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Abstract

For the IlIB isolate of human immunodeficiency virus type-1 (HIV-1), the immunodominant
determinant of the envelope protein gp160 for cytotoxic T lymphocytes (CTLs) of H-2d mice is in a
region of high sequence variability among HIV-1 isolates. The general requirements for CTL
recognition of peptide antigens and the relation of recognition requirements to the natural
variation in sequence of the HIV were investigated. For this purpose, a CTL line specific for the
homologous segment of the envelope from the MN isolate of HIV-1 and restricted by the same
class | major histocompatibility (MHC) molecule (Dd) as the IlIB-specific CTLs was raised from
mice immunized with MN-env-recombinant vaccinia virus. The IlIB-specific and MN-specific CTLs
were completely non-cross-reactive. Reciprocal exchange of a single amino acid between the two
peptide sequences, which differed in 6 of 15 residues, led to a complete reversal of the specificity
of the peptides in sensitizing targets, such that the IlIB-specific CTLs lysed targets exposed to the
singly substituted MN peptide and vice versa. These data indicate the importance of single
residues in defining peptide epitopic specificity and have implications for both the effect of
immune pressure on selection of viral mutants and the design of effective vaccines.

Comment:
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Josephson computers

uperconducting Josephson junc-

tions may one day form the basis:

for ultrafast computers. Hasuo{p,
301) reviews progress thut has been
made through the wde of high-quality
miobium junctions. Large-scale inte-
grated cirenits have boen made that ane
miech faster than existing semiconduc-
tor aircuits, The first commercial prod-
ucts may be specialized processors and
hybirds with existing computers.

Growth hormone and
receptor complex

inding of human growth hor-
mone {WGH) voirs recepror stim-
ulates the growth and metabo:
lisrm of muscle, bone, and cartilage cells;
de Vos et al, {p. 306; cover) report the
xray structure of hGH complexed with
the extracellular domain of its recepror

(hGHbp} Two receptor molecules

form the complex with hGH. Although
the two hGHbp molecules donarte simi-
lar residues, the structures of the two
binding sites are quite. different, The
two hGHbp moleoules also form exten-
sive carbeoxyl-terminal contacts; which
sugEests a - sequential mechanism for
dimerizarion that may have implications
for signal ransducton.

One charge at a time

he ultimate i digtal electronics

s 1o ose a single elecrron o

change the stare of a device; Su
at al. (p. 313) report the incremental
charging of the potential wiell of a reso-
nant munneling device by single elec-
tromns. In order 1o separate thic efccs of
size guantizagon and chargpng, the
submicromerer-sized heterostructire was
grown 0 that aite of the barriers of the
quanmim well was more transparent than
the other, When the voliage polarity is
chosen so that the emitter was more
tramsparene than the collector, clectmns
accumulate in the well, and sharp step
are observed in the mnneling. current
becanse of Coulomb blockade.
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Alkane activation

casurement of the gas-phase

reaction rares for the addition

of the normally “unreadtive™
alkanes 1o a rhodium complex has veri-
ficd thar rhese reactions proceed
through the formation of 2 E6-electron
[n:n-nmiun: Wasserman etal. (p, 315)
ievadiared (n*CoH IR COY, o disso-
cate one of the €O ; Almost cvery
collision of the resulti “aked™ com:-
plex: with alkanes such as neopentane
caused activation of carbon-hydrogen
(C-HY} bonds: In 3 second szep these
sctivated intermediates undergo oxida-
tive addition, breaking the C-H bomnd.

Cyclic 3' ends

n the major mature form of Ua

RMA, onc of the small nuclear

BMNA molecules involved in pre-
mRHNA splicing, the 3' end has an un-
usual cvclie 24.3"-p hate groupon a
urid}llqu:iduu. Luﬁrm Dahlberg (p.
327) wdentificd this apparently post-
translational modification through -
bonuclease T1 fngerprinting and
chemical modification anabyses. The
formation of the evelic € may
act to inhibit shurt-:nl.ng or clongation
ar the 3' end, thus fixing its length, or
miay fomm a n-ansi:m covalent linkage
with another splicesome component.

