
Kaposi's Sarcoma-Associated Herpesvirus 
Infection and Multiple Myeloma 

M. B. Rettie et al. ( 1 )  describe evidence of " , , 

Kaposi's sarcoma-associated herpesvirus 
(KSHV) infection in lone-term cultured " 
bone marrow dendritic stromal cells in 15 
out of 15 samples obtained from patients 
with multiple inyeloma (MM) and in two 
out of eight samples from patients with 
inonoclonal gammopathy of undetermined 
significance (MGUS). Rettig et al. used 
polymerase chain reaction (PCR) and in 
situ hvbridization techniuues. In the same 
study, three out of three long-term cultures 
of bone marrow stroinal 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 mav stimulate in 
vitro the proliferation of plasmocytoid cell 
lines, Rettig et al. ~ostulate that infected 

u 

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 

concolnitant factors: low n~unber of stromal 
cells, heavy colltainination by peripheral 
blood, presence of up to 90% uninfected 
neoplastic plasma cells in bone marrow aspi- 
rates, anii insufficient sensitivity of the PCR 
assay. 

To evaluate the nro~osed link between 
KSHV (also k~lown as h~ulian 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 coinbining a nested PCR 
inethod that achieves single copy sensitivity 
(2 )  with serologic assays for antibodies 
against KSHV. For each case, 1 pg of DNA 
extracted froin 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  min nu no blot (3) and 
iin~n~ui~operoxyclase (4) assays for the pres- 
ence of KSHV-specific antibodies against 
orf65 lytic and latency-associated nuclear an- 
tigens, respectively. I11 addition, all sera were 
screelled for antibodies against cytoinegalo- 
virus (HCMV) and hepatitis B (HBV) (5). 
We performed these assays in order to ex- 

Table 1. Demographic and serologic features of 20 Italian patients with MM. Ab, antibody; Neg., 
negative; Pos., positive; ND, no data. 

Mono- Decreased 
clonal serum KSHV' KSHV HBV HCMV 

Sex Age com- polyclonal LANA orf65 Ab Ab 
ponent Ig classes* 

Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Pos. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 

Neg. 
Neg. 
Neg. 
Neg . 
Neg. 
Neg. 
Neg. 
Neg. 
Pos. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 
Neg. 

Neg. 
Pos. 
Neg. 
N D 
N D 

Pos. 
Neg. 
Pos. 
Neg. 
N D 

Neg. 
Neg. 
Pos. 
Neg. 
N D 

Neg. 
Neg. 
Pos. 
Pos. 
Neg. 

Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Neg. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Pos. 
Neg. 
Pos. 

Positive/total sample 1 /20 1/20 6/16 
(Percent positive) (5) (5) (38) 

'Serum polyclonal g classes were evaluated by nephelometry (BNA, Behrilig. Dussedorf, Germany); 0, no 
tion: 1, reduction of one serum polyclonal g class; 2, reducton of two serum polyclonal g classes. 

Ig reduc 

clude false negative results since, as Rettig et 
al. correctly observe ( I ) ,  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 patlents are not infected by 
KSHV and argue against there being a link 
between KSHV infection and the develop- 
ment of MM. 
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oratory Manual (Cold Spring Harbor Laboratory Press, 
New York, ed. 2,1989)]. Thirty-cycle PCR using human 
p-globin specific primers [M. Bauer et a/., J. Am. Med 
Assoc. 256, 472 (199111 and 1 pg of DNA as template 
was performed in order to rule out major Taq polymer- 
ase inhibitors and to verify the integrity of the extracted 
DNA. Nested PCR (35+35 amplifcation cycles) was 
performed as described in detail elsewhere [M. Corbel- 
lino et a/. , AIDS Res. Hum. Retrovir. 12,651 (1 996)l. One 
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This assay achieves single-copy sensitivity, as assessed 
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Microbial., abstr. D256 (1994), p. 1411. According to the 
Poisson distribution, when the sensitivity of an analytical 
system achieves a single copy and the solution is re- 
peatedly tested in this system, the concentration of the 
PCR target [which is referred to as Signal Generating 
Unit (SGU), orthe smallest unit that givesa PCR-positive 
signal] is given by the formula SGUIPCR = -In (no. of 
negative results/no. of replicates). Thus, if the hypothe- 
sis of Rettig et a/. is c o m t  (that all MM bone marrow 
aspirates contain KSHV-infected bone marrow dendritic 
stromal cells), given that we tested 40 MM specimens in 
triplicate (that is, a total of 120 replicates) and they were 
all negative, then the concentration of KSHV DNA se- 
quences in bone marrow aspirates should be very low 
(for example, with 111 20 positive replicates the concen- 
tration of KSHV sequences is 1 KSHV-SGU per 
17,924,896 cell equivalents). 

