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Kaposi’s Sarcoma-Associated Herpesvirus
Infection and Multiple Myeloma

M. . Rettig et al. (1) describe evidence of
Kaposi’s sarcoma-associated herpesvirus
(KSHV) infection in long-term cultured
bone marrow dendritic stromal cells in 15
out of 15 samples obtained from patients
with multiple myeloma (MM) and in two
out of eight samples from patients with
monoclonal gammopathy of undetermined
significance (MGUS). Rettig et al. used
polymerase chain reaction (PCR) and in
situ hybridization techniques. In the same
study, three out of three long-term cultures
of bone marrow stromal cells obtained from
patients with MM were also found to con-
tain KSHV transcripts coding for vIL-6, a
viral protein homologous to human inter-
leukin-6. Because vIL-6 may stimulate in
vitro the proliferation of plasmocytoid cell
lines, Rettig et al. postulate that infected
bone marrow dendritic stromal cells may
sustain in vivo the growth of uninfected
plasma cell clones, promoting transforma-
tion from MGUS to MM. The validity of
this attractive hypothesis is challenged,
however, by the fact that Rettig et al., using
PCR, did not find KSHV in bone marrow
aspirates from any of the 15 patients with
MM. Rettig et al. ascribed this discrepancy
between in vivo and ex vivo results to four

concomitant factors: low number of stromal
cells, heavy contamination by peripheral
blood, presence of up to 90% uninfected
neoplastic plasma cells in bone marrow aspi-
rates, and insufficient sensitivity of the PCR
assay.

To evaluate the proposed link between
KSHYV (also known as human herpes virus—
8, or HHV-8) and MM without the limita-
tions of a purely PCR-based experimental
design, we studied a series of 40 Italian pa-
tients with MM by combining a nested PCR
method that achieves single copy sensitivity
(2) with serologic assays for antibodies
against KSHV. For each case, 1 pg of DNA
extracted from freshly purified bone marrow
mononuclear cells (10 times the amount
used by Rettig et al.) was tested in triplicate
by nested PCR. Serum samples obtained at
diagnosis (that is before therapy began) were
available for half (20) of the patients and
were tested by protein immunoblot (3) and
immunoperoxydase (4) assays for the pres-
ence of KSHV-specific antibodies against
orf65 lytic and latency-associated nuclear an-
tigens, respectively. In addition, all sera were
screened for antibodies against cytomegalo-
virus (HCMV) and hepatitis B (HBV) (5).

We performed these assays in order to ex-

Table 1. Demographic and serologic features of 20 ltalian patients with MM. Ab, antibody; Neg.,

negative; Pos., positive; ND, no data.

Mono- Decreased
. clonal serum KSHV™* KSHV HBV HCMV
Patient  Sex  Age polyclonal LANA  orf65  Ab Ab
ponent lg classes*

1012 F 67 G,k 2 Neg. Neg. Neg. Pos.
1013 F 74 Gk 2 Neg. Neg. Pos. Pos.
1014 M 57 Ak 2 Neg. Neg. Neg. Pos.
1015 F 71 Ak ND Neg. Neg. ND Pos.
1017 F 80 G\ ND Neg. Neg. ND Pos.
1019 F 57 G\ 1 Neg. Neg. Pos. Pos.
1020 M 58 G,k 0 Neg. Neg. Neg. Neg.
1021 F 54 Ak 0 Neg. Neg. Pos. Pos.
1101 M 64 G,k 1 Pos. Pos. Neg. Pos.

