cleosomes impose on transcription (see the
figure). The large RNAPII complex also
has to extend through DNA that is
wrapped around the surface of histone oc-
tamers. Consequently, nucleosomes tend
to impede the passage of polymerases and
can result in a stalled polymerase. Earlier
work by Orphanides and colleagues (5)
suggests that transcription elongation
through nucleosomes is facilitated by a
distinct accessory complex, designated
FACT. FACT has only been biochemically
defined and, like RSF, has a simple
polypeptide composition of two subunits
(p140 and p80). FACT does not stimulate
transcription initiation and does not re-
quire a promoter-bound transcription acti-
vator. The only prerequisite for FACT
function is a promoter-remodeled tem-
plate, suggesting that activities like those
of RSF have to precede that of FACT.
FACT does not fit the pattern of a conven-
tional remodeling activity because ATP
hydrolysis is not necessary for FACT-me-
diated elongation. This complex is also un-
likely to function as a conventional elon-
gation factor like TFIIF or TFIIS because
neither activity is able to substitute for
FACT (5, 11).

The report by LeRoy et al. illustrates
one potential combination of activities
(RSF and FACT) that can overcome multi-
step nucleosome-mediated inhibition of
transcription (see the figure). In these ex-
periments RSF remodels the promoter in
the presence of GAL4-VP16 and allows
the formation of transcription complexes
and the initiation of transcription while
FACT facilitates productive elongation
through downstream nucleosomes. Al-
though LeRoy et al. have used a highly pu-
rified system, it is formally possible that
other activities might have contributed to
the transcription activity. In particular, the
histones assembled on the template likely
represent a combination of endogenous
Drosophila embryo histones (from the S-
190 assembly extract used) and exoge-
nously supplemented human histones. The
acetylation state of these histones might
have contributed to the active fraction of
the templates (12).

It will be interesting to see what other
chromatin-remodeling complexes will
functionally substitute for RSF or FACT in
chromatin transcription. LeRoy et al. sug-
gest that the homologous Drosophila ISWI
complexes are likely to have this property.
Moreover, the larger SWI/SNF or RSC
complexes will likely perform a similar
function, perhaps in more specialized cir-
cumstances; for example, SWI/SNF partic-
ipates in chromatin remodeling at the
SUC?2 promoter in yeast (/3, /4) and in tis-
sue-specific transcription of the human B-
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globin gene (/5). SWI/SNF has also been
implicated in contributing to the process of

transcriptional elongation (16, /7). The sit- |

uation in vivo is further complicated by the
possibility that quite different chromatin-
modifying complexes (such as SWI/SNF
and the SAGA histone acetyltransferase
complex) may be functionally redundant
(18). Thus, there may be multiple combina-
tions of activities that might be called on
by distinct promoters to solve the nucleo-
some problem during transcription.
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The Enigmas of Kaposi's Sarcoma

Robert C. Gallo

in understanding tumor biology bet-

ter than Kaposi’s sarcoma (KS).
The etiology of this tumor is not easy to
define; a metastatic malignancy cannot
easily be distinguished from a nonmalig-
nant growth that occurs in multiple sites;
and many distinct factors contribute to the
pathogenesis of KS.

There are four distinct epidemiological
forms of KS. Are these actually the same
disease, or are they similar only because
the same kinds of cells are involved, as in
leukemias, lymphomas, and lung cancers?
The first (“classical”) form of KS occurs
in older males of mainly Mediterranean or
Eastern European Jewish backgrounds and
has no known contributing environmental
factor. A second form, found in parts of
equatorial Africa, occurs in all age groups
and also has no known precipitating envi-
ronmental factor. Neither is typically asso-
ciated with immune deficiency. In con-
trast, the remaining two types of KS—
those associated with organ transplants
and with human immunodeficiency virus—
type 1 (HIV-1)—are accompanied by im-
mune impairment. Males are predominate-
ly afflicted in all forms.

