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Background: The immune mechanism of gelatin allergy, espe-
cially the participation of T,,; and T, cells and their cytokine
secretion, has not been investigated.

Objective: We investigated the characteristics of T lympho-
cytes from patients allergic to gelatin-containing vaccine by
secondary in vitro stimulation of circulating mononuclear cells
with gelatin.

Methods: We studied 8 children with a history of immediate-
type reactions and 8 with nonimmediate-type reactions after
inoculation of gelatin-containing vaccine. The expression of
IFN-y (T 1), IL-2 (T ), IL-4 (T,,»), and IL-13 (T,,,) MRNA was
examined semiquantitatively by using a reverse transcriptase
PCR. IgE antibody to bovine gelatin was measured with the
fluorometric ELISA system, and gelatin-specific T-cell
responses were detected by an in vitro lymphocyte prolifera-
tion assay.

Results: Patients with an immediate reaction all had gelatin-
specific IgE antibody, whereas others did not. However, all
patients exhibited positive T-lymphocyte responses specific to
gelatin. Lymphocytes from subjects with nonimmediate-type
reactions generally expressed very weak or sometimes no IFN-
y, IL-2, or IL-13 genes and especially no IL-4 gene. On the
other hand, the lymphocytes of subjects with immediate-type
reactions significantly expressed not only IL-4 and IL-13 but
also IFN-y and IL-2 mRNA.

Conclusion: Our observations suggest that both gelatin-specif-
ic T,, and T,4 responses are involved in the pathogenesis of
the immediate reaction to gelatin. The gelatin-specific IL-4
and/or IL-13 responses consistently observed in patients with
an immediate reaction may be associated with the production
of gelatin-specific IgE antibody. (J Allergy Clin Immunol
1999;103:276-81.)
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Gelatin protein is derived from animal collagen tissues
and is therefore present in many kinds of animal protein
food. Gelatin is also used as a stabilizer for both live and
inactivated vaccines. However, there is increasing evi-
dence of allergic reactions against gelatin protein in vac-
cines, food, and drugs? Occasionally an immediate
“anaphylactic-like” reaction with life-threatening shock
occurs in persons inoculated with gelatin-containing vac-
cine. More commonly, many cases with a nonimmediate
reaction, consisting of a generalized mild skin eruption
appearing several hours or more after vaccination, have
been observe#?

Kelso et at demonstrated IgE antibody to gelatin in
the sera of patients experiencing an immediate reaction
to mumps-measles-rubella vaccination. Sakaguchi et
al45 also found gelatin-specific IgE antibody in the sera
of patients with an immediate reaction after inoculation
with several gelatin-containing vaccines. The importance
of specific IgE antibody in the immediate reaction is now
established. Furthermore, Kumagai €t also demon-
strated gelatin-specific cell-mediated immunity not only
in patients with immediate reactions but also in those
with nonimmediate reactions.

Recently, human T-helper lymphocyte heterogeneity
with T,; and T, subclasses distinguished on the basis of
their cytokine repertoire has been proposed. These sub-
classes may regulate the direction of the immune
responsé&:11 T, cells can produce IFN-and IL-2 and
promote cellular immunity, including delayed-type
hypersensitivity, whereas,J cells are reported to pro-
IL-10, and IL-13 and to promote
humoral immune responses, including IgE subclass
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pressively or competitively. However, the participation
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gelatin allergy events remains unclear.
In this study we examined gelatin-specific memory T
cells by in vitro antigen stimulation of PBMCs from
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patients with immediate and nonimmediate reactions tcAnalysis of cytokine mRNA
gelatin-containing vaccine. Expression of IFNH.-2,
IL-4, and IL-13 mRNA and production of cytokine pro-
teins were examined quantitatively.

