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Herpes-Like Sequences in HIV-Infected
and Uninfected Kaposi’s Sarcoma Patients

Recently, Yuan Chang et al. (1) detected
the presence of unique DNA sequences
in 90% of Kaposi’s sarcomas (KS) and
15% of non-KS tissues in HIV-infected
individuals. These sequences, amplified by
polymerase chain reaction (PCR) proce-
dures and sequenced by Chang et al., share
DNA homology with genes of the capsid
and tegument proteins of Herpes saimiri
and Epstein-Barr viruses (1). In evaluating
the presence of this herpesvirus-like se-
quence, we have synthesized primers for one
of the reported sequences, designated the
KS330Bam fragment, and used the PCR pro-
cedure to examine 13 KS biopsies, 12 corre-
sponding normal tissues, 7 KS-derived cell
lines, and peripheral blood mononuclear
cells (PBMC) from 30 subjects (2).

Our studies confirm those of Chang et
al. (1) and indicate that the herpesvirus-
like sequence can be found in all 13 KS
biopsies studied, including one from an
individual not infected with human im-
munodeficiency virus (HIV) (Table 1).
All 13 biopsy donors were homosexual
men living in the United States. Corre-
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sponding control skin and other nearby
tissues from eight of these men were neg-
ative for the sequence. In the four excep-
tions, the presence of KS cells in the
control biopsies could not be excluded by
histologic examination. In one patient
whose KS tumors were positive for the
KS330Bam sequence, subsequent biopsies
of three resolved KS skin lesions were
negative. These results were obtained after
the patient had received chemotherapy
and the biopsies revealed no histologic
evidence of KS.

The SLK cell line, derived from an
HIV-negative KS patient (3), was nega-
tive for the KS330Bam sequence (Fig. 1),
as were six cell lines derived in our labo-
ratory from KS tissue (4). This herpesvi-
rus-like sequence was also not detected in
EBV-carrying cell lines (for example,
Raji) nor cells infected with HHV-6 (5).

We have detected the KS330Bam se-
quence as well in the PBMC of 10 KS
patients and not in the PBMC of 20 non-
KS subjects studied (6). Six of the non-KS
individuals were HIV-infected, while: the
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sequence. The initiator methionine was cleaved in all
mutants, presumably by the E. coli methionine amino-
peptidase. This indicates that similar processing
should occur in the E. coli proteasome homolog HslV,
where the conserved threonines are also only preced-
ed by an initiator methionine.
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others were healthy, HIV-seronegative sub-
jects. Of the 10 KS patients, three were not
infected with HIV (Table 1).

With the use of immunomagnetic bead
selection (7), we have isolated cell subsets
from the PBMC and localized the
KS330Bam sequence primarily to the
CD19* B cell population (Table 1). No-
tably, the CD8* cells were negative.
These findings are consistent with the
presence of this sequence in some B cell
lymphomas (1). Finally, in attempts to
examine the possible route of transmission
of this KS-associated virus, we examined
cells and cell-free fluid from saliva and

M1234567829

Fig. 1. Analysis of PCR amplified herpesvirus-
like sequence. Total DNA from tissue or cells
was amplified, and electrophoresis was per-
formed on an agarose gel (2). M, DNA molecular
weight marker. Lanes 1 and 2, tumor and control
tissue from KS+ HIV+ patient; lanes 3 and 4,
tumor and control tissue from KS+ HIV— pa-
tient; lane 5, KS+ HIV+ PBMC; lane 6, KS+
HIV-PBMC; lane 7, KS-HIV-PBMC; lane 8, SLK
line; and lane 9, positive control KS tumor tissue.
Arrow indicates the mobility of the 233 base pair
portion of the KS330Bam fragment.