3. or165 KSHV recombinant protein was provided by Y. 
Chang and P. Moore (Columbia University, New 
York). Protein immunoblot assay was performed ac- 
cording to the method published by G. R. Simpson 
et a/. [Lancet 348. 1 133 (1 996)l. 

4. lmmunoperoxydase assay against KSHV latency asso- 
ciated nuclear antigens (LANA) was performed on ace- 
tone-fixed cytospins of KSHV-infected BCBL-I cells 
with the use of sera diluted 1 :la, 1 :500, 1:2500, and 
1:10,000. Reaction was revealed by a peroxydase la- 
beled antiserum specific for human immuno-globulin 
(IgG) (Dako, Glostrupp, DK) diluted 1:100, followed by 
tyramide signal amplification (Du PontINEN, Boston, 
MA). KSHV-infected BCBL-I cells were obtained 
through the AIDS Research and Reference Reagent 
Program, Division of AIDS, NIAID, NIH, from M. 
McGrath and D. Ganem [R. Rennie eta/. , Nature Med. 
2, 342 (199611. Cells were cultured with RPMI-1640 
(Gibco-BRL, Grand Island. NY). Patient sera and per- 
oxydase-labeled rabbi antibody to human IgG were 
diluted in 0.05M TBS (tris-buffered saline, pH 7.2) con- 
taining 1 % BSA (bovine serum albumin, Fraction V, Sig- 
ma Chemical, St. Louis, MO) and 0.001 % Nonidet P-40 
(Sigma Chemical, St. Louis, MO). BCBL-I immunoper- 
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fluorescence (IFA) assays [S. J. Gao et a/., Nature Med. 
2, 925 (1996); D. H. Kedes et al., ibid., p. 9181 and 
represents a technical modication of this test. For both 
protein immunoblot and IPA tests, sera from patients 
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nors previously demonstrated to be KSHV seropositive 
and seronegative, respectively, were used as controls. 
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KSHV 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 

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 P (HHV-6 and HHV-7) 
herpesviruses. We used (i) an enzyme-linked 
immunosorbent assay (ELISA) to detect 
whole virus lysate (2 x lo9 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- 

Fig. 1. KSHV DNA amplifica- m 

tion of the KS330,, se- KS 7 w Myeloma Myeloma 
lesion $ $ $ BM-MNC BM-strorna NS quence showing a PCR prod- 

uct of 233-bp in the upper M ' 4 5 6 5 2 3 4 5 3 2 3 4 5 = $ 
panel and p-actin as control in 
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). mveloma bone ,. , 
marrow stromal cells (lanes 1 
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 p-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) 20125 (80) 20124 (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; 
ELSA 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 015 0/11 
Cell lines PCR 012 0/5 
BM stroma I FA 0/5 ND 

