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Kaposi’s sarcoma (KS)-associated herpesvirus (KSHV)
is linked to KS, primary effusion lymphomas (PEL),
and a subset of multicentric Castleman’s disease
(MCD). Transcript mapping studies using PEL cell
lines have allowed preliminary classification of viral
gene expression into constitutive (class I) and induc-
ible (class II/III) categories. To determine whether
viral gene expression differs in vivo, we examined
tissue sections of KSHV-infected disorders, using spe-
cific antibodies against proteins that are representa-
tive of the different expression classes of KSHV genes.
ORF73/LANA appears to be a surrogate marker for
KSHYV infection because it is constitutively expressed
in vitro and in vivo in all KSHV-infected cells. Expres-
sion of vIRF1, vIL6, and PF-8 proteins in the infected
B cells of MCD lymph nodes reproduces the expres-
sion pattern observed in TPA-stimulated KSHV-in-
fected B-cell lines. In contrast, the protein expression
of the inducible viral genes that we tested in KS and
PEL biopsies is restricted to PF-8 and vIL6, respec-
tively. The tightly restricted expression of KSHV pro-
teins in vivo differs from the dysregulated expression
of inducible KSHV genes in vitro and suggests that
viral gene expression in KSHV-infected cell lines does

not accurately reflect what occurs in diseased tissues.
These differences may be related to either cell-specific
or immune restriction of viral replication. (Am J
Patbol 2000, 156:743-749)

Kaposi's sarcoma (KS)-associated herpesvirus (KSHV) is
a human +y-herpesvirus involved in the pathogenesis of
KS, primary effusion lymphoma (PEL), and a subset of
multicentric Castleman’s disease (MCD).'® KSHV can
be stably propagated in vitro in B-cell lines derived from
PELs, but currently it is not readily transmissible at high
titer.*~® Similar to other herpesviruses, KSHV infection
can be characterized as lytic or latent. During lytic repli-
cation, virions are packaged and released from the cell.
This process requires DNA synthesis together with ex-
pression of virion structural protein genes and is believed
to result in cell death. Latent infection, however, is char-
acterized by the persistence of the viral genome as a
covalently closed circular episome with limited viral gene
expression.'° Latent KSHV in cells derived from PEL
can be induced into lytic replication by chemical treat-
ment with tetradecanoyl phorbol acetate (TPA) or bu-
tyrate. 101"

PEL-derived cell lines stimulated with phorbol esters or
butyrate reveal three distinct classes of KSHV messenger
RNAs (mRNAs) corresponding to constitutive (type 1),
constitutive/inducible (type Il), and lytic/inducible (type
1) transcripts.’ The expression of selected genes can
be further modulated by treatment with cycloheximide,
phosphonoacetic acid, or both.™ Most of the viral cyto-
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Table 1. Antibodies against KSHV Proteins

KSHV Immuno-
Antibody Antigen/Source (reference) gene/protein Transcription class histochemistry*
R UK163 (rabbit) BCBL-1 cells (20) ORF73/LANA  Class |—constitutive F/P(MW)
R 535 (rabbit) GST-conj rec. protein (21) ORFK9/v-IRF1  Class ll—constitutive/inducible F/P(MW)
R 537 (rabbit) GST-conj rec. protein
S 544 (sheep) GST-conj rec. protein
R 394 (rabbit) synthetic peptide, AA 218-432 (18) ORFK2/v-IL6 Class ll—constitutive/inducible F/P
S 546 (sheep) GST-conj rec. protein
M 11D1 (mouse TPA-induced BCBL-1 (22) ORF59/PF-8 Class Ill—lytic/inducible F

monoclonal)

*F, reactive on cytospins and frozen sections; P, reactive on paraffin sections; MW, microwave treatment required; GST-conj rec., GST-conjugated

recombinant.

kines and signal transduction genes that are unique to
KSHV are type Il or lll, inducible genes.'? These genes
encode proteins that have been postulated to play a
central role in the pathogenesis of KSHV-related dis-
eases.

