Kaposi’s Sarcoma-Associated Herpesvirus
Infection of Bone Marrow Dendritic Cells
from Multiple Myeloma Patients
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Kaposi’s sarcoma-associated herpesvirus (KSHV) was found in the bone marrow den-
dritic cells of multiple myeloma patients but not in malignant plasma cells or bone marrow
dendritic cells from normal individuals or patients with other malignancies. In addition the
virus was detected in the bone marrow dendritic cells from two out of eight patients with
monoclonal gammopathy of undetermined significance (MGUS), a precursor to myelo-
ma. Viral interleukin-6, the human homolog of which is a growth factor for myeloma, was
found to be transcribed in the myeloma bone marrow dendritic cells. KSHV may be
required for transformation from MGUS to myeloma and perpetuate the growth of

malignant plasma cells.

Multiplc myeloma is the second most fre-
quent malignancy of the blood in the Unit-
ed States. At any one time, 40,000 people
have multiple myeloma, and ~13,000 new
diagnoses are made each year (1). Multiple
myeloma is characterized by the accumula-
tion of malignant plasma cells in the bone
marrow and the presence of a monoclonal
immunoglobulin produced by the malig-
nant plasma cells in the serum or urine or
both. Normal immunoglobulin levels are
profoundly suppressed. Morbidity and mor-
tality are primarily related to skeletal, he-
matologic, and renal complications of the
disease. Despite some advances in chemo-
therapeutic regimens, median survival of
multiple myeloma patients has remained at
about 30 months for the past several de-
cades (1).

Like multiple myeloma, MGUS is char-
acterized by a monoclonal immunoglobulin
in the serum or urine and an increase of
monoclonal plasma cells in the bone mar-
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row (1). However, MGUS patients do not
suffer from the clinical manifestations of
multiple myeloma. Unlike myeloma pa-
tients, MGUS patients typically have no
increased risk of infection and have normal
or only modestly reduced levels of immuno-
globulin other than the monoclonal pro-
tein. The prevalence of MGUS in the Unit-
ed States is strikingly high—about 1 million
people have this disorder. One percent of
people over the age of 50, 3% over age 70,
and 10% over age 80 have MGUS (I).
Because epidemiologic data repeatedly
demonstrate the increasing longevity of the
U.S. population, the prevalence of both
MGUS and multiple myeloma are expected
to rise. Importantly, 25% of patients with
MGUS progress to myeloma (2). Despite
the high prevalence of both multiple my-
eloma and MGUS, the molecular patho-
genesis of multiple myeloma and the factors
that induce transformation from MGUS to
multiple myeloma remain largely unknown.

The cytokine interleukin-6 (IL-6) is a
growth factor for myeloma (3). IL-6 may
both stimulate myeloma growth and pre-
vent apoptosis of malignant plasma cells by
paracrine mechanisms (3). Bone marrow
stromal cells provide a microenvironment
for normal hematopoiesis by direct cell con-
tact and by secretion of cytokines, including
IL-6 (4). In myeloma, these stromal cells,
which are not part of the malignant popu-
lation, play a major role in mediating the
paracrine stimulation of tumor cell growth
(3, 4).

IL-6 is also a growth factor for three other
diseases: Kaposi's sarcoma (KS), pleural effu-
sion lymphoma, and multicentric Castle-
man’s disease. The latter two diseases are
rare neoplasms of B lymphocytes. Kaposi’s
sarcoma-associated herpesvirus (KSHV) has
been detected consistently in human immu-
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nodeficiency virus (HIV)-related and HIV-
unrelated cases of all three of these diseases
(5, 6). KSHV was first identified in acquired
immunodeficiency syndrome (AIDS)-asso-
ciated KS in 1994 (7). KSHV is a gamma-
herpesvirus, related to Epstein-Barr virus and
herpesvirus saimiri. A causative role for
KSHYV in KS is suggested by serologic data,
which reveal that seroconversion to antibod-
ies to KSHV latent nuclear antigens pre-
cedes the development of KS (8). KSHV has
not been detected in the malignant cells of
other hematologic malignancies, including
myeloma, acute and chronic leukemias,
Hodgkin’s disease, and non-Hodgkin’s lym-
phomas (9). Interestingly, a homolog to the
human IL-6 has recently been identified in
the KSHV genome (10). Of particular note,
this viral IL-6 (vIL-6) retains biologic activ-
ity as demonstrated by its ability to support
the growth of the murine plasmacytoma cell
line B9, which undergoes apoptosis in the
absence of IL-6 (10). On the basis of these
data and the IL-6—mediated paracrine stim-
ulation of myeloma by bone marrow stromal
cells, we sought to identify KSHV in the
bone marrow stromal cells of multiple my-
eloma and MGUS patients and to determine
if this virus could play an oncogenic role in
these disorders.