Total cellular RNA was isolated from PBMCs by using RNAzol
B and tested for IFN; IL-2, IL-4, and IL-13 mRNA by using a spe-
cific reverse transcriptase (RT)-PCR as described previdtily
an internal control, the activity @-actin mRNA was also deter-
METHODS mined. Fifty nanograms of the total RNA was used for RT-PCR.
Subjects For cDNA synthesis, 4QL of RNA solution (50 ng) and 150

pmol/3 uL random hexmer (Takara, Kyoto, Japan) were heated at

Heparinized (50 U/mL) peripheral blood samples were 70°C for 10 minutes and cooled rapidly on ice. After addingl17
obtained from 8 subjects with immediate reactions and 8 subjectswof 5x first-strand buffer (250 mmol/L Tris-HC1, 375 mmol/L KC1,
with nonimmediate reactions after inoculation of various gelatin- and 15 mmol/L MgCJ), 9 uL of 0.1 mmol/L dithiothreitol (GIBCO
containing vaccines. All blood samples were collected within 2 BRL, Gaithersburg, Md), 1TiL of 2.5 mmol/L of each deoxynu-
weeks after inoculation of gelatin-containing vaccine. The devel- cleoside triphosphate (Takara), and 200 U of Maloney murine
opment of anaphylactic symptoms, such as urticaria, cough,leukemia virus reverse transcriptase (GIBCO BRL), the mixture
wheezing, and dyspnea, occurred within 30 minutes after vaccinawas stored at 37°C for 1 hour.
tion in 8 patients with immediate reactions. Nonimmediate reac- Sequences of the PCR primer pairs and specific probes for
tions in the other 8 patients consisted of erythema and swelling aSouthern blot analysis are shown in Tablé¥The PCR reaction
the injection site and mild systemic cutaneous reactions up to 4émixture contained 50 ng of cDNA, 140L of PCR buffer (500
hours after vaccination. Patients with nonimmediate reactionsmmol/L KCI, 10 mmol/L Tris, and 1% Triton X-100), 8L of 2.5
manifested neither respiratory nor cardiovascular symptoms. Wemmol/L of each deoxynucleoside triphosphate (Takarg), 6f 25
also included 6 control subjects with no history of adverse reac-mmol/L MgCl, 100 pmol/L 5" and 3" primers, and distilled water
tions to vaccination. for a total volume of 10QiL. After denaturing at 94°C for 10 min-

PBMCs were separated by flotation on Ficoll-Hypaque (Phar- utes and cooling to 80°C, the mixture was seeded with 2.5 U of ther-
macia, Uppsala, Sweden) and were washed twice with RPMI 164(mostable Taq polymerase (Promega, Madison, Wis). Twenty-five
medium (Nissui, Tokyo, Japan). The cell concentration was adjust-cycles of amplification fof-actin, 33 for IFNy, and 35 for IL-2,
ed to 2.5x 108 cells/mL in RPMI 1640 medium supplemented with IL-4, and IL-13 were carried out by DNA thermal cycler (Perkin
10% of each subject’'s own serum. Informed consent was obtaineEImer, Norwalk, Conn). Each cycle consisted of warming at 95°C

from the parents of all study subjects. for 35 seconds, 55°C for 2 minutes, and 72°C for 2 minutes. Final-
ly, the preparations were incubated at 72°C for 15 minutes. Ten-
IgE measurements microliter samples of the RT-PCR products were analyzed by elec-

trophoresis on 2% agarose gel containinggimL ethidium bro-
mide, and the amplified products were visualized by UV fluores-
cence. The UV fluorescence signals of specific PCR products in
agarose gels were quantified by using a Fluorimager Sl (Molecular
Dynamics, Sunnyvale, Calif).

The specificity of each PCR product was confirmed by Southern
blot analysis. The PCR products were transferred to a nylon mem-
brane and probed with digoxigenin 3"-end labeled internal oligonu-
cleotide probes (Boehringer Mannheim GmbH, Mannheim, Ger-

IgE antibody to bovine gelatin (Wako Junyaku, Tokyo, Japan)
was measured by the fluorometric ELISA system. Briefly,
microplates were coated with bovine gelatin (IfJmL). After
incubation of the serum sample with immunobilized antigens, anti-
human IgE antibody conjugated wifaD-galactosidase (Pharma-
cia) was added. The enzyme substrate 0.1 mmol/L 4-methylumbel
liferyl-p—D-galactoside (Sigma Chemical Co, St Louis, Mo) was
added to each well of the microplate. The fluorescence unit was
measured on a fluorometric microplate reader (Fluoroscan; Flow 1
Laboratory, McLean, Va). To calibrate the system, positive seramany)'