A major drawback to studies on viral gene expression
in tissue culture cell lines is that expression patterns in
such systems may not reflect viral gene expression in
infected tissues in situ. For example, Epstein-Barr virus
(EBV) demonstrates different programs of virus latency in
different cell types.™ It is currently unknown whether the
pattern of gene transcription observed in vitro in PEL cell
lines is present in different types of KSHV-infected cells in
vivo. Recent immunohistochemistry studies have shown
that KS spindle cell, mantle zone B cells in MCD lymph
nodes and PEL cells express KSHV LANA, "7 whereas
vIL-6 is detectable in only a subpopulation of KSHV-
infected hematopoietic cells.'®® In this study we used a
panel of antibodies directed against KSHV LANA
(ORF73),2° vIL6 (K2),"® VIRF1 (ORFK9),2" and processiv-
ity factor-8 (PF-8) (ORF59).%? These proteins represent
type I-constitutive (ORF73/LANA), type Ill-constitutive/in-
ducible (ORFKO/NVIRF1 and ORF K2/vIL6), and type IlI-
lytic/inducible (ORF59/PF-8) genes of KSHV.'® Our re-
sults demonstrate that some KSHV genes can become
dysregulated in tissue culture and that tissue-specific
patterns of expression are not represented by tissue
culture studies. Furthermore, different KSHV-associated
diseases show distinct patterns of viral gene expression.
Therefore KSHV, like EBV, exhibits multiple programs for
viral gene expression.

Materials and Methods

Cell Lines

BC-1,% BCP-1,° and BCBL-1® KSHV-infected cells were
maintained at 37°C and 5% CO, in 1640 RPMI (GIBCO/
BRL, Grand Island, NY) supplemented with 10% to 20%
fetal calf serum (GIBCO/BRL). Induction of viral gene
expression was performed by treatment of cells with 20
ng/ml of TPA (Sigma Chemical Co., St. Louis, MO).
Ramos (EBV—/KSHV—) and P3HRI (EBV+/KSHV—) cells
(ATCC, Gaithersburg, MD) were used as KSHV-negative
control cell lines. Cytospins, cell pellets, or both were
harvested after 48 hours. Cytospins were air dried over-

night, fixed in acetone for 4 minutes at room temperature,
air dried for 30 minutes, and then either processed for
immunohistochemistry or stored at —80°C until use. Cell
pellets were fixed overnight in 4% paraformaldehyde in
0.1 mol/L phosphate-buffered saline (PBS; pH7.4) and
embedded in paraffin.

Tissue Cases and Controls

Fifteen KS skin lesions, 10 lymph nodes from patients
with MCD, and biopsies from four cases of PEL were
investigated. KS biopsies included both classical (n = 7)
and human immunodeficiency virus (HIV)-associated
(n = 8) cases and were representative of patch (n = 5),
plaque (n = 7), and nodular (n = 3) stages of the dis-
ease. All 10 MCD cases were of the plasma cell variant,
six from HIV-seronegative and four from HIV-seropositive
individuals. In contrast, all four PEL cases were acquired
immune deficiency syndrome (AIDS)-related. Frozen ma-
terial (required for PF-8 immunostaining) was available
for 8 of 15 KS lesions and 7 of 10 MCD cases. Frozen
material was available from one of the four PEL cases.
Frozen and paraffin-embedded sections from normal ton-
sils (n = 5) and skin biopsies (n = 5) were used as
controls.

Antibodies

The panel of antibodies against KSHV used in this study
specifically recognizes viral proteins representative of
different classes of transcripts involved in virus replica-
tion (see Table 1). When applied to KSHV-infected cells,
monoclonal antibodies and sera directed against differ-
ent portions of the same KSHV protein and/or raised in
different species showed the same staining pattern and
labeled the same percentage of cells, with a range of
variability of less than 5% (data not shown). Immunohis-
tochemical procedures to reveal KSHV expression on
paraffin-embedded biopsies were optimized by using
sections from formalin-fixed/paraffin-embedded pellets
of KSHV-infected PEL-derived (BC-1, BCP-1, BCBL-1)
cell lines and uninfected control cells (RAMOS). The re-
sults on paraffin-embedded sections were compared
with the results obtained on acetone-fixed cytospins of
the same cell lines (data not shown). For a given anti-



