Peptide Immunogen Mimicry of a Protein-Specific
Structural Epitope on Human Choriogonadotropin
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It is a challenge to construct synthetic immunogens that elicit antibodies (Abs) both
directed to conformational epitopes and specific for a complex protein like human
choriogonadotropin (hCG). A monoclonal antibody specific for hCG bound to regions
around Lys* of the a subunit (hCGa) and Asp''? of the B subunit (hCGB). A peptide
comprising residues 46 to 55 of hCGa and residues 106 to 116 of hCGp elicited Abs
in rabbits that were directed to a discontinuous epitope and were specific for hCG.
These Abs inhibited the binding of hCG to its receptor. Thus, a synthetic immunogen
can mimic a conformational-specific epitope and can be useful for vaccine develop-

ment.

THE USE OF SYNTHETIC PEPTIDES AS
vaccines (1) has been hampered be-
cause most short peptides mimic
continuous epitopes composed of a linear
stretch of residues in the antigen, whereas
most epitopes that can elicit Abs are proba-
bly in antigens with intact tertiary or quater-
nary structures (2). These discontinuous (or
conformational) epitopes comprise amino
acids that are not consecutive in sequence
but are juxtaposed by peptide folding or by
quaternary structure. Attempts have been
made to develop antifertility synthetic vac-
cines by the use of peptides analogous to
different portions of hCG (3, 4). This pla-
cental hormone is structurally related to the
pituitary hormones lutropin (hLH), follitro-
pin, and thyrotropin, which consist of two
noncovalently associated subunits, a and B,
where the a subunits are identical and the 8
subunits are quite similar, hCGf and hLHB
are 82% identical, although hCGp has a
unique sequence of 24 amino acids at the
COOH-terminus (5). A synthetic peptide of
the COOH-terminal 37 amino acids of
hCGB coupled to diphtheria toxoid has
been tested for vaccination, but is of poor
antigenicity and immunogenicity (4, 6).
Thus, other hCG-specific epitopes are need-
ed to construct new synthetic peptide vac-
cines (7). Because of both the biochemical
structure of hCG and the similarity of hCG
and hLH, such hCG-specific immunogenic
sites are probably discontinuous epitopes, so
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the peptides would have to mimic a tertiary
or quaternary protein structure.

To localize an hCG-specific epitope, we
had previously studied the discontinuous
antigenic regions recognized by a monoclo-
nal antibody (MAb) to hCG, C8, which
binds only to hCG and does not cross-react
with either free hCGa and hCG subunits
or other glycoprotein hormones (8). C8
binds to a region of hCGB including, or
near to, Asp''? (9). In a “two-site” monoclo-

Fig. 1. (A) Delineation of A 25
antigenic regions on the o
subunit recognized by MAb
C8 to hCG by recombina-
tion experiments. Briefly, a
subunits from different spe-
cies (4 pg) were recombined
with hCGB (5 pg) by incu-
bation for 20 hours at 37°C
(9). The final products were
then diluted 1:2 to 1:1000
in normal human serum and
tested in a two-step immu-
noradiometric assay based
on C8 as “capture” antibody
on a solid-phase support
and '*°I-labeled monoclonal
anti-hCGB antibody FBT
10 as radiolabeled indicator
(10). Results are expressed 0
as 'L-FBT 10 bound in
counts per minute. The indi-
cated values represent the
arithmetic mean of duplicate
samples taken from one ex-
periment. The standard de-
viation (SD) were all less
than 10% of the sample
mean; and each experiment
was reproduced at least
twice with similar results.
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nal immunoradiometric assay (M-IRMA)
(10), MAb C8 bound both to the hCGB
subunit and the a subunit of human, equine,
porcine (9), ovine, turtle, and carp (Fig.
1A), indicating that C8 recognized a region
of the a subunit conserved throughout evo-
lution, most likely located near Lys* (11).
Thus, the hCG-specific antigenic site recog-
nized by C8 was probably a discontinuous
epitope comprising amino acid residues lo-
cated within the hCGa.(41-60) (residues 41
to 60) and hCGB(101-121) regions (Fig.
1B).