Coral siblings

ide distribution, longevity,

and elear annual bands of the

reci-building coral Montas-
trea annularis has made it the “lab rm™
for many ecological, physiclogical, and
geological studics, cspecially for rhe
pooely understood épisodes of coral
bleaching. Knowlton et al. (p. 330)
shiow that M. annidaris is really 3 com-
plex of genetically and morphologically
distinct ‘sibling species’ that differ in
impartat atribires such as coloranion
and growth rates, a finding thar brings
o questicn the widely held asump-
ticn that its colony morphology reflects
environmental plasticiey.

EparTin ny ProLLie Ir. Swimos

Recognizing more HIVs

mmunization of mice with & re-
combinant vaccinia virgs from one
HIV isolate, followed by restim-
ulation ofcyrotoxic T cells (CTLs) from
another tsolate with o single substit.
o ara critical V3 loop residue, gener-
ated CTLs with broad specificitics.

Takahashi of al. (p. 333) found that

using peptides with. aliphatic substim-
tons at residue 325 during restimulation
generated CTLs thar could regpond 1o
Vanant sequences at this crtical sire,

Endosperm evolution
videnee for the ongin, of cn-
dosperm in flowering plants has
been obtaned by Friedman (p.

336), who snudied the stges of devel-

opment of the desert shrub Ephedrg

from pollination through formation of
cellutar protoembryos. Fricdman had
showed thar double fertilization took
place in this plant; by serally secrioning

4000 enules, he now o shows that the

development pattern in Ephedra is

similar 1o that in primitive flowering
plants, except that the sccond fertiliza-
rion product forms additional embryes.

Thisembryo- producing tissue may have

evolved into endasperm.

Artificial photoreceptor

acteriorhodopan (BR) films have

beer wsed 1o create image-sens-

ing devicos: Miyasaka ef al. (p.
342, scc news story by Flam, p. 289)
used Langmuir-Blodgett technigues o
coan tin oxide electrodes with bR; the
filin was covered with an agueous pgel
clecrralyte and “scaled with 'a gold
counterelectrode. These photocells
were then constructed into a pixel array
o miake an image sensor. Like beologi-
cal photoreceprors, the photocells pro-
duce a rectificd photocurrent. A con-
stant light intensity, produces 2 rapidiy
rising photocurrent that peaks and rap-
idly recurns 1o bac - Such’ re-
sponse would be usetul in optical imag-
ing applications:
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Induction of broadly cross-reactive cytotoxic T cells
recognizing an HIV-1 envelope determinant
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Abstract

An immunodominant determinant for cytotoxic T lymphocytes (CTLs) exists in the
hypervariable portion of human immunodeficiency virus-1 (HIV-1) gp160. Three mouse CTL
lines (specific for isolates MN, RF, and I1I1B) were examined for recognition of homologous
determinants from distinct isolates. Only MN-elicited CTLs showed extensive interisolate
cross-reactivity. Residue 325 played a critical role in specificity, with MN-elicited CTLs
responding to peptides with an aromatic or cyclic residue and IlIB-induced cells recognizing
peptides with an aliphatic residue at this position. CTL populations with broad specificities
were generated by restimulation of 11IB-gp160 primed cells with MN-type peptides that have
an aliphatic substitution at 325. This represents an approach to synthetic vaccines that can
generate broadly cross-reactive CTLs capable of effector function against a wide range of
HIV isolates.

Comment:

F 7 —THREAIRZBRST 5 HIV-1-IBROZE F—7TH 5 P18 IlIIB (318-329) ADKFEM %
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Induction of CD8+ cytotoxic T cells by immunization with purified
HIV-1 envelope protein in ISCOMs.

Takahashi H', Takeshita T, Morein B, Putney S, Germain RN, Berzofsky JA.

# Author information

Abstract

To reduce the risks of immunization with killed or live attenuated virus vaccines, it may be
advantageous to use a pure, defined antigen that contains determinants for both humoral and
cellular immunity. However, although most non-living intact protein preparations induce

| antibodies and CD4+ major histocompatibility complex (MHC) class |l-restricted helper and/or
cytotoxic T lymphocytes (CTL), they do not elicit CD8+ MHC class | restricted CTL. Indeed, with
a few exceptions, it has not so far been possible to induce CD8+ CTL by immunizing with intact
soluble proteins. We show here that a single subcutaneous immunization in mice with
immunostimulating complexes containing either purified intact gp160 envelope glycoprotein of
the human immunodeficiency virus (HIV)-1 or influenza haemagglutinin results in reproducible
and long-lasting priming of HIV specific or influenza-specific CD8+, MHC class | restricted CTL.