body, the conditions were considered satisfactory when,
in repeated experiments, the number of immunostained
cells was the same on paraffin-embedded sections and
cytospins, with a range of variability of less than 5% (data
not shown). To obtain the same percentage of stained
cells on the paraffin-embedded sections and on the cy-
tospins, antibodies against LANA and vIRF1 required a
microwave-ethylenediaminetetraacetic acid (EDTA) pre-
treatment of paraffin sections,?® whereas the reactivity of
antibodies against vIL6 did not require this treatment. The
monoclonal antibody M11D1 against KSHV PF-8 was the
only reagent that was nonreactive on paraffin sections
and required frozen materials (see Table 1).

Monoclonal antibodies or rabbit antisera against CD3,
CD4, CD8, CD45, CD20, CD23, CD5, CD79, CD30, EMA,
Ki67, CD34, vVWF:Fact.VIII (DAKO, Glostrupp, Denmark),
and CD138 (Vith Workshop on Human leukocyte Anti-
gens, Osaka, Japan) were used to detect specific lym-
phocyte subpopulations as well as spindle cells in KS
lesions.

Immunohistochemistry

Antibody binding was revealed using peroxidase-labeled
goat anti-mouse or goat anti-rabbit antisera (DAKO) fol-
lowed by tyramide amplification (DuPont/NEN, Boston,
MA). Reactions were developed using diaminobenzidine
(DAB; Sigma) or amino ethyl carbazole (AEC; DAKO) as
chromogenic substrates, and sections were counter-
stained with hematoxylin. For double immunostaining, the
second primary antibody was revealed using alkaline
phosphatase-conjugated rabbit anti-mouse or swine anti-
rabbit antisera and Fast Blue (Sigma) as chromogen. For
immunofluorescence, fluorescein-isothiocyanate (FITC)-
conjugated goat anti-mouse or goat anti-rabbit antisera
(Southern Biotechnology, Birmingham, AL) were used
alone or, for double staining, in combination with biotin-
ylated horse anti-mouse (Vector Laboratories, Burlin-
game, CA) or goat anti-rabbit antisera (Southern Biotech-
nology) followed by Avidin Texas Red (Vector).

Results

Protein Expression in PEL-Derived BC-1,
BCP-1, and BCBL-1 Cell Lines

Protein expression patterns were examined in three cell
lines (BC-1, BCP-1, and BCBL-1) before and after TPA
treatment (summarized in Table 2). Although LANA was
expressed in all cells (Figure 1A) regardless of TPA treat-
ment and appears to be a marker for KSHV infection,
examination of the immunohistochemical profile for the
remaining proteins reveals a tightly regulated expression
pattern. The BC-1 cell line had constitutive low-level ex-
pression of vIRF1 and vIL6 (class Il genes) but lacked
expression of PF-8 (class Ill). In contrast, low-level PF-8
protein expression was present in BCBL-1 and BCP-1
cells without TPA treatment, which is consistent with
these cell lines being producer cell lines with a low per-
centage of cells spontaneously entering into full lytic
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Table 2. Expression of KSHV Proteins in Infected
PEL-Derived Cell Lines versus KS, PEL, and
mCD Tissue Samples

KSHV PEL-derived

protein cell lines* KS MCD PEL
LANA + + + +
v-IRF1 + - + -
v-IL6 + — + +
PF-8 + + + -

*BCBL-1, BCP-1, BC-1.

replication. The percentages of cells expressing VIRF1
and PF-8 increased approximately 20-fold after TPA
treatment for all three cell lines, whereas vIL6, which was
expressed at higher constitutive levels, increased only 3-
to 5-fold (Table 3). We found that the vIL6 staining pattern
in KSHV-infected cell lines was less than initially report-
ed,'® probably due to technical artifacts in the earlier
study that were related to antibody dilution and develop-
ment. In TPA-stimulated BCBL-1 cells, double-staining
studies demonstrated that more than 80% of cells ex-
pressing VIRF1 coexpressed PF-8, as compared with
10% of PF-8-positive cells expressing vIL6 (Table 4). All
antibodies against KSHV proteins were nonreactive by
immunohistochemistry to RAMOS and P3HRI cells, as
well as KSHV-negative tissue controls.

