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Hornet venom allergen antigen 5, Dol m 5:
Its T-cell epitopes in mice and its antigenic
cross-reactivity with a mammalian testis protein

Te Piao King, PhD, and Gang Lu, MD New York, N.Y.

Background: A major venom allergen of white-faced hornet
(Dolichovespula maculata) is antigen 5, Dol m 5. It is a 204-
residue protein having 23% to 35% sequence identity with
several proteins from diverse sources. The biologic function
of antigen 5 and its sequence-related proteins is not known.
Objective: This study was done to delineate the T-cell
epitopes of Dol m 5 and to test their cross-reactivity with a
sequence-related mouse testis protein, tpx.

Methods: T-cell epitope mapping and cross-reactivity were
studied with 15- or 20-residue peptides by their stimulation
of spleen cells from mice immunized with recombinant

Dol m 5 or tpx fragments.

Results: Three of 20 peptides studied were found to represent
major T-cell epitopes of Dol m 5, being recognized by five or
all of six mouse strains tested. One major epitope peptide,
residue 176-195, showed cross-reactivity in BALB/c mice with
the homologous antigen 5s from yellow jackets and wasps, as
well as with mouse tpx. The cross-reactivity of Dol m 5 and
mouse tpx is not reciprocal because spleen cells from tpx-
immunized mice were stimulated by the hornet peptide, but
cells from Dol m 5-immunized mice were not stimulated by
the corresponding tpx peptides.

Conclusion: Cross-reactivity of vespid antigen 5 and mouse
tpx may be of importance in insect allergy because human
and mouse testis proteins are highly homologous. (J Allergy
Clin Immunol 1997;99:630-9.)
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Hornets contain three venom allergens of known
sequence.'® They are antigen 5, hyaluronidase, and
phospholipase A,. Homologs of these venom allergens
are present in other vespids, wasps, and yellow jackets.*”
The distantly related insects, fire ant has homologs of
vespid antigen 5 and phospholipase A,;,%° and honeybee
has a homolog of vespid hyaluronidase.®

A common feature of vespid venom allergens is their
partial sequence identity with other proteins in our
environment. Antigen 5 has 23% to 35% sequence
identity with proteins from mammalian testis,’’ human
brain,'? hook worm,'* lizard venom,** and plants.!> The
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Abbreviations used
MHC:  Major histocompatibility complex
tpx: A mouse testis protein

biologic function of antigen 5 is not known. Its homologs
from human brain and plants are induced after infection
or trauma, but their functions are not known. Vespid
hyaluronidase and phospholipase have partial sequence
identity with mammalian sperm hyaluronidase!® '¢ and
mammalian lipase, respectively.!”

T helper cells of different types have a decisive role in
the regulation and synthesis of antibodies of different
isotypes by B cells. Because of these important func-
tions, the T-cell epitopes of several major allergens have
been mapped in human beings and in mice. The major
allergens include those from cats,'® honeybee venom,'”
mites,?> 2! and birch tree and ryegrass pollens.?? 2> Tests
with T-cell epitope peptides of bee venom and birch
allergens!®?? or with mite or ryegrass allergens®* have
shown that T-cell responses to allergens are prevalent in
normal and allergic individuals; this has also been dem-
onstrated with IgG antibody responses.

This study presents our findings on the mapping of
T-cell epitopes of hornet antigen 5 and on its anti-
genic cross-reactivity with yellow jacket and wasp
antigen 5s, as well as with a mouse testis protein (tpx).
The sequences of these proteins are shown in Fig. 1
together with those of a human testis protein. There
are three isoforms of antigen 5 from white-faced
hornet (Dolichovespula maculata); that shown in Fig. 1
is form 2 and is designated as Dol m 5.02 according to
an accepted system of allergen nomenclature.? The
yellow jacket (Vespula vulgaris) and the wasp (Polistes
annularis) are designated as Ves v 5 and Pol a 3,
respectively.