PR, MERA TEEINLBENREC VA LZATRIEZ 77X | MHC 2 F Y ¥ ¥ ISfainkdm It
TRIN, TOPREFRT L AL REE - $RT 5 COSBIEN + 7 — T e 2 EMHLT 5D ITxt
L. RN I NATRSTIE. w707 7= XL ORI EALIC L > THE
PBIN, TORBICERRLEZZ7 X I MHCHFL L HICRTRIN, ZTOHERFEN Y CD4L 5
HONIX—THaREEEMEAL L, BMIEICLAIMRISHTHRETEOEEZRL. EWTR 3
BRTBIHmLENT W, RBXL, KRNI LAEHEBELALDOT, M TEE XN
MRS TFH., $EFHRLT Y 25/ F (RBXTIE, BEALLBEIRL A=V R2OREREWE
T 5 ISCOMs(Immuno-stimulating Complex)) ¥ ¥ $ ISR 23R L 7-3546. RS TIL7
7R | MHC 2 F X ¥ ¢ ICfalei @ ISR S M. JURKER YL COS BN+ 7 — T halEs HE X 1
TL52v%. BRTWD CAHRAL-H L. N, BEHREX YA ILAMETAVT. 1L
DWMRERB LR EEETSL L. F7—THIEOMEVCERBAIN T XIS, T
D%, 29 LEMREERET 5HEICIE. ISCOMs DfIcE TLR3 2R 5 ds-RNA. BCG.
cholera toxin w¥ D& ) W REREWE L L LITHRZELAMRISH L TEF 7 —ThaEI/FRX
NBEZUHPBLHYRY, RAETIEIIZ ) L7ARE % Cross-presentation LA TV 5, 2D L9
LERLITOWT Nature sETIE. RITTT L 9 % NEWS AND VIEWS TERY EIFL# 7,
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HIV IMMUNIZATION

Fresh pathways to follow

Dani P. Bolognesi

THE intricate mechanisms used by the

. immune system to recognize antigens are

of great interest not only to immunologists
but -also to.those involved in vaccine
development. The trend over the past
severa] years has been to group antigens
into two categories according to the
response - they. induce in the immune
system - (for review, see ref. 1). Non-
replicating entities that enter the antigen-
preseniting cell from outside (exo-
genously) are processed in the endosomal
compartment and presented at the cell
surface in association with class IT major
histocompatibility ~ complex (MHC)
molecules. This activates CD4* helper T
cells which, among other things, are re-
quired for the production of antibodies as
well as CD4" class I-restricted cytotoxic T
Iymphocytes (CTL). Alternatively, anti-
gens enter a different processing pathway
which is functional for proteins such as
viral proteins that are synthesized inside
the cell (endogenously). In this case,
association is with MHC class I molecules
and it is this complex that primes CD8"
CTL. From the standpoint of immuniza-
tion with anything other than an infectious
agent, it has been something of a dilemma
to design non-replicating immunogens
that could allow processing and presenta-
tion by both class I and class II MHC. But
several studies have indicated that these
pathways are not as clear-cut as was once
thought. For example on page 873 of this
issue’, Takahashi and colleagues now
report that a unique subunit immunogen
which induces neutralizing antibodies
against human immunodeficiency virus
(HIV) (B. Morein, personal communica-
tion) can also prime MHC class I-restric-
ted HIV-specific CD8" CTL.

Other examples are to be found in the
generation of MHC class I-restricted CTL
against soluble ovalbumin’ and against
influenza virus peptides attached to ‘lipid
feet™. On the other side of the coin is the
novel observation that influenza virus
proteins processed by the endogenous path-
way can associate not only with MHC
class'T but also with class II molecules’.
Association of endogenously synthesized
antigens with class II MHC also occurs in
the case of hepatitis B virus® and for HIV
envelope antigens synthesized inside the
cell’. In both of these examples, process-
ing occurs in the endosomal compart-
ment and is therefore distinct from the
influenza case’. As investigation contin-
ues along these lines, models for antigen
processing and presentation will probably
converge further (see box), as already
anticipated®’®.

