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infection, when few functional T-cells remain (19).
The recent finding that the methylxanthine pentoxifylline

inhibits intracellular HIV replication by inhibiting tumor ne
crosis factor a synthesis in multiple cell types (including mono-
cytes and B cells) is provocative (105), particularly since IL-6
expression is linked to tumor necrosis factor production
through an autocrine loop. Thus, pentoxifylline might provide
both antiretroviral activity and antiproliferative effects directed
against B-cells and monocytes that could serve for both treat
ment and prevention of AIDS-related lymphomas.

The ability to target and modify the activity of specific
overexpressed genes with antisense oligodeoxynucleotides of
fers a novel approach to anti-HIV (106) and anticancer thera
pies (107, 108). Antisense oligodeoxynucleotides can be made
complementary to a specific aberrant mRNA transcribed from
the first intron of a translocated c-myc gene present in a
Burkitt's lymphoma cell line (107). The antisense molecules

specifically inhibit net tumor cell c-myc expression and prolif
eration without affecting cell lines that have normal c-myc

transcripts. The development of diffusible phosphodiester and
phosphorothioate oligodeoxynucleotides complementary to
specific sequences in the bcl-2 protooncogene and the demon
stration that incubation of these antisense compounds with
leukemic lymphoblasts results in growth inhibition and eventual
cytotoxicity is a template for future gene-targeted therapies
(108). The modification of antisense constructs, e.g., the devel
opment of triple helix analogues that target double stranded
DNA or high affinity aptamers that target surface or extracel
lular molecules (109), may provide alternative approaches with
high degrees of specificity for those genes or gene products the
aberrant expressions of which are central to the process of
malignant transformation.

Finally, the ability to manipulate both tumor immunogenicity
and the immune response to viral and/or tumor antigens
through gene therapy (110) may provide a new approach for
treatment and, possibly, prevention of AIDS and AIDS lym
phomas. A central mechanism to enhance tumor immunoge
nicity may be the upregulation of the immune response to
tumor cell surface antigens. Such up-regulation can be achieved,
e.g., by transfecting the IL-2 gene into mouse colon cancer cells;
the IL-2-secreting tumor cells specifically recruit (and are de
stroyed by) MHC class I-directed cytotoxic T-lymphocytes
(111). While the major histocompatibility antigens have the
greatest immunogenicity, peptides such as those derived from
mitochondrially encoded proteins can also act as histocompat
ibility antigens and induce cellular immune responses (112). As
noted earlier, the bcl-2 gene encodes an inner mitochondria!
membrane protein (29, 34). Interestingly, this protein shares
approximately 50% homology with a candidate melanoma an
tigen that is an immunogen for tumor infiltrating lymphocytes,4
suggesting that the bcl-2 product may be a target against which
an up-regulated immune response could be directed.

A number of other novel approaches are now worthy of
consideration. Recent research has suggested that it may be
possible to create chimeric immunoglobulin/T-cell receptor
proteins as functional antigen recognition receptors in T-cells
(113-115). In effect, humoral immunoglobulin-variable regions
can be joined to T-cell receptor-constant regions to create new
functional units that confer the antigen specificity of the im-
munoglobulin moiety. The resultant genetically engineered T-
cells can, in principle, recognize and react against target cells
bearing an antigen that elicited the starting immunoglobulin.

In theory, this strategy could adapt any monoclonal antibody-

producing line as a starting source for variable regions to confer
unique recognition capacities on T-cells, provided that suitable
chimeric molecules containing immunoglobulin-variable re
gions and T-cell receptor-constant regions could be expressed
on the cell surface. Moreover, such reactivity would not be
restricted by histocompatibility loci. Physiological T-cell re
sponses are essentially always restricted by class I or class II
MHC antigens. Thus, one could envision a T-cell that could
(following the insertion of chimeric recognition units) kill target
tumor cells irrespective of the major histocompatibility restric
tion elements involved. Tumor cell components such as the bd-
2-encoded protein; tumor-specific growth factors such as Ka-
posi's sarcoma, fibroblast growth factor, or their receptors; or

specific viral-encoded proteins (for example, EBV or CMV)
could serve as targets for the genetically engineered chimeric
T-cell. The ability to target viral-related proteins suggests that
this approach could be used for prevention (as well as therapy)
of lymphomagenesis and that, perhaps by targeting HIV itself,
could even extend to the therapy and prevention of AIDS. None
of these ideas has been proved in a practical sense, and there
are still several technical barriers to be overcome. Nevertheless,
this approach could be built upon a number of practical ad
vances already at hand in tumor immunology, adoptive immu-
notherapy, and gene therapy (116).

As with all malignancies, the most effective strategies are
those targeted to prevention. The ability to interfere early in
the course of active HIV infection with mechanisms that pro
mulgate B-cell hyperproliferation and clonal expansion, espe
cially growth factors (IL-6, in particular) and concomitant viral
infections (mainly EBV but also CMV and HHV-6), might
decrease the occurrence or prolong the time to development of
AIDS-related lymphomas. Ultimately, however, the key strat
egies will be those directed toward maintaining the CD4 cell
count at a level that prevents the establishment and perpetua
tion of transformed clones. From the studies of Yarchoan et al.
(19), the critical level appears to be a CD4 count of approxi
mately 50/mm3. The identification of factors that portend a
significant risk of lymphomagenesis for a HIV-infected individ
ual and the development of antiretroviral strategies that confer
long-term suppression of HIV activity and relative preservation
of immune function (perhaps in combination with specific anti-
growth factor and/or other antiviral therapies) are essential to
the ultimate prevention of all malignancies that arise as a
consequence of HIV-induced immunosuppression. Thus, while
much remains to be done, we have a strong foundation to build
new approaches for preventing and treating these important
neoplastic complications of AIDS.
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