It has been reported that subcutaneous or intranasal
treatment of mice with T-cell epitope peptides of the
major cat or mite allergen?® 26 leads to T-cell anergy and
reduced antibody responses on subsequent immuniza-
tion with allergen. T-cell epitope peptides of the major
cat allergen Fel d 1 are currently being evaluated for
clinical efficacy as immunotherapeutic reagents in pa-
tients,?” and the peptides being tested in clinical trials
are the same ones found to represent T-cell epitopes in
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Hum KDPAFTALLTTQLQVQREIQVQREIVNKHNE 1- 31
Mou KDPDFTSLLTNQLQVQREIQVOREIVNKHNE 1- 31
Dol NNYCKIKCRKG IHTLCKFGTSMKP NCGRNVVKAYGLTNDEKNEILKRHND 1- 50
Ves NNYCKIKCLKGGVHTACKYG SLKP NCGNKVVVSYGLTKQEKQDILKEHND 1- 50
Pol VDYCKIKCPSG IHTVCQYGESTKPSKNCAGKVIKSVGPTEEEKKLIVSEHNR 1- 50
Hum LRKAVS PPASNMLKMEWSREVTTNAQRWANKCTLQ HSDP 32- 170
Mou LRRSVN PTGSDILKMEWSIQATTNAQKWANKCILE HSSK 32- 70
Dol FRONVAKGLETRGKPGPQPPAKNMNVLVWNDELAKIAQTWANQCDEFN HDD 51-100
Ves FROKTARGLETRGNPGPQPPAKNMKNLVWNDELAYVAQVWANQCQYG HDT 51-100
Pol FRQKVAQGLETRGNPGPQPAASDMNDLVWNDELAHIAQVWASQCQFLVHDK 51~101
Hum EDRKTSTRCGENL YMSS DPTSWSSAIQSWYDEILDFVYGVGPKSPN 71-116
Mou DDRKINIRCGENL YMST DPTLWSTVIQSWYNENEDFVYGVGAK PN 71-115
Dol CRNTAKYQVGONIAISSTTATQFDRPSKLIKOWEDEVTEFNYKVGLONSN 101-150
Ves CRDVAKYQVGONVALTGSTAAKYDDPVKLVKMWEDEVKDYNPKKKFSGND 101-150
Pol CRNTAKYPVGONIA YAGGSNLPDVVSLIKLWENEVKDFNYNTGITKQN 102-151
hum AVVGHYTQLVWYSTYQVGCGIAYCPNQDSLKYYYVCQYCPAGNNMNRKNTPYQQ 117-170
mou SAVGHYTQLVWYSSFKIGCGIAYCPNQDNLKYFYVCHYCPMGNNVMKKSTPYQQ 116-169
Dol FRKVGHY TQMVWGKTKEIGCGSIKYIEDNWYTHYLVCNYGPGGNDFNQPIYERK 151-204
Ves FLKTGHY TQMVWANTKEVGCGSIKYIQEKWHKHY LVCNYGPSGNFMNEELYQTK 151-204
Pol FAKIGHYTQMVWGKTKEIGCGS LKYMENNMONHYLICNYGPAGNYLGQLPYTKK 152-205

FIG. 1. Amino acid sequences of human and mouse testis-specific proteins {tpx) and hornet, yellow jacket, and
wasp antigen 5s. These proteins are designated as Hum, Mou, Dol, Ves, and Pol, respectively.* "' Residues
common to tpxs and antigen 5s are represented by bold-faced characters. Underlined region contains the
hornet T-cell peptide cross-reacting with homologous regions of the other proteins.

mice. Thus the present T-cell epitope data of Dol m 5 in
mice may also be applicable in human beings.

METHODS
Natural vespid antigen 5s and recombinant
Dol m 5.02 and its recombinant fragments

The natural proteins were isolated as described previous-
1y.?® 2 The recombinant protein and fragments were expressed
in bacteria by using a pQE12 vector (QIAGEN, Chatsworth,
Calif.) as reported previously.*® The recombinant protein differs
from the natural protein by having the additional peptide
sequences of MRGS and RSHg at its N- and C-terminal ends,
respectively.

Synthetic peptides of Dol m 5.02

These peptides of 15 to 20 residues in length are listed in
Table I; they were synthesized by BioSynthesis, Inc. (Lewisville,
Texas). They were purified by high-performance liquid chroma-
tography to greater than 85% purity and characterized by
matrix-assisted laser desorption mass spectrometry by the man-
ufacturer. They were further characterized by amino acid
analysis®® in this laboratory. Concentrations of all peptide
solutions were determined by amino acid analysis.

