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Abstract

Several lines of investigation point to a new herpesvirus, hu-
man herpesvirus—-8 (HHV-8), as the cause of two different
neoplasms seen in AIDS patients—Kaposi’s sarcoma (KS)
and body cavity B cell lymphoma. If this virus is the etiolog-
ical agent, rather than another opportunistic infectious
agent, it should be present in the earliest detectable clinical
lesions on a temporal basis, and localize to specific target
cells in a spatial pattern consistent with tumorigenic path-
ways. In this study, we take advantage of the clinical acces-
sibility to biopsy early (patch stage) skin lesions of KS to ad-
dress the temporal issue, combined with in situ PCR and
dual immunostaining using a marker identifying malignant
cells, to address the spatial localization issue. 21 different
tissue samples were subjected to PCR analysis and in situ
PCR with and without simultaneous immunostaining. In
normal skin from healthy individuals, no HHV-8 DNA was
detected by PCR or in situ PCR. However, in all PCR-posi-
tive tissues, distinct and specific in situ PCR staining was
observed. In four different patch stage KS lesions, in situ
PCR staining localized to nuclei of endothelial cells and
perivascular spindle-shaped tumor cells. Later stage KS le-
sions (plaques and nodules) revealed additional positive
cells, including epidermal keratinocytes (four of five), and
eccrine epithelia (two of four). These patterns were nonre-
stricted to skin, as pulmonary KS also revealed HHV-8—spe-
cific infection of endothelial cells and KS tumor cells, as
well as epithelioid pneumocytes (two of two). In body cavity
B cell lymphoma by dual staining, HHV-8 was present in
malignant tumor cells (EMA immunostained positive) and
not in reactive lymphocytes. These results reveal an early
temporal onset and nonrandom tissue and cellular distribu-
tion pattern for HHV-8 infection that is consistent with a
causal link between this DNA virus and two AIDS-related
neoplasms. (J. Clin. Invest. 1997. 99:2971-2978.) Key words:
Kaposi’s sarcoma « human herpesvirus-8 « in situ poly-
merase chain reaction « lymphoma « acquired immunodefi-
ciency syndrome
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Introduction

Epidemiological evidence has long suggested that Kaposi’s
sarcoma (KS)! has an infectious etiology (1). Recently, studies
have documented the presence of short viral DNA sequences
in KS lesions that represent a previously unidentified herpesvi-
rus referred to as KS-associated herpesvirus or human herpes-
virus—-8 (HHV-8) (2-5). This virus, which is homologous to Ep-
stein-Barr virus and herpesvirus saimiri, has been linked to KS
by virtue of its presence in > 95% of all KS lesions tested with
polymerase chain reaction and Southern blot analysis, and by
several recent seroepidemiologic studies examining HHV-8-
specific antibodies in patient and control serum samples (6-9).
While these reports vary in the seroprevalence rates for HHV-8
in the general population (0-28%), they consistently found that
a majority of KS patients (71-100% ) have HHV-8—specific an-
tibodies, providing evidence, albeit indirect, that HHV-8 may
be the cause of KS.

However, as pointed out by others, it is important to go be-
yond these types of indirect studies that suggest disease associ-
ation between HHV-8 and KS, to probe deeper into the pre-
cise relationship between HHV-8 and human tissues (10-13).
Currently, little is known about the cellular and subcellular lo-
calization of HHV-8 in neoplastic tissue samples. What has
been learned based on our studies, and those of others examin-
ing fresh and cultured KS cell lines, is that the HHV-8 genome
is present in just one or a few copies per cell (circular, latent
form) in KS lesions (2, 14-16). Such low copy numbers present
a challenge to investigators attempting to define the cellular
patterns of infectivity. It becomes critical to use the most sensi-
tive detection system that also preserves tissue architecture to
permit definitive conclusions to be drawn. This potential sensi-
tivity problem was noted by Li et al. (17) using traditional in
situ hybridization, since one third of their tissue samples that
were PCR positive for HHV-8 were completely negative in tis-
sue in situ hybridization. Thus, in situ hybridization has signifi-
cant limitations for these types of studies as it is relatively in-
sensitive and cannot detect low copy number DNA that are
present in KS (18-20). Boshoff et al. used PCR in situ hybrid-
ization to further enhance the tissue localization rates for
HHV-8 (21). They demonstrated the presence of HHV-8 in
both vascular endothelial cells and spindle-shaped tumor cells,
but they only examined late-stage nodules, and not the earlier
patch or plaque-stage lesions.