A second problem is the elusive nature
of the tumor cell. Many cells in the lesion
are clearly normal cells that have infiltrat-
ed the tumor, such as leukocytes. The pre-
dominant cell in the tumor is a spindle-

N o example illustrates the difficulties

The author is at the Institute of Human Virology,
University of Maryland, Baltimore, MD 21201, USA.
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shaped cell (SC), which is accompanied
by abnormal blood vessel development
and leakage of blood (see figure). It is rea-
sonable to call the SC the “tumor cell,” but
there is no direct evidence that this cell is
an autonomously growing neoplastic cell
rather than a hyperproliferating but other-
wise normal cell (hyperplasia) (/). More-
over, although most SCs are of endothelial
cell origin, there is evidence that some of
them arise from other lineages such as
macrophages and fibroblasts (2). This
makes it very likely that only some (if
any) SCs are neoplastic because neoplastic
cells are usually of one lineage. Some in-
flammatory cytokines [for example, inter-
feron y (IFN-y), which is known to be in-
creased after HIV-1 infection (3)] can in-
duce a spindle-like alteration in the shape
of endothelial cells and macrophages (4).
It is therefore an oversimplification to in-
fer that SCs are neoplastic or descended
from a single transformed cell clone.

The corollary of this problem raises the
third issue: Are any of the cells in the KS
lesion neoplastic, or are they all the result
of a chronic inflammatory response (/, 5)?
That is, is KS a malignancy or is it a pro-
liferative inflammatory response, or both?
Several lines of evidence indicate that
most or all KS proliferative cells are not in
fact neoplastic: the three histological fea-
tures of KS (angiogenesis, inflammation,
and proliferation); the absence of a histo-
logically discernible neoplastic cell; the
sometimes spontaneous regression of KS;
the usual lack of chromosomal abnormali-
ties; the appearance of KS lesions in mul-
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tiple body parts at a similar time; and the
equivocal and variable clonality [mono-
clonal lesions in some cases, oligo- or
even polyclonality in others (6)]. So is KS
really a malignancy?

The Viruses and Etio-Pathogenesis

One factor ties together the four epidemi-
ological forms of KS—the novel herpes
virus KSHV (or HHV-8) (7), invariably
found in KS tissues. If, as evidence sug-
gests, HHV-8 is not ubiquitous, then its
consistent presence in KS must indicate a
key etiological role, which in turn would
imply that the four forms of KS are in-
deed one, but with different (but un-
known) augmenting cofactors. It is also
clear, however, that in itself HHV-8 is a
very low risk factor for KS development.
To illustrate: Most reports suggest a 2 to
10% global prevalence rate for HHV-8,
with much higher rates in some areas. As-
suming a 5% prevalence of HHV-8 in the
United States and a 1970s baseline inci-
dence of KS in men in the United States
(about 0.3 cases per 100,000 men), the
HHV-8 rate would be one case of KS in
every 17,000 HHV-8 infections. The op-
posite trend is true for HIV-1, which is
clearly not needed to cause KS, in that
three of the four epidemiological forms
of KS occur without HIV-1. Nonetheless,
HIV-1 infection is associated with an
enormous increase (by a factor of 20,000
to 50,000) in the incidence of KS in the
presence of HHV-8. Indeed, a recent re-
port shows that HHV-8 and HIV-2 infec-
tions in Gambia are common, whereas
KS is rare unless accompanied specifical-
ly by HIV-1 infection (8).

HIV-1

What is the role of HIV-1 in KS? General-
ly, it is assumed that HIV-1 infection sim-
ply promotes HHV-8 replication indirectly
by impairing the immunity of the host. We
postulate a more specific role: KS begins
as microvascular inflammatory lesions,
fostered by a different set of environmental
factors in each of the epidemiological
forms. One of these sets of factors is aber-
rant cytokine production (Z, 5, 9, 10); in
HIV-1-associated KS, this includes a
marked increase of inflammatory cy-
tokines, notably IFN-y, tumor necrosis fac-
tor—at (TNF-at), and the interleukins IL-1
and IL-6 (4, 3, 5, 10), augmented by differ-
ent activities of HIV-1 Tat (/, /7). Some of
these cytokines promote activation and
growth of endothelial cells, the expression
of adhesion molecules and integrins, the
production and release of angiogenic
molecules [basic fibroblast growth factor
(bFGF) and vascular endothelial growth
factor (VEGF)] by these endothelial cells
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(11), and an increase in HHV-8. Tat, essen-
tial for HIV replication, is also released
from acutely infected T cells (/) and taken
up by nearby cells (/7, 12), where it im-
pairs proliferation (in T cells) (/2, 13) and
promotes cytokine dysregulation, adhesion,
and growth (in the endothelial cells) (/7).
Thus, in addition to its essential role in
HIV replication, Tat is a toxin with much
wider effects on uninfected cells.