Recombinant fragments N and C of murine tpx

These two recombinant fragments correspond to residues
14-112 and 107-169, respectively (Fig. 1). They were expressed
in bacteria by using a pQES vector. The required complemen-
tary DNAs were obtained by polymerase chain reaction with the
primers listed in Table II and the template plasmid, clone
B4(1)4, which encodes mouse tpx.>> Recombinant plasmids,
resulting from ligation of the appropriately cut cDNAs and
pQES, were verified by DNA sequencing of the fragment-

encoding regions. Recombinant tpx N and C fragments were
isolated from bacterial lysate by metal chelation chromatogra-
phy, followed by reverse-phase chromatography. Their yields
were about 10 mg per liter of culture. On sodium dodecylsul-
fate~polyacrylamide gel electrophoresis, they each showed one
main band of the expected size. The recombinant fragments
have the additional peptide sequences of MRGSHGS and
KLN at their N- and C-terminal ends, respectively. All experi-
mental manipulations are the same as those we had used for
Dol m 5.02.30

Immunization of mice

The following strains of mice were tested: ASW/sn, BALB/c
byJ, C3H/He, C57BL/6, P/J, and RIII. Their H-2 haplotypes are
s, d, k, b, p, and 1, respectively. They were obtained at 8 to 10
weeks of age (The Jackson Laboratory, Bar Harbor, Maine).
Unless stated otherwise, only female mice were used.

Groups of four mice were each immunized intraperitoneally
with 0.2 ml of 10 pg/ml immunogen + 5 mg/ml alum in 0.005
mol/L sodium phosphate (pH 6.4) at weeks 0, 2,4, 6, and 8. Sera
were collected by retro-orbital puncture 1 week after immuni-
zation.

ELISA

Wells of MicroTest III flexible assay plates (Becton Dickin-
son, Oxnard, Calif.) were coated overnight with 5 pg/ml antigen
in 0.05 mol/L Tris-HCI (pH 8.0), then treated for 1 hour with
diluent buffer to block the remaining reactive sites. Diluent
buffer contained 0.1 mg/ml bovine serum albumin, 0.5 mg/ml
Tween-20, 0.5 mol/L NaCl, and 0.05 mol/L Tris-HCI (pH 8.0).
For colorimetric assay, the wells were incubated for 1 hour in
succession with varying concentrations of mouse sera to be
tested, 10 pg/ml rabbit antibody specific for mouse IgGs and
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TABLE 1. Synthetic peptides of Dol m 5.02

Amino acid
Sequence Residues analysis

NNYCKIKCRKGIHTLCKFGT 1-20 +++
GIHTLCKFGTSMKPNCGRNV 11-30 ++4+
SMKPNCGRNVVKAYGLTNDE 21-40 +
VKAYGLTNDEKNEILKRHND 31-50 +++
KNEILKRHNDFRONVAKGLE 41-60 ++4+
FRONVAKGLETRGKPGPQPP 51-70 +++
TRGKPGPQPPAKNMNVLVWN 61-80 +++
AKNMNVLVWNDELAKIAQTW 71-90 +++
DELAKIAQTWANQCDFNHDD 81-100 +++
ANQCDFNHDDCRNTAKYQVG 91-110 ++
CRNTAKYQVGQONIAISSTTA 101-120 ++
QNIAISSTTATQFDRPSKII 111-130 ++
TQFDRPSKLIKQWEDEVTEF 121-140 +++
KQWEDEVTEFNYKVGLONSN  131-150 +++
NYKVGLONSNFRKVGHYTOQM  141-160 ++4+
FRKVGHYTOMVWGKT 151-165 +++
HYTOMVWGKTKEIGCGSIKY 156-175 +++
KEIGCGSIKYIEDNWYTHYL 166-185 +++
IEDNWYTHYLVCNYGPGGND  176-195 +++
VCNYGPGGNDFNQPIYERK 186-204 +++

+++ and ++ denote that all residues are within 20% and 30% of the
expected values, respectively; + denotes that all residues are within
20% of the expected values, except for one residue, which is within
50% of the expected value. '

TABLE Il. Primers for polymerase chain reaction
amplification of tpx fragments N and C