: . . - - As a positive control for mRNA for each cytokine, total RNA
were obtained from the patients with anaphylactic reactions, where- . . -~
P pny from normal adult PBMCs incubated with concanavalin A at 10

as control sera were obtained from recipients of gelatin-free vaccine /mL for 3 h d T ti lative levels of MRNA
under 8 months of age who experienced neither immediate nor nopHd/M:- for 5 hours was used. 10 guan 'fy. relative feve's of miivA,
a standard curve was obtained by titration (1/5 dilutions) of first

immediate reactions. Inhibition studies were performed and both ; "

specific inhibition and parallelism were demonstrated. The potentiaI_Strands obtalne?d from 250 ng.of RNA from the posmve cor_1tro| sub-

detection limit of the test was 0.05 Ua/mL. jects as described above (Fig 1). Relative differences in mRNA
expression in the test samples were obtained from the standard

Culture of PBMCs with gelatin antigen curves run for the same number of cycles as the unknown samples.
The intensity of fluorescence of DNA amplified from first strands

PBMC cul_tures vyere estqblished with medium alqne (negativeobtained from 250 ng RNA was defined arbitrarily as 1000 mRNA
control) or with bovine gelatin (Wako Junyaku) at a final concen- equivalents

tration of 100ug/mL as described previoushCultures were The level ofB-actin in each unknown sample was determined

incubated at 37°C in a 5% G@tmosphere for 2, 6, 12, 24, and from the actin standard curve, and the levels generally varied less

48 hours. To confirm the nonspecific responsiveness to mitogenthan 30% when the first strand was obtained from the same amount
some PBMCs were incubated with t§/mL concanavalin A for of total RNA (data not shown).

3 hours.
In vitro lymphocyte proliferation assay

Lymphocyte proliferation to gelatin antigen was assayed by
The culture supernatant was collected after 48 hours of incubathymidine incorporation as described previofshnother set of
tion and stored at —20°C until assayed. Cytokine assays were donPBMCs were incubated in 96-well microplates for 4 days. Tritiated
by quantitative ELISA (Biosource Institution) following the manu- thymidine (1uCi) was added to each culture, and 16 hours later, the
facturer’s instructions. The detection limits of the tests were 15.6,cultures were harvested onto fiberglass filters. Incorporation of
15.6, 7.81, and 19.5 pg/mL for IFif4L-2, IL-4, and IL-13, respec-  radioactive thymidine was determined in a Beckman LS-335 scin-
tively (manufacturer’s information). tillation spectrometer. The results were expressed by ratios of triti-

Cytokine assay
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FIG 1. Ethidium bromide-stained gels and standard curves of B-actin (A), IFN-y (B), IL-2 (C), IL-4 (D), and IL-13
(E) mRNA generated by RT-PCR with control RNA. A 250 ng sample of total RNA was reverse transcribed, and
5-fold dilutions of the first strand were amplified by PCR. The intensity of fluorescence of the DNA amplified
from the first strand obtained from 250 ng of total RNA was defined arbitrarily as 1000 mRNA equivalents.
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FIG 2. Time course of induction of cytokine mRNA (IFN-y, IL-2, IL-
4, and IL-13) expression in PBMCs of patients with immediate
reactions. mMRNA expression was assessed at 2, 6, 12, and 24
hours after incubation without (-) and with (+) gelatin antigen.
Lane C, Positive control.

- 395bp

- 369bp

ated thymidine incorporation in antigen-stimulated culture relative
to that in control culture (stimulation index [SI]). S| of control sub-
jects ranged from 0.9 to 1.1. Therefore we considered an Sl equal t
or exceeding 1.5 as a positive response.

IL-13 - 298bp

RESULTS
IgE antibody specific to gelatin

® oo -
All subjects with immediate reactions showed posi-

tive IgE responses specific to gelatin, which rangedfd 3. Induction ]E’”Fb’\_"y't”"zft'h"i“'a“%.”‘;mtge”‘;f\lbyse'a“" anti-

. genin s of subjects with immediate-type (No. 1) or nonim-

from 0.12 '[0. 10.57 ,Ua/mL,(Table, “)' In contrast, nei- mediate-type (No. 2) reactions. RT-PCR (upper panels) and South-

ther the SUbJeCtS with nonimmediate reactions nor thEern blot (lower panels) analysis of mRNA expression in PBMCs

normal control subjects had detectable levels of gelatinincubated without (-) and with (+) gelatin antigen. Nonspecific

specific IgE. induction of cytokine genes by concanavalin A (C) is shown, and
positive control was also included (Cont./C).