These studies emphasize the need to
understand better the different ways in

818

which exogenous and endogenous anti-
gens are processed and compartmen-
talized in cells. With regard to exogenous
antigens, one might look to some mam-

“malian viruses for clues. Viruses with

membrane envelopes can penetrate cells
by two mechanisms, one by fusion within
endocytic vesicles, the other by direct
fusion with the plasma cell membrane. It
would be of interest to know how the

appropriate entry route is selected. The”

answer may lie in the viral fusogenic pro-
teins themselves and a more satisfactory
definition of their interactions with the
cell surface may help us to make cells
respond selectively even to inert subunit
immunogens. Manipulations with inacti-
vated influenza virus preparations already
look promising’. Influenza virus normally
infects by fusion at low pH in endocytic
vesicles, but heat inactivation of the virus
causes fusion that allows the viral antigens
to bypass the endosomal compartment
and so to induce MHC class I-restricted
CTL. Curiously, an opposite effect is also
possible: for example, live measles virus
fuses directly with the plasma membrane
and yet preferentially induces a class II-
restricted CTL response®.

The precise mechanisms by which the
influenza peptide derivatives' and the
immune-stimulating complexes (ISCOMs)
of Takahashi er al.’ enter cells are not
known. Both are associated with lipid,
and it could be that the lipid is responsible

not only for entry, but also for the suscep-
tibility to processing by the endogenous
pathway. On the other hand, as recog-
nition by class I-restricted CTL of endo-
genously synthesized HIV envelope
glycoproteins needs a membrane anchor®,
lipid/protein interactions must be impor-
tant for delivery of endogenous antigens to
the compartments where processing and
association with MHC class II products
can occur. One could speculate that anti-
gens that remain associated with mem-
branes (both within and outside the cell)
may be destined for the class II pathway,
whereas those that do not (but can still
penetrate cells in the case of exogenous
antigens) are channelled to the class I
pathway. This might be the case for viral
core versus certain envelope antigens, for
example. It could also be relevant to
measles virus if the dominant CTL epi-
topes reside in components that associate
with membranes.

For HIV vaccine researchers this is
welcome news, principally because of the
widely held belief that protective immune
responses must be directed against both
free virus and infected cells. Until now,
only attenuated HIV preparations or
replicating recombinant vectors were
candidates, but the former are excluded
because of safety considerations and the
latter are still in the developmental stages.
The prospect that subunit or. peptide
immunogens could be endowed with
properties enabling them to enter either
or both of the main processing pathways
and stimulate a full range of immunity will
receive considerable attention. One
wonders too whether the protective

Exogenous antigens

Uptake by presenting cell ™

L -
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Pathways of antigen processing
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~
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Salid arrows indicate current models and may represent primary pathways. Alternative path-
ways (dashed arrows) have recently emerged, the prevalence and efficiency of which may
depend on antigen formulation or the nature of the antigen itself. T, helper T cell; T,
cytotoxic T cell; CTL, cytotoxic T lymphocytes.
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response obtained with recent inactivated
simian and human immunodeficiency
viral vaccines"™® could have included a
CTL component, because the replicating
forms of these viruses fuse directly with
the plasma cell membrane™. But the use of
killed HIV preparations for human vac-
cines carries considerable risk, and struc-
tures like the ISCOMs bearing only selec-
ted viral components may be attractive
alternatives. In this regard the success of
using ISCOMs to introduce whole viral
proteins into cells for induction of CTL
may be important, because it is likely that
several T-cell epitopes will be needed
both for priming and to overcome allotype
restriction. Nevertheless, inclusion of key
epitopes may be desirable and the target
region described by Takahashi et al.' is an
important one because it is immuno-
dominant for both neutralizing antibodies
and CTL. Its drawback lies in its varia-
bility, although this might be overcome
with appropriate cocktails”™"".

