Molecular Medicine 6(6): 494-508, 2000

Molecular Medicine

© 2000 The Picower Institute Press

Immunogenicity of an Eight Amino Acid Domain Shared
by Fas (CD95/Apo-I) and HIV-1 gp120. 1. Structural

and Antigenic Analysis

Franco Silvestris,! Tiziana Cocco,? Paola Cafforio,! Nicola Calvani,!

and Franco Dammacco’

"Department of Biomedical Sciences and Human Oncology,

Section of Internal Medicine

2Institute of Biochemistry, University of Bari, Bari, Italy

Accepted April 15, 2000.

Abstract

Background: Previous studies have demonstrated
that immunoglobulin G (IgG) antibodies to
VEINCTR-N, a domain shared by Fas (CD95/Apo-I)
and gpl20, contribute to T-cell apoptosis during
human immunodeficiency virus-type 1 (HIV-1) in-
fection as a result of the agonist cross-linking of Fas.
The present work was designed to determine
whether these molecules are elicited primarily to
HIV-1 or the cell receptor.

Materials and Methods: Sera from 439 HIV-1-
infected patients were screened by ELISA for their
reactivity to VEINCTR-N. Subjects with significant
serum elevations of IgG anti-VEINCTR-N were fur-
ther investigated. Immunologic parameters, includ-
ing CD4" and CD8"' lymphocyte count, extent of
T-cell apoptosis, occurrence of both anti-Fas anti-
bodies and circulating soluble Fas titers, and reac-
tivity to the 8-mer peptides resembling the flank-
regions of VEINCTR-N on both gp120 V3 loop and
Fas were examined. In addition, the antigenicity of
these domains was assessed by biochemical and
computerized analyses.

Results: 21 patients with significant levels of IgG to
VEINCTR-N showed both an increased extent of pe-
ripheral T-cell apoptosis and binding to full-length
Fas. A weak, though positive correlation of the anti-

VEINCTR-N activity with its antecedent peptide on
Fas was also found. Charge and structural analysis
revealed that, although the extended 26-amino acid
(a.a.) regions on both proteins were hydrophilic, the
Fas peptide adjacent to VEINCTR-N expressed a
short B8-conformed a.a. sequence in contiguity with a
portion of the shared epitope, also in B-sheet confor-
mation. Patterns of antigenicity confirmed an appar-
ent immunodominance of the full VEINCTR-N,
based on its homology with the consensus sequence
of other members of the tumor necrosis factor (TNF)
receptor family. The hypothesis that the high im-
munogenicity of this region of Fas, rather than
gp120, can drive the production of anti-VEINCTR-N
antibodies also was supported by the concurrent
significant elevations of soluble Fas in almost all of
the sera studied.

Conclusions: Our results indicate that a high re-
lease of the soluble form of Fas by T cells during the
chronic immune activation of HIV-1 infection
primes a humoral response against this epitope of
Fas as a result of its high antigenicity. This is similar
to the antibodies to tumor necrosis factor « (TNFa)
receptor (R) (TNFa-R) that occur in response to in-
creased levels of the soluble receptor for TNF during
autoimmunity.

Introduction

Sequence homologies in the primary structure
of unrelated proteins are considered unusual in
biology. New techniques for preparing synthetic
peptides have contributed remarkably to the
identification of functional polymer(s) within
the full-length proteins. However, the occur-

rence of structural similarities, even including
short-length linear fragments between endoge-
nous and external proteins, such as bacterial and
virus products, may lead to a perturbation of the
immune response by molecular mimicry mecha-
nisms currently emphasized in the pathogenesis
of autoimmunity (1,2). Accumulating evidence
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also suggests that molecular mimicry is involved
with human immunodeficiency virus-type 1
(HIV-1)-related autoimmune phenomena, since
many structural homologies between the retro-
virus and functional molecules of the immune
system have been described (3,4). These
homologies appear to belong to predominantly
env-encoded products, particularly gpl20 (5),
which represents the viral component pri-
marily detected by the immune system when es-
tablishing initial molecular contact with CD4"
T cells.

We recently identified a functional epitope of
Fas (CD95/Apo-I) (6), a membrane receptor that
promotes the cellular death by apoptosis (7,8)
and acts as the molecular target of serum anti-
bodies in a number of HIV-1-infected individu-
als (9). This domain, namely VEINCTR-N, is
located within the amino acid positions (a.a.
pos.) 115-124 of the extracellular portion of the
protein (7). It is shared structurally by the third
N-glycosylation site of the gp120 V3 loop within
a.a. pos. 171-180 (10). Such a linear sequence is
invariably expressed by the HIV-1mis strain (11);
whereas, it shows a single substitution of Glu
(E) by GIn (Q) in other virus subgroups, includ-
ing HIV-1mn and HIV-1rF (12). Immunoglobu-
lin G (IgG) antibodies to VEINCTR-N induce
apoptosis in Fas-sensitive cells and, thus, resem-
ble the biological effect of the natural ligand
(Fas-L) of the receptor (13). This also emphasizes
the pivotal role of the 8 a.a. stretch in the func-
tional activation of Fas, which is essential for
transducing the death signals to the intracellular
pathway (14). Serologic elevations of anti-Fas anti-
bodies also have been associated with T-cell deple-
tion and progression to AIDS (9,15), suggesting
that the decline of peripheral CD4 " cells in the pre-
sence of anti-VEINCTR-N specificities includes
an apoptotic mechanism mediated by extrinsic
activation of Fas. Both the abnormally increased
expression and the susceptibility of this receptor
to linkage by either agonist or non-agonist ligands
(16) are thought to be major events driving T cells
to undergo apoptosis in HIV-1 disease (17-19).