If HHV-8is the cause of KS, it should be present in the ear-
liest detectable lesions. Examining only late stage lesions does
not provide as strong support for establishing causal links as do
studies involving lesions that are in their infancy. It has always

1. Abbreviations used in this paper: BCBL, body-cavity based lym-
phoma; EMA, epithelial membrane antigen; HHV-8, human herpes-
virus-8; KS, Kaposi’s sarcoma.
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been difficult for investigators studying the etiology of KS to
separate preferred viral passengers that represent opportunis-
tic infection from key pathogenic and causal agents. We rea-
soned that the most compelling argument to link HHV-8 to KS
(short of a demonstration that its injection in a suitable animal
model produces the disease), was to identify its presence in the
earliest detectable clinical lesions. At this stage of the disease,
the AIDS patients have significantly less immunosuppression
than at the later stages of KS, thereby reducing the chances
that this is an opportunistic infection. Another important rea-
son for examining early lesions of KS is that it permits an as-
sessment of the preneoplastic cells that may be caught in the
transition to spindle-shaped tumor cells. Perhaps as confusing
as identifying the cause of KS has been the historical histoge-
netic dilemma in defining the precursor cell that gives rise to
the KS tumor cell. To address these issues regarding the etiol-
ogy and pathogenesis of KS, we describe a protocol using in
situ PCR. This technique permits the direct visualization of
low copy DNA sequences, and we could detect HHV-8 in the
patch stage lesions of KS. We demonstrate specific amplifica-
tion of HHV-8 in patch stage lesions within endothelial cells
and perivascular spindle-shaped cells. Thus, the PCR signal
detected from patch stage lesions is not coming from circulat-
ing B cells replicating HHV-8 trapped in the vessels contained
within the biopsy samples. In more advanced skin lesions of
KS, we also identified HHV-8 in basal keratinocytes and ec-
crine epithelium. To determine if this technique would also
work at nonskin sites, we used it on pulmonary KS lesions as
well, with similar results. Finally, we applied the technique to
lesions of another AIDS-related neoplasm, body cavity-based
B cell lymphoma (BCBL), and developed the technology fur-
ther, combining in situ PCR with immunostaining on the same
tissue sample. This dual staining revealed that HHV-8 was
present in epithelial membrane antigen-positive lymphoma
cells, but not reactive lymphocytes (which was confirmed by
ultrastructural analysis) (22).

This is the first report to localize HHV-8 in early patch
stage KS lesions. We also detected HHV-8 in epithelial type
cells, predominantly associated with later stage (i.e., tumors/
nodules) KS disease, and demonstrated that this highly sensi-
tive and specific technique can be used for cutaneous and non-
cutaneous tissue samples. Determining the range of host cells
(both tumorigenic and nontumorigenic) infected with HHV-8,
particularly in the early stage lesion, provides important new
insight into its etiological and pathophysiological role in KS
and other AIDS-related neoplasms such as BCBL.