Thesé results will stimulate a great deal
of further research. But their ultimate
value may depend on the extent to which

the alternative pathways can be used (see
figure), particularly in vaccine development
and immunotherapy. O

Dani P. Bolognesi is in the Department of
Surgery, and the Department of Microbiology
and Immunology, Box 2926, Duke University
Medical Center, Durham, North Carolina
27710, USA.
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TRANSCRIPTION INITIATION

In search of the single factor

Marvin R. Paule

EUKARYOTIC RNA polymerases are
unable to recognize and transcribe from
promoters at the beginning of genes with-
out the aid of additional proteins, the
general transcription factors. The three
polymerases found in eukaryotic nuclei
transcribe different sets of genes, and the
number of factors associated with the
initiation process increases as the variety
of genes transcribed by the polymerase
increases. Until now, the sole exception
to the requirement for several transcrip-
tion factors in eurkaryotes was that of
ribosomal RNA transcription by polymer-
ase 1 from Acanthamoeba, for which a
single ancillary protein (TIF-I) is
required'?. But Kassavetis et al’ now
report that only one of the three factors
involved in transcription mediated by
polymerase III in yeast, TFIIIB, is truly a
transcription initiation factor. The others
(TFIIIA and TFIIC) are assembly fac-
tors responsible for loading the funda-
mental factor onto its site on the DNA.
This observation means that the mechan-
isms described for rRNA transcription in
Acanthamoeba, and now for transcription
of yeast polymerase III genes, may be
universal for eukaryotic transcription ini-
tiation — that is, that only one factor
bound upstream of the transcription start
site (dubbed + 1) is needed to direct the
polymerase to its binding site. The funda-
mental initiation factor can direct several
rounds of initiation, and — most impor-
tantly — Kassavetis et al. show the addi-
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tional factors which serve to load it on the
promoter are dispensable once assembly
of the stable transcription complex has
been accomplished.

Acanthamoeba TIF-I assembles on the
rRNA gene in the absence of additional
factors. Yeast TFIIIB, in contrast, cannot
load independently onto the template:
for 58 RNA genes, TFIIIA and TFIIIC
must first bind to DNA, and, for transfer
RNA genes, binding of TFIIIC must pre-
cede the binding of TFIIIB*. Similarly,
transcription of many vertebrate rRNA
genes is stimulated by another factor,
UBF, the cloning of which is reported by
Jantzen and colleagues on page 830 of
this issue. UBF increases binding of the
TIF-I homologue; for example, in
humans, at least tenfold stimulation of
transcription occurs (see Fig.3d of Jant-
zen et al.’s report). UBF from Xenopus
.cannot direct transcription alone, but it
binds to the core promoter and to the
rRNA gene enhancers (60/81 repeats),
where it stimulates transcription, presum-
ably by an effect on pre-initiation com-
plex assembly”. These species differ-
ences between the transcription of rRNA
in Acanthamoeba and vertebrates can be
explained by the findings reported for
yeast polymerase III.

By taking advantage of the extremely
tight binding of yeast TFIIIB once it has
assembled on the template, Kassavetis et
al’ show that only TFIIB is required for
transcription by yeast polymerase IIL

They stripped TFIIIA and TFIIIC from
the templates by using high salt concen-
tration or heparin, and then isolated the
DNA-protein  complexes by size-
exclusion chromatography. Only TFIlIB
complexes remained, and surprisingly,
they retained the capacity for several
rounds of transcription. The factors that
had been stripped from the template
were able to assemble fresh TFIIIB on a
new template; TFIIIA and TFIIIC are
therefore assembly factors, and are not
required for transcription initiation per se.

Pre-initiation complexes of tRNA and
58 RNA transcription in yeast™° and
rRNA transcription in Acanthamoeba™"'"
have been ‘visualized’ using footprinting
techniques. Yeast TFIIIB was found to
protect the DNA template between
about 10 and 40 base pairs upstream of
+1 on 5§ RNA and tRNA genes. The
single Acanthamoeba tRNA transcription
initiation = factor (TIF-I) protected
between about —12 and —70 base pairs,
forming a stable complex which remained
bound through several rounds of tran-
scription (see figure). The two factors
therefore form similar complexes up-
stream of the transcription start site.

