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1. Summary

Twenty-five V3 loops of envelope gp 120 extracted
from 30 HIV-1 isolates were compared with T-cell
receptor (TCR) subunits variable (V) portions using
pairwise alignments of 11-residue peptides. The results
indicate that, in comparison with random sequences, the
analyzed V3 loops, unlike control (unrelated) se-
quences, display highly significant local similarity with
TCR V, (p =~ 10”%°). However, pattern-matching
searches were performed on a much larger number of
V3 loops (484). In particular, selective pattern
TR***NT*K "I is shared by V; from human T-cell
line KT19E and 230 HIV-1 V3 loops (N-terminal por-
tion). Pattern RA* YT ** " 1" G is common for V; chain
isolated from T-cell line DS6 of an immunodeficient
patient and 69 V3 loops (C-terminal portion). The
presented S-chain portions of sequence similarity with
the V3 loops overlap the putative complementarity-de-
termining region (CDR3), thus possibly indicating func-
tional similarity too.

2. Introduction

A number of autoimmune reactions observed in indi-
viduals infected with HIV could be the result of virus-
induced lymphocyte activation and antibody production
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[1-4]. The unique biochemical and immunogenic prop-
erties of the HIV-1 envelope gp120, including regions
of sequence similarity with HLA antigens [5], T-cell
antigens [6] and, in particular, immunoglobulin heavy-
and light-chain variable (V) regions [7-9], might enable
gp120 direct interaction with antigen or with immune
system constituents in an idiotype (Id)-anti-Id fashion
[10,11]. However, for better understanding of the decep-
tive imprinting and the failure of the immune response
against HIV-1 variants [12] it would be of particular
importance not only to delineate an immune response to
autoantigen(s) that might be affected by an anti-idio-
typic or suppressor cell network, but also the types of T
cells participating in direct intercellular contacts.
According to Jerne’s network hypothesis, immune
regulation results from lymphoid cell receptor recogni-
tion of determinants on other lymphoid cell receptors
[13]. Antigen recognition by Id-specific T cells, besides
being conventionally MHC restricted, may occur in the
absence of antigen-presenting cell (APC). Thus, an
antigen-specific T-cell receptor (TCR) recognition was
observed both by auto anti-idiotypic clones [14,15] and
by anti-idiotypes to T-cell idiotopes (clonotypic anti-
bodies) [16,17]. It was also found that some TCRs of
autoreactive cytotoxic T cell clones respond to unpro-
cessed antigen such as myelin basic protein (MBP) [18].
Furthermore, it seems that T cells may respond directly
to antigens on the surface of bacteria and viruses [19].
These results provide evidence for both direct interac-
tion between TCRs and antigens and for the role played
by the idiotype-like determinants on TCRs. Since we
have shown the presence of Ig-like features in the
gp120 immunodominant V3 loop and its flanking re-
gion [7-9], it would be of interest to analyze limited
stretches of sequence homology between such an Ig-like
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domain of gp120 and V regions of TCRs. The sequence
similarity and serological cross-reactivity among Ig V
regions and TCR V regions have been reported [20].
Also, it has been shown that the conserved peptide
stretches of the V3 loops share identical amino acids
with TCR V, chains [6], V; [21] and a consensus
peptide derived from some human collagens [22].

Here we investigate further the similarity between
human TCR & chains and gp120 V3 loops, in particular
because y6 T cells take part in various immunodefi-
ciency states {23,24] and are suggested to be, in their
ligand binding region, more similar to Igs than to a8 T
cells [25]. We found that the portions of best homology
overlap diversity (D) and joining (J) regions of TCR
&-subunits. The corresponding V3 loop portions, similar
to particular TCR V; chains in a number of HIV-1
isolates, involve fragments TRPNNNTRKSI and
RAFYTTGEIIG located in the N-terminal and in the
C-terminal half, respectively, of the V3 loop consensus
CTRPNNNTRKSIHIGPGRAFYTTGEIGDIRQAHC.
These sequence similarity results, together with the
findings that y8 T cells recognize antigen in an MHC
class I- and class II-independent fashion [26] and in a
Vs-testricted manner [27], suggest that HIV-1 gp120
may imitate yé T-cell putative ligand binding regions.

3. Material and Methods

The sequences of HIV-1 gp120 V3 loops and human
proteins used as controls are from Swiss-Prot 28 [28]
and human TCRs from the Kabat’s database [29]. The
procedure used for sequence analysis, essentially ac-
cording to [21], is improved here in several ways. (1) A
larger number of sequences is introduced. Instead of 23
V3 loops decomposed in 575 11-mer peptides and 5
control proteins decomposed in 2220 11-mers, we now
decomposed 25 V3 loops and 19 control proteins in 625
and 10745 11-mer peptides, respectively. The two addi-
tional V3 loops are from HIV-1 isolates WMIJ1 and
KB-1-GP32 that were, in the meantime, introduced in
Swiss-Prot. (2) Of human TCRs only 279 V regions
were used (75 V,, 116 V,, 46 V, and 42 V;) and
therefore the previously used 39 C regions were omit-
ted. (3) Statistical evaluation is based on the results
obtained for 10000 peptides derived from random se-
quences generated according to the frequencies of oc-
currence of the 20 amino acids in Swiss-Prot. Previ-
ously the statistics was based on a simple ‘equal proba-
bility” assumption (4) Gaps are suppressed in the align-
ments (by setting the value of GapPenalty to 2).

