropriate dilutions,
washes, and incubation periods: 1% fetal calf serum in Tris-buffered
sdline solution, human serum, rabbit anti-human IgE, goat anti-rab-
bit gamma globulin—alkaline phosphatase conjugate, and finally

nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate sub-
strate (BioRad, Hercules, Calif).

ELISA for IgE to folate-HSA and inhibition studies. Briefly, the
following reagents were added to microtiter plates using appropri-
ate dilutions, washes, and incubation periods: folate-HSA, goat
anti-human IgE, rabbit anti-goat gamma globulin-alkaline phos-
phatase conjugate, and p-nitrophenol phosphate substrate. The opti-
cal densities of results were read at 405 nm. For inhibition studies,
dilutions of folate-HSA, HSA, or free folic acid were coincubated
with serum for 30 minutes at 37°C.

RESULTS
Dot immunoblot assay for IgE to folate-HSA

Theresults of the dot immunoblot assay for IgE to folate-
HSA are shown in Figure 2. Serum from thefolic acid-sen-
sitive patient yielded positive findings, wheress test results
on serafrom 11 normd control subjects were negetive.

ELISA for IgE to folate-HSA and inhibition
studies

In the ELISA for IgE to folate-HSA, 1:10 serum from
the folic acid—sensitive patient had an optical density that
was at least twice that from 11 samples of control sera
that yielded negative results. Figure 3 shows the results
of ELISA inhibition studies with folate-HSA, HSA, and
unconjugated folic acid at a 1:10 dilution of serum from
the folic acid—sensitive patient. Serum coincubation with
folate-HSA caused significant inhibition of the ELISA,
whereas coincubation with HSA caused no inhibition,
and unconjugated folic acid caused minimal inhibition.
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FIG 2. Results of the dot immunoblot assay for IgE to folate-HSA. 1:10 Serum (1:10) from the folic acid-sen-
sitive patient (position 1) yielded positive findings, whereas results of serum testing from 11 normal con-
trol subjects (positions 2 through 12) were negative. Folate-HSA control positions without addition of
human serum were probed with the rabbit- and goat-conjugated secondary antibodies (position 13) or goat-

conjugated secondary antibody (position 14).

ELISA Inhibition Studies
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FIG 3. Results of ELISA inhibition studies with folate-HSA and
HSA at a 1:10 dilution of serum from the folic acid-sensitive
patient. Compared with the result without inhibitors, serum coin-
cubation with folate-HSA caused significant inhibition of the
ELISA, whereas HSA coincubation did not, and unconjugated
folic acid caused relatively minimal inhibition.

DISCUSSION

To our knowledge, thisisthefirst in vitro demonstration
of IgE to falic acid. Our in vitro studies and the positive
immediate-type skin test results to folic acid confirm that
our patient’s anaphylaxis was an IgE-mediated reaction to
folic acid. Because serum coincubation with freefolic acid
caused only minimal inhibition of our ELISA for IgE to
folate-HSA, whereas conjugated folate-HSA caused sig-
nificant inhibition, our in vitro assays also suggest that
folic acid can—and possibly must—act as a hapten in
immunologic reactions. This is not surprising considering
that the molecular weight of folic acid, 441 d, is well
below the 1000-d threshold usually required for an agent
to be recognized as a complete antigen or alergen.12

The ahility of folic acid solutionsto elicit positive imme-
diate skin test reactions suggests that folic acid must be
capable of rapidly combining with self-proteins or polypep-
tides in the skin to form a complete alergen. Although our

invitro assays for IgE antibody used afolic acid-HSA con-
jugate prepared by chemical conjugation, in vivo processes
likely permit folic acid or its metabolites to act as a hapten
associated with anumber of polypeptides or proteins. Folic
acid (pteroylglutamic acid) is the unconjugated, synthetic
form of naturally occurring folate vitamins (pteroylpolyglu-
tamates) that are composed of folic acid and polyglutamate
moieties (5 to 8 glutamate residues) conjugated at the
gamma carbon positions (Figure 1). During digestion, the
polyglutamate moieties are cleaved in the gastrointestina
lumen before absorption of the reduced form of falic acid,
THFA, which is frequently methylated.13 There are severd
mechanisms by which folic acid or THFA could then serve
as ahapten: (1) covaent conjugation to polyglutamate moi-
eties,! (2) reversible binding to soluble and membrane-
bound human folate-binding proteins'4-16 or to bovine
folate-binding protein absorbed from ingested dairy prod-
ucts, and (3) physica association with enzymatic proteins
that are dependent on THFA as acoenzyme.l

Our patient and others reported to have anaphylaxis
from folic acid vitamin supplements apparently have
been able to tolerate ingestion of most foods containing
natural folates, but it may be possible for patientsto have
reactions from eating foods, particularly grain products
enriched with folic acid.