No. Oligonucleotide

Q14 A% Q R E 119
1  CGT GGA TCC CAA GTT CAA AGA GAG ATC
A112 G A% G Y V107
2  CGT AAG CTT AGC TCC TAC ACC ATA AAC
V107 Y G A\ G A112
3  CGT GGA TCC GTT TAT GGT GTA GGA GCT
Q169 Q Y P T 5164
4  CGT AAG CTIT TTG TTG ATA TGG GGT GCT

Oligonucleotides 1 and 3 are sense primers, each containing a BamH1
restriction site at the 5' end. Oligonucleotides 2 and 4 are anti-sense
primers, each containing a HindIII restriction site at the 5 end.
Oligonucleotides 1 and 2 are for amplification of ¢cDNA encoding
tpxN, and oligonucleotides 3 and 4 are for cDNA encoding tpxC.

1:100 diluted peroxidase conjugate of goat antibody specific for
rabbit IgG. The bound peroxidase was detected by absorbance
at 490 nm after incubation with a substrate solution of 16 mg/ml
phenol, 0.5 mg/ml 4-aminoantipyrine, and 0.005% H,0O, in 0.1
mol/L sodium phosphate (pH 7).

For fluorometric assay, the wells were incubated in succession
with mouse sera and alkaline phosphatase conjugate of goat
antibody specific for mouse IgGs. The bound phosphatase was
detected by fluorescence after incubation with 0.2 mmol/L
4-methylumbelliferyl phosphate in 0.05 mol/L sodium carbonate
buffer (pH 9.8) + 1 mmol/L MgSO,. (All reagents used in these
assays were obtained from Sigma Biosciences, St. Louis, Mo.)

Antibody titers represent reciprocal sera dilutions to provide
half maximal changes in absorbance or fluorescence.
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TABLE Ill. Antibody titer for sera from mice of
different strains immunized with rDol m 5

Half maximal antibody

Mice titer

Strain Haplotype Dol m 5 nDolm5
C57Bl/6 b 2 X 10 6 x 10
BALB/c byj d 3 x 104 1x10*
C3H/He k 3x10° 8§ X 107
P/ p 4 % 10* 1% 10%
RIII T 8 x 10* 2 % 10*
ASW/Sn s 2% 10° 5x10°

Sera were from week 5 bleedings after three biweekly injections.

Proliferation assay

Spleen cells from two mice were pooled 8 to 10 days after the
fifth or sixth biweekly immunization as described previously.
These cells (4 X 10°) were cultured in triplicate with three
different concentrations of each test antigen or peptide in 0.2 ml
of culture medium at 37° C in 5% CO,. Tritiated thymidine (1
uCi, 2 Ci/mmol) was added on day 3, and the cells were
collected on day 4 to determine the uptake of tritiated
thymidine. The culture medium contained RPMI-1640
(Rockefeller University Cell Culture Service), 10% fetal
calf serum, 100 U/ml penicillin, 100 pg/ml streptomycin,
10 mmol/L. N-2-hydroxyethylpiperazine-N-2-ethanesulfonic
acid buffer (pH 7.3), and 54 pmol/LL 2-mercaptoethanol.
Proliferation data are expressed as stimulation indices, which
represent the ratio of tritiated thymidine incorporations in
the presence and absence of testing antigen or peptide.
Reproducibility of triplicate measurements of tritiated thy-
midine incorporation was +15%.

RESULTS
Murine antibody responses to Dol m 5.02

Six mouse strains, each of a different major histocom-
patibility complex (MHC) haplotype, were immunized
with recombinant (r)Dol m 5.02 with alum as adjuvant.
Only one strain, C57B1/6, was a poor responder with
antibody titer of less than 10% and the other five
strains ASW/sn, BALB/c, C3H/He, P/}, and RIII were
high responders with antibody titers of 10* to 10°
(Table III). These sera showed slightly lower titers for
natural (n)Dol m 5 than for rDol m 5. One strain,
BALB/c, was also immunized with nDol m 5, and it
showed higher antibody titers with nDol m 5 than with
rDol m 5. We have shown previously that nDol m 5.02
induced mainly murine antibodies specific for its
discontinuous B-cell epitopes, whereas the recombi-
nant protein induced antibodies specific for continu-
ous epitopes that are common with those of natural
protein.>°