Using polymerase chain reaction (PCR)
to amplify the KS330,55 sequence of KSHV
as previously described (7), we evaluated
100 ng of DNA (equivalent to the amount
of DNA from 15,000 cells) from bone mat-
row mononuclear cells and bone marrow
stromal cells from multiple myeloma pa-
tients for the presence of KSHV (11, 12).
The bone marrow mononuclear cells con-
tain a significant proportion of malignant
plasma cells (11 to 90% in our cohort),
whereas the bone marrow stromal cells are
essentially devoid of malignant cells. The
KS330,35 sequence was detected in 15 of 15
bone marrow stroma cell DNA samples
from multiple myeloma patients (5 patients
previously treated with chemotherapy for
multiple myeloma and 10 untreated pa-
tients), but in 0 of 23 fresh myeloma bone
marrow mononuclear cell DNA samples
(Fig. 1A). The absence of KSHV in bone
marrow mononuclear cells indicates that
the virus does not infect the malignant
clone, a finding that has been reported (9).
We also evaluated the bone marrow stromal
cells of patients with MGUS for the pres-
ence of KSHV. We detected the KS330,35
sequence in the bone marrow stromal cells
of two of eight MGUS patients, but not in
the bone marrow mononuclear cells of any
of these patients.

To confirm the specificity of our find-
ings, we evaluated the bone marrow stromal
cell DNA from 10 normal individuals and
from 16 patients with other malignancies
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[14 lymphoma (2 Hodgkin’s disease and 12
non-Hodgkin’s lymphoma) patient, 1 acute
myelogenous leukemia patient, and 1 ade-
nocarcinoma patient with bone involve-
ment]. The KS330,,, amplification product
was not detected in the bone marrow stro-
mal cell DNA from any of these 26 samples.
Likewise, the bone marrow mononuclear
cells from these patients contained no de-
tectable virus. Five of the 12 non-Hodgkin’s
lymphoma patients had gross bone marrow

involvement with tumor.
Southern (DNA) blotting of the PCR

Fig. 1. Representative results of DNA PCR ampli-
fication of the K8330,,, sequence. (A) Agarose
gel of the 233-bp PCR ampilification products. The
233-bp PCR product (arrow) is detected in the
lanes representing myeloma bone marrow stro-
mal cells (lanes 1, 3, 5, and 15), but not inthe lanes
of myeloma bone mamrow mononuclear cells
(lanes 2, 4, and 6; same patients as lanes 1, 3, and
5, respectively) or bone marrow stromal cells of a

amplification products with a 3?P end-la-
beled probe internal to the KS330,;, se-
quence (13) corroborated our results (Fig.
1B). All PCR-positive lanes hybridized to
this probe, whereas none of the PCR-neg-

ative lanes yielded a positive hybridization

signal. Moreover, DNA sequencing of the
KS$330,,; PCR amplification products from
two myeloma bone marrow stromal cell
samples yielded one- to four-base pair (bp)
differences from the sequence originally re-
ported (14). If the PCR products were a
result of PCR contamination, the sequences

A 12345 678910111213141516

<233 bp

non-Hodgkin's lymphoma patient (lane 7) and normal individuals (lanes 8 to 13). The positive control
(lane 16) was the PCR product from the pleural effusion lymphoma cell line KS-1 (6). Placental DNA was
the negative control (lane 14). To ensure reproducibility, we repeated PCR up to three times. Identical
results were obtained each time. (B) The agarose gel in (A) was transferred to a nylon membrane and
hybridized to a 32P end-labeled 25-bp oligonuclectide probe, the sequence of which is intemal to that

of the 233-bp PCR product.