We postulated reactivities to VEINCTR-N
(6) as the result of the peculiar epitope specificity
of HIV-1 neutralizing antibodies to the V3 loop,
against which the majority of those molecules
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are directed because of its high immunogenicity
within the gp120 structure (12). However, ago-
nist anti-Fas antibodies have been detected re-
cently in healthy donors (20), with no evidence
of previous immunization to HIV-1. Clinical
activity in autoimmunity also has been associ-
ated with serum elevations of soluble forms of
both Fas and its ligand (21,22) and related
antibodies (23). This is an effect of Fas/Fas-L
deregulation, resulting in solubilization of
such molecules, which are currently regarded
as apoptosis-blockers (24).

Since the derangements of Fas/Fas-L de-
scribed in HIV-1 infection also may result in the
release of variable amounts of sFas (25,26) and
formation of anti-Fas antibodies that correlate
with T cell depletion (15), we investigated
whether the apoptogen anti-VEINCTR-N IgG oc-
curring in HIV-1" subjects was interpreted as
true anti-Fas molecules, rather than elicited to the
V3 loop. The present study focused on the mole-
cular specificity of IgG to VEINCTR-N in a broad
group of HIV-1-infected subjects. By using syn-
thetic peptides overlapping the flank regions of
VEINCTR-N on both Fas and gp120, we found
that the majority of those specificities failed to
recognize peptides related to HIV-1; whereas, a
predominant reactivity to Fas was confirmed.
Thus, we explored both structural and biochem-
ical properties of these parallel domains of Fas
and gp120 to evaluate their relative antigenicity.
Data from our work suggest that in HIV-1 infec-
tion, VEINCTR-N is targeted as a specific com-
ponent of Fas and shows peculiar immunodomi-
nance. In addition, elevations of soluble Fas
(sFas) are detectable in the majority of subjects
with serum specificities to that domain.

Materials and Methods
Study Subjects

The study included the serological screening of
specificities to VEINCTR-N in 439 HIV-1" in-
dividuals at different CDC stages (27). Sera
were collected prevalently from subjects who
were examined and checked periodically dur-
ing their treatment at the outpatient clinic of
the Department of Internal Medicine and
Oncology, and from patients included in the
“Program of AIDS Prevention,” at the Institute of
Hygiene and Preventive Medicine, University of
Bari. A few patients with advanced disease were
also recruited from the Infectious Diseases Divi-
sion. All subjects gave their informed consent
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and the study was approved by the ethical com-
mittee of the University of Bari. Sera were di-
vided into aliquots and stored at —80°C until
use. Patients with serological positivities at
screening were recalled and asked to provide a
further blood sample for immunologic tests.
These included peripheral CD4" and CD8" cell
counts and evaluation of the extent of the apop-
totic T-cell population with subdiploid DNA by
propidium iodide (PI) staining (Sigma, St. Louis,
MO, U.S.A.). The flow cytometry method, in-
cluding both immunophenotype analysis and
measurement of apoptosis, has been described
previously (16).

ELISAs

We installed a screening test for positivity to
VEINCTR-N and subsequent assays by measur-
ing the reactivity to several 8-mer peptides re-
sembling the linear sequence of its flank regions
on both Fas and gp120. Primary structure of such
regions was obtained from the Database Services
at (NCBI); (Bethesda, MD) via Internet. The pep-
tides were produced by an automated synthe-
sizer (Biochrom Biolynx 4170; LKB, Vliby,
Bromma, Sweden) by fluorenylmethoxycarbonil
(Fmoc) chemistry and purified by high perfor-
mance liquid chromatography (HPLC). Mi-
crotiter 96-well plates were coated separately
with 10 pg/ml of each peptide and incubated
subsequently with sera diluted 1/100 for 5 hr.
Conformity of peptide binding to plates was as-
sessed for uncoupled peptides by parallel tests
using keyhole limpet hemocyanin (KLH) as a
carrier protein (28). Since all 8-mers in their glu-
taraldehyde-KLH-coupled form appeared to
bind the ELISA solid phase with equal effi-
ciency, the plates were coated with uncoupled
antigen to prevent any cross-reactivity with KLH
(29), as experienced in previous work (6). The
plates then were supplemented with a goat
peroxidase-conjugated anti-human IgG and,
subsequently, read in a micro-ELISA reader
(Titertek; Flow Laboratories, Irvine, Scotland)
after their OPD (O-phenylenediamine) color de-
velopment. Negative controls of the assay were
provided by the second antibody by itself. Pa-
tients” sera with absorbance to VEINCTR-N, cal-
culated as higher than the mean value of the
whole HIV-1" population supplemented with
standard deviation (3SD), were considered pos-
itive and investigated for relative reactivities to
8-mer adjacent peptides on both Fas and gp120.

A further ELISA evaluated the affinity to full-
length Fas molecule in anti-VEINCTR-N-posi-

tive sera. This assay used a chimeric recombinant
(r) Fas-Fc as antigen (Immunotech, Marseille,
France) and was completed as described (6), in-
cluding the measurement in sera of anti-Fc (RF)
levels to calculate the actual anti-Fas reactivities.