Methods

Tissue samples. Paraffin-embedded tissue samples were retrieved
from archival diagnostic specimens. Samples included cutaneous KS
lesions (classical KS, n = 1; iatrogenic KS, n = 3; AIDS-KS, n = 5),
normal human skin (n = 4), pulmonary tissue containing nodules of
KS from AIDS patients (n = 2), and multiple lymphoma tissue sam-
ples (n = 8) from a patient with AIDS-related BCBL as previously
described (22). Cutaneous KS lesions were from patch (n = 4) and
plaque (n = 2), as well as nodular stage lesions (n = 3). 5-pm-thick
sections were cut and placed on silane-coated glass slides for in situ
PCR (Perkin-Elmer Cetus Instruments, Foster City, CA). All tissue
samples from disease sites were independently confirmed as being
HHYV-8 positive by conventional PCR techniques, and the normal
skin samples were HHV-8 negative using the same methodology as
previously described (2, 23).
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In situ PCR. Direct in situ PCR was performed using modifica-
tions of previously published methodology (21, 24, 25). Briefly, tissue
sections were dewaxed with xylene for 30 min and 100% ethanol for
5 min. The samples were gradually rehydrated using a graded series
of alcohols and digested with 0.02 M HCI for 10 min, 0.01% Triton
X-100 for 90 s, and 0.5 mg/ml proteinase K for 20 min at 37°C. The
samples were washed extensively in PBS to inactivate the enzyme.
For some samples, as indicated in the text, a limited digestion using 1
mg/ml trypsin for 40 min at 37°C and a 20-min incubation in 50:50
methanol:3% hydrogen peroxide solution was also used. The slides
were dehydrated in a graded series of alcohols and their PCR amplifi-
cation was performed using the GeneAmp in situ PCR 1000 system
(Perkin-Elmer Cetus Instruments). Reaction conditions consisted of
1x PCR buffer II (Perkin-Elmer Cetus Instruments), 1 .M of each
primer (HHV-8-A5;,s TCT GTG CAT GCC CAC GTT CAC G;
HHV-8-Bs; TGC AGC GCG TGG AGC AAT TC), 200 uM dNTPs,
20 uM digoxigenin-11-dUTP (Boehringer Mannheim Biochemicals,
Indianapolis, IN), 4.5 mM MgCl,, and 10 U Taq IS (Perkin-Elmer Ce-
tus Instruments). The slides were assembled using the in situ PCR
1000 slide assembly unit (Perkin-Elmer Cetus Instruments). This unit
warms the slide to 70°C in order for hot start PCR to be performed.
60 pl PCR reaction mixture (prewarmed to 70°C) was placed directly
on the tissue section and covered with a silicon-rubber AmpliCover
disc (Perkin-Elmer Cetus Instruments), which was held firmly in
place with an AmpliCover clip (Perkin-Elmer Cetus Instruments).
The slides were transferred to the GeneAmp in situ PCR 1000 ther-
mal cycler (Perkin-Elmer Cetus Instruments), and then cycled as fol-
lows: 92°C for 3 min (1 cycle), followed by 92°C for 1 min, 65°C for
1 min, and 72°C for 1 min (40 cycles). Control reactions used for each
sample included reaction mixtures without Taq polymerase and/or
primers as well as tissue samples from healthy normal donors that
were processed identically to the diseased tissue samples.

AmpliCover clips and discs were removed and the tissue fixed in
95 and 100% ethanol. The tissue was rehydrated in PBS for 5 min and
soaked in 0.1 M Tris, pH 7.5, and 0.15 M NaCl (buffer 1) (24). The
samples were blocked for 30 min in buffer 1 containing 2% fetal bo-
vine serum and 0.3% Triton X-100 (blocking buffer). The samples were
then incubated for 1 h with anti-digoxigenin-alkaline phosphatase—
conjugated Fab antibody fragments (1:2,000 dilution; Boehringer
Mannheim Biochemicals) prepared in blocking buffer. The slides were
washed twice in buffer 1, and then once in 0.1 M Tris, pH 9.5, 0.1 M
NaCl, and 50 mM MgCl, (buffer 2) for 5 min each. Freshly prepared
NBT/BCIP (Sigma Chemical Co., St. Louis, MO) was used as the
chromogenic substrate. Slides were generously covered with the sub-
strate and monitored for color development. The reaction on all
slides was stopped by washing the slides in TE buffer when the posi-
tive control developed a clear signal. Slides were then mounted with
Aquamount and examined without additional counterstaining. Slides
were examined and photographed using a Provis AX-80 microscope
(Olympus Corp., Melville, NY) and IPLab Spectrum scientific imag-
ing software (Signal Analytics Co., Vienna, VA).