Expression of Viral Proteins in KSHV-Related
Diseases

Kaposi’s Sarcoma

KSHV protein expression is highly restricted in KS
lesions. LANA is the only protein examined that was
expressed in most KS tumor cells. In KS lesions, regard-
less of histological stage, the nuclei of spindle and en-
dothelial KS cells were positive for LANA in a typical
speckled immunoreactivity pattern (Figure 2B). Intratu-
moral arterioles and extralesional normal tissues, includ-
ing epidermis and skin adnexa, were LANA negative
(Figure 2C). All clinical stages of KS, including patch,
plaque, and nodular lesions, were positive for LANA ex-
pression. In all KS lesions, most CD45+ infiltrating leu-
kocytes were CD68+ monocytic cells, with only a few
and irregularly distributed CD3+ T or CD20+ B lympho-
cytes. Of these CD45+/CD68+ monocytes, less than 1%
were LANA positive (Figure 2E), and none expressed
PF-8 or other KSHV proteins. No expression of vIRF1 or
vIL6 was seen in any of the KS lesions. In four of five
nodular lesions for which frozen material was available,
the nuclei of rare (less than 1%) tumor spindle and en-
dothelial cells were positive for PF-8 (Figure 2F).

PEL

Comparison of tumor biopsies to unstimulated cell
lines shows several important differences between PEL
cells growing in vivo and in vitro. As in KS lesions and PEL
cell lines, LANA has a speckled nuclear pattern in virtu-
ally all PEL biopsy cells (Figure 1E). In contrast, less than
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Figure 1. A: LANA is constitutively expressed in nearly all BCBL-1 cells as a speckled nuclear pattern (inset). Similar expression is seen also in BC-1 and BCP-1
cells (DAB/hematoxylin counterstain). B: vIRF1 in BCBL-1 cells is localized to the cytoplasm in one cell (right) and in the nucleus of another (left), consistent
with nuclear translocation. C: Only 1% of BCBL-1 cells express vIRF1 without TPA (upper panel) but up to >20% (lower panel) after 48 hours of TPA stimulation
(DAB/hematoxylin counterstain). D: With TPA stimulation (upper panel) BCBL-1 cells may express nuclear PF-8 alone (brown), cytoplasmic vIRF1 alone (blue),
or may coexpress both proteins. In some cells double stained for PF-8 and vIRF1, the latter shows a pseudolinear intracytoplasmic pattern reminiscent of rough
endoplasmic reticulum positivity (lower panel) (AEC/FastBlue; no counterstain). E: Section of myocardium with infiltrating PEL. All neoplastic cells express
nuclear LANA (AEC/hematoxylin counterstain). F: Peritoneal biopsy with infiltrating PEL. Only a few tumor cells are immunopositive for vIL6 (DAB/hematoxylin
counterstain). G: Hyalinization of germinal centers, targetoid mantle zone, and increased vascularity in a lymph node biopsy from plasma cell variant,
KSHV-related multicentric Castleman’s disease (H&E stain). H: KSHV LANA protein expression is restricted to a subpopulation of mantle zone lymphocytes that
show a speckled nuclear staining pattern (inset) (DAB/hematoxylin counterstain). I: Double-stained section of an MCD lymph node showing that nearly all of
the KSHV-infected mantle zone lymphocytes expressing LANA (light brown) are negative for CD79 (blue), with only a few double-positive cells (inset). Similar
findings are obtained by double staining with other B-cell antigens expressed by normal mantle zone lymphocytes. (DAB/FastBlue; no counterstain). J: MCD
lymph node section with expression of vIL6 (brown) restricted to a subpopulation of mantle zone cells having immunoblastic morphology (inset) (DAB/
hematoxylin counterstain). K: In double-stained sections, vIRF1 (blue) in mantle zone cells is also positive for LANA (inset). Double-stained lymphocytes,
however, account for only 10% to 30% of the LANA-positive cells (DAB/FastBlue; no counterstain). L: MCD frozen section, same case as in C, shows that only
rare cells at the border between mantle zone and germinal center express PF-8 (DAB/hematoxylin counterstain).
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Table 3. KSHV Protein Expression in Infected Cell Lines with and without TPA Stimulation