Soluble Fas levels were measured in sera
from anti-VEINCTR-N-positive patients and in a
control group of 67 sera randomly derived from
the pool of negative patients. Additional sera
from three patients with active systemic lupus
erythematosus (SLE) showing elevations of sFas
in previous ELISA were included in this assay as
positive controls (22), along with a group of 19
healthy donors as negative controls. The test was
performed by coating the plates with 2.5 pug/ml
of CH11 anti-Fas (IgM) monoclonal antibody
(MoADb) (Immunotech, Marseille, France) in car-
bonate buffer pH 9.6 and further incubation of
sera at 1/10 dilution in phosphate-buffered saline
(PBS) containing 10% of fetal calf serum (FCS)
and dry milk. After 5 hr incubation, the plates
were washed and supplemented with a second
anti-Fas MoAb (IgG1 from clone ZB4) and incu-
bated for 2 hr at room temperature. This sand-
wich ELISA, which makes use of anti-Fas
MoAbs of a different isotype, reacts with over-
lapping domains of Fas (30) and has been opti-
mized recently by our lab. The CH11 IgM as Fas
agonist MoAD is unable to induce a full satura-
tion of its antigenic sites, since it is not a precipi-
tating antibody. Therefore, the Fas-antagonist
ZB4 IgG1 was found to link its reactive epitopes,
even on CH11-coupled Fas molecules. We also
verified the use of UB2 IgGl anti-Fas (Im-
munotech) as a second antibody of this assay and
found a similar reactivity as for ZB4. Thus, the
ELISA was standardized with ZB4 for high re-
producibility of data and was completed by stan-
dard procedure using a labeled goat anti-mouse
IgG and color development following the OPD
addition. A positive control of known amount
was provided by rFas-Fc molecule (Immuno-
tech) at 2.0 ng/ml. As in previous ELISAs, each
serum sample was evaluated in triplicate and
positive significance was attributed to values of
optical density (O.D.) higher than the mean +
3SD obtained from the entire HIV-1" population.

Charge and Conformational Structure Analysis

The molecular structure of synthetic peptides
was investigated by differential methods. Since
VEINCTR~N elicited a T-cell-mediated response,
resulting in production of specific antibodies,
we first used the “TSites” computer software
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(MedImmune Inc., Gaithersburg, MD) (31),
which predicts both the presence and charge of
epitopes reactive to T cells by combining four
algorythms for each peptide. This program
scans the intrinsic structural properties of the
primary a.a. sequence, including alpha-helical
periodicity, amphipathicity, and predictive con-
formation in relation to its a.a. complementar-
ity to HLA class I and II molecules (32). Since it
also has been shown to predict immunogenic re-
gions within proteins in most structural studies
(33), we explored the full-length sequence of
both Fas and gp120, particularly the regions in-
cluding the 8 a.a. peptides before and after
VEINCTR-N.

Evaluation of Immunogenicity
and Three-dimensional Models

We assessed the antigenicity of single peptides
from both Fas and gp120 to determine whether
the linear epitopes were accessible to humoral
aspects of the immune system. The structure of
the Fas region investigated in the present study is
not described in the recent crystallographic as-
sessment of the receptor (34), which starts at a.a.
pos. 202. Therefore, we first explored the bio-
chemical properties of Fas-related peptides by
evaluating the linear sequence, as well as atomic
flexibility and hydrophilicity. The antigenic pro-
file was also assessed by the “Antheprot-
Antigenicity Method” program, as suggested by
Parker and co-workers (35) and provided by In-
ternet. Briefly, the analysis is based on a predic-
tive method that compares the percentage of each
a.a. in single epitopes with the percentage of the
residues in the average composition of a protein.
Thus, both antigenicity and hydrophilicity values
are obtained by calculating the relative occur-
rence of each a.a. within defined epitopes, with
respect to the full-length protein. The three-di-
mensional (3D) structure of both Fas and gp120
reactive peptides, subsequently, was achieved by
computer analyses using “PCImdad” software
(Molecular Applications Group, Palo Alto, CA),
which provided the visualization of the immuno-
genic epitopes in three-dimensional models on
the computer screen. However, the exact position
of the side chain residues, as well as the actual
conformational structure, were not known be-
cause the complete arrangement must await crys-
tal analysis. Therefore, since Fas belongs to the
tumor necrosis factor (TNF) receptor (R) family
and, since its domain showed high homology
with the corresponding region of TNFa-R

through the presence of a consensus sequence
(7), we generated the 3D model of this extracel-
lular portion of Fas, namely the a.a. 101-127
stretch, from the crystallographic coordinates of
the sTNFa-R (36). The modeling procedure was
also elaborated with the Composer® homology
modeling program (37) provided by Internet
(http://www.ibcp.fr/) and all disulphide link-
ages located within the consensus sequence were
joined in analogous conformation to their loca-
tion on TNFa-R.

Statistical Analysis

The correlation of reactivities to different anti-
gens in ELISA assays was assessed by linear
regression analysis.