167 F 67 k 2 Neg. Neg. ND Pos.
1734 M 65 Ak 0 Neg. Neg. Neg. Pos.
1735 F 70 G\ 1 Neg. Neg. Neg. Pos.
1739 F 63 Ak 0 Neg. Neg. Pos. Pos.
1740 F 67 AN 0 Neg. Neg. Neg. Pos.
1745 F 79 AN 2 Neg. Neg. ND Pos.
1746 M 45 G,k 2 Neg. Neg. Neg. Pos.
1748 M 68 Ak 2 Neg. Neg. Neg. Pos.
1749 F 45 G,k 0 Neg. Neg. Pos. Pos.
1750 M 67 Gk ND Neg. Neg. Pos. Neg.
1761 F 78 Ak ND Neg. Neg. Neg. Pos.
Positive/total sample 1/20 1/20 6/16 19/20
(Percent positive) 5) 5) (38) (90)

*Serum polyclonal Ig classes were evaluated by nephelometry (BNA, Behring, Dusseldorf, Germany); O, no Ig reduc-
tion; 1, reduction of one serum polyclonal Ig class; 2, reduction of two serum polyclonal Ig classes.
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clude false negative results since, as Rettig et
al. correctly observe (1), patients with MM
often exhibit a profound inhibition of the
humoral immune response (Table 1).

Our results show that none of the 40
patients with MM had KSHV DNA se-
quences that were detectable in bone mar-
row aspirates and that only one out of 20
(5%) had antibodies against KSHV (Table
1). By contrast, antibodies to HCMV and
HBV were detectable in 18 out of 20 (90%)
and 6 out of 15 (38%) of the sera samples,
and seroprevalence rates were similar to
those found in earlier studies of the Italian
general population (6). The latter findings
make it unlikely that the low prevalence of
KSHV antibodies in MM patients was a
result of concomitant inhibition of the hu-
moral response, unless one assumes that this
inhibition selectively involved the produc-
tion of antibodies against KSHV antigens.
In fact, KSHV seroprevalence rates are sim-
ilar in MM patients (5%) and in Italian
blood donors of similar geographic origin
(4%) (7). Therefore, our findings indicate
that most MM patients are not infected by
KSHYV and argue against there being a link
between KSHV infection and the develop-
ment of MM.
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KSHYV is associated with Kaposi's sarcoma
(KS), Castleman’s disease, and a rare form
of body cavity lymphoma (1-4). Rettig et
al. (5) found KSHV (also known as HHV-
8) in bone marrow stromal cells, but not
malignant plasma cells, in all 15 patients
with MM that they examined. Their results
suggest that KSHV may be required for the
transformation of plasma cells. However,
their study was limited to examination of
bone marrow stromal and mononuclear
cells by PCR for KSHV and showed viral
DNA only in the bone marrow stromal
cells. Bone marrow cells before stromal cell
isolation were found not to contain KSHV.
Serology for KSHV was not given for these

Fig. 1. KSHV DNA amplifica- -
tion of the KS330,, Se- RS
quence showing a PCR prod- xR

M12 345

uct of 233-bp in the upper
panel and B-actin as controlin
the lower panel in KS primary
tumor tissues (lanes 1 to 3),
KS-1 (lane 4), early passage
KS primary isolates (lanes 5
and 6), but not in myeloma
bone marrow mononuclear
cells (lanes 1 to 5, myeloma
BM-MNC), myeloma bone
marrow stromal cells (lanes 1

patients with MM (5).

We blindly analyzed serum samples from
patients with MM or with epidemic (classic)
KS, and from healthy adult donors for anti-
bodies against y [KSHV-8 and Epstein-Barr
virus (EBV)] and 8 (HHV-6 and HHV-7)
herpesviruses. We used (i) an enzyme-linked
immunosorbent assay (ELISA) to detect
whole virus lysate (2 X 10° viral particles per
liter) that contained the majority of the viral
structural proteins (1.5 mg of viral protein
per milliliter) and (ii) an indirect immuno-
fluorescence assay (IFA) to detect KSVH
lytic antigens with the KS-1 cell line [which
comes from human immunodeficiency virus

(HIV)-and EBV-negative body cavity lym-
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to 5, myeloma BM-stroma), normal bone marrow stromal cells (lanes 1 and 2, NS), or neoplastic KS cell
line (KSY-1). PCR amplification of each test sample (250 ng of KSHV; 100 ng of B-actin) was performed

for 35 cycles.