% BCBL-1 % BC-1 % BCP-1
KSHV protein Staining pattern TPA— TPA+ TPA— TPA+ TPA— TPA+
ORF73 Nuclear, speckled 100 100 100 100 100 100
v-IRF1 Nuclear and cytoplasmic, diffuse 1 24 <1 20 7 25
v-1L6 Cytoplasmic, diffuse <1 2 <1 6 4 15
PF-8 Nuclear, diffuse or membrane 1 20 ~0 25 ~0 26
5% of the cells were positive for vIL6 (Figure 1F), and no Discussion

immunostaining for vIRF1 protein was detected. Because
vIRF1 can be detected at low levels in resting (ie, un-
stimulated) PEL cell lines, these data suggest that gene
dysregulation has occurred in adaptation of the cells to
culture.

MCD

In contrast to KS and PEL lesions, a broad pattern of
KSHV protein expression is present in MCD tissues. Ex-
pression of KSHV proteins is confined to the follicular
mantle zone, in which 10% to 30% of cells are positive for
LANA (Figure 1H). Double staining demonstrates that a
subpopulation of these cells expresses vIL6 and VIRF1.
The number of cells expressing these latter viral proteins,
however, was highly variable among different follicles of
the same lymph node, ranging from 5% to 25% of the
LANA-positive cells (Figure 1, J and K). In four cases for
which frozen material was available, rare LANA-positive
cells of the mantle zone were also positive for PF-8 (Fig-
ure 1L). Outside the follicles, cells expressing KSHV pro-
teins were an inconspicuous and occasional finding.
When present, they were within poorly defined aggre-
gates of B-lymphocytes in the paracortical areas or as
single isolated cells in the marginal sinus. In all MCD
cases, cells expressing KSHV proteins had large, irreg-
ular or round nuclei with marginated chromatin and me-
dium-sized nucleoli (Figure 1J, inset). Cells expressing
LANA were only occasionally positive for CD20 or CD79
(Figure 11) but always negative for CD23 or CD5 or for the
T-cell antigen CD3. In all but one MCD case, in which a
single double-stained cell was observed, CD68+ mono-
cytes were also negative.

Immunohistochemical results on KS, PEL, and CD bi-
opsies are summarized in Table 2. Extralesional normal
tissues in the biopsies used in this study were consistently
negative with all antibodies against KSHV proteins tested.

The pattern of viral gene expression observed in vitro in
PEL-derived cells is reproduced in vivo in MCD but not in
KS nor in PEL. In MCD lymph nodes, cells expressing
LANA are confined to the mantle zone of the lymphoid
follicles.?* These KSHV-infected cells are negative for
T-cell or monocytic markers and are indistinguishable by
morphology from normal mantle zone lymphocytes, al-
though only a minority express CD20 or CD79 B-cell
markers. A subset of the LANA-positive mantle zone
cells, most of which have an immunoblastic morphology,
expresses vIL6 as well as vIRF1 and, to lesser extent,
PF-8. KSHV-infected mantle zone cells therefore repro-
duce the pattern of viral gene expression observed in
TPA-stimulated PEL-derived cell lines, in which a subset
of cells expresses class Il and Ill genes.®® As we re-
ported previously'® and as was subsequently confirmed
by Staskus et al,?® expression of vIL6 appears to be re-
stricted to hematopoietic cells and, together with other in-
ducible KSHV proteins, may be responsible for the hyper-
plastic changes typically observed in MCD lymph nodes.