Results
Anti-VEINCTR-N Reactivity and Immune Parameters

A VEINCTR-N IgG screening of the intact HIV-
1" population provided the relative O.D. mean
value (0.243 = 0.039). Therefore, 21 patients
with anti-VEINCTR-N reactivity higher than
this value, plus 3SD were considered positive. In
all instances, their antibody levels were much
higher than the control mean value obtained from
the group of normal donors (O.D. = 0.117 =
0.021). Table 1 shows their relative O.D., pe-
ripheral lymphocyte, counts, and subdiploid
T-cell populations. Variable affinity to the
peptide was illustrated by the O.D. values
range: 0.377 (pt. DI-T07) to 1.163 (pt. DI-F31).
Analysis of correlations revealed, in several in-
stances, individual CD4" cell counts inversely
related to anti-VEINCTR-N values; whereas,
these reactivities were independent of the
clinical stage and/or CD8" cell numbers. In
addition, although the amplitude of the apop-
totic cell population was apparently increased,
compared with the reference values from
healthy controls (16), the highest reactivities
were not associated constantly with the con-
current expansion of the relative cell popula-
tion with subdiploid DNA (i.e.: pts. DI-F31
and HY-417 with respect to pts. DI-V42, ID-
CT06, and ID-CT98). Table 1 also shows the
0.D. values of serum reactivity to Fas in these
patients. As in a previous work (6), there
was a substantial expression of this reactivity
in almost all sera and its values were re-
lated positively to anti-VEINCTR-N specificity
(R* = 0.397).
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Table 1. Immune parameters in 21 HIV-1-infected individuals showing positive values of reactivities

to both VEINCTR-N and the full-length Fas molecule in chimeric form.

Peripheral Lymphocytes

Peripheral T

Cells with Elisa Reactivities (O.D.)
CDC CD4" CD8"  Subdiploid DNA
Patients Stage Cells/pl Cells/pl  Cells/pl (% of PI staining) Anti-VEINCTR-N Anti-Fas
1) DI-BO3 1I 1,390 381 724 32.5 £49 0.690 = 0.04 0.815 * 0.03
2) DI-F12 1I 981 301 567 37.5 £ 6.1 0.795 * 0.04 0.509 = 0.1
3) DI-F31 v 690 122 465 43.5 £ 5.0 1.163 *= 0.15 1.384 = 0.18
4) DI-R10 IIT 809 212 494 39.6 =11 0.985 = 0.11 1.206 = 0.09
5) DI-T07 1I 2,907 705 1,708 21.9 * 6.4 0.377 = 0.03 0.705 = 0.03
6) DI-V42 v 550 107 308 41.5 * 13 0.890 * 0.07 0.511 = 0.06
7) HY-011 1I 1,415 409 892 275175 0.788 * 0.09 1.080 = 0.12
8) HY-106 1I 1,024 328 590 30.5 £ 4.5 0.810 = 0.09 0.957 + 0.09
9) HY-167 1I 870 309 427 28.6 = 11.2 0.780 * 0.05 0.952 * 0.11
10) HY-215 IIT 715 225 430 N.D. 0.668 * 0.08 0.515 * 0.06
11) HY-227 1I 918 301 560 26.5 94 0.720 = 0.03 1.230 = 0.15
12) HY-304 11T 706 224 503 33.0 £5.7 0.538 = 0.03 1.035 = 0.09
13) HY-417 IIT 780 190 515 40.8 = 12.5 1.090 = 0.14 1.561 = 0.18
14) HY-432 v 515 108 390 36.4 = 8.5 0.765 * 0.05 0.670 = 0.08
15) HY-453 1I 1,215 412 695 28.6 = 5.5 0.480 * 0.03 0.812 * 0.09
16) HY-512 v 640 175 406 343 *9 0.860 = 0.1 1.015 = 0.14
17) HY-813 IIT 814 290 475 N.D. 0.420 = 0.03 0.790 = 0.09
18) HY-903 1I 1,138 220 709 38.5 £ 6.8 0.415 = 0.02 0.563 = 0.03
19) ID-CR21 IVc 280 9 168 N.D. 0.630 = 0.03 0.702 = 0.04
20) ID-CTO06 IVc 594 45 386 46.3 = 8.2 0.836 * 0.09 1.008 = 0.07
21) ID-CT98 IVc 389 28 306 41.5 * 6.5 0.410 = 0.01 0.485 * 0.03

Data include relative levels of the peripheral T cell population with subdiploid DNA content. CDC, Centers for Disease

Control; PI, propidium iodide; O.D., optical density.

Correlation of Anti-VEINCTR-N Reactivities
with Specificities to Fas-related Peptides

ELISA revealed a peculiar pattern of reactivi-
ties to these peptides. Figure 1A shows the
linear structure with respect to their position
on both gp120 and Fas. Therefore, each 8-mer
was named as peptide #1 or #2, in relation to
its position before or after VEINCTR-N,
respectively, within each protein. Figure 1B
includes the correlative analyses of anti-
VEINCTR-N reactivities in positive sera with
relative affinity to each peptide from both pro-
teins. As depicted, no correlation between
these reactivities was found in assays using
the peptides #1 and #2 of gp120 (up). In both
instances, the O.D. values of reactivity to 8-
mers revealed a minimal, though unrelated,
affinity and the linear regression analysis con-

firmed the lack of correlation between the anti-
VEINCTR-N reactivity and each peptide. Con-
versely, we observed a divergent pattern of re-
activities to the peptides derived from the
linear sequence of Fas (below). Although the
peptide #1 displayed a variable affinity to IgG
from several sera with a slight, though definite,
correlation of these reactivities with relative
anti-VEINCTR-N (R* = 0.131), no correlation
was observed with the O.D. values of specificity
to peptide #2 of Fas. These results suggested
that sera reactive to VEINCTR-N also showed
preferential binding to its antecedent epitope
CDEGHGLE, which was located in position
107-114 of Fas, thus, supporting the hypothe-
sis that at least a few a.a. of this stretch could
be included within the molecular specificity of
anti-VEINCTR-N IgG.
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Fig. 1. Primary structure of Fas and HIV-linear
peptides. (A) Primary structure of 26 amino acid
stretches from both gp120 V3 loop and Fas sharing
the homologous sequence VEINCTR-N detected by
serum IgG in 21 out of 439 HIV-1-infected individ-
uals. The adjacent 8-mer peptides were synthesized
and numbered as peptides #1 and #2 on each
protein to evaluate by ELISA their potential in-
volvement in the molecular target of anti-