In some experiments, slides were processed for detection of B-globin
as described above with the exception of the primers used (-globin-
Aj, 5'-CAA CTT CAT CCA CGT TCA CC- 3'; B-globin-By,
5'-ACA CAA CTG TGT TCA CTA GC-3’), and the amplification
conditions were modified to 45 s at 92°C, 45 s at 58°C, and 45 s at 72°C
for 40 cycles. Studies were also performed using PCR in situ hybrid-
ization using similar conditions as described by Boshoff et al. (21).
While the two techniques yielded similar results with respect to en-
dothelial cells and spindle-shaped tumor cells, the signal was weaker
in some cases using PCR in situ hybridization than was seen in the in
situ PCR procedure, and additional positive cell types (i.e., epithe-
lioid cells) were identified using the in situ PCR protocol.

Immunofluorescent staining. In some experiments, after develop-
ment of the NBT/BCIP color reaction, the tissue sections were dual
labeled using fluorescein-conjugated antiepithelial membrane anti-
gen (EMA) (1:10 dilution; Dako Corp., Carpinteria, CA). The slides
were washed once in FA buffer (Difco Laboratories Inc., Detroit,



MI), incubated for 30-45 min with the antibody, and then washed
twice with FA buffer before mounting with 90% glycerol containing
10 mg/ml p-phenylenediamine. Slides were examined and photo-
graphed using a Provis AX-80 microscope.

Results

Cutaneous Kaposi’s sarcoma. Initial experiments were per-
formed on advanced KS skin lesions to confirm and extend the
previously published results (17, 21). Our studies using both in
situ PCR and PCR in situ hybridization also demonstrated
positive signals for HHV-8 in the spindle-shaped KS tumor
cells as well as in the vascular endothelial cells of nodular, late
stage KS lesions (data not shown). However, using in situ
PCR, we were able to demonstrate the presence of HHV-8 in
spindle-shaped tumor cells and endothelial cells in the earliest
patch-stage (Fig. 1, A and B) as well as plaque-stage (Fig. 1 E)

KS lesions, which had not been previously described. The spin-
dle cells in early cutaneous KS lesions were clearly positive un-
der the more stringent digestion procedure (HCI and protein-
ase K as described in Methods); however, the morphology was
compromised under these conditions. The tissue architecture
was better preserved when the digestion conditions were lim-
ited to trypsin (as described in Methods), and, under these
conditions, endothelial cells as well as some spindle cells were
positive (Fig. 1, A and B) (21). Using both the digestion condi-
tions, the positive HHV-8 signal was localized in the nuclei of
these cells. Cells were considered positive when the nuclei ac-
quired a dark purple color. Also, the dermis of normal human
skin from HIV-1-negative individuals processed with HHV-8
primers showed no evidence of HHV-8 infection (Fig. 1 C).
Note that no counterstaining of the tissue sections was per-
formed to eliminate confusion of hematoxylin-type staining of
nuclear DNA. No difference in the staining of these cell types