Of the proteins assayed in this study, we found that
expression is restricted to vIL6 alone in PEL tissue biop-
sies. In all 4 cases studied, vIL6 was detectable in less
than 5% of the LANA-positive neoplastic cells, whereas
vIRF1 and PF-8 proteins were not expressed. A differ-
ence in viral gene expression patterns between tissue
culture cells and the parental tumor has been docu-
mented in EBV infection, in which cell lines derived from
Burkitt's lymphomas expressing type 1 latency in vivo
acquire type 2 or type 3 latency in vitro (see' for review).
Our findings suggest that KSHV protein expression may
be different in vitro and in vivo. Therefore caution is
needed in extending cell culture gene expression studies
to patient tissues. Our findings also suggest that in vivo
and in vitro expression of vIL6 can occur independently
from the activation of the lytic replicative cascade.

Table 4. Coexpression of Inducible/Lytic KSHV Proteins in BCBL1 Cells with and without TPA Treatment

KSHV proteins TPA— (%) TPA+ (%) Summary
PF-8/v-IL6 0.1 1.8 80% vIL6+ are PF-8+
PF-8 alone 2.3 18 10% PF-8+ are vIL6+
v-IL6 alone 0.1 0.5

PF-8/v-IRF1 0.7 18 90% VIRF+ are PF-8+
PF-8 alone 0.2 3.8 80% PF-8+ are VIRF+
v-IRF1 alone 0.1 2.5
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Figure 2. A: Spindle cell area with slit-like vascular spaces in nodular KS (H&E). B: Serial section of the case in A, stained for LANA, showing a speckled/granular
nuclear reactivity in KS spindle cells (AEC/hematoxylin counterstain). C: In double-stained sections, LANA is detectable in the nuclei of KS cells (red) but not in
the endothelial cells nor in the actin-positive smooth muscle cells (blue) of normal vessels entrapped within the tumor (AEC/FastBlue; no counterstain). Dz
Angiomatous area of a patch KS lesion containing CD34-positive endothelial cells (blue) lining KS vascular spaces, which also express LANA (brown) (H&E, left
panel; DAB/FastBlue without counterstain, right panel). E: In double-stained sections, none of the KS cells expressing LANA are positive for CD68 (blue) or
other leukocytic antigens, but rare LANA-positive KS spindle cells are positive for CD68 (inset). (DAB/FastBlue; no counterstain). F: Only rare cells are positive
in KS frozen section stained for PF-8; CD68-positive monocytes (blue) are consistently negative (DAB/FastBlue; no counterstain).

In KS lesions, only LANA is expressed by spindle and
endothelial KS cells,'®2* with a small minority of the KS
cell population expressing PF-8. This is consistent with in
situ hybridization studies using T0.7 and T1.1 riboprobes
as surrogate markers for latent and lytic virus replication,
respectively.?>?” However, in PEL tissue culture, both
T0.7 and T1.1 are expressed constitutively, are inducible
with TPA treatment, and are therefore defined as class I,
constitutive/inducible.’™ Neither vIL6 nor VvIRF1 was
found to be expressed in endothelial or spindle KS cells,
including the rare PF-8-positive cells. It has been sug-

gested that primary KSHV infection of spindle cells does
not play a central role in the initiation of the KS tumor;
instead, infiltrating KSHV-infected mononuclear cells may
be secondarily recruited to nascent uninfected KS tu-
mors.?® Our findings suggest otherwise, because infiltrat-
ing monocytes and lymphocytes in KS lesions were con-
sistently negative for the KSHV proteins for which we
assayed.

Immunohistochemical techniques address critical as-
pects of virus behavior in infected tissue culture cells and
pathological lesions that cannot be explored by mRNA



expression studies. Although extensive mRNA mapping
of viral gene expression has been performed in KSHV-
infected cell lines, this is the first report to compare the
protein expression of a panel of constitutive and induc-
ible genes in KSHV-associated disorders. Our study
shows that KS, PEL, and MCD are characterized by
differing patterns of KSHV protein expression. Currently,
it is unclear whether these differences reflect the in vivo
establishment of alternative types of latency, which en-
able KSHV to escape immunological surveillance, or
whether these differences in patterns of expression are
due to a cell/tissue-specific control of KSHV gene expres-
sion. These differences are disease specific and are
likely to be relevant to understanding the pathogenesis of
KSHV-infected diseases.
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