Murine T-cell responses to Dol m 5.02 and its
peptides

Proliferation assays were done with spleen cells from
groups of two recombinant protein-immunized mice,
which are described above, for antibody determination.
These spleen cells were stimulated with rDol m 5.02 or
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FIG. 2. Proliferation of spleen cells from mice immunized with rDol m 5. In panels A and B, mice were of
BALB/c byj and PA strains, respectively. The three bars indicate stimulation index values at peptide
concentrations of 1 X 10-8, 1.25 X 10-5, and1.56 X 10-7 mol/L, and rDol m 5 was tested at concentrations
10-fold lower than those of peptides. Background tritiated thymidine incorporations were 4700 and 1730
cpm = 15% for triplicate measurements in panels A and B, respectively.

a series of 15- to 20-residue peptides with 10-residue
overlaps; these peptides together encompass the length
of Dol m 5.02 (Table T). Cell proliferations expressed as
stimulation indices for BALB/c and P/J mice are shown
in the upper and lower panels of Fig. 2, respectively; and
those for ASW/sn and C3H/He mice are shown in Fig. 3.
As shown in the figures, each stimulating antigen or
peptide was tested at three concentrations. All 20 pep-
tides tested showed stimulation indices of greater than 2
at the maximal concentration of 1 X 10-> mol/L in at

least one of the four mouse strains. If an arbitrary cutoff
value of 2 is used, these data would suggest that the
T-cell epitopes are distributed throughout the entire
molecule of Dol m 5. The peptide mapping experiments
with the four strains of mice shown in Figs. 2 and 3 were
carried out twice, each time with groups of two mice
after five or six immunizations. Closely similar results
were obtained, and only the data for one of these two
sets of experiments are shown in these figures.

In Table TV the stimulation index data of the peptides
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FIG. 3. Proliferation of spleen cells from mice immunized with rDol m 5. in panels A and B, mice of ASW/sn and
C3H/He strains were used, and background incorporations of radioactivity were 5640 and 3130 cpm * 15% for
triplicate measurements, respectively. Peptide and rDol m 5 concentrations were the same as those in Fig. 2.

and rDol m 5.02 for the four mouse strains (shown in
Figs. 2 and 3) together with data from RIII and C57B1/6
mice are summarized. The data for BALB/c mice
(shown in parentheses in Table IV) are from an exper-
iment separate from that in Fig. 2, and reasonable
agreement of the data from these two experiments is
seen. The stimulation indices of rDol m 5.02 at 1 x 10-°
mol/L. ranged from 7 to 35 for the six mouse strains
tested, and there is a rough correlation of the stimula-
tion index in Table I'V and the antibody titer in Table III.
The stimulation indices of the peptides at 1 X 10~ mol/L

ranged from 2 to 18, depending on the peptide and the
mouse strain; values of less than 2 were omitted in Table
IV. With one exception, the high antibody responder
mice in Table IIT each responded to three or more
peptides with high stimulation index values of greater
than 4. The exception is the mouse strain RIII, which
responded to only two peptides with stimulation indices
of about 2. The poor antibody responder C57Bl/6 mice
responded to eight peptides, but only one peptide had a
high stimulation index of 3.9.

The overlapping peptides in Table I cover all possible
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TABLE V. Proliferation of rDol m 5-specific spleen celis from mice of different strains on peptide stimulation

Stimulation index

Stimulating
peptide or antigen BALB/c ASW/Sn C3H/He P/J RIH C57Bl/6
1-20 2.9 (8.6) 24 6.9 2.5
11-30 (2.9) 2.2 43 4.8
21-40 37 2.1
31-50 2.0 2.7 2.4
41-60 54 (9.3) 5.8 4.0
51-70 29 (5.8) 8.8 22
61-80 7.7 2.2 33 2.1
71-90 2.2
81-100 2.2 (3.8) 4.0 2.7 9.9 2.1 3.9
91-110 24 2.2
101-120 2.3 (5.8) 39 2.7
111-130 (2.5) 3.3 4.0 2.5
121-140 3.6 4.5 2.5
131-150 (2.3) 2.3 2.9 4.2 2.0
(41-160 2.1 (5.6) 47 7.8 2.8
151-165 3.1 (6.5) 2.8 4.5 2.1
156-175 35 2.6
166-185 36 4.1 24
176-195 8.1 17.7y 9.1 2.9 2.5 2.3 2.7
186-204 2.0) 3.1 3.1 3.1
rDol m 5 111 (20.9) 15.4 12.3 20.8 35.2 7.0