Table 1. Antibody assays of immune response.*

MM KS Blood donor
Virus Number positive/ Number positive/ Number positive/
number tested number tested number tested

(percent positive) (percent positive) (percent positive)
KSHV 2/28 (7) 22/25 (88) 2/24 (8)
EBV 26/28 (93) 20/25 (80) 20/24 (83)
HHV-6 22/28 (79) 21/25 (84) 21/24 (88)
HHV-7 24/28 (86) 22/25 (88) 23/24 (96)

*More than 60% of the samples were evaluated by IFA as well as by ELISA. IFA samples were tested at a 1:20 dilution;
ELISA samples were tested at a 1:100 dilution. Appropriate negative and positive control sera for each herpes virus

were tested simultaneously.

Table 2. Detection of KSHV DNA by PCR or by IFA. PB, peripheral blood; MNC, mononuclear cell; BM,

bone marrow; ND, not done.

MM Hematologic malignancies
Cell type Method Number positive/ Number positive/
number tested number tested
PB-MNC PCR 0/6 ND
BM-MNC PCR 0/5 0/11
BM stroma* PCR 0/5 0/11
Cell lines PCR 0/2 0/5
BM stroma IFA 0/5 ND

*Short-term cultures of bone marrow stromal cells were established and successive subpassages (P,-P3) were tested
for presence of KSHV antigen by IFA with the use of polyclonal KSHV-positive and KSHV-negative human serum.
Hematologic malignancy cell lines included HUT 78, Raji cells, U937, Daudi cells (all from the American Type Culture
Collection), and 23-2 [a lymphoma cell line (8)]. Bone marrow mononuclear cells from hefatologic malignancies
consisted of chronic myelogenous leukemia and Hodgkin’s disease.
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phoma)] as a substrate (6). The IFA to
detect HHV-6, HHV-7, and EBV (also
called HHV-4) was performed as described
previously (7). We also examined periph-
eral blood mononuclear cells (six cases)
and bone marrow mononuclear cells (five
cases), bone marrow stromal cells (five
cases) from patients with MM, and two
myeloma cell lines for KSHV DNA with
the use of PCR. Bone marrow stromal cells
were isolated and studied as described pre-
viously (5) and were also analyzed for the
presence of KSHV by IFA, with the use of
the polyclonal antibody against KSHV
(6). We did not observe any decline in
KSHYV antibody when we tested the poly-
clonal reference serum (which came from
a patient with classic KS) for absorption of
EBV antibodies with the EBV-producing
cell line P3HR1 (Advanced Biotechnolo-
gies, Inc., Columbia, Maryland).

Antibodies against EBV, HHV-6, and
HHV-7 IgG were detected in the majority
of the sera from MM patients (Table 1).
However, antibodies against KSHV were
detected in only 7% of MM sera samples, as
compared with 8% of samples from healthy
adult donors, and over 85% of samples from
patients with acquired immunodeficiency
virus (AIDS) and KS. Thus, these patients
with MM were able to mount an immune
response to highly prevalent lymphotropic
human herpesviruses (EBV, HHV-6, HHV-
7). The low seropositivity to KSHV in MM
is similar to that of the general population
in North America and is not secondary to
the lack of a humoral response. Further-
more, mononuclear cells (from peripheral
blood and from bone marrow) from the 11
patients with MM that we tested were
found not to contain KSHV DNA; all of
these patients were also seronegative for
KSHYV serum antibodies (Tables 1 and 2).
Last, the short term cultures of myeloma
bone marrow stromal cells from five of these
cases were found not to contain KSHV with
the use of DNA PCR and [FA (Table 2, last
row, and Fig. 1).

These data contradict the study by Ret-
tig et al. in which KSHV DNA was detected
with the use of PCR in all 15 samples of
bone marrow stromal cells taken from MM
patients (5).
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Rettig et al. propose (1) that KSHV (2) is
involved in the development of MM from its
more indolent precursor MGUS. They argue
that KSHV may influence the switch from
benign MGUS to malignant myeloma
through the secretion and induction of au-
tocrine growth factors, because the virus it-
self is not present in the clonal plasma cells.
This is an attractive hypothesis because
KSHV encodes a homolog of one of the
cytokines, IL-6 (3), that is involved in MM
pathogenesis. A further link might be that
patients with multicentric Castleman’s dis-
ease, another lymphoproliferation associated
with KSHV (4), often have immunoglobulin
dyscrasias, and occasionally develop MM.