'Short-term cultures of bone marrow stromal cells were established and successive subpassages (P,-P,) were tested 
for presence of KSHV antiqen bv IFA with the use of polvclonal KSHV-positive and KSHV-negative human serum. 
~ematolo~ic malignancy cell lines included HUT 78, ~ a j i  cells, U937, ~ a u d i  cells (all from the ~her ican Type Culture 
Collection), and 23-2 [a lymphoma cell line (8)]. Bone marrow mononuclear cells from heinatologic 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 taro 
myeloma cell lines for KSHV DNA with 
the use of PCR. Bone marroar stromal cells 
were isolated and studied as described pre- 
viously (5) and were also analyzed for the 
presence of KSHV by IFA, arith the use of 
the polyclonal antibody against KSHV 
(6).  We did not observe any decline in 
KSHV antibody arhen are 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 
KSHV serum antibodies (Tables 1 and 2) .  
Last, the short term cultures of myeloma 
bone marroar stromal cells from five of these 
cases were found not to contain KSHV with 
the use of DNA PCR and IFA (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 frotn 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 
throueh the secretion anii induction of au- " 
tocrine growth factors, because the virus it- 
self is not oresent in the clonal vlasma cells. 
This is an attractive hypothesis because 
KSHV encodes a homolog of one of the 
cytokines, IL-6 (3),  that is involved In MM 
pathogenes~s. A further link might be that 
patients with multicentric Castleman's dis- 
ease, another lymphoproliferation associated 
with KSHV (4), often have immunoglobulin 
dvscrasias, and occasionallv develou MM. 

' The curious epidemiologic distr{bution of 
KS implies that an agent causing this disease 
m~~uld  certainly not be the same agent in- 
ducing myeloma, \vhich 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 
northe~m Eurooe and the United States at 
least, predominantly sexually acquired and is 
not like most other herpesvir~~ses, which are 
common pathogens (5) (6). The incidence 
rates of MM are homoeenous in the various 
regions of northern and southern Italy (7), in 
contrast to the rate of classic KS (a),  which 
correlates with the seroprevalence rates of 
KSHV in the different regions (9). 

An ~mmunofluorescence assay (IFA) that 
detects antibodies against the latent nuclear 

antigen (LNA-1) of KSHV 1s 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 arith 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 \vould 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 IFA 
in patients with MM or MGUS from the Po 
valley of northern Italy, an area \vith one of 
the highest incidence rates of classic (HIV- 
negative) KS m the \vorld. 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 (1 1 ) .  

The prevalence of antibodies agalnst 
KSHV 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 \vith the use of the same assay in blood 
donors in the United States or the United 
Kingdom (6) (1 1 ) ,  which reflects the much 
higher incidence of classic KS there. 

Four of the MGUS samples with no de- 
tectable antibodies were from patients \vho 
subsequently developed overt MM, whereas 
the only taro 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 

Sera type , 
Number pos~t~ve 
tested (percent 

positive) 

Myeloma 37 4 (1 0.8) 
MGUS 36 2 (5.5) 
Hodgkn's disease 42 7 (1 6.7) 
NonHodgkin's 60 8 (13.3) 

lymphoma 
Blood donors 139 18 (12.9) 
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against KSHV in patients x i t h  MM,  and 
even less so for those n l t h  MGUS.  Our  data 
do not  support a role for KSHV in the 
evolution of M G U S  to MM. 
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A s  a clinical dernlatologist involveil in the 
study of classic KS, I (F .C.)  have folloxed 
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. ;\4y epidemiological 
study has shown a stanilarilized incidence of 
1.58 per 100,000 inhabitants per \-ear (2.43 
for males and ?.77 for females) ( 1  ): this ' , ,  

incidence is significantly higher than that 
observed in nine other Itallail regions (1.05 
for inales and 0 . 2 i  for females) (2 ) .  I have 
found cases of KS associated with 
Hodgkin's disease, chronic lymphocytic 
leukemia, and Castleman's disease, but not 
with ;\.I;\.I. Furthermore, the incidence of 
bib1 in the  Sassari district is 4.51 per 
100,000 ~nhabi tants  per year (4 .5 i  for 
males and 4.45 for females), which is no  
different from that observed In seven other 
Itallan reglons where classic KS is not fre- 
q ~ ~ e n t l y  detected (incidence range fro111 1.3 
to 7.6 for males and from 3.7 to 7.3 for 
females) (3 ) .  