Structural Analyses of Fas
and gp120-related Peptides

The next set of experiments investigated the
structural variability of VEINCTR-N within both
Fas and gpl20, in relation to the contiguous
peptides on both proteins. Preliminary tests
evaluated the biochemical properties of both
peptides and Figure 2 illustrates their charge
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1 .
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VEINCTR-N specificities. (B) ELISA correlation of
anti-VEINCTR-N activity with that to peptides #1
and #2 from both gp120 and Fas. The only low,
though positive, correlation occurred with peptide
#1 of Fas; whereas, the reactivities to other
peptides were independent of anti-VEINCTR-N
positivities. HIV-1,;;5, human immunodeficiency
virus-type lyyg.

and relative hydropathy plots. As shown in
Figure 2A, a prevalently positive charge leading
to relative hydrophilicity was detected in
VEINCTR-N, as well as in the adjacent pep-
tides. The exception was peptide #1 of Fas,
which was negatively charged and, therefore,
potentially hydrophobic by itself. However,
hydropathy plots in Figure 2B of the 26 a.a.
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Fig. 2. Analysis of charge and hydropathy plots
of VEINCTR-N and its 8-mer contiguous pep-
tides on both gp120 and Fas. (A) Peptide #1 of Fas
shows a prevalence of negative charge, in contrast
with other peptides including VEINCTR-N. (B) Both

extended regions of gp120 and Fas (VEINCTR-N
plus two 8-mers) revealed the persistence of a
negative charge in both proteins, though hy-
drophilicity values were more pronounced
within the epitopes of the viral protein (shaded
areas).

The predicted structure of the domains
including VEINCTR-N on both gp120 and Fas
was also evaluated by combining four algo-
rithms in relation to their primary sequence.
Figure 3 shows the results of this analysis,
with relative values attributed by the software

T I
110

primary structure
regions from gp120 and Fas manifest a hydrophilic
pattern, though the shared epitope displays higher
hydrophilicity in the construct from the virus
protein (shaded areas). Pept., peptide.

to each residue in relation to the possible struc-
ture. As represented, the 8-sheet conformation
was observed on the first four a.a. of
VEINCTR-N in both proteins. Interestingly,
the peptide #1 of Fas showed a sequence of
three a.a. motifs in an adjacent position to
VEINCTR-N, which was also assessed as S-
sheet in contiguity to the epitope. This result
emphasized the hypothesis that the full region
of seven residues in B-sheet conformation
structure could be immunogenic to the anti-
VEINCTR-N IgG.
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PREDICTED
Peptide # 1 Helix Sheet Turn Coil STRUCTURE
gp120 Fas gp120|Fas | gp120 |Fas | gp120 |Fas | gp120 | Fas 8p120 | Fas
831 (le) 107 C (Cys) 21| 6 6|72 5 | 171 66 | 47 coiL
| (lle) D (Asp) 59| -7 19 [-83 47 [ 195 49 [ 17 colL
V (val) E (Glu) 61 | -18 82 [-71 58 | 184 92| 23 colL
Q (GIn) G (Gly) 35 | 24 154 |-66 76 | 151 85 | 13 colL
L (Leu) H (His) 1| 29 141 |11 67 | 106 81 |-62 colL
N (Asn) G @Gly) 50 | -15 33 [ 99 78 | o4 92 | 67 colL
T (Thr) L (Leu) 88| -4 13 119 70 | o6 77 | 27 HELIX
170 § (Ser) 14 E (Glu) 99| 17 53 [133 33| 39 87 | 10 HELIX
| Shared domain |
171 \/ (Val) 115 84 -1 98 [ 133 40| 85 55| 30
E (Glu) 38 54 155 | 135 27 | 38 29| 11
| (lle) 26 | -86 217 [142 19 | 74 73| 3
N (Asn) -88 |-103 154 | 124 75 | 90 34| 14
C (Cys) 125 [-100 74| 89 189 | 164 64| 23 TURN TURN
T (Thr) -153 | -93 18| 38 173 [ 186 142 1102 TURN TURN
R (Arg) -204 [-109 16 | 24 91 [156 188 | 18 coiL TURN
P (Pro) T (Thr) 172 [-126 13| 48 241 [158 193 | 167 TURN TURN
S (Sen Q (GIn) -199 [-156 2| 18 316 | 227 235 | 184 TURN TURN
180 N (Asn) 124 -206 |-151 74| 74 227 |217 176 [ 176 TURN TURN
| Peptide # 2 |
181N (Asn) 125 T (Thr) 229 [-151 134 74 246 [ 217 138 176 TURN | TURN
T (Thr) K (Lys) 249 |-149 129 | 91 226 | 197 109 | 164 TURN | TURN
R (Arg) C (Cys) 280 [-134 12| 41 249 | 182 755 124 TURN | TURN
K (Lys) R (Arg) 324|135 94| 17 161 | 189 203 [ 130 coiL TURN
R (Arg) C (Cys) 366 |-131 43|31 77 | 225 239 | 156 colL TURN
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Fig. 3. Structural analysis of multipeptide analysis to show a 7 amino acid (a.a.) sequence in

domains including VEINCTR-N from both
gp120 and Fas, obtained by calculating values
of four algorythms of each amino acid residue
in relation to the relative primary sequence.
The Fas domain was assessed by TSites computer