On the basis of skin testing, ELISA inhibition studies,
and a positive ora challenge to leuocovorin (folic acid),
our patient had cross-reactivity with several folic acid con-
geners. Specifically, our patient had positive skin test
results to all agents that have a hydroxyl group at position
4 of the pterin ring. However, she had a negative skin test
reaction to methotrexate, which has an amine group at
position 4. This pattern of cross-reactivity issimilar to skin
test results in one of the patients with folic acid hypersen-
sitivity described by Woodliff and Davis.1® However, a
patient described by Chanarin and Fenton® had positive
skin test results to folic acid and methotrexate, but not to
other anal ogues such as THFA, indicating that the epitopes
recognized by antibodies to folate determinants can vary,
as can the pattern of cross-reactivity with different folate
analogues. The development of generalized urticaria with
folinic acid (leucovorin) in our patient with folic acid sen-
sitivity isapparently thefirst report of clinically significant
cross-reactivity between folic acid and leucovorin.
Patients with folic acid sensitivity therefore should be con-
sidered at potentially increased risk of sensitivity to leu-
covorin, and any patients with immediate-type reactionsto
leucovorin may be at increased risk of reactions to folic
acid vitamin supplements.



J ALLERGY CLIN IMMUNOL
VOLUME 106, NUMBER 2

We thank J. S. Bertino, Jr., PhD, of the Department of Pharmacy

Services, Mary Imogene Bassett Hospital, Cooperstown, NY, and J.
Rosand, MD, for valuable assistance regarding the chemistry of
folic acid and its analogues.

REFERENCES

1

Carmel R. Megaloblastic anemias. In: Kelley WN, DuPont HL, Glick JH,
et al, editors. Textbook of internal medicine. 3rd ed. Philadelphia: Lip-
pincott; 1997. p. 1446-54.

. Anonymous. Folic acid for the prevention of neural tube defects. Ameri-

can Academy of Pediatrics. Committee on Genetics. Pediatrics
1999;104(2 Pt 1):325-7.

. Hankey GJ, Eikelboom JW. Homocysteine and vascular disease. Lancet

1999;354:407-13.

. Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg IH. The effect

of folic acid fortification on plasma folate and total homocysteine con-
centrations. N Engl J Med 1999;340:1449-54.

. Zhang S, Hunter DJ, Hankinson SE, Giovannucci EL, Rosner BA,

Colditz GA, et a. A prospective study of folate intake and the risk of
breast cancer. AMA 1999;281:1632-7.

. Kato |, Dnistrian AM, Schwartz M, Toniolo P, Koenig K, Shore RE, et al.

Serum folate, homocysteine and colorectal cancer risk in women: a nest-
ed case-control study. Br J Cancer 1999;79:1917-22.

12.

13.

14.

15.

16.

Dykewicz, Orfan, and Sun 389

. Giovannucci E, Stampfer MJ, Colditz GA, Hunter DJ, Fuchs C, Rosner

BA, et a. Multivitamin use, folate, and colon cancer in women in the
Nurses' Health Study. Ann Intern Med 1998;129:517-24.

. Mitchell DC, Vilter CF. Hypersensitivity to folic acid. Ann Intern Med

1949;31:1102-5.

. Chanarin J, Fenton JCB. Sensitivity to folic acid. BMJ 1957;1:1162-3.
10.
11

Woodliff HJ, Davis RE. Allergy to folic acid. Med J Aust 1966;1:351-2.
Brinkley M. A brief survey of methods for preparing protein conjugates
with dyes, haptens and cross-linking agents. Bioconjug Chem 1992;3:2-13.
Kamps-Holtzapple C, Carlin RJ, Sheffield C, Kubena L, Stnaker L,
Del oach JR. Analysis of hapten-carrier protein conjugates by nondena-
turing gel electrophoresis. JImmunol Methods 1993;164:245-53.
Seyoum E, Selhub J. Properties of food folates determined by stability
and susceptibility to intestina pteroylpolyglutamate hydrolase action. J
Nutrition 1998;128:1956-60.

Antony KC, Kincade RS, Verma RS, Krishnan SR. Identification of high
affinity folate binding proteins in human erythrocyte membranes. J Clin
Invest 1987;80:711-23.

Luhrs CA, Slomiany BL. A human membrane-associated folate binding
protein is anchored by a glycosyl-phosphatidylinositol tail. J Biol Chem
1989;264:21446-9.

Leamon CP, Low PS. Membrane folate-binding proteins are responsible
for folate-protein conjugate endocytosis into cultured cells. Biochem J
1993;291:855-60.

Availability of Journal Back Issues

As a service to our subscribers, copies of back issues of The Journal of Allergy and Clinical
Immunology for the preceding 5 years are maintained and are available for purchase until inven-
tory is depleted. The following quantity discounts are available: 25% off on quantities of 12 to
23, and one third off quantities of 24 or more. Please write to Mosby Subscription Customer Ser-
vice, 6277 Sea Harbor Dr, Orlando, FL 32887, or call (800) 654-2452 or (407) 345-4000 for
information on availability of particular issues and prices. If unavailable from the publisher, pho-
tocopies of complete issues may be purchased from Bell & Howell Information and Learning,
300 N. Zeeb Rd., Ann Arbor, M| 48106, (313) 761-4700.