Induction kinetics of cytokine mRNA expres-
sion in PBMCs exposed to gelatin
The time course of the expression of MRNA for l5N- gene appeared transiently as early as 2 hours after incu-

IL-2, IL-4, and IL-13 in a representative case with anbation, expression of mRNA for all 4 cytokines was
immediate reaction is shown in Fig 2. Although the IL-13observed at 12 hours and further increased up to 24 hours
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TABLE I. Sequence of PCR primers and specific probes used in these experiments

Cytokine (size) Sequence (5-3") Probe

B-Actin 5": CCTTCCTGGGCATGGAGTCCTG 5": AAAGACCTGTACGCCAACA

(202 bp) 3" GGAGCAATGATCTTGATCTTC

IFN-y 5": AATGCAGGTCATTCAGATG 5: TGCAGAGCCAAATTGTCTC

(270 bp) 3": TTGGACATTCAAGTCAGTT

IL-2 5: TACAGGATGCAACTCCTGTCTTGCATTGCA 5" AGCTAAATTTAGCACTTCCTCCAG
(395 bp) 3. GTTGCTGTCTCATCAGCATATTCACACATG

IL-4 5": CTGCTAGCATGTGCCGGCAACTTTGTCCAC 5": GAGCAGAAGACTCTGTGCACCGAGTTGACC
(369 bp) 3" GAAGTTTTCCAACGTACTCTGGTTGGCTTC

IL-13 5: CCCAGAACCAGAAGGCTCCGCTCT 5: CGAGACACCAAAATCGAGGTGGCC
(278 bp) 3": GTTGAACCGTCCCTCGCGAA

after incubation. No further increase in mRNA expres- Cytokine production
sion was observed thereafter (data not shown). Therefor
we report the induction of cytokine genes after 24 hours The secretion of these cytokines from PBMCs was
of incubation. assayed by ELISA (Table 1ll). No cytokine production
. . . was detected in PBMC cultures of subjects with nonim-
Profile of cytokine mRNA expression mediate reactions nor in PBMC cultures from normal
Fig 3 shows the ethidium bromide—stained RT-PCR control subjects (data not shown). However, all PBMCs
products and Southern blot analysis of 2 representativirom subjects with immediate-type reactions exhibited
patients with immediate- or nonimmediate-type reac- moderate amounts of IL-2 production, including 1 subject
tions. Nonspecific induction of cytokine mRNA by con- with no detectable IL-2 mRNA. However, IFj-IL-4,
canavalin A is also displayed in each case, and a positivand IL-13 cytokine production were only weakly detect-
control for cytokine mRNA is also included. In PBMCs ed in just 1 or 2 PBMC samples among the subjects.
of subjects with immediate reactions, all 4 cytokine
genes were significantly induced by gelatin antigen. InDISCUSSION
contrast, in PBMCs of subjects with nonimmediate reac-
tions, although IFN¢ and IL-2 genes were moderately  In this study we detected IL-2 protein production in
expressed, IL-4 gene was not induced at all, and IL-13PBMC cultures of all subjects with an immediate-type
mRNA was only slightly induced. reaction, although little IFNs IL-4, and IL-13 was
detected in spite of moderate mRNA expression
observed in some subjects. These findings may be
Induction of IFNy, IL-2, IL-4, and IL-13 mRNA by  explained by the short half-life of some cytokine pro-
gelatin antigen was semiquantitatively determined, withteins, especially IL-4% in addition to the lower sensitiv-
standard curves obtained from positive control subjectsity of the assay. Poor or insignificant in vitro IL-4 pro-
The minimum detectable mRNA equivalents in this duction against specific allergens has been observed in
analysis were 0.32. None of the 6 control subjects hacstudies of PBMCs from patients with egg or mite allergy
detectable expression of these 4 cytokine genes againwith a positive RAST scork:17 Therefore estimations
gelatin (data not shown). of the induction of J; and T, cytokine genes, but not
Of the 8 patients with an immediate reaction, 6 showedtheir protein production, may be more valuable to clarify
significant expression of the gene for IFNZ for IL-2, 6 the repertories of gelatin-specific memory T cells.
for IL-4, and 7 for IL-13 (Table II). Of the nonimmediate In this article, on the basis of RT-PCR amplification
group, 4 of the 8 subjects expressed none of the «f the mRNA of IFNy, IL-2, IL-4, and IL-13 induced
cytokine genes in response to gelatin. Of the remainder, Zby in vitro stimulation with gelatin protein, we provide
3, and 4 subjects expressed generally low levels ofiFN- the first report of the characteristics of gelatin-specific
IL-2, and IL-13 genes, respectively. No IL-4 gene expres-T cells in subjects with an allergic reaction to gelatin-
sion was observed in this group (Table II). containing vaccines.
Four of 8 subjects with nonimmediate reactions
showed no expression of these 4 types of mMRNA. yFN-
The 8 patients with immediate reactions showed gen-and IL-2 mRNA were detected in 3 of 8 patients,
erally high responses in lymphocyte proliferation assayalthough no IL-4 mRNA was found. The group with non-
specific to gelatin (Table Il). The 8 patients with nonim- immediate reactions are likely to represent a heteroge-
mediate reactions also showed positive responses tneous group of subjects, some of whose reactions are not
gelatin (Table II). However, all 6 control subjects had animmune-mediated, although the,;fdominant pattern
Sl of less than 1.5, which was considered to be a negativmay be associated with a nonimmediate reaction to
response (data not shown). gelatin protein. However, mRNA of IL-13, considered to