Additionally, 484 HIV-1 V3 loops from database
HIV 7.0 [30] were used in pattern-matching searches.
HIV 7.0, as a specialized database, comprises sequences
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from several hundreds HIV-1 isolates while Swiss-Prot
28, a classical protein database of a general type, com-
prises only 30 representative HIV-1 envelopes (with 25
different V3 loop sequences) that are mostly also pre-
sent in HIV 7.0.

4. Results and Discussion

A detailed analysis of local similarity between V3
loops and human TCRs has been recently reported [21].
It revealed that ‘ Vy-like peptides’, i.e. peptides aligning
better with V; than with V regions from other TCR
subunits, occur more frequently within the pool of
HIV-1 gpl120 V3 loop-derived peptides than among
peptides derived from control proteins. Here, by an
improved analysis, we confirm the previous finding
and, in addition, show that ‘Vj-like peptides’ are twice
as frequent within the V3 loops (28.32%) than in
random sequences (14.10%) or in control proteins
(12.50%). The fact that the observed sequence similar-
ity between V3 loops and human V; chains is statisti-
cally highly significant (p = 1072°) prompted us to
investigate further the homologous fragments, espe-
cially their position within the TCR V; sequences in
order to evaluate the possible functional connection
between these molecules.

The best local homologies between V3 loops and
human TCR Vj that we found are presented on Fig. 1.
The corresponding TCRs originate from double-nega-
tive y6 T cell clones KT19E [31], KT08A [31] and DS6
[32]. Most importantly, all these &-chain fragments
belong to the D-J locus or V-] junction and thus overlap
the putative third complementarity determining region
(CDR3) of the TCR &-subunit. Further pattern-match-
ing searches revealed additional findings: The N-termi-
nal portions of about half of all 484 V3 loops extracted
from HIV-1 envelopes found in database HIV 7.0 share
pattern TR** *NT * K * [ with the TCR &-chain of yé-
cell KT19E (Fig. 1A). The pattern is highly specific as
it does not match any other protein present in databases
Swiss-Prot or Kabat. Another common motif,
ROQRTS "G * R, was found in the V3 loop of the highly
cytopathogenic strain NDK and in the &-subunit from
cell KTO8A (Fig. 1B). Also, the C-terminal half of the
V3 loops from 69 HIV-1 isolates and the TCR 8-sub-
unit from T-cell line DS6, originating from an immun-
odeficient patient [32], share another selective pattern,
RA*YT**"I"G, not found in any other protein in
Swiss-Prot or Kabat databases (Fig. 1C). It should be
emphasized that the autoreactive DS6 clone expresses a
TCR &-subunit whose rearranged gene is a chimeric
molecule involving a V, region [32].
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Fig. 1. Similarity of particular human TCR V; regions to the V3 loops
from numerous HIV-1 isolates. The double line indicates the position
of the homologous fragment within the TCR 8-subunit. The V3 loops
are from Swiss-Prot [28] and HIV [30], the later ones marked by
asterisk, and TCRs from the Kabat’s database [29].

Since the V(D)J junctions of TCR chains participate
in the formation of the CDR3 regions that appear to be
particularly important for antigen binding, our results
may indicate the ability of gp120 V3 loops expressed
on the surface of infected cells to compete with y8 T
cells for antigen binding that might consequently hinder
an adequate y8 T-cell response. The presented results
are in agreement with the findings showing that the
HIV-1 gp120 major neutralizing domain, the V3 loop,
has a sequence similar to the TCR V region of the
a-chain that is specified by J segment gene [6]. Such a
TCR V, region otherwise shows sequence similarity
and serological cross-reactivity with the Ig light and
heavy chains involving J and D segments [20]. The
hypervariable regions of the Ig superfamily members
take part in regulatory pathways by employing a simple
and restricted number of motifs such as idiotopes. Since
similar motifs to those from TCR V; subunit can be
found in gp120 V3 loops and not in any other se-
quences from protein databases, HIV-1 gp120 could be
associated with defective connectivity. Therefore, the
sequence similarity between V3 loops and human TCR
o-chains supports our notion that gp120 may mimic
antigen(autoantigen)-specific determinants of receptors
and recognize an anti-idiotype or antigen on another
autologous cell [11]. Accordingly, these events may

contribute to the destabilization of the immune system
in HIV-1 infected individuals.
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