The curious epidemiologic distribution of
KS implies that an agent causing this disease
would certainly not be the same agent in-
ducing myeloma, which is a common hema-
tological cancer with a much more even
distribution throughout different popula-
tions. Furthermore, current molecular and
serologic assays indicate that KSHV is, in
northern Europe and the United States at
least, predominantly sexually acquired and is
not like most other herpesviruses, which are
common pathogens (5) (6). The incidence
rates of MM are homogenous in the various
regions of northern and southern Italy (7), in
contrast to the rate of classic KS (8), which
correlates with the seroprevalence rates of
KSHYV in the different regions (9).

An immunofluorescence assay (IFA) that
detects antibodies against the latent nuclear
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antigen (LNA-1) of KSHYV is the most sen-
sitive and specific serologic assay that we
know of for revealing past or present infec-
tion with this virus (10). The decrease in
polyclonal immunoglobulins associated with
MM may be global or specific, and antibod-
ies against KSHV may therefore not be de-
tectable in infected patients, even if they
have latent or lytic-specific antibodies
against other herpesviruses. Antibodies
against viruses in patients with MGUS are
not suppressed, as a near normal immuno-
globulin profile distinguishes MGUS from
MM. If KSHV plays any major and common
pathogenic role in MM and a subset of
MGUS cases, we would expect to find in-
creased serologic markers of infection, par-
ticularly in those with MGUS.

We therefore investigated the prevalence
of antibodies against KSHV LNA-1 by [FA
in patients with MM or MGUS from the Po
valley of northern Italy, an area with one of
the highest incidence rates of classic (HIV-
negative) KS in the world. We compared the
detection rate of antibodies against KSHV in
these patients with that in patients with
lymphoma (Hodgkin’s disease and non-
Hodgkin’s lymphoma) and blood donors, all
from the same Po valley area (Table 1). Sera
were tested blindly at a dilution of 1:100 as
previously described (11).

The prevalence of antibodies against
KSHYV in the sera of patients with MM, with
MGUS, with lymphoma, and in sera from
blood donors was not significantly different
(P > 0.01; Table 1). The detection rate in
Po valley blood donors is significantly higher
(12.9% as opposed to <3.0%) than that
found with the use of the same assay in blood
donors in the United States or the United
Kingdom (6) (11), which reflects the much
higher incidence of classic KS there.

Four of the MGUS samples with no de-
tectable antibodies were from patients who
subsequently developed overt MM, whereas
the only two MGUS patients with detect-
able KSHV antibodies had no evidence of
MM after 36 and 48 months, respectively.

Thus, we did not find evidence for an
increased detection rate of antibodies

Table 1. Results from sera of patients and blood
donors living in the Po valley of Italy, tested with an
IFA specific for antibodies against KSHV.

Number

Number positive

Sera type tested (percent

positive)

Myeloma 37 4 (10.8)

MGUS 36 2 (5.5)

Hodgkin's disease 42 7(16.7)

NonHodgkin's 60 8 (13.3)

lymphoma '

Blood donors 139 18 (12.9)

1971
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against KSHV in patients with MM, and

even less so for those with MGUS. Our data

do not support a role for KSHV in the
evolution of MGUS to MM.
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As a clinical dermatologist involved in the
study of classic KS, I (F.C.) have followed
about 200 cases of this disease over 20 years
in the University Hospital of Sassari, which
is the referral center for this disease in
northern Sardinia. My epidemiological
study has shown a standardized incidence of
1.58 per 100,000 inhabitants per year (2.43
for males and 0.77 for females) (1); this
incidence is significantly higher than that
observed in nine other Italian regions (1.05
for males and 0.27 for females) (2). I have
found cases of KS associated with
Hodgkin’s disease, chronic lymphocytic
leukemia, and Castleman’s disease, but not
with MM. Furthermore, the incidence of
MM in the Sassari district is 4.51 per
100,000 inhabitants per year (4.57 for
males and 4.45 for females), which is no
different from that observed in seven other
Italian regions where classic KS is not fre-
quently detected (incidence range from 3.3
to 7.6 for males and from 3.7 to 7.3 for
females) (3).

