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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
several 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-
presenting cell from outside (exo-
genously) are processed in the endosomal
compartment and presented at the cell
surface in association with class II 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 I1-restricted cytotoxic T
lymphocytes (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 Il 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 I but also with class I molecules’.
Association of endogenously synthesized
antigens with class IT 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
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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 et 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 II-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
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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™™".

These 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. d
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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 I 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 TFIIIC) 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 TRNA 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 ef 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, TFIITA 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 TFIIIB is required for
transcription by yeast polymerase III.

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 TFIIIB
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 5S RNA and tRNA genes. The
single Acanthamoeba TIRNA 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-1, protect-
ing over 34 bp, to +18, from DNase I
digestion’. Replacement of the protected
region with a variety of bacterial
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 58
RNA genes) or 28 bp (for tRNA genes)
of DNA just downstream of TFIIIB.
Earlier studies by Sakonju ef 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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