Immunogenicity of the Domain
Within the Fas-related Structure

Antigenicity of the polypeptide fragments from
both Fas and gpl120 was assessed by the An-
theprot method (35); whereas, the PCImdad
software provided an approach resembling the
3D models. Levels of antigenicity were as-
signed to each a.a. residue by a scale derived
from statistically known epitopes, and Figure
4A shows the relative patterns that included
extensive regions of about 50 a.a. residues from
both proteins. An apparently similar profile of
antigenicity occurred in these regions and
directly affected the stretch incorporating
VEINCTR-N. However, we observed that the
antigenic values of the Fas-related epitope in-
volved the intact domain and two of the -
conformed antecedent residues, namely, Leu
113 and Glu 114. Conversely, antigenicity of

B-sheet conformation composed of three a.a. motifs
of peptide #1 in contiguity with a portion of
VEINCTR-N. Conversely, the short stretch of four
B-conformed a.a. of the shared epitope was
isolately expressed within the gp120 domain.

the domain related to gp120 excluded Val 115,
Glu 116, and Ile 117 of the shared epitope and
was comprehensive of a few subsequent a.a.
residues. This analysis suggested that the pe-
culiar position of this epitope could result in
potential immunodominance, since it was en-
tirely antigenic within an extended region of
Fas. A further structural difference between
these domains was related to a discrepancy in
Cys residues. The linear sequence of V3 region
revealed the presence of a single Cys motif in
position 175 within the shared epitope. By
contrast, the parallel fragment of Fas evaluated
by the Antheprot method (35) (a.a. 100-150)
showed as many as 11 Cys residues, predomi-
nantly within the highly conserved consensus
sequence includ-ing VEINCTR-N. Therefore,
we verified the homology of this region with
the parallel consensus sequence of TNF type I
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Fig. 4. Antigenicity analysis and linear align-
ment of the shared peptide on Fas and gp120.
(A) Measurement of antigenicity of VEINCTR-N
region within 50 amino acid (a.a.) length domains
of both Fas and gp120 by the Antheprot method.
The computer analysis assigned high antigenicity
to a 12 a.a. epitope of Fas, including the intact
sequence in contiguity with Leu 113 and Glu 114
of peptide #1. By contrast, similar values of high
antigenicity were attributed only in part to the
shared epitope on the gp120 domain, since Val
171, Glu 172, and Ile 173 were not antigenic. (B)
Linear alignment of a portion of the first consensus
sequence of tumor necrosis factor (TNF) type I
receptor and Fas incorporating 5 Cys residues in
both receptors. Hyphens (-) are introduced to
obtain maximal homology. VEINCTR-N was pre-
sent within the consensus sequence and showed
high homology with its parallel domain on tumor
necrosis factor-a receptor (TNFa-R). Shaded areas
indicate full identity of a.a. residues; whereas, the
similarity of charge is depicted by vertical links.

b\

Fas

The homology between both stretches was calcu-
lated as 42.4% of identity and 60.6% of similarity.
Putative glycosylation site is indicated by an aster-
isk on Asn 118 of VEINCTR-N. The arrows indi-
cate several residues within the consensus
sequence of Fas, which are considered relevant for
ligand binding to the receptor (39). (C) Three-
dimensional molecular model of VEINCTR-N on
both Fas and gp120. The conformation related to
Fas was obtained by computer evaluation of the
high homology with the consensus sequence of
TNFa-R. The model also includes the Cys residues
(yellow) in identical posi-tion, as assembled in
disulphide bonds on TNFa-R. This suggests that
Cys 119 included within VEINCTR-N is joined to
Cys 104 and that the presence of another disul-
phide link (Cys 107 = Cys 127) in the conformed
structure could be critical for antigenicity. Con-
versely, Cys 175 of gp120 epitope is isolatedly
expressed with no involvement in disulphide
bonds (carbon atoms are in gray, nitrogen in blue,
and oxygen in red, orientation is in green).

Fig. 4. Continued on next page
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receptor. Figure 4B shows the pattern of linear
alignment. Al-though the level of sequence
identity was calculated as 24.4% between full-
length molecules (7), the comparison of 27
a.a. stretches, including 5 homologous Cys
residues of the consensus sequence, as well as
the VEINCTR-N-related epitope, revealed a
high degree of homology; 42.4% of full iden-
tity in sequence and 60.6% of similarity based
on equivalence of charge in aligned a.a. mot-
ifs. This analysis, therefore, confirmed that
VEINCTR-N was located in a region of Fas
which was conserved highly within its recep-
tor family, and that excess of disulphide links
between Cys residues in this domain distin-
guished such membrane molecules.

The putative immunodominance of the
Fas-related domain was also approached by
the computer-based structural model depicted
in Figure 4C. Construction of models was re-
stricted to the regions investigated in both pro-
teins and included the shared epitope in the
median part. The model resembling Fas was
optimized by the homology program (37) with
TNFa type I receptor, and expressed the con-
formation related to the consensus sequence
with high similarity to the structure of this
receptor, especially for the multiple disulphide
bonds (left). The model related to the V3 region
of gpl120 revealed, in fact, a short region, in-

cluding a singularly exposed Cys in position
175 (right). This finding sustained the poten-
tial interpretation that unequal exposure of Cys
residues could influence antigenicity.