With regard to KSHV epidemiology in
northern Sardinia, we found that 12 out of 13
KS patients had KSHV in their peripheral
blood as detected by PCR (4). We have re-
cently found that 95% of KS patients had sera

1972

with antibodies against KSHV and that the

healthy northern Sardinian population has a

higher prevalence of antibodies against

KSHYV in the serum (18%) than do people in

the rest of Italy (4%) (5). If KSHV had a role

in MM, as suggested by Rettig et al. (6), then

we would expect to find an increased rate of

MM in the Sassari district and, therefore, a

more frequent association of classic KS with

MM. Our observations (although made on a

small number of cases because of the rarity of

classic KS) do not seem to support such an
association.
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Contrary to the report by Rettig et al. (1),
other groups have not found antibodies
against KSHV in serum from patients with
MM (2).

We took acetone-fixed and paraffin-em-
bedded bone marrow biopsies from patients
with MM and performed PCR analysis in an
attempt to detect KSHV. We investigated 20
cases of MM (at different stages) with a pro-
tocol previously described (3) with the use of
the primer set within open reading frame
(ORF) 26 (KS330,55). We carried out two
rounds of amplification (2 X 30 cycles). This
protocol yielded a positive amplification of
233 base pairs (bp) in 18 out of 20 patients.
We also analyzed 15 bone marrow biopsy
samples from patients with follicular lympho-
mas and 5 samples from patients with reactive
processes; these samples did not show the
presence of KSHV. In all cases, the integrity
of the DNA was confirmed after amplification
of a 258-bp-long fragment corresponding to
the c-raf-1 gene as previously described (4).
The specificity of the KS330,,; PCR was
checked by sequencing the amplification
products of five randomly selected cases. We
consider our results to be specific because
there were different point-mutations in each

case as compared with the original sequence

(3). These results are similar to those obtained

by Rettig et al. (1). Our method would appear

to eliminate technical problems such as con-

tamination as a source of the results. Overall,

we confirm that, at least in our French series

of cases, KSHV is strongly associated with
MM.

P. Brousset

F. Meggetto

M. Attal

G. Delsol

Centre Hospitalier Universitaire Purpan,

31059 Toulouse Cédex, France
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Response: Several groups raise questions re-
garding our report that KSHV (also called
HHV-8) infects the bone marrow dendritic
cells of myeloma patients and may be in-
volved in myeloma pathogenesis (I).
Whitby et al. performed a serologic assay, and
both Parravicini et al. and Massoud et al. used
both serologic and PCR assays to conclude
that a lack of evidence exists for the associ-
ation of KSHV and myeloma. Cottoni et al.
demonstrate a lack of clinical correlation
between the incidence of classic KS and MM
in a cohort of patients from Sardinia.

A possible mechanism for the lack of se-
rological evidence for KSHV in MM relates
to a change of environment for B cell de-
velopment in these patients. Myeloma pa-
tients demonstrate panhypogammaglobu-
linemia (that is, decreased concentrations
of antibodies other than the monoclonal
antibody produced by the malignant plasma
cells), which may reduce the titer of KSHV
antibodies. In addition, the infection of
dendritic cells within the bone marrow, the
site of early B cell development, may lead
to B cell tolerance to KSHV antigens.
Clonal deletion, functional inactivation,
and antigen receptor editing have been
shown to be mechanisms for preventing the
maturation of B cells that have been pre-
sented antigen in the bone marrow (2).
Thus, the combination of global and viral
antigen-specific immunological defects may
contribute to the decreased seroprevalence
to KSHV in myeloma patients.