Table 1. Prevalence of herpesvirus-like sequence
in Kaposi's sarcoma (KS) tissue and blood of KS
patients. Studies were conducted as described in
text (2). Some of the tumor tissues and corre-
sponding controls were provided by the University
of California AIDS Specimen Bank under the direc-
tion of Dr. John Greenspan. Peripheral blood
mononuclear cells from normal subjects came
from healthy volunteers in the laboratory or were
provided by Irwin Memorial Blood Centers, San
Francisco, California.

Subject’s
Specimen status KS330Bam
KS HIV
KS tumor + + 12/12
control tissue + + 4/11
KS tumor + - 11
control tissue + - (07
PBMC + + 77"
PBMC + - 3/3
PBMC - + 0/6
PBMC - - 0/14
PBMC subsets + +
cD8* 0/3
CD19+ 3/3
Saliva + +
Cells 0/4%
Fluid 0/2
Semen + +
Cells 0/5%
Fluid 0/4

*Testing of samples obtained from at least two different
visits of three of these patients yielded positive results.
Samples from three of these HIV-infected KS patients
were used for the subset analysis. tCell populations
with = 90% CD8+ or CD19+ cells. }Repeat samples
from two patients on separate occasions were evaluated
and also gave negative results.

semen of KS patients. Cells were removed
by low-speed centrifugation and fluids
were ultracentrifuged at 100,000g for 2
hours in a Beckman SW28 rotor. The cells
and high speed pellets were resuspended,
extracted, and analyzed as described (2).
The KS330Bam sequence could not be
detected in these body fluids (Table 1).

These results, showing the presence of
the KS330Bam sequence in KS tissue and
PBMC of both HIV-infected and unin-
fected individuals, provide further evi-
dence of the specific association of a her-
pesvirus-like sequence with this malignan-
cy. Its absence in the KS-derived cell lines
may indicate the lack of cultivation of the
KS cell itself, or an indirect effect of a
herpes-like virus on endothelial cell pro-
liferation, for example via cytokines as has
been proposed (8). The preliminary data
showing the absence of the KS330Bam
sequence in saliva and semen may be a
result of sampling error, and the potential
route of transmission of this KS-associated
agent remains unknown. Further evalua-
tion is also needed to determine the dis-
tribution of this KS-associated agent in
the population.
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Building an Associative Memory
Vastly Larger Than the Brain

Leonard M. Adleman proposes using the
tools of molecular biology to solve comput-
er science problems such as the directed
Hamiltonian path problem (1). Richard J.
Lipton (2) describes an improved biological
procedure to solve directly any computa-
tional problem in the class NP and suggest-
ed approaches to speed up solution of some
important practical problems. It is possible,
at least in principle, to use these tools to
produce an associative, or content address-
able, memory of immense capabilities. A
content addressable memory is one where a
stored word may be retrieved from suffi-
cient, partial, knowledge of its content,
rather than needing to know a specific ad-
dress as in standard computer memories.
Content addressable memories are useful in
a number of computer contexts and are
widely thought to be an important compo-
nent of human intelligence.

The memory is conceptually simple. It
consists of a vessel containing DNA. It
would be able to store binary words of a
fixed length. One would write such a word
in memory by placing in the vessel an ap-
propriate single strand DNA molecule en-
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coding it (3). In the simplest approach, two
distinct DNA subsequences would be as-
signed to each component—the first coding
for a “one” at that component and the
other coding for a “zero.” The DNA mole-
cule coding a particular word would be
composed by concatenating the appropriate
subsequences corresponding to its particular
bits, in any order (4).

This memory would be “content addres-
sable.” Given a “cue” consisting of a subset
of the component values, one might re-
trieve any words in the memory consistent
with these values as follows. For each com-
ponent specified in the cue, one could in-
troduce in turn the complement of the cor-
responding subsequence of DNA, affixed to
a magnetic bead. This compliment would
then bond to DNA molecules in the mem-
oty having that subsequence, that is, coding
for words containing that component value.
A similar bonding procedure was used by
Adleman in his computation (I). These
molecules could then be extracted magnet-
ically. After iteratively extracting on each
component in the cue, one would retrieve
molecules matching the cue exactly and
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