Stimulation index values for BALB/c, ASW/sn, C3H/He, and P/J mice are taken from Figs. 2 and 3 at peptide and Dol m 5 concentrations of 1 X i0 3
and 1 X 107° mol/L, respectively. Values in parentheses for BALB/c mice and those for RIII and C57B1/6 are from other experimenis. Values of
less than 2 are not given. Background tritiated thymidine incorporation values were 4700 (3970), 5640, 3130, 1730, 1760, and 1050 cpm, respectively,
for the six mouse strains; reproducibility of triplicate measurements was *15%.

sequences of Dol m 5 of 11 residues or less. Sequences
of more than 11 residues in length, which span the
overlap regions of two adjoining peptides, are not cov-
ered. The small number of peptides that stimulated
spleen cells of RIII mice may be a consequence of their
T-cell epitope peptides of more than 11 residues in
length. The minimal size of a T-cell epitope is a non-
apeptide, and its upper size limit is variable, as suggested
by various studies.®® Recent crystallographic studies of a
human class II MHC molecule indicated its binding site
to be of a 13-mer peptide,®* and naturally processed
peptides eluted from class II MHC molecules ranged in
size from 13 to 17 residues.®

Proliferation assays were done with spleen cells of
BALB/c mice immunized with nDol m 5.02. Results
identical to those given in Fig. 2, 4, were observed (data
not shown). Assays were also done with spleen cells of
BALB/c mice immunized with recombinant fragments
1-114 and 151-204 of Dol m 5.02, and positive responses
were obtained only with synthetic peptides, which cor-
respond to those present in the fragments (data not
shown).

Antigenic cross-reactivity of vespid antigen bs

Sequence homologies of hornet, yellow jacket, and
wasp antigen Ss are shown in Fig. 1 and designated as
Dol, Ves, and Pol, respectively. Vespid antigen 5s are
known to have varying extents of antigenic cross-reactiv-
ity at both T-cell and B-cell levels.* Their cross-reactivity

was tested with selected hornet T-cell peptides of Table
IV by their stimulation of spleen cells from BALB/c mice
immunized with Ves v 5 or Pol a 5. The results summa-
rized in Table V indicate that only one of the eight
hornet peptides, residue 176-195, has significant cross-
reactivity with both yellow jacket- and wasp-specific
spleen cells.

Antigenic cross-reactivity of Dol m 5 and mouse
tpx

Antigenic cross-reactivity of Dol m 5 and mouse ipx is
shown by tests with their recombinant fragments. Re-
combinant fragments IN and C contain residues 1-114
and 151-204 of Dol m 5, and recombinant fragments
tpx-N and tpx-C contain residues 14-112 and 107-169 of
the mouse protein. Sequence data for the parent pro-
teins of these fragments are given in Fig. 1.

Sera from BALB/c mice immunized with recombinant
fragment C of Dol m 5 showed a cross-reaction with the
corresponding recombinant fragment tpx-C. A similar
reciprocal cross-reaction was detected with sera from
BALB/c mice immunized with recombinant fragment
tpx-C. In addition, the tpx-C-specific sera showed a
weak cross-reaction with nDol m 5. These cross-reac-
tions were detected by ELISA, and the results are given
in Table V1. Similar studies were done with recombinant
fragments IN and tpx-N, and no cross-reaction was
detected.

Cross-reaction at the T-cell level was detected by
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TABLE V. Stimulation of spleen cells from
vespid antigen 5-immunized BALB/c mice by
hornet peptides
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TABLE VI. Antibody titers of sera from BALB/c
mice immunized with recombinant fragments of
Dol m 5 or tpx

Stimulation index for spleen cells

Antibody titer specific for

specific for
Stimulating Natural Recombinant Recombinant
peptide or antigen rDolm 5 nVesv5 nPolab immunogen Dolm5 fragment IN tpx-N
1-20 29 22 1.3 Recombinant 4 x 103 5% 10* <1 % 10!
41-60 5.4 22 1.6 fragment IN
51-70 2.9 1.4 1.3 Recombinant tpx-N  <<1 X 10! <1 x 10! 7 X 107
81-100 2.2 1.6 1.2
141-160 21 1.9 2.1 glsltt;asl Rfecombir;agt Rect:mb(i:nant
151-165 31 12 1.8 Immunogen ragmen -
176-195 8.1 8.1 2.8 Recombinant 2 % 10* 6 x 10* 1 x 107
Dol m 5 11.1 9.0 6.3 fragment C
nVes v 5 ND 317 ND Recombinant tpx-C 3 x 10’ 7 X 10 6% 10*
nPol a 5 ND ND 17.5