With the use of PCR amplification, Par-
ravicini et al. and Massoud et al. were unable
to detect viral sequences in mononuclear cells
obtained from aspirated bone marrow, periph-
eral blood mononuclear cells, or bone marrow
stromal cells. The results from bone marrow
mononuclear cells are consistent with our
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original report. Similar to the work of Parravi-
cini et al., we have subsequently performed
nested PCR on 1 pg of DNA from mononu-
clear cells from bone marrow aspirates and
repeated the reaction up to 10 times for each
patient; we have not detected the virus. Par-
ravicini et al. alluded to some of the possible
explanations for the inability to detect virus.
They stated that the presence of Taq poly-
merase inhibitors were excluded because
they amplified the B globin gene. However,
the presence of heparin, which is the anti-
coagulant most often used for bone marrow
aspirations, may inhibit the amplification
of low copy number sequences by Taq poly-
merase (3). Moreover, heparin is not re-
moved during standard DNA extraction
techniques. We have used heparinase to
remove contaminating heparin from our
bone marrow mononuclear cell samples and
have successfully amplified KSHV sequenc-
es in bone marrow mononuclear cell sam-
ples. Recently, the precise bone marrow
culture conditions have been shown in an
abstract to be essential for the detection of
KSHV DNA (4). PCR signal for viral DNA
may be lost with more prolonged culture, as
has been seen in the case of KS.

To exclude the possibility that our obser-
vations of KSHV infection in dendritic cells
were a result of an in vitro artifact of tissue
culture, we have evaluated fresh uncultured
bone marrow core biopsies for the presence
of KSHV. Whereas none of the normal sub-
jects (n = 4) or patients with other hema-
tological malignancies (n = 23) demonstrat-
ed the presence of KSHV by in situ hybrid-
ization for ORF 72, 18 out of 21 myeloma
patients showed viral staining (5). PCR for
KS330,5; on these same tissue samples de-
tected KSHV in 12 out of 16 myeloma pa-
tients (5). Our results have been replicated

by Brousset et al., as described in their com-
ment. In our cohort of myeloma patients,
immunohistochemical staining on serial sec-
tions showed that the distribution of the
presence of KSHV corresponded to the dis-
tribution of cells containing long cytoplas-
mic processes. The latter stained for fascin, a
marker for dendritic cells).

Similar to results seen by Parravicini et
al., we were unable to detect viral sequences
in bone marrow mononuclear cells. Al-
though we were also unable to detect
KSHYV in whole peripheral blood mononu-
clear cells, when we enriched these cells for
macrophage and dendritic cell markers
(CD68 and CD83, respectively) with the
use of an immunomagnetic bead column,
we identified viral sequences in 25 out of 32
myeloma patients, O out of 5 patients with
other malignancies, and 1 out of 13 hema-
tologically normal subjects (6).

Cottoni and Uccini discuss a cohort of
classic KS patients in Sardinia in whom they
did not detect an increased prevalence of
myeloma. The extrapolation of these data to
myeloma patients worldwide may not be val-
id. In addition to KSHV infection, other en-
vironmental and genetic factors may well
contribute to the development of myeloma.
By analogy, EBV is closely associated with
nasopharyngeal myeloma in southern China
and with Burkitt’s lymphoma in Africa, yet
the incidence of these malignancies among
immigrants to the United States is equal to
that of the general population. Three decades
ago, Mazzaferri and Penn reviewed the litera-
ture and concluded that there was a correla-
tion between KS and myeloma (7). Epidemi-
ological studies in HIV-positive patients may
provide important clinical information corre-
lating KSHV infection, KS, and myeloma. As
HIV patients live longer, they may manifest

[ [ECHNICAL COMMENTS

an increased incidence of myeloma.
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Beginning in 1998, summaries of technical comments will appear in the
printed journal; full text and figures will appear only online.
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This change will allow:

Free access to the full text of technical comments and responses for all Science Online readers.
Quicker publication of reviewed comments, criticisms, and responses.

Linkage between reports and comments, which would notify readers that subsequent
comments were published about a report (or article) in Science.

More comprehensive figures and tables in the comments and more detailed discussion of
methods and instrumentation.

Up-front coverage in summaries of the comments and responses, which will appear in
“This Week in Science” in the printed journal, with Web addresses for the full texts.

Continued full citation, with technical comment titles and authors continuing to be listed in
the printed Table of Contents, and authors continuing to be cited in the quarterly online index.
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