However, although the conformational analy-
sis revealed a potential difference between
both domains, the postulated immunodomi-
nance of the Fas domain cannot be attributed to
simply the presence of multiple disulphide
links between Cys motifs, since antigenicity
could be further modified by the presence of a
glycosylation site on Asn 118. Therefore, its
presumptive structural homology to the con-
sensus sequence of TNFa-R as observed here
needs crystallographic assessment.

Correlation of sFas Elevations
with Anti-VEINCTR-N Levels

Further ELISA investigated the levels of sFas
in sera from HIV-1-infected patients with and
without anti-VEINCTR-N specificity. To opti-
mize the sensitivity of this assay, we used rFas-
Fc as quantitative control and three sera from
patients with active SLE as positive controls, in
addition to the 19 normal sera included in our
ELISAs as negative controls. Figure 5 shows
the results. We found an apparent discrepancy
of sFas levels in the full HIV-1" population.
The majority (18/21) of sera reactive to
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Fig. 5. Distribution of serum levels of soluble
Fas in relation to anti-Fas specificities. Serum
levels are measured as anti-VEINCTR-N (IgG)
activity detected by ELISA in 21 human immuno-
deficiency virus-type 1 (HIV-1)-infected subjects
with definite reactivities to the Fas domain (full
symbol) and 67 control patients (empty symbol).
Significant titers of the soluble form of the receptor
are in linear correlation (R* = 0.168) with anti-
VEINCTR-N levels. In several instances, the
amount of sFas was higher than the equivalent
value of 2.0 ng/ml of recombinant Fas-Fc (rFas-Fc)

VEINCTR-N expressed high levels of the solu-
ble form of the receptor, compared with those
of both the HIV-1-infected population and nor-
mal sera. We also explored the potential rela-
tionship between the two values. In several in-
stances, the sFas levels were higher than the
2.0 ng/ml value for the positive control (rFas-Fc)
and the linear regression analysis revealed a posi-
tive correlation between both parameters within
the full group (R* = 0.168). Conversely, control
sera from the anti-VEINCTR-N negative patients
showed a prevalent defect of sFas titers, except
for 8 of 67 controls (11.9%), whose serum lev-
els of the receptor were higher than the signif-
icance limit. These eight sera were re-examined
in lower dilutions (1/80, 1/40, and 1/20) in a
sensitive ELISA to look for their potential sub-
minimal activity to VEINCTR-N. However, no

L [ ]
0.8 T 1.2 1.6
rFas-Fc

(2.0 ng/ml)

used as quantitative control. By contrast, sFas was
significantly present in 8 subjects of the control
population and exceeded the reference value only
in two instances (pts. #57, and #14). Positive
values of sFas were detected in control sera from
three systemic lupus erythematosus (SLE) patients.
Numbers relate to patients from both groups.

The shaded area defines the significance limits
(M+3SD) of each parameter obtained from the
whole HIV-1" population; whereas, the black
area refers to those from 19 normal donors.

significant affinity (=M + 3SD) to the peptide
was detected in relative tests, confirming that,
in this group, sFas levels were independent of
the other parameters. As expected, positive con-
trols of sFas levels in SLE sera exceeded the
significance limits of both HIV-1-infected pop-
ulation and healthy controls.

These results provided final evidence that
significant values of sFas levels occurred pre-
dominantly in patients with defined specificity
to Fas-related domains including VEINCTR-N in
response to its suspected high immunogenicity.

Discussion

This study offers an initial insight into the
structural properties of a defined region of Fas
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reactive to serum IgG in a number of HIV-1-
infected subjects. This domain is also shared by
the gpl120 V3 loop and was regarded previ-
ously as a preferential molecular target of anti-
bodies to HIV-1 (6), as a result of the pro-
nounced immunogenicity of that region within
the viral glycoprotein (12). Extensive investi-
gation has confirmed the relative immunodom-
inance of some V3 loop fragments in mouse
models by synthetic 8- to 20-mer peptides
resembling the primary structure of several
domains of the V3 region (38). However, the
immunogenicity of VEINCTR-N, namely the
epitope shared by Fas, with or without its con-
tiguous 8-mer length peptides, was not evalu-
ated in that study. Since this epitope has been
reported to elicit in HIV-1" subjects both a
cytotoxic immune response (39) and specific an-
tibodies (6) agonist of T-cell apoptosis through
activation of Fas, we investigated the basic
immunogenicity of an extensive region includ-
ing VEINCTR-N on both Fas and gp120 to see
whether the immune system detected this
domain as HIV-1- or Fas-related antigen.

By exploring serum reactivities to sequen-
tial peptides of both proteins, we found that
approximately 5% of a large HIV-1* popula-
tion mainly composed of patients with ad-
vanced disease and enhanced T-cell apoptosis
showed significant levels of anti-VEINCTR-N
IgG. This reactivity is paralleled in most in-
stances by a similar specificity to the full-
length rFas and by significant elevations of sol-
uble forms of Fas in sera, supporting the
hypothesis that excessive solubilization of the
receptor can prime the production of autoanti-
bodies. A striking finding in this context is the
predominant reactivity of anti-VEINCTR-N
positive sera to peptide #1 of Fas; whereas, no
correlation is observed (Fig. 1) for its adjacent
peptides on gpl20 V3 loop. This difference
could indicate that VEINCTR-N is detected as
part of a larger domain of the receptor includ-
ing its contiguous peptide CDEGHGLE (6). On
the other hand, a few a.a. residues included in
both peptide #1 of Fas and, in a short stretch of
seven a.a. in antecedent position, namely, Lys
100, Arg 102, Arg 103, Leu 106, and Glu 109
have been identified recently by Starling et al.
(40) as important for ligand binding, thus, sup-
porting our observation of the agonist effect of
anti-VEINCTR-N molecules. However, the
suspected immunodominance of this region of
Fas, with respect to its parallel epitope on the
HIV-1 glycoprotein, is not explained suffi-

ciently by the discrepancy in charge within
each protein. Although peptide #1 of Fas is the
only negatively charged sequence, the con-
structed 26 a.a. structural epitopes of Fas and
gpl20 are uniformly hydrophilic and dis-
played a minimal charge variation.