Figure 1. Detection of HHV-8 in cutaneous KS lesions using in situ PCR. (Biopsies were stained to detect HHV-8 as described in Methods. Pos-
itive cells are identified by nuclei that have become deep purple after exposure to the NBT/BCIP chromagen. Note that no counterstain is used
in any of the tissue sections.) (A) Early patch-stage KS lesion demonstrating that both the spindle-shaped tumor cells and endothelial cells are
positive for HHV-8 (solid arrows, spindle-shaped cells; arrowheads, endothelial cells). Some of the endothelial cells were negative for HHV-8
(open arrows). (B) Patch-stage KS lesion from a different patient also showing positive endothelial cells and KS spindle cells (solid arrows, inter-
stitial spindle-shaped cells in lower right; center arrow, endothelial cells). A negative endothelial cell is also highlighted (open arrow). (C) Nor-
mal human skin processed as A and B shows no positive staining for HHV-8 in the dermis. (D) Epidermis of normal human skin from healthy
adults shows no positive signal for HHV-8. (E) Cutaneous plaque of KS in which the epidermis directly overlying the KS reveals a specific posi-
tive signal in basal keratinocytes (upper level, solid arrows), as did the underlying spindle-shaped tumor cells (lower level, solid arrows). Negative
keratinocytes near the stratum corneum are also indicated (open arrows). The epithelial cells lining the eccrine ducts in KS lesions also stained
positive for HHV-8 (E, inset). Several positive epithelial cells are indicated with closed arrows, while open arrows highlight negative cells. (F)
Perilesional skin from the same sample as in E. There is little to no specific positive staining for HHV-8 in the basal keratinocytes.
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was found among KS lesions from classic, iatrogenic, or AIDS-
related cases (data not shown).

Interestingly, we also detected HHV-8 in the basal kerati-
nocytes in the area immediately above some of the later stage
(i.e., plaque/tumor) KS lesions (four of five), which has not
been previously reported (Fig. 1 E). In contrast, such epider-
mal keratinocyte reactivity was seen in only one of four patch-
stage lesions. In one sample where there was ample adjacent
uninvolved tissue, the positive keratinocytes were concen-
trated in the area immediately above the lesion (Fig. 1 E), but
there was no positive signal in the epidermal keratinocytes in
the perilesional skin (Fig. 1 F). The epidermis of normal hu-
man skin processed with HHV-8 primers showed no evidence
of HHV-8 infection (Fig. 1 D). As with spindle-shaped tumor
cells and endothelial cells within the KS lesion, the signal in
basal keratinocytes was largely limited to the nuclei of the
cells. Some nuclei in basal keratinocytes, as well as cells of ad-
jacent tissue, were negative, indicating that these signals are
specific and not due to leakage of PCR product from sites of
amplification to adjacent areas (21). In addition to the positive
keratinocytes, endothelial cells, and tumor cells, two of four
cutaneous lesions containing eccrine ducts were positive for

HHV-8 (Fig. 1 E, inset). The signal was localized in the nuclei
of the cuboidal epithelial cells lining the ducts.

Control slides were run to confirm that the positive signal
in KS skin was indeed specific. As previously mentioned, nor-
mal human skin was processed for the presence of HHV-8 us-
ing identical conditions as in testing of KS tissue. There was no
evidence of specific amplification, as demonstrated in Fig. 1,C
and D. KS tissue was also processed in the absence of Taq
polymerase and/or primers in the PCR reaction mixture to
eliminate false positive results based on nonspecific pathways
of PCR amplification (25). In all control cases, there was no
specific amplification signal (data not shown). However, on
the no primer control slides there was occasionally a pale gray
or purple staining across the entire tissue section that was
clearly nonspecific.

Pulmonary KS. To extend our findings in the skin, tissue
samples from pulmonary KS cases were examined with in situ
PCR for HHV-8. Spindle-shaped tumor cells in the tumor-
bearing connective tissue surrounding the lung (i.e., pleura)
were clearly positive for HHV-8 (Fig. 2 A). The endothelial
cells lining some of the pulmonary vasculature were also posi-
tive for HHV-8 (Fig. 2, B and C), as were the epithelioid cells
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Figure 2. Pulmonary KS tissue samples processed for in situ PCR in the presence or absence of HHV-8 primers (HCI and proteinase K digestion
conditions). (A) Spindle-shaped tumor cells in the pleural tissue were positive for HHV-8. (B) Endothelial cells lining some of the pulmonary
vasculature were positive for HHV-8 (solid arrow) while other endothelial cells were negative (open arrow). (C) Endothelial cells lining other
vessels in the same tissue section were negative for HHV-8 (open arrow). (D) Cells lining the alveolar spaces could be distinguished as the pro-
tuberant (i.e., epithelioid cells) were positive, while the flat-lining cells were HHV-8 negative. Also, the pulmonary macrophages within the alve-
oli were negative (D, inset). (E) Pulmonary KS tissue processed in the absence of HHV-8 primers as a negative control. There is no specific stain-