Various synthetic peptides (12), whose
sequences included part or the totality of the
antigenic site of C8, were then constructed
to find peptide-carrier conjugates (13) that
could elicit Abs specific for hCG. A first
peptide (batch 1) spanning the hCGa(43—
49)-hCGp(110-116) regions was coupled
to tetanus toxoid (TT) and injected into
rabbits (Table 1A) (14). After four booster
injections, Abs to peptide were detected
with an enzyme-linked immunosorbent as-
say (ELISA) (15), but these Abs did not
bind to either hCG or its subunits by radio-
immunoassay (RIA) (16). Another peptide
(batch 2), spanning longer peptide se-
quences and including the hCGa(43-55)
and the hCGB(106-116) regions, was cou-
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hCGB (101-121): GGPKDHPLTCDDPRFQDSSSS

ovine LHa (A), turtle LHa (O), carp GTHo—hCGB (M), hCGa-hCGB (O), ovine LHa-hCGB (@),
and turtle LHa—hCGg (©). (B) hCGa and hCGP regions, including some amino acid residues
contributing to the antigenic determinant of MAb C8, as suggested by both previous (9) and present
experiments (Fig. 1A). The hCGa portion corresponds to a highly conserved region on o subunits of
different species. Under the hCGa sequence are shown those residues of ovine LHa (oLHa) and carp
GTHa (cGTHa) that differ from hCGa. The amino acid sequences are shown by means of the single-

letter code (24).
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pled to TT and injected into rabbits under
the same experimental conditions. Such a
peptide-carrier conjugate elicited Abs that
bound to both hCG and hCGB as demon-
strated by RIA. However, Abs to the a
subunit and hLH were also present in one
animal. In an attempt to avoid such cross-
reactivities, we assembled the hCGB(106—
116) portion with either the short length
hCGa(43-49) or the hCGa(46-55) se-
quence (batches 3 and 4, respectively). Abs
were elicited by the hCGo(43-49)-
hCGB(106-116) peptide that cross-reacted
with hLH in one antiserum, whereas Abs to
the hCGa(46-55)-hCGB(106-116) pep-
tide were consistently specific for hCG,
hCGB, or both (Table 1A). The latter pep-
tide-TT conjugate results were confirmed
with other peptide-carrier conjugates
(batches 5 to 7) based on the same peptide
sequence, but with different coupling
agents, carriers, or immunization doses (Ta-
ble 1B). In 19 of 20 rabbits injected with
200 pg of peptide (batches 5 and 6) and 2
of 10 rabbits injected with a lower dose (15
ng) of peptide (batch 7), Abs to hCG were
present; these antisera were consistently spe-
cific for hCG, hCGB, or both. The ability of
a peptide comprising an hCGa portion and
the hCGB(106-116) region to induce an
hCG-specific Ab response depended on the
hCGa sequence, because peptides that in-
cluded Ser®*-Lys*-Lys* of hCGa (batches
2 and 3) elicited Abs that cross-reacted with
hLH, whereas a peptide without these resi-
dues elicited Abs specific for hCG, hCGB,
or both.

Four (representative) antisera from rabbits
injected with hCGa(46-55)-hCGB(106—
116) peptide-conjugates were titrated on
hCG or the individual subunits (Fig. 2). One
antiserum (R40-7) bound to hCG, but not to
hCGg or to the peptide. Lack of binding to
the peptide in an ELISA might be due to

Table 1. Antibody response of rabbits injected with different peptide-carrier
conjugates varying in (A) peptide sequence and (B) carrier or coupling
agent. Peptides depicted were synthesized according to the solid-phase
method of R. B. Merrifield (12). The peptides were coupled to tetanus
toxoid (TT) or keyhole limpet hemocyanin (KLH) with N-cyclohexyl-N'-

modifications of the peptide structure in the
immunizing preparation or in the solid-phase
support (17, 18). The unique specificity of
antiserum R40-7 for hCG with no binding
to hCGB, and the preferential binding of
antiserum R9-4 to hCG in comparison to
hCGB, suggested that a population of Abs
with a unique specificity for hCG might
predominate in some antisera that are elicit-
ed by the hCGa(46-55)-hCGB(106-116)
peptide.