Tat interacts with endothelial cells via
its basic region and more specifically via
its RGD motif, which is absent in HIV-2

verse transcription polymerase chain reac-
tion (/7). Expression of VEGF in a tumor
composed of many newly forming blood
vessels is notable, but because ORF 74 is
not expressed in some KS tumors whereas
VEGF is regularly found, the origin of
VEGF expression must be more complex
than simple induction by ORF 74. Indeed,
VEGF (and bFGF) production is also stim-
ulated by inflammatory cytokines induced
by HIV-1 infection (/8). In addition, at
least some of the few neoplastic cell lines
available from KS tumors constitutively

Spindle-shaped cells of Kaposi's sarcoma. Blood vessels with red blood cells are also present.

and in simian immunodeficiency virus
(SIV). Interestingly, infection with HIV-2
is much less often associated with KS, and
monkeys infected with SIV do not develop
KS even when they are immune deficient
and also infected with HHV-8-related
viruses (/4).

HHV-8

HHV-8 is clearly linked to KS (/5), but
what is the role of HHV-8 (KSHV) in KS
tumor development? The situation is more
complex than is usually appreciated. Al-
though some workers consider HHV-8 to
be a highly oncogenic and transforming
virus, the evidence is not clearcut. For ex-
ample, ORF 74, an HHV-8 homolog of a
G protein—coupled receptor, is expressed
in some KS tissues and induces expression
of the angiogenic cytokine VEGF and cell
growth (16, 17); although these findings
are of interest, they cannot be taken as evi-
dence that HHV-8 is oncogenic or is re-
sponsible for angiogenesis in KS lesions.
Expression of ORF 74 is generally restrict-
ed to lytic phase replication and a small
minority of cells, and the cells in which it
is expressed are probably destined to die,
not grow. Furthermore, in some lesions,
expression is not detected at all by the re-

produce VEGF, and none carry HHV-8 se-
quences (/9).

Some genes of HHV-8 transfected into
NIH 3T3 mouse cells produce malignant
tumors in nude mice, whereas control cells
do not. This result has been used to argue
for a direct oncogenic capacity of HHV-8
in patients (20). However, this effect can
also be produced with genes from other
viruses, such as adenoviruses and HHV-6,
neither of which have transforming activi-
ty for any primary human target cell or are
known to cause any tumor. Moreover,
there is no conclusive evidence that the
spindle cells of KS lesions are neoplastic,
or even that most KS is a neoplasia rather
than a hyperplastic chronic inflammatory
response of mixed cellularity. Thus, the ef-
fect on mouse NIH 3T3 cells cannot be
taken as conclusive or even strong evi-
dence for a neoplastic transforming effect
in vivo.

Recently, the first evidence was pre-
sented for in vitro growth promotion of en-
dothelial cells by HHV-8 with implications
for neoplastic transformation (20). The in-
fected cells were more growth responsive
than uninfected cells to high concentra-
tions of VEGF, but they were continuously
dependent on VEGF, exhibited unusual re-
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quirements for growth on soft agar (sup-
plemented with 40% fetal calf serum and
high concentrations of endothelial cell
growth supplement), and did not show tu-
morigenicity in an animal model, leaving
serious doubts as to whether these effects
can be called transformation, or even im-
mortalization. Nonetheless, this study
clearly shows a direct growth-promoting
effect of HHV-8 on the main proliferating
cells of KS, the endothelial cells. -

The same inflammatory cytokines that
are increased after HIV-1 infection enhance
replication of HHV-8 (21). Cells infected
with HHV-8 may home to preexisting mi-
croinflammatory lesions, perhaps because
of ORF 74, the HHV-8 chemokine receptor
homolog. In this milieu, HHV-8 may grad-
ually become more abundant, and either
through its subsequent infection of en-
dothelial cells or through its own induction
of growth-promoting cytokines, it may fos-
ter more and sustained proliferation, some-
times culminating in a neoplastic clone.
Some clinical results favor this interpreta-
tion. Administration of IFN-y and TNF-o
in clinical trials was associated with an ex-
plosive growth of KS (22). Although in-
hibitors of HHV-8 (gancyclovir and foscar-
net) have been associated with inhibition of
KS lesions, the results are inconsistent, and
if HHV-8 is a transforming virus, the inhi-
bition of its replication should have no ef-
fect on the tumor, or at least not on neo-
plastic cells. These results would be more
consistent with the view that the bulk (or
all) of the tumor lesions of KS are not
composed of neoplastic cells.