ing for HHV-8 present.
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Figure 3. Pulmonary KS tissue samples processed
for in situ PCR in the presence or absence of
HHV-8 primers (limited digestion conditions with
trypsin). (A) Spindle-shaped tumor cells in a pul-
monary KS lesion pleural tissue were positive for

HHV-8 (solid arrows). Of interest, the spindle-
shaped tumor cells appear to emerge from the edge
of a large vessel that is lined with HHV-8-negative
endothelial cells (open arrows). (B) A small pulmo-
nary vessel lined with endothelial cells that were
positive for HHV-8 (solid arrows), while other cells
were negative (open arrow). (C) In a separate area
of the same section of pulmonary KS, a small blood
vessel is lined with endothelial cells that do not con-
tain HHV-8 (open arrows).

lining the alveolar spaces (two of two cases, Fig. 2 D). The pul-
monary macrophages in the alveolar spaces were negative for
HHV-8, providing an internal control and demonstrating the
specificity of the amplification (Fig. 2 D, inset). As in the cuta-
neous KS tissue samples, the amplification signal in the epithe-
lioid and endothelial cells was limited to the nuclei. In situ
PCR performed in the absence of Taq polymerase or primers
produced a negative result (Fig. 2 E).

Similar results were obtained using the limited digestion
conditions with trypsin developed for in situ PCR (Fig. 3). The
spindle-shaped tumor cells in pulmonary KS were positive for
HHV-8 (Fig. 3 A) and appear to emerge from the edge of a
large blood vessel lined with endothelial cells that do not con-
tain HHV-8. In comparison, small blood vessels in the same
tissue section were either positive (Fig. 3 B) or negative (Fig. 3
C) for HHV-8.

B cell lymphoma. We have recently described the clinical,
light microscopic, and ultrastructural features of an EBV-neg-
ative, HHV-8—positive AIDS-related BCBL (22). To extend
these initial observations, in situ PCR was performed on sev-
eral tissue samples from various organs, including liver, lung,
heart, and lymph node, that revealed HHV-8-positive cells in
the mass of infiltrating lymphoid cells (Fig. 4 A). Surrounding
tissues including the hepatocytes of the liver and myocytes of
the myocardium were negative for HHV-8 (data not shown).
Once again, the specific signal was localized to the nuclei. In
situ PCR performed on an adjacent tissue section in the ab-
sence of primers showed no specific signal (Fig. 4 B).

While the in situ PCR-positive lymphoid cells appeared to

Temporal and Spatial Correlation of Human Herpesvirus—8 in Tumorigenesis

be confined to the large, atypical malignant B cells (Fig. 4 A),
we sought more definitive evidence to support this light micro-
scopic expression. Previous studies have demonstrated that the
tumor cells in body cavity—based lymphomas are positive for
EMA (22, 26). To determine whether or not the cells contain-
ing HHV-8 viral DNA sequences were also expressing EMA,
we modified existing dual-staining protocols to combine in situ
PCR and immunohistochemistry on the same tissue sections
using a fluorescein-labeled antibody to EMA (27). As shown
in Fig. 3, the green fluorescent cells (i.e., EMA-positive malig-
nant tumor cells) are the same cells that are deeply stained
with NBT/BCIP using the in situ PCR protocol (Fig. 4, C and
D, and 4, E and F; solid arrows). Other surrounding smaller,
reactive-appearing lymphocytes in the area do not have nuclei
with a positive HHV-8 signal, and likewise do not appear fluo-
rescent with the anti-EMA antibody (Fig. 4, C and D, and 4, E
and F; open arrows). Thus, by both light microscopic and dual
staining (EMA and in situ PCR), the principle cell type that
contains nuclear HHV-8 DNA-positive sequences is the malig-
nant B cell population.