The first footprints of a eukaryotic
polymerase on a promoter demonstrated
that Acanthamoeba RNA polymerase
binds just downstream of TIF-I, protect-
ing over 34 bp, to +18, from DNase 1
digestion®. Replacement of the protected
region with a variety of Dbacterial
sequences showed that there are no DNA

sequence-dependent contacts made by |

polymerase, but instead, the enzyme is
positioned on the promoter by protein—
protein contacts with TIF-I°. Similarly,
polymerase III protects 23 bp (for 5S
RNA genes) or 28 bp (for tRNA genes)
of DNA just downstream of TFIIIB.
Earlier studies by Sakonju et al." suggest
that the binding of polymerase to 5S
RNA genes is also sequence-inde-
pendent. To prove that the extended foot-
prints are due to protection by polymer-
ase and not to a conformational change in
the previously bound factor, the polymer-
ase I (refs 11, 13) and III (ref. 2) systems
were supplied with a nucleotide mixture
that allows the polymerase to make only
a short RNA product. Addition of a mix-
ture lacking GTP resulted in the polymer-
ase stalling part way down the template.
As predicted, the putative polymerase
footprints moved part way down the
DNA. Addition of all four nucleoside tri-
phosphates resulted in total disappear-
ance of the polymerase footprints.
Significantly, the Acanthamoeba TIF-1
footprint remains unaltered during initia-
tion, showing that TIF-I remains bound
through several rounds of transcrip-
tion”. In the polymerase III systems,
the TIIIB footprint was also unchanged
after partial translocation of the polymer-
ase down the template. Furthermore,
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Nature. 1991 Jan 3;349(6304):74-7.

Excess beta 2 microglobulin promoting functional peptide
association with purified soluble class | MHC molecules.

Kozlowski 81, Takeshita T, Boehncke WH, Takahashi H, Boyd LF, Germain RN, Berzofsky JA, Margulies DH.

Abstract
T lymphocytes expressing alpha beta receptors recognize antigenic peptide fragments bound to
major histocompatibility complex class | or class Il molecules present on the surface membranes
of other cells. Peptide fragments are present in the two available HLA crystal structures and
recent data indicate that peptide is required for the stable folding of the class | heavy chain and
maintenance of its association with the class | light chain, beta 2-microglobulin (beta 2m), at
physiological temperature. To explain how the exogenous peptide used to create targets for
cytotoxic cells bearing CD8 antigen could associate with apparently peptide-filled extracellular
class | molecules, we hypothesized that stable binding of exogenous peptide to mature class |
molecules reflects either the replacement of previously bound peptide during the well
documented beta 2m exchange process or the loading of 'empty' class | heavy chains
dependent on the availability of excess beta 2m. In either case, free beta 2m should enhance
peptide/class | binding. Using either isolated soluble class | molecules or living cells, we show
here that free purified beta 2m markedly augments the generation of antigenic complexes
capable of T-cell stimulation.

!