. =

Fig. 2. In situ hybridization with a biotinylated KSHV probe. (A) In situ hybridization with the biotinylated

KSHV probe of the pleural effusion lymphoma cell line KS-1 shows nuclear and cytoplasmic staining
(brown). Chromosomes in mitotic cells are stained (arrowheads). (B) The acute myelogenous leukemia
cell line HLEO0 is negative for KSHV. (C) The bone marrow stromal cells from a multiple myeloma patient
are positive for KSHV in a nuclear and cytoplasmic pattem (brown). (D) In situ hybridization of a bone
marrow aspirate from the same multiple myeloma patient as in (C) demonstrates malignant plasma cells
(arrowheads), which are negative for KSHV. Original magnifications x400.
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we obtained from different patients would
have been identical. In addition, PCR am-
plification was also performed independent-
ly with vIL-6—specific primers, which yield-
ed the same results as those obtained with
the KS330,;, primers (15).

In situ hybridization (16) was performed
as another confirmatory technique to doc-
ument the specificity of the KSHV infec-
tion of myeloma bone marrow stroma. In
situ hybridization with a probe specific for
KSHYV sequences demonstrated nuclear and
cytoplasmic staining of myeloma bone mar-
row stromal cells (Fig. 2) In situ hybridiza-
tion on myeloma bone marrow stromal cells
with a probe specific for cytomegalovirus
and with an -irrelevant probe (specific for
plasmid DNA) were negative, as was in situ
hybridization with the KSHV probe on not-
mal stroma, malignant plasma cells, and the
HL60 cell line (Fig. 2). To determine if
signals were from specific hybridization to
DNA and RNA, we pretreated slides with
deoxyribonuclease (DNase) and ribonucle-
ase (RNase), which abolished the staining
of myeloma bone marrow stromal cells by
the KSHV probe.

To eliminate any bias in the PCR re-
sults, we took several precautions. PCR was
performed three times in a blinded fashion;
the technician was unaware of the patient
identities or diagnoses. All bone marrow
stromal cells were processed in the same
hood and cultured in the same incubator
simultaneously. A master mix was used to
perform the blinded PCR, so that KSHV
contamination of the PCR reagents cannot
be invoked as an explanation for our find-
ings. Inadequate PCR or degraded DNA
was not the reason for lack of PCR detec-
tion of KSHV, because all negative samples
yielded appropriately sized amplified prod-
uct with B-actin primers (15).

Although bone marrow stromal cells are
derived from the original bone marrow
mononuclear cell population (11), they
make up a small fraction of the total bone
marrow cellular compartment. Moreover,
bone marrow aspirates are heavily contam-
inated with peripheral blood, a phenome-
non that greatly dilutes the frequency of
bone marrow stromal cells in fresh samples.
As stromal cells are adherent cells, they are
not readily removed during bone marrow
aspiration or expelled from the instruments
used to obtain bone marrow. Consequently,
although the PCR amplification detected
KSHV in DNA samples obtained from a
population enriched for bone marrow stro-
mal cells, the assay did not have the sensi-
tivity to detect KSHYV in fresh bone marrow
mononuclear cells.

In general, bone marrow stromal cells
are thought to include fibroblasts, macro-
phages, and endothelial cells. By immuno-

SCIENCE e VOL. 276 *» 20 JUNE 1997 » www.sciencemag.org



iR

histochemistry (17), bone marrow stromal
cells were negative for CD31, an endothe-
lial cell marker (Fig. 3A), and CD34, a
nonspecific but sensitive marker for fibro-
blasts. The bone marrow stromal cells were
positive for CD68, a macrophage marker;
fascin, a 55-kD actin-bundling protein
highly restricted to dendritic cells (a type of
macrophage); and CD83 (18), another den-
dritic cell marker (Fig. 3, B to D). These
cells were positive for vimentin and nega-
tive for lysozyme and CD1la, a Langerhans
cell marker. Of note, the morphology of the
cells depicted in Fig. 3 has been perturbed
by the trypsinization process, which causes
the adherent dendritic cells to take on a
more spherical shape. Ultrastructural eval-
uation (19) demonstrated the stromal cells
to contain abundant cytoplasm with nu-
merous primary and secondary lysozymes
and short cytoplasmic processes, all charac-
teristics of macrophages (Fig. 4). The im-
munohistochemical and ultrastructural
analyses yielded identical results for the
bone marrow stromal cells obtained from
multiple myeloma and MGUS patients as
those for patients with other malignancies
and normal individuals. On the basis of our
findings, KSHV appears to infect a subset of
macrophages, namely, dendritic cells.