Discussion

Recent studies have indicated that the newly identified
gamma-herpesvirus, HHV-8, may be the long sought etiologi-
cal agent responsible for KS. PCR-based studies have con-
firmed the presence of HHV-8 DNA in samples from the four
recognized forms of KS (AIDS-related, classical, iatrogenic,
and African-endemic), as well as in AIDS-related BCBL and
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Figure 4. AIDS-related BCBL processed for in
situ PCR in the presence or absence of HHV-8
primers. (A) Many of the atypical-appearing lym-
phocytes in this tumor nodule from a liver speci-

men were positive after being stained deep purple
by exposure to the chromagen NBT/BCIP (solid
arrows), indicating the presence of HHV-8, while
other nuclei in smaller, reactive-type lymphocytes
contained little to no staining with the chromagen.
(B) In situ PCR of the tumor mass processed in
the absence of HHV-8 primers as a negative con-
trol. (C) Dual staining was performed on several
BCBL samples for EMA. After in situ PCR (HCl
and proteinase K digestion conditions), BCBL tis-
sue samples were stained for detection of EMA
using a fluorescein-labeled antibody. Both bright

green fluorescein-labeled tumor cells (white ar-
row) as well as reactive lymphocytes that were not
positive for EMA were present in the BCBL tis-
sue sample (black arrows). (D) Tumor cells dem-
onstrating positive staining for EMA were also
positive for HHV-8 on in situ PCR (solid arrow).
In contrast, the lymphocytes that were negative
for EMA were also negative for HHV-8 (open ar-
rows), indicating that these cells are reactive and

: not neoplastic. (E) After in situ PCR (limited di-

/ gestion conditions with trypsin), dual staining for
the detection of EMA was performed using a fluo-
rescein-labeled antibody. The fluorescein-labeled

tumor cells (solid arrows) as well as the reactive
lymphocytes that were not positive for EMA
* (open arrows) were present in this lymph node
specimen from a BCBL patient. (F) Tumor cells
demonstrating positive staining for EMA were
also positive for HHV-8 on in situ PCR (solid ar-
rows). In contrast, the reactive lymphocytes that
were negative for EMA were also negative for
HHV-8 (open arrows). Use of limited digestion
conditions with trypsin for in situ PCR with this
1 sample resulted in improved tissue architecture
compared with C and D, which were treated with
the more rigorous proteinase K digestion method.

multicentric Castleman’s disease (2-5, 28-31). However, these
studies could not identify the cell types infected with HHV-§,
which is critical to understanding the etiologic and pathophysi-
ologic roles this virus may play in KS. Identification of the
virus in the actual neoplastic cellular elements of the KS,
AIDS-related BCBL, and multicentric Castleman’s disease is
an essential element in attempting to distinguish between an
association of HHV-8 (i.e., preferred passenger), and the dem-
onstration of a more direct cause:effect type of relationship (20).

The novel findings presented in this report are that HHV-8
was identified in the early, patch-stage lesions of KS localizing
to endothelial cells and spindle-shaped tumor cells usingin situ
PCR. Moreover, in the advanced lesions, besides these mesen-
chymal cells, HHV-8 was also present in the overlying kerati-
nocytes (four of five) and in admixed eccrine duct epithelial
cells within skin. Positive keratinocytes were limited to the epi-
dermis directly above the lesion with keratinocytes in perile-
sional areas negative for HHV-8 sequences. The importance of
HHV-8 infection of the keratinocytes is currently unknown.
However, it is not surprising that epithelial cells like kerati-
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nocytes are positive for HHV-8 considering our results show-
ing HHV-8 in the epithelioid cells lining the alveoli (i.e., pneu-
mocytes), epithelial cells of eccrine ducts, and studies from
others indicating HHV-8 in human urothelial cells (32). We
also have evidence of transfer of HHV-8 infection from iso-
lated KS tumor cells to an embryonal kidney epithelial cell
line, 293 cells (23). Only in one of four (25%) patch-stage le-
sions were the keratinocytes positive for HHV-8, compared
with 80% of plaque/tumor-stage biopsies. This suggests that
keratinocytes are not a primary target for infection by HHV-8,
but may become secondarily infected in the skin.