To characterize the antigenic sites recog-

nized by Abs in the same four antisera, we
tested free subunits or hybrids formed by
recombination of an a subunit with a 8
subunit, for inhibition of '?°I-labeled hCG
("*I-hCG) binding to the antisera (19).
Free hCGB was as potent as the recombi-
nant hCGa-hCGB product in inhibiting
binding to '*’I-hCG to both antisera R10-4
and R37-6, suggesting that most Abs in
these antisera were to the hCGB(106-116)
portion (Fig. 3). In effect, inhibition profiles
of such antisera were similar to those ob-
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Fig. 2. Titration of antiserum R9-4 (@), R10-4 (<), R37-6 (O), or R40-7 (A) collected from four
rabbits injected with different batches of hCGa(46—55)-hCGB(106-116) peptide-carrier conjugate.
Binding of (A) '*I-hCG, (B) '*’I-hCGB, or (C) *I-hCGa to different antisera was tested by RIA (16)
and expressed in percent of radiolabeled hormone or subunit bound. (D) Binding of the hCGa(46—
55)-hCGB(106—116) peptide to each respective antiserum was tested by ELISA (14). The indicated
values represent the arithmetic mean of duplicate samples (as explained in Fig. 1). Standard deviation
for each data point was <5%; and each experiment was reproduced at least twice with similar results.
The first number identifies the rabbit eliciting the antiserum and the second indicates the batch of
immunogen used to inject the rabbit, as indicated in Table 1.

morpholinoethyl carbodiimide (CMECDI), glutaraldehyde, benzidine, or
tetramethylbenzidine as coupling agent (13). After immunizations (14),
antisera were screened for specific reactivity by either ELISA with the
respective noncoupled immunizing peptide (15) or RIA with '*I-labeled
hormones or subunits (16).

Couplin . Number Number of rabbits with antibodies to
Batch Peptide sequence pung Carrier of
agent rabbits  Peptide*  hCGt hCGBt hCGat hLH?T

A

1 hCGa(43-49)-hCGB(110-116) CMECDI TT 4 4 0 0 0 0

2 hCGa(43-55)-hCGB(106-116) CMECDI T 2 2 2 2 1 1

3 hCGa(43-49)-hCGB(106-116) CMECDI T 2 2 2 1 1 1

4 hCGa(43-49)-hCGB(110-116) CMECDI T 10 10 7 6 0 0
B

5 hCGa(46-55)-hCGR(106-116) Glutaraldehyde = TT 10 10 9 9 0 0

6 hCGa(46-55)-hCGB(106-116)YG Benzidine KLH 10 10 10 10 0 0

7 hCGa(46-55)-hCGB(106-116)YG TMB T 10 2 2 1 0 0

*A significant response in ELISA was determined as the absorbance (492 nm) value >1 at a serum dilution of 1:1000 after five injections.

tA significant response in RIA was

determined as the percentage of binding >5% at a serum dilution of 1:100 after five injections.
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served with a MAb designated FB12 and
directed to the hCGP(110-116) region
(20). In contrast, inhibition profiles ob-
served with antiserum R9-4 showed that
two different populations of antipeptide
antibodies were present in this antiserum,
the first directed to the hCGp portion and
the second to an epitope present on both a
and B regions, since inhibition of up to 36
and 79%, respectively, was obtained with
the free hCGR subunit and the recombinant
hCGa-hCG products. Products formed by
recombination of hCGa with hCGB inhibit-
ed the binding of '*I-hCG to antiserum
R40-7, whereas the free subunits did not,
thus the entire population of Abs to the
peptide in this antiserum was to a discontin-
uous antigenic site comprising amino acid

residues of both hCGa and hCGp subunits.
Two major epitopes, therefore were present
on the hCGa(46-55)-hCGB(106-116)
peptide: a continuous epitope located with-
in the hCGB portion and a quaternary
protein—specific epitope of hCG compris-
ing amino acid residues of both the
hCGa(46-55) and the hCGB(106-116)
regions.