Comment:
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Limited Epitope Repertoire
Recognized with Class | MHC
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Immunological responses to viral infection include both humoral and cell-mediated effec-
tor mechanisms. The major effector cells in cellular immunity are cytotoxic T lym-
phocytes (CTLs) that kill virus-infected target cells. These cells may be critical for pro-
tection against human immunodeficiency virus (HIV) infection because HiV has the
ability to be transmitted by cell-to-cell spread without a requirement for free extracellular
virus, which would be accessible to antibody (Popovic et al. 1984). However, for most
viruses, vaccine design has stressed the elicitation of neutralizing antibodies, although it
has been shown that T-celi-mediated immunity, particularly involving class | major
histocompatibility complex (MHC) molecule-restricted CTLs, can play an important role
in resistance to virus infection (Kast et al. 1986). These features of HIV biclogy suggest
that a vaccine strategy that includes elicitation of specific CTL effectors able to kill cells
producing HIV proteins may be particularly useful in preventing successtul infection
and/or virus spread. Evidence for circulating CTL in HIV-infected individuals has been
obtained (Plata et al. 1987; Walker et al. 1987). However, no specific epitopes recog-
nized by CTL in association with class | MHC molecules within any of the HIV proteins
had been identified prior to the work described below. Townsend et al. (1986)
demonstrated that, like class il MHC-restricted T helper cells, CTLs recognize short
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Dealing with the problems of both interisolate variability and cell-to-cell transmissibility of
human immunodeficiency virus type 1 (HIV-1) constitutes two of the key issues in the
design of an effective vaccine for AIDS. Cytotoxic T lymphocytes (CTLs) may be critical
for protection against HIV infection because HIV has the ability to be transmitted without
a requirement for free extracellular virus, which would be accessible to antibody. Using a
series of overlapping peptides covering more than 90% of the gp160 envelope
glycoprotein fram HIV-1-1liB isolate, we have found only one immunodominant site for
CTLs in mice of the H-29 haplotype (Takahashi et al. 1988; H. Takahashi et al., unpubl.).
This immunodominant determinant is composed of 15 amino acids (18IHB)
(RIQRGPGRAFVTIGK; 315-329 in Ratner numbering [Ratner et al. 1985]) and is
restricted by the class | D9 major histocompatibility complex (MHC) molecule (Takahashi
et al. 1988). The sequence corresponding to this epitope is highly variable among the
different HIV-1 isolates, such as HIV-1-MN (18 MN) (RIHIGPGRAFYTTKN), HIV-1-RF
(" TKGPGRVIYATGQ; an asterisk indicates an amino acid deletion), HIV-1-SC (18SC)
(SIHIGPGRAFYATGD), and HIV-1-WMJ-2 (18WMJ-2) (SLSIGPGRAFRTREI). For this
reason, the homologous sequences of these different isolates need not necessarily be
CTL determinants. Nevertheless, we could induce CTLs specific for the HIV-1MN isolate
gp160 envelope protein that recognize the corresponding region in HIV-1-MN (18MN)
and that are restricted by the same class | MHC molecule (DY) as IliB-specific CTLs.
Moreover, the anti-MN-specific CTLs did not kill IIB or RF recombinant vaccinia-virus-
infected targets, in agreement with our previous results that a CD4-CD8* CTL specific
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An ideal vaccine should be highly immunogenic and not be harmful to the recipient.
However, most current vaccines are composed of killed or live attenuated organisms
from which there is a potentiat risk of infection or induction of autoimmune diseases. To
recuce these risks, it may be better to use a pure well-characterized protein that con-
tains immunodominant determinants for bath humoral and cellular immunities. In gener-
al, to induce these types of immunities, antigens have been divided into two categories
(Germain 1986). As shown in Figure 1, most nonreplicating antigen preparations, such
as natural or recombinant proteins (myogiobin, atbumin, insulin, etc.), that can be taken
up by the antigen-presenting cell from outside the cell (exagenously) are proteolytically
precessed in the endosome to produce fragments that are presented at the cell surface
in conjunction with class Il major histocompatibility complex {MHC) molecules. This
stimulates CD4* helper T cells, which are required for antibody production, as well as
CD4* class-ll-restricted cytotoxic T lymphocytes (CTLs). On the other hand, antigens
that are synthesized inside the cell {(endogenously), such as viral proteins, enter a dif-
ferent processing pathway and are presented in association with MHC class | molecules
to elicit CD8* class | MHC molecule-restricted CTls. In the case of human im-
munodeficiency virus (HIV), which has the ability to be transmitted by cell-to-cell spread
without a requirement for free virus, CTLs that eliminate the virus-infected celis may be
important for protection. Here, we show that one subcutaneous in vivo immunization with
nonreplicating subunit immunogen composed of immunostimulating complexes (IS-
COMSs) (Morein et al. 1984) containing purified intact gp160 envelope glycoprotein of

SPresent address: Department of Microbiclogy and Immunology, Nippon Medicat School, Tokyo
113, Japan.
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The progress of vaccine development against human immunodeficiency virus type 1
(HIV-1), the causative agent of AIDS, has been impeded by the rapid variation in the se-
quence of viral antigenic determinants that are seen by immune effector mechanisms,
such as neutralizing antibodies and cytotoxic T lymphocytes (CTLs). This variability is
especially high in the V3 domain of the surface envelope glycoprotein gp120, to which
we have localized an immunodominant epitope for CD8* CTLs in both humans (Clerich
et al. 1991) and mice to residues 315-329 (Takahashi et al. 1988) (Ratner numbering)
(Ratner et al. 1985). Interestingly, this site overlaps the target of the major neutralizing
antibodies (Goudsmit et al. 1988; Matsushita et al. 1988; Palker et al. 1988; Rusche et
al. 1988) and also contains a helper T lymphocyte determinant (Takahashi et al. 1990).
Thus, this region seems to be useful as a component of a synthetic vaccine. However,
because both neutralizing antibodies and CTLs to this site act only in a type-specific
manner, antibodies or CTLs specific for an HiV-1 isolate will usually lose efficacy after
selection of viral mutants at these critical sites. Therefore, it is important to investigate
means of broadening the specificity of immune effector responses. From this point of
view, we have examined the cross-reactivity of raised CTLs to a variety of HIV-1 iso-
fates. In addition, we describe a new method to induce CTLs that react with wide range
of variant sequences at the immunodominant CTL determinant.