With regard to KSHV epiLIemiology in 
northern Sardinia, we found that 12 out of 13 
KS patients had KSHV in t h e ~ r  peripheral 
blooil as detected by PCR (4) .  We  have re- 
cently found that 95% of KS patients had sera 

with antibodies against KSHV and that the - 
healthy northern Sariiinian pop~~lat ion has a 
higher prevalence of antibodies against 
KSHV in the serum (18%) than do people in 
the rest of Italy (4%) (5). If KSHV had a role 
in XlXl, as suggested by Rettig et al. (6) ,  then 
we would expect to f ~ n d  an increaseil rate of 
h?M in the Sassari district and, therefore, a 
more frequent association of classic KS \\,it11 
b1b1. 011s observations (althol~gh ~nade  on a 
sinall nlllnber of cases because of the rarity of 
classic KS) do not seem to support such an 
association. 
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Cont ra ry  to the report 1.y Rettig er ai. ( 1  ), 
other groups have not  found antibodies 
against KSH\' in serum fronl patients with 
MM (2) .  

LVe took acetone-fixed and paraffin-em- 
beilited bone marrow biopsies from patients 
with blbl  and performed PCR analysis in an 
attempt to detect KSHV. LVe investigated 20 
cases of b1b1 (at different stages) with a pro- 
tocol previously described (3 )  with the use of 
the primer set within open reaihng frame 
(ORF) 26 (KS130Z33). \Ye carried out tn.o 
rounds of amplification ( 2  x ?I? cycles). This 
protocol yielded a positive alnplificatioil of 
213 base pairs (bp) In 18 out of 20 patients. 
We  also analyzed 15 bone marrow biopsy 
salnples from patients with follicl~lar lympho- 
mas and 5 samples from patients ~ i t h  reactive 
processes; these samples did not shon the 
presence of KSHV. In all cases, the integr~ty 
of the DNA was confirtned after amplification 
of a 258-bp-long fragment corresponiiing to 
the c-raf-1 gene as prev~ol~sly descr~beJ (4) .  
The  specificity of the KS3102,, PCR was 
checked by sequencing the a~npliflcat~on 
products of five randomly selected cases. We  
cons~der our results to be specif~c l~ecause 
there were different point-mutations in each 

case as compared n .~ th  the origitlal sequence 
(3).  These res~~l ts  are siinilar to those obtained 
by Rettig et al. ( 1 ). Our method would appear 
to elitn~nate technical problems such as con- 
tamination as a source of the results. Overall, 
we co~ l f i r~n  that, at least in our French series 
of cases. KSHV is strongly associated with 
bfh? .  
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Response: Several groups raise cluestions re- 
garding our report that KSHV (also called 
HHV-8) infects the bone inarrow dendritic 
cells of lnyelonla patients and may be in- 
\-olved in lnyeloma pathogenesis ( 1  ). 
LYrhitby et al. performed a serologic assay, and 
both Parravicini et al. and Masso~ld 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. 
deluonstrate a lack of clinical correlation 
between the incidence of classic KS and MM 
in a cohort of patients from Sardinia. 

'4 possible ~nechanism for the lack of se- 
rological evidence for KSHV in Mb1 relates 
to a chanee of environment for B cell de- ', 
velopment in these patients. Myeloma pa- 
tients demonstrate panllypogam~naglol>~~- 
linernia ( that  is, clecreaseil concentrations 
of antibodies other than the tnonoclonal 
antibody produced by the  malignant plasma 
cells), which mav reduce the  titer of KSHV 
antiiodies. 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 Lieletion, 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 rnarrolv (2 ) .  
Thus, the  combination of global and viral 
antigen-specif~c iln~nllnological defects may 
contribute to the  decreased seroprevalence 
to KSHV In myeloma patients. 