We also studied the capacity of antipep-
tide antibodies elicited by hCGa(46-55)—
hCGB(106-116) peptide-carrier conjugates
to inhibit the binding of hCG to the CG-
LH receptor (21). Radioreceptor assays us-
ing 'I-hCG showed that antipeptide anti-
bodies R9-4, R10-4, R37-6, and R40-7
were capable of inhibiting the binding of
11-hCG to its receptor, as were both hCG

Fig. 3. Characterization 100Ff
of the antigenic site rec- A
ognized by antiserum
(A) R9-4, (B) R40-7,
(C) R37-6, or (D) R10-
4 by competitive inhibi-
tion experiments with 50+
recombinant  products.
These products were ob-
tained by recombination
of o subunit (4 ug) with
B subunit (5 wg) after
incubation for 20 hours

at 4°C (9); they were
used to inhibit binding
of 'I-hCG to these
antisera.  Experiments
were performed by RIA
(19), and results are ex-
pressed in percent in-
hibition of '*I-hCG
binding. The indicated
values represent the
arithmetic mean of du-
plicate samples (as ex- 3
plained in Fig. 1). The 0
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Percent inhibition
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ment was reproduced at
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least twice with similar results. hCGo (®), hCGB (A), ovine LHa (<), hLHB (A), hCGa-hCGB (O),

hCGa-hLHB (O), and ovine LHo—hCGB (@®).

Fig. 4. Inhibition of 8r
12I-hCG binding to the
CG-LH receptor by
hCG, MAD C8, or anti-
serum R9-4, R40-7,
R10-4, or R37-6. Ex-
periments were  per-
formed by radioreceptor
assay with inhibitors di-
luted at 1:400 (bars
with diagonal lines),
1:200 (solid bars), and
1:40 (bars with vertical
lines) from the initial N.c
source of reagent (21).

NS, nonspecific rabbit
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antiserum; NC, negative control corresponding to the maximal binding of '*I-hCG to the CG-LH
receptor in the absence of an inhibitor. The indicated values (counts per minute) represent the
arithmetic mean of duplicate samples (as explained in Fig. 1). The SDs were all less than 10% of the
sample mean; and each experiment was reproduced at least twice with similar results.
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and MADb C8 (Fig. 4).

Our results show that the delineation of
an antigenic size recognized by a MAb
specific for hCG enables the definition of a
quaternary protein—specific epitope present
on this hormone and the construction of a
synthetic immunogen mimicking such an
epitope. Peptides can elicit Abs of predeter-
mined specificity, but were described as
raising antibodies directed to continuous
epitopes. We now show that a synthetic
immunogen can elicit Abs to a conforma-
tional epitope that are specific for a hetero-
dimeric structure. These experiments were
carried out in rabbits with a peptide mimick-
ing an epitope on human CG, thus raising
the question as to whether the same species
can make antipeptide Abs to its own CG-
LH. A peptide spanning the «(50-59)—
B(106-116) portions of rat LH (rLH) and
corresponding to the hCGa(46-55)—
hCGB(106-116) regions was synthesized
and conjugated to TT. In five female rats
injected with the peptide-carrier conjugate,
Abs to rLH were consistently detected by
RIA (22), indicating that the synthetic im-
munogen is effective when used in the same
species.