CTL Cross-reactivity to the Homologous Portions of gp160 from
Different HIV-1 Isolates

Among several cloned HIV-1 isolates, we have selected three different variants (llIB,
MN, and RF) and have established three non-cross-reactive CTL lines from BALB/c (H-
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in general, endogenously synthesized viral antigens are fragmented by antigen-
processing enzymes in the cytoplasm or endoplasmic reticulum and are presented on
the surfaces of virus-infected cells in conjunction with class | major histocompatibility
camplex {(MHC} molecules. Such processed peptides of viral proteins associated with
class | molecules can be recognized by CD8* cytotoxic T lymphocytes (CTLs) that kill
the virus-infected cells. This mechanism allows virus-specific CTLs to contribute to the
recovery from and protection against many types of viral infections. To obtain such CTL
responses, in vivo priming with replicating infectious agents is usually required. In the
case of human immunodeficiency virus (HIV) vaccination, the utilization of such a live
virus may be too risky even though attenuated, since such retroviruses have a potential
risk of integrating the viral genome into the host cellular chromosomes and may induce
immune disorders. Thus, pure, well-characterized antigenic proteins or synthetic pep-
tides that contain immunodominant determinants may be preferable to use for induction
of such CTLs. However, CD8* CTLs are usually thought to be very difficult to generate
with nonreplicating subcomponents such as viral proteins or peptides.

We reported that we could elicit such CD8* CTLs with a single subcutaneous im-
munization of an immunostimulating complex (ISCOM) (Morein et al. 1984} containing
the purified envelope gp160 protein of HIV-1 (Takahashi et al. 1990b). However, the
gp160 protein, composed of about 900 amino acids, contains the sites for antibodies
that enhance virai replication (Takeda et al. 1988; Robinson et al. 1990) as well as an
immunodominant site for CTLs that we identified as a 15-residue peptide (peptide 18lIB:
RIQRGPGRAFVTIGK) in BALB/c (H-2%) mice (Takahashi et al. 1988) which is also seen
by human CTLs (Clerici et al. 1991). Therefore, peptide 181!B may be used as a com-
ponent of a subunit vaccine to elicit virus-specific CTLs. By making use of the fact that
CTL precursors do not seem to distinguish between virus-infected cells and virus-
derived peptide-pulsed cells, we show here that by immunizing with peptide-pretreated
syngeneic cells we could prime CD8* class | MHC-molecule-restricted CTLs specific for
this site without using a harmful adjuvant (H. Takahashi et al., in prep.).
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Antigen-specific T cells appear to see processed peptide antigen in conjunction with
molecules encoded by the major histocompatibility complex (MHC) on the surface of the
cells. There are two distinct MHC molecules, class | and class I, and two different
antigen-processing pathways are thought to deliver peptides to these MHC molecules
(Germain and Marguties 1993). in general, CD8* cytotoxic T lymphocytes (CTLs) can
recagnize antigenic peptide presented by class | MHC molecules, whereas CD4* helper
T cells can see such peptide presented by class il MHC molecules. In addition, the
length of epitopic peptides presented by class | molecules is usually about eight to ten
residues, whereas the length of peptides presented by ctass Il appears to be longer.
Therefore, it is generally thought that CD8* CTLs and CD4* helper T cells may respond
to different determinants within an antigenic protein. One can also assume that a peptide
which binds to a class | MHC molecule will not necessarily bind to a class 1| MHC
molecule, and vice versa. Nevertheless, we have found that a peptide corresponding to
an immunodominant determinant of human immunodeficiency virus type-1 (HIV-1) (1B
isolate) envelope gp160 protein (315-329) (1811B: RIQRGPGRAFVTIGK) (Takahashi et
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