With the use of PCR amplification, Par- 
ravicini et al. and hlassoud et al. were unable 
to detect viral sequences In mononuclear cells 
obtalned from aspirated bone marrow, periph- 
eral blood monot~uclear cells, or bone marrow 
strolnal cells. The  results from bone marrow 
mononuclear cells are consistent w ~ t h  our 



original report. Sinlilar to the work of Parravi- 
cini et al., n e  have s~~bsei l~~ently performed 
nested PCR on 1 pg of DNA from mononu- 
clear cells from hone nlarrolv aspirates and 
repeated the reactlon up to 10 times for each 
oatient: we have not detected the virus. Par- 
ravicini et al. alluded to some of the possible 
explanations for the inahilit~ to iletect virus. 
~ l i e y  stated that the presekce of Taq poly- 
merase inhibitors n.ere excludeil because 
they amplified the P globin gene. However, 
the presence of heparin, ~vhich is the anti- 
coagulant most often used for hone marrow 
aspirations, may inhibit the a~llplif~cation 
of low copy number secluences 1~ Taq poly- 
merase 13). h,loreover, heparin is not re- 
moved during standard DNA extraction 
techniques. LVe have used heparinase to 
remove contaminating hepar~n  from our 
bone marrow monon~~clear  cell samples and 
have s~~ccessfully anlplified KSHV sequenc- 
es ill hone marrow ~ l l o n o t ~ ~ ~ c l e a r  cell sam- 
ples. Recently, the precise bone rnarrolv 
culture conditiotls have been sho~vn in an 
abstract to be essential for the detection of 
KSHV DNA ( 4 ) .  PCR signal for viral DNA 
may be lost with Illore prolollged culture, as 
has been seen in the case of KS. 

To exclude the possibility that our obser- 
vations of KSHV infection in denilritic cells 
were a r e s ~ ~ l t  of an in vitro artifact of tissue 
culture, we have evaluated fresh uncultured 
bone rnarrolv core biopsies for the presence 
of KSHV. Whereas none of the normal sub- 
jects (n = 4) or patients ~vi th other hema- 
tological malignancies (n = 23) ~letnonstrat- 
ed the presence of KSHV by in situ 11ybriLl- 
i:ation for ORF 72, 18 out of 21 nlyelonla 
patients sholveii viral staining (5). PCR for 
KS33I?,,, on these same tissue samples iie- 
tected KSHV in 12 out of 16 myeloma pa- 
tients (5). Our results have been replicated 

hy Brousset et al., as described 111 their corn- 
ment. In our cohort of lnyelonla patients, 
itnmunahistochemical staining on serial sec- 
tions shou,ed that the distribution of the 
presence of KSHV correspondeil to the dis- 
tribution of cells containing long cytoplas- 
rnic processes. The latter stained for fascin, a 
nlarker for detldritic cells). 

Similar to results seen hy Parravicini et 
al., we \Yere unable to detect viral seuuences 
in bone marrow motlonuclear cells. Al- 
though n.e were also unable to detect 
KSHV in wl~ole peripheral blood mononu- 
clear cells, n.hen we enriched these cells for 
macrophage and dendritic cell markers 
(CD68 and CD81, respectively) with the 
use of an imm~~nomagnet~c  bead column, 
we identif~eil viral sequences in 25 out of 32 
myeloma patients, 0 out of 5 patients \u th  
other malignancies, and 1 out of 11 herna- 
tologically normal s~lbjects (6) .  

Cottoni and Uccini discuss a cohort of 
class~c KS patients In Sardinia In whom they 
did not detect an increased prevalence of 
myeloma. The extrapolation of these data to 
myeloma patients norld~v~de may not be val- 
~ d .  In addition to KSHV ~nfection, other en- 
vironmental anii genetlc factors may \yell 
contribute to the development of myeloma. 
BY analogy, EBV is closely associated with 
nasopharyngeal m~eloma in southern China 
anil n.ith Burkitt's lymphoma in Afrlca, yet 
the incidence of these malignancies among 
i~nllligrants to the United States is equal to 
that of the general pop~~lation. Three decades 
ago, Maziaferri and Penn revieweii the litera- 
ture and concl~~ded that there was a correla- 
t ~ o n  hetween KS and ~llyelonla (7). Epidemi- 
ological stuiiies 111 HIV-pos~tive patients may 
provide Important cl~tllcal information corre- 
lating KSHV ~nfection, KS, and myeloma. As 
HIV patients live longer, they may manifest 

an increased incidence of myeloma. 
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