The capacity of a synthetic peptide to
mimic a conformational epitope is of partic-
ular interest for the development of an hCG
vaccine for producing infertility and can be
applied not only to the construction of
potential vaccines (17, 23) but also to the
synthesis of immunogens to generate MAb
probes for use in other disciplines.
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Regulation of Alloreactivity in Vivo by a Soluble
Form of the Interleukin-1 Receptor

WiLLiam C. FANsLow, JoHN E. Sims, HELMUT SASSENFELD,
PHILIP ]. MORRISSEY, STEVEN GILLIS, STEVEN K. DOWER,

MicHAEL B. WIDMER

In vitro studies have shown that cytokines are involved in the regulation of the
immune response, but their role in vivo is less well defined. Specific cytokine
antagonists enable the identification of particular cytokines involved in the response
and offer a means for modifying it. Systemic administration of a soluble, extracellular
portion of the receptor for interleukin-1 (sIL-1R) had profound inhibitory effects on
the development of in vivo alloreactivity. Survival of heterotopic heart allografts was
prolonged from 12 days in controls to 17 days in mice treated with sIL-1R. Lymph
node hyperplasia in response to a localized injection of allogeneic cells was completely
blocked by sIL-1R treatment. The inhibition was overcome by simultaneous adminis-
tration of interleukin-1 (IL-1); thus, sIL-1R acts by neutralizing IL-1. These results
implicate IL-1 as a regulator of allograft rejection and demonstrate the in vivo
biological efficacy of a soluble cytokine receptor.

NTERLEUKIN-loe AND INTERLEUKIN-
18 (IL-la and IL-1B) are cytokines
involved in regulation of the immune
and the inflammatory response (1, 2). De-
spite their distinct primary amino acid se-
quence (3), both IL-1a and IL-1B8 bind to
the same specific plasma membrane receptor
(4-8). The IL-1 receptor (IL-1R) on murine
T cells was identified by cDNA expression
cloning and NH,-terminal sequence analysis
as an integral membrane glycoprotein of M,
80,000 (9, 10). When a ¢cDNA encoding
316 residues of the extracellular region of
the murine IL-1R is expressed in HeLa cells,
they secrete a soluble IL-1 binding protein
into the culture medium (11). Although it is
not sufficient for signal transduction (12),
this soluble, truncated receptor (sIL-1R)
exhibits IL-1 binding properties similar to
those of the full-length receptor (11) and, as
such, represents a molecule with the poten-
tial to inhibit the biological activities of IL-
1. To determine if sIL-1R would modulate
the immune response in vivo, we measured
its effects on the rejection of cardiac allo-
grafts and on the in vivo lymphoprolifera-
tion that occurs after challenge with alloge-
neic cells.
Neonatal C57BL/6 (H-2® major histo-
compatibility complex haplotype) hearts

Immunex Corporation, Seattle, WA 98101.

were transplanted into the ear pinnae of
BALB/c (H-29) hosts. Survival of the trans-
planted hearts was assessed by visual inspec-
tion of the grafts for pulsatile activity. Such
grafts survived 11 to 13 days in individual
control mice treated with mouse serum
albumin (MSA) (Table 1). When allograft
recipients were given three to six daily injec-
tions of sIL-1R, graft survival was pro-
longed in every case. The mean graft survival
time in sIL-1R—treated mice (17 to 18 days)
was 5 to 6 days longer than the survival time
of identical grafts in control mice (Table 1).
The prolongation of cardiac allograft surviv-
al achieved with this short-course treatment
of sIL-1R is similar to or greater than that
observed in a similar grafting system with
other immunosuppressive regimens, such as
treatment with antibodies to CD4 glycopro-
tein or total lymphoid irradiation (13). Pro-
longation of graft survival with sIL-1R was
not as great as that observed after treatment
with antibody to the IL-2 receptor in a
different grafting model (14, 15). A direct
comparison of these various immunosup-
pressive agents would be necessary to deter-
mine their relative efficacies.

The effect of sIL-1R on alloreactivity in
vivo was also examined in a second experi-
mental system, involving the localized, T
cell-dependent, lymphoproliferative  re-
sponse to allogeneic cells. BALB/c mice
were exposed to irradiated, allogeneic
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