Semiquantitative analysis of cytokine mRNA

Lymphocyte proliferation to gelatin
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TABLE Il. Semiquantitative analysis of amplified PCR products of 8 subjects with immediate reactions and 8 subjects

with nonimmediate reactions

Lymphocyte Gelatin
Patient IFN-y IL-2 -4 IL-13 proliferation IgE
no. Age - + - + - + - + (s (Ua/mL)
Immediate reactions
1 6 mos ND 40.0 ND 8.60 0.56 1.40 ND 2.32 5.6 0.12
2 2y 11 mos ND ND ND 6.80 ND 0.80 ND ND 2.7 0.24
3 1y 9 mos ND 3.12 ND 31.2 0.84 5.20 ND 0.40 6.9 10.57
4 3y 3mos ND 40.0 0.76 34.4 0.40 23.2 ND 4.40 31.3 1.52
5 2y ND 5.28 ND 4.60 ND 2.72 ND 1.92 12.4 4.13
6 2y 5mos 1.30 35.2 ND 17.6 ND 0.36 ND 5.00 10.2 0.82
7 1y 4 mos ND ND ND 0.52 ND ND ND 2.80 3.7 0.13
8 2y 6 mos 2.28 3.92 ND ND ND ND 0.40 3.64 25.1 0.24
Nonimmediate reactions
1 ly 0.40 32.0 ND 5.44 ND ND ND 0.32 10.8 <0.05
2 8 mos 0.60 7.40 1.20 3.36 ND ND ND 0.52 10.5 <0.05
3 2y ND ND ND ND ND ND 1.3 1.92 3.6 <0.05
4 2y 7 mos 2.72 3.82 ND 0.60 ND ND 0.56 0.96 5.2 <0.05
5 7 mos ND ND ND ND ND ND ND ND 2.4 <0.05
6 9 mos ND ND ND ND ND ND ND ND 5.4 <0.05
7 8 mos ND ND ND ND ND ND ND ND 3.0 <0.05
8 1y 4 mos ND ND ND ND ND ND ND ND 2.7 <0.05

Fifty nanograms of total RNA were analyzed by RT-PCR. Relative quantities of mRNA obtained from a standard curve deriesitif'ocoptrols are
shown. mRNA expression was assessed 24 hours after incubation \hand with(+) gelatin antigen. The intensity of fluorescence of DNA amplified
from the first strand obtained from 250 ng RNA was defined arbitrarily as 1000 mRNA equivalents. Lymphocyte proliferafiotiospelztin was expressed
as Sl. Serum gelatin—specific IgE antibody titers are also shown.
ND, Equivalents are under 0.32.