On the other hand, cell lines from three
different patients have been established by
independent groups [one from a patient
with HIV-1-associated KS (23, 24), anoth-
er from a patient who had undergone a re-
nal transplant and had transplant-associat-
ed KS (24), and recently a third from a pa-
tient with classical KS] (22). These cells
grow permanently, induce sarcomas in
nude mice, and exhibit common chromo-
somal changes (22, 25). The similarity of
the chromosome abnormalities from the
three cell lines suggests that they are a true
representation of the malignant KS cell.
However, these abnormalities are not de-
tectable in primary tumor biopsies. Is this
because neoplastic cells are rare in KS le-
sions or because only an occasional lesion
evolves into a malignancy? Studies with
these cells suggest that KS evolves malig-
nant clones in at least some cases, proba-
bly during late stages. Other results sug-
gest that any malignant cells are present in
small numbers and recruit normal cells,
analogous to the Reed-Sternberg cells of
Hodgkin’s disease (except that in KS the
cell is not morphologically identifiable).
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These issues are more than academic.
If KS is not a malignancy and requires
replication of HHV-8 (and HIV-1 in the
case of HIV-1-associated KS), future re-
search on therapy would logically include
antiviral strategies. If, however, neoplastic
cells are invariably a component of a KS
lesion, even at the earliest stages of tumor
development, our focus should be more on
cytostatic or cytotoxic drugs.

It is of considerable interest that none of
the three known neoplastic KS cell lines
contain HHV-8 sequences, nor do any of
the short-term (past two passages) cultures
of KS SCs. Does this mean that the puta-
tive HHV-8 “transformed” cells immedi-
ately die in culture and that the rare obtain-
able surviving transformed cells (such as
the three known cell lines) lose the viral se-
quences? This is one interpretation, but in
my view is unlikely. The other interpreta-
tion is that HHV-8 facilitates hyperplasia
of some infected endothelial cells, and also
of nearby cells, by paracrine action and
does not transform its target cell. In this
scenario, transformation when it occurs in-
volves a separate lineage; many of the real
tumor cells were never infected by HHV-8.

But what of the forms of KS that do not
involve HIV-1 infection? Does KS develop
in them solely as a result of HHV-8 infec-
tion, or are other factors required? In the
case of organ transplant—associated KS,
the argument that this is the result of the
intentional drug-induced immune defi-
ciency seems obvious. However, it could
also be because the graft may provoke
chronic production of inflammatory cy-
tokines. Cofactors for the classical and
African forms of KS are not defined, but
as noted earlier, these are not linked to im-
mune deficiency.

Male dominance in KS is another remain-
ing enigma. Explanations for this prevalence
usually invoke a greater prevalence of HHV-8
in males, but this is not borne out by current
epidemiological studies.

Conclusion

The KS tumor is complex in its cellular
composition, origin, epidemiology, and
pathogenesis. It begins as a result of differ-
ent stimuli that promote microvascular in-
flammation; one major stimulus is HIV-1
infection. Development as a clinical tumor
may depend on activation by HHV-8 and
by cytokines (and Tat in HIV-1-associated
KS) in the inflammatory lesion. HHV-8, in
turn, may promote cell growth by augmen-
tation of these and other growth-promoting
cytokines. It is likely, then, that KS begins
as a hyperplasia and may evolve into ma-
lignant clones in some patients, but the
neoplastic cells may be a small minority.
Thus, KS may initiate as a microenviron-

mental abnormality with secondary conse-
quences, analogous in some respects to tu-
mors arising from so-called landscape de-
fects. Multiple issues regarding the virus,
the epidemiology, and the tumor still re-
main unsolved. These include the true
prevalence of the virus; its routes of trans-
mission; the percentage of spindle-shaped
cells infected in the earliest lesions; the
paradox of the absence of HHV-8 se-
quences in growing KS spindle cells in vit-
ro; the development of an animal model;
the reasons for the male dominance; the
cofactors for African (endemic), classical,
and transplant-associated KS; a method for
the detection and identification of the neo-
plastic cells in vivo; and an unambiguous
explanation for the marked recent decline
in KS despite the continued presence of
HHV-8 and of HIV-1 infections (currently
attributed to the decrease in HIV-1 viral
load as a consequence of aggressive anti-
HIV therapy).
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