To establish a link between the presence
of KSHV in myeloma bone marrow stromal

Fig. 3. Immunohistochemistry of multiple myeloma bone marrow stromal
cells. (A) Stain for CD31, an endothelial cell marker is negative. (B) Stain for
CD#8, a specific macrophage marker, is strongly positive (brown). (C) Fascin
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cells and the paracrine stimulation of tumor
growth by cytokines produced by these stro-
mal cells, we attempted to detect vIL-6
RNA transcripts in myeloma bone marrow
stromal cells. Using vIL-6-specific primers
to perform reverse transcriptase-PCR (RT-
PCR) (20), we demonstrated the presence
of amplified vIL-6 product in three of three
myeloma bone marrow stromal cell samples,
but in zero of two KSHV-negative stromal
samples obtained from normal individuals

37 a e -

Fig. 4. Ultrastructural appearance of a stromal cell
cultured from multiple myeloma bone marrow.
The cell contains abundant cytoplasm with nu-
merous primary and secondary lysozymes and
short cytoplasmic processes, all characteristics of
macrophages. (Uranyl acetate, lead citrate, origi-
nal magnification x2850.)

stain, a dendritic cell marker, is positive (red). (D) Stain for CD83, another
dendritic cell marker, is positive (brown). (Original magnifications x400;
counterstain with hematoxylin.)
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(Fig. 5). Therefore, vIL-6 may contribute to
the mechanism whereby bone marrow stro-
mal cells infected with KSHV promote my-
eloma growth.

Here we have shown that KSHYV infect-
ed the dendritic cells in the bone marrow of
all the multiple myeloma patients studied.
Malignant plasma cells were not infected
with this virus. The virus also infected the
dendritic cells of one-fourth of the MGUS
patients studied. The detection of KSHV in
the bone marrow stromal cells of a signifi-
cant proportion of MGUS patients has po-
tential implications for the risk of transfor-
mation from MGUS to multiple myeloma.
Specifically, those MGUS patients whose

M 2.3, 4.5 67 .89 10 M

Fig. 5. RT-PCR of vIL-6 performed on bone mar-
row stromal cell total RNA from three multiple my-
eloma patients and two normal individuals. Ap-
propriately sized 695-bp vIL-6 products were ob-
tained from the myeloma bone marrow stromal
cells (lanes 1, 3, and 5) but not the normal bone
marrow stromal cells (lanes 7 and 9). RT-PCR with
B-actin primers on bone marrow stromal cell total
RNA from the same individuals (lanes 2, 4, 6, 8,
and 10) yielded appropriately sized 650-bp prod-
ucts. M, 123-bp molecular size ladder.
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bone marrow stromal cells are infected with
KSHV may well be the subset (25%) who
go on to develop multiple myeloma. Ap-
proximately 30 to 40% of MGUS patients
have modestly reduced levels of one or
more immunoglobulins (21). Thus, an im-
munodeficient state may account for an
increased susceptibility of MGUS patients
to KSHV infection. However, because the
immunoglobulin amounts were normal in
the two MGUS patients in whose bone
marrow stromal cells we detected the virus,
the detection of KSHV in myeloma bone
marrow stromal cells cannot be entirely ex-
plained by the unique immunologic state
due to the generalized suppression of immu-
noglobulin production, which is typical of
multiple myeloma.

The bone marrow dendritic cells from
patients with other malignancies and from
normal individuals were not infected with
the virus, and vIL-6, the human homolog of
which is a major growth factor for malig-
nant plasma cells, was transcribed in virally
infected dendritic cells from myeloma pa-
tients. Recently, dendritic cells have been
shown to play a critical role in the growth
and differentiation of mature B cells and to
increase (by 30- to 300-fold) the secretion
of immunoglobulins G and A by B cells
(22). Taken together, these data suggest
that KSHV may play a causative role in the
transformation of MGUS to multiple my-
eloma and the propagation of fully malig-
nant plasma cells once myeloma has be-
come manifest. KSHV infection of dendrit-
ic cells localizes the virus to the bone mar-
row microenvironment where viral genes
(such as the gene encoding vIL-6) are ex-
pressed and may support myeloma growth.
This study demonstrates some evidence
that a virus can potentially support the
growth of a malignancy by infecting a non-
malignant cell without infecting the malig-
nant clone.
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