In situ PCR does have the potential problem of nonspecific
incorporation of labeled nucleotides into PCR products pro-
duced as part of nonspecific DNA repair pathways that can
lead to false positive results (19, 33). Our results using normal
human skin under identical conditions as with the KS lesions
demonstrated no amplification, as shown in Fig. 1, C and D.
This, in combination with control samples of in situ PCR in the
absence of Taq polymerase and/or primers, indicate that non-
specific pathways of PCR amplification were not responsible



for our results. In addition, our results were reproducible with
PCR in situ hybridization; however, the signal was weaker
than in in situ PCR in some cases.

In the previously published reports, serial tissue sections
were used for in situ hybridization and immunohistochemical
staining to show that similar cells to those containing HHV-8
sequences were also positive for particular surface markers,
such as CD34. In this report, we use a protocol combining in
situ PCR and immunostaining on the same tissue section using
fluorescein-conjugated EMA antibodies. With this technique,
the lymphoid cells in an AIDS-related BCBL were shown to
be both EMA-positive tumor cells and HHV-8—positive, which
was in contrast with the EMA-negative reactive lymphocytes,
which did not contain HHV-8 by in situ PCR. The colocaliza-
tion of HHV-8 DNA-positive nuclei to malignant lymphoid
EMA-positive cells is consistent with our earlier ultrastruc-
tural observations that confined intranuclear viral particles
consistent with herpes virions to the neoplastic lymphoid cells
(22). Experiments also attempted dual labeling of the KS tu-
mor cells with fluorescein-labeled CD34 antibody, but were
unsuccessful. This is likely due to destruction of the antigen
during preparation of the tissue and PCR amplification. As
mentioned above, if HHV-8 only represented an opportunistic
viral infection, it would probably have been more widely dis-
tributed amongst benign and malignant lymphoid cells. The
striking one-to-one correlation in which HHV-8 is preferen-
tially contained within the malignant B cells provides new evi-
dence for a causal link in the disease process. Obviously, addi-
tional studies are indicated to more precisely determine the
molecular basis for the role of HHV-8 in the transformation
process, although several candidate gene sequences have re-
cently been suggested in this regard (34, 35).

To date, data from a variety of laboratories indicates that
HHV-8 may be the etiologic agent of KS and not a ubiquitous
virus casually associated with this disease. However, this is still
a controversial issue with several other laboratories providing
evidence of HHV-8 in tissues from normal donors and patients
without KS (9, 32, 36, 37). In this report, we demonstrate
HHV-8 in the neoplastic cellular elements of both KS and
AIDS-related BCBL. We have also identified HHV-8 in tu-
mor cells in the earliest lesions of KS. This data indicates a role
for HHV-8 in the development of KS, and would support the
notion that HHV-8 is an etiologic agent or cofactor in the pro-
duction of KS lesions. However, the current in situ PCR stud-
ies, while supporting an etiological role for HHV-8 in KS, can-
not entirely substitute for more definitive epidemiologically
based studies (38, 39). More definitive studies are clearly indi-
cated to determine how widespread HHV-8 is in the general
population. Until it is demonstrated that injection of HHV-8 in
an appropriate animal model system can cause KS lesions to
develop, caution is still warranted in assuming this is the etio-
logical agent in KS (40). Given the growing body of data sup-
porting a key role for HHV-8 in the etiopathogenesis of KS,
experiments designed to directly examine the cause—effect re-
lationship are currently underway and the results will undoubt-
edly be forthcoming in the near future.
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