TABLE lll. Production of cytokines in vitro by PBMCs of 8 subjects with immediate reactions (pg/mL)

IFN-y IL-2 IL-4 IL-13
Patient no. Age - + - + - + - +
1 6 mos ND ND ND 90.0 ND ND ND ND
2 2y 11 mos ND ND ND 62.5 ND ND ND ND
3 1y 9 mos ND ND ND 86.0 ND ND ND ND
4 3y 3 mos ND ND 100 450 ND 7.80 ND ND
5 2y ND ND 72.0 140 ND ND ND 125
6 2y 5 mos ND 46.0 ND 53.0 ND ND ND 30.0
7 1y 4 mos ND ND ND 76.0 ND ND ND ND
8 2y 6 mos ND ND ND 70.0 ND ND ND ND

Culture supernatants were collected 48 hours after incubation withard with(+) gelatin antigen, and cytokine activities were assessed by ELISA.

ND, Not detected.

be involved in IgE synthesis, was weakly detected in 4 oOur study confirmed that gelatin allergy with specific

8 subjects with nonimmediate reactions, although the)lgE antibody was also associated with the activation of
had no gelatin-specific IgE. Huang ett@abbserved IL-4—producing T lymphocytes. In addition, moderate
upregulation of IL-13 in the bronchoalveolar lavagelL-13 gene expression was also observed in almost all
obtained 18 to 24 hours after ragweed challenge iisubjects with an immediate reaction to gelatin. The role
patients with asthma and proposed the association of ILof IL-13 in inducing IgE synthesis has also been con-
13 with allergen-induced late-phase inflammation. Thefirmed in cases of allergy to mite or ragwedd®3
IL-13 mRNA expression induced by gelatin antigen mayTherefore gelatin-specific IL-13 may play a role in
be involved in the nonimmediate reaction (ie, the late-induction of IgE antibody to gelatin.
phase reaction to gelatin). We also observed strong induction of IgNnd IL-2
Significant IL-4 mRNA expression occurred in 6 of 8 (ie, T,;; cytokines in addition to |, cytokines in PBMCs)
subjects with an immediate reaction to gelatin-containfrom subjects with immediate reactions. These 4 T
ing vaccine. IL-4 has been considered to be central tand T,,-cytokine gene expressions have never been
the induction of IgE secretion from PBMCs from observed in PBMCs from normal control subjects, which
patients atopic to many inhaled or food allerg€h&.  suggests that sensitization to gelatin antigen was either
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not established or not significant as is also confirmed by!2
the in vitro lymphocyte proliferation assay. Therefore
gelatin allergy may differ from allergy to universal

inhaled allergens, such as mite, house dust, and graa.

pollen, in which suppression of antigen-specific or whole
IFN-y activity compared with that of control subjects was
considered to be an essential factor for the appearance
clinical allergy, as was a high antigen-inducible IL-4
expressior4-27

In contrast, in PBMCs from subjects with milk or egg
allergy, antigen-specific IFN-activity was equally or
predominantly expressed compared with IL-4 activi-
ty.16.28These findings were also confirmed by analysis in
antigen-specific T-lymphocyte clones or T-cell liF&s?
The characteristics of gelatin-sensitized lymphocytes
with both intense J; and T, signals may resemble those ;4
sensitized by food allergens.

A positive correlation was suspected between food-19.

specific activation of IFNsecreting T lymphocytes and
a worsening of atopic dermatitis in response to oral
provocatiorn?8 However, subjects with gelatin allergy
have no chronic lesions resembling the atopic dermatitis

associated with an intake of gelatin. Therefore the role of21.

T,,1 cytokines induced by gelatin might not be related to
chronic pathology.

The suppressive effect of IFNto T,, activity was
confirmed in the response to inhaled allerg&&.The
strong induction of IFNtand IL-2 in gelatin-specific T
lymphocytes might reflect a suppressive or feedback,,
mechanism in the immune system.

24,
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