Stimulation index values for rDol m S are taken from Fig. 2. Values given
are for maximal concentrations tested; 1 X 107 mol/L peptide and
1 X 107° mol/L antigen. Background tritiated thymidine incorpora-
tion values were 4700, 1670, and 4130 cpm, respectively; reproducibil-
ity of triplicate measurements was +15%.

ND, Not done.

proliferation assay with spleen cells from tpx-N- and
tpx-C-immunized BALB/c mice. The results are given in
Fig. 4, A and B, respectively. Similar stimulation index
values were observed for the cross-reacting fragments.
Reciprocal cross-reactions were also detected with
BALB/c spleen cells specific for recombinant fragments
IN and C or for rDol m 5 (data not shown).

In Fig. 4, 4, tpx-N-specific spleen cells were tested
with the overlapping peptides of Dol m 5, which are
homologous with tpx-N. The results in Fig. 4, 4 suggest
that the peptides in the regions of residues 41-100 and
131-150 of Dol m 5 contain T-cell epitopes cross-
reacting with tpx-N with stimulation index values of 2 to
3.

The results in Fig. 4, B, with tpx-C-specific spleen cells
suggest that only one peptide region of Dol m 5, residue
176-195, contains T-cell epitope(s) cross-reacting with
tpx-C with a stimulation index of 6 as compared with a
value of 8 for fragment C. Additional tests with peptides
178-195 or 176-193 showed findings similar to those of
peptide 176-195 (data not shown). Thus the T-cell
epitope of Dol m 5 cross-reacting with tpx-C is in the
region of residue 178-193. However, the cross-reaction
was not found to be reciprocal because tpx peptide
140-159, which corresponds to Dol m 5 peptide 176-195,
did not stimulate the proliferation of Dol m 5-specific
spleen cells from BALB/c mice (data not shown).

Cross-reactivity of Dol m 5 and tpx was also studied in
P/J mice, and negative results were obtained (data not
shown).

DISCUSSION

We have mapped the T-cell epitopes of Dol m 5 with
a series of 20 overlapping peptides (Table I). A majority
of these peptides was found to stimulate the prolifera-

Sera were from week 5 bleedings after three biweekly immunizations.
Reproducibility of antibody titers on duplicate assay was * 30%.
The symbol << designates “much less than.”

tion of spleen cells from rDol m 5- or nDol m 5-immu-
nized mice. Because of MHC restriction in peptide
recognition and possibly different T-cell receptor usage,
varying patterns of peptide stimulation were observed in
the six mouse strains tested. In this study we do not
provide any proof that the peptide-induced proliferation
of Dol m S-specific spleen cells reflects that of CD4*
Th2 cells with MHC class II restriction, as we had done
with bee venom allergen melittin-specific spleen cells.*®
This was demonstrated by isolation of CD4* T-cell
clones, foliowed by tests of their lymphokine release and
MHC restriction.

Of the 20 peptides in Table IV, three are T-cell
epitopes in five or all of six mouse strains tested, 13 in
three or four mouse strains, and four in one or two
mouse strains. Thus only three peptides (81-100, 131-
150, and 176-195) represent “universal” T-cell epitopes
recognized by nearly all mouse strains tested; but their
stimulation indices vary with mouse strain. The stimula-
tion index value is a reflection of the size of T-cell
population specific for the antigen or peptide. Therefore
the peptides with high stimulation indices likely repre-
sent the dominant epitopes. Two of the dominant
epitopes with a broad MHC restriction pattern are
peptides 141-160 and 176-195. These hornet peptides
show cross-reactivity with yellow jacket and wasp antigen
5s in BALB/c mice (Table IV), as well as in P/J mice
(data not shown).