Structural analysis of these multipeptide
fragments by Parker et al.’s method (35), how-
ever, reveal a different pattern of antigenicity
for the two epitopes. A prevalent immuno-
genicity is attributed to the peptide resembling
Fas for three reasons. First, a short stretch of
three a.a. in B-sheet conformation (GLE) is con-
tiguous to four a.a. residues also conformed in
B-sheet, which compose the VEINCTR-N epi-
tope. This may, therefore, originate an ex-
tended B-structured region displaying proper
antigenicity. Second, the multipeptide domain
shows a relative abundance of Cys residues,
which are included in a consensus sequence
expressed by members of the TNF receptor
family (7). The presence of multiple disulphide
bonds within Cys motifs is pivotal in raising
the conformational antigenicity of defined do-
mains in proteins (41). And last, the intact
VEINCTR-N domain shows high antigenicity,
which includes, in part, its antecedent 8-mer
on Fas by the Anteprot scale. These findings
indicate that, besides the basic difference in
linear sequence of this region between Fas and
HIV-1, a substantial discrepancy occurs in the
conformational structure of both proteins and
that the peculiar feature of Fas may account for
accretion of immunogenicity in its specific do-
main. On the other hand, the higher antigenic-
ity of such a Fas-related fragment, compared
with the parallel region of gp120, is accurately
documented by the ELISAs that explore the
fine specificity of VEINCTR-N reactive IgG to
the adjacent peptides located on both proteins.

A further interesting aspect of this study is
the relation between the putative immuno-
genicity of the Fas domain and the richness in
Cys residues implicated in the consensus
sequence. To emphasize the role of Cys in pro-
moting antigenicity, Fadeel and coworkers (41)
proved, by elegant studies using multiple syn-
thetic epitopes of Fas reactive to the prototypic
anti-Fas MoAb from clone CH11, that intra-
molecular disulphide bonds between Cys
residues at a.a. pos. 84-101, 104-119, and
107-127 within this domain were critical for
antibody binding. This region is external to the
extracellular death domain and is highly im-
munogenic, since MoAbs from mouse clones,
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including CH11, ZB4 and VB3 bind this epi-
tope with either agonist or inhibitory effect on
apoptosis of a few T-cell lines (30). Substitu-
tion of single Cys residues in this consensus
sequence has been proved to abrogate the
molecular binding of some of those MoAbs.
In line with these fine structural analyses,
our results support the hypothesis that the pe-
culiar conformation of this consensus sequence
could amplify the immunogenicity of this re-
gion of Fas, leading to potential immunization.
It is conceivable, therefore, that this result
could be related to the large amount of soluble
receptor released during the course of the in-
fection and/or to its structural degradation by
proteolytic enzymes exposing the immuno-
genic domains. On the other hand, the finding
that antibodies to VEINCTR-N are agonist in
promoting the cell death in Fas™ cells (6) is re-
lated to their molecular specificity which, as re-
vealed by the present work, includes specific sites
of the Fas-L binding on peptide #1 of Fas (40).
This interpretation is indirectly supported
by the comparison of the Fas-related domain
with the parallel sequence expressed by the
TNFa-R. Our 3D models lack the support of
crystallographic definitions of related proteins,
which are unavailable. Even so, the computer
analysis shows that the VEINCTR-N-associated
domain of Fas is highly homologous with the
same region of the TNFa-R, because of their
identical expression of disulphide bonds among
the multiple Cys motifs. Moreover, our obser-
vation that antibodies to VEINCTR-N are pri-
marily directed to Fas derives from the obser-
ved linear correlation of their levels with
circulating titers of soluble Fas. It is possible,
however, that the soluble receptor also occurs
in serum in complexed form with the anti-
VEINCTR-N IgG, since the occurrence of in-
creased levels of circulating immune complexes
(42) has been emphasized in HIV-1 disease
(43,44). On the other hand, the concomitant
presence of serum soluble Fas and related IgG
described here is also in line with recent stud-
ies describing the occurrence of specificities to
TNFa-R in association with variable serum
levels of soluble receptor in patients with au-
toimmune disorders (45) as a result of the
chronic T-cell activation, as in HIV-1 disease.
By contrast, the anti-TNFa-R antibodies obser-
ved in healthy individuals are ineffective, since
they are only able to bind the proline-rich epi-
topes of the receptor in a similar fashion as the
natural polyreactive autoantibodies (46).

In conclusion, this work provides evidence
that serum anti-Fas specificities in HIV-1" sub-
jects, primarily considered as cross-reacting
antibodies, are actually directed to a molecular
epitope included in an immunogenic region of
the receptor. Their agonist effect on the recep-
tor was demonstrated by ourselves (6) and by
others (15). Here we provide evidence of their
association with serum elevations of the soluble
form of Fas, suggesting that the increased solu-
bilization of the receptor could promote such a
humoral immune response, just as increased
levels of STNF type I receptor induce the pro-
duction of relative antibodies in autoimmunity.
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