In model experiments on peptide therapy to induce
immune unresponsiveness in mice (unpublished data),
we had sought to circumvent the problem of MHC
restriction and T-cell epitope dominance by using frag-
ments of 50-100 residue size, because such fragments
could be prepared efficiently by recombinant technology.
But this approach was hampered by the limited solubility
of these fragments (unpublished observation). The T-
cell epitope peptides described above showed greater
solubility than the larger fragments. They will be useful
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Stimulatien index

Peptide

FiG. 4. Proliferation of spieen cells from BALB/c byj mice immunized with rtpx-N and rtpx-C {paneis A and B).
Peptide concentrations were the same as those in Fig. 2, and concentrations of tpx and Dol m 5 fragments IN
and C were the same as those of Dol m 5 in Fig. 2. Background incorporations of radioactivity were 7270 and
5110 cpm * 15% for triplicate measurements in panels A and B, respectively.

reagents for studies on peptide therapy, so that we can
determine, for a multivalent immunogen such as
Dol m 5, how many T-cell epitope peptides are required
for efficient suppression of immune responses. These
findings will be compared with those of melittin, which
contains only one major T-cell epitope.3®

We carried out studies on antigenic cross-reactivity of
Dol m 5 and a mouse testis protein, tpx, because of their
sequence similarity. Cross-reactivity was detected at
both T-cell and B-cell levels in BALB/c mice. One of the
cross-reactive T-cell epitopes was identified as peptide

176-195 (Fig. 1). However, the cross-reactivity is not
reciprocal because spleen cells from Dol m 5-immunized
mice did not respond to stimulation by tpx peptide
140-159, which shares sequence similarity with Dol m 5
peptide 176-195. When male or female mice were im-
munized with Dol m 5, indistingnishable antibody titers
were obtained (unpublished observation).

Several groups of investigators have observed that
more men than women, in a ratio of about 2 to 1, had
insect allergy as judged by their systemic and large local
reactions or by their death statistics.>” It has been
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assumed that these results are primarily due to greater
exposure because men work outdoors more often than
women do. Clinical data are often combined for patients
with bee and vespid allergies,*® but only vespid venoms
contain antigen 5. It remains to be established whether
antigenic cross-reactivity of vespid antigen S and tpx is of
clinical relevance.

Sequence similarity of other allergens with mamma-
lian proteins is known. A dominant T-cell epitope pep-
tide of the mite allergen Der p 1 was shown to cross-
react with the invariant chain-derived CLIP peptide in
mice of H-2° haplotype.®® Similar to Dol m 5, the
cross-reactivity of Der p 1 and CLIP peptides is not
reciprocal. The degree of sequence identity of Der p 1
and CLIP peptides is about the same as that of Dol m 5
and tpx peptides. Bee venom allergen phospholipase A,
has sequence similarity with the human enzyme but no
antigenic cross-reactivity at the T-cell level was de-
tected.!®

The biologic activity of a T-cell epitope peptide de-
pends on its binding to the class I1 MHC and T-cell
receptor molecules. Several authors have reported that
substitution of the major contact residues of a T cell
epitope for T-cell receptor binding may lead to in-
creased or decreased activity relative to that of the
natural T-cell epitope.*®*! This is also suggested by the
data in Table V for hornet peptides 81-100 and 176-195.
These two peptides have about the same degree of
sequence homology with their yellow jacket homologs,
but peptide 176-195 retains the activity to stimulate
yellow jacket-specific T cells, whereas peptide 81-100
does not.

Because of their different T-cell activities, it is possible
that a cross-reacting T-cell epitope of an allergen may
activate the proliferation of host-specific memory cells,
although the natural T-cell epitopes of the host cannot.
This would help to explain why susceptible persons can
become readily sensitized to minute amounts of allergen
and why the allergic response is long-lasting. To date,
the only common feature known for allergens from
different sources is their varying extents of sequence
similarity with other proteins in our environment. The
proposed role of antigenic cross-reactivity in allergic
diseases is in addition to the reported findings that
susceptible persons are genetically predisposed to mount
allergen-specific immune responses and also have genes
that influence the propensity of IgE synthesis.*?

We thank Dr. Masanori Kasahara of Hokkeido University
School of Medicine, Sapporo, Japan, for a gift of plasmid DNA
encoding mouse tpx, clone B4(1)4; Mr. Miles Guralnick of
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and Dr. Sheena Mische and the staff of the Protein Sequence
Facility of Rockefeller University, New York, for oligonucleo-
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