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Bone Marrow and Peripheral Blood Dendritic Cells From Patients With Multiple
Myeloma Are Phenotypically and Functionally Normal Despite the Detection
of Kaposi’'s Sarcoma Herpesvirus Gene Sequences

By Noopur Raje, Jianlin Gong, Dharminder Chauhan, Gerrard Teoh, David Avigan, Zekui Wu,
Dongshu Chen, Steven P. Treon, lain J. Webb, Donald W. Kufe, and Kenneth C. Anderson

Multiple myeloma (MM) cells express idiotypic proteins and
other tumor-associated antigens which make them ideal
targets for novel immunotherapeutic approaches. However,
recent reports show the presence of Kaposi’s sarcoma herpes-
virus (KSHV) gene sequences in bone marrow dendritic cells
(BMDCs) in MM, raising concerns regarding their antigen-
presenting cell (APC) function. In the present study, we
sought to identify the ideal source of DCs from MM patients
for use in vaccination approaches. We compared the relative
frequency, phenotype, and function of BMDCs or peripheral
blood dendritic cells (PBDCs) from MM patients versus
normal donors. DCs were derived by culture of mononuclear
cells in the presence of granulocyte-macrophage colony-
stimulating factor and interleukin-4. The yield as well as the
pattern and intensity of Ag (HLA-DR, CD40, CD54, CD80, and
CD86) expression were equivalent on DCs from BM or PB of
MM patients versus normal donors. Comparison of PBDCs
versus BMDCs showed higher surface expression of HLA-DR
(P=.01), CD86 (P = .0003), and CD14 (P = .04) on PBDCs.
APC function, assessed using an allogeneic mixed lympho-
cyte reaction (MLR), demonstrated equivalent T-cell prolifera-
tion triggered by MM versus normal DCs. Moreover, no
differences in APC function were noted in BMDCs compared
with PBDCs. Polymerase chain reaction (PCR) analysis of

ULTIPLE MYELOMA (MM) is a fatal cancer, and will

genomic DNA from both MM patient and normal donor DCs
for the 233-bp KSHV gene sequence (KS330,33) was negative,
but nested PCR to yield a final product of 186 bp internal to
KS330,33 was positive in 16 of 18 (88.8%) MM BMDCs, 3 of 8
(37.5%) normal BMDCs, 1 of 5 (20%) MM PBDCs, and 2 of 6
(33.3%) normal donor PBDCs. Sequencing of 4 MM patient
PCR products showed 96% to 98% homology to the pub-
lished KSHV gene sequence, with patient specific mutations
ruling out PCR artifacts or contamination. In addition, KHSV-
specific viral cyclin D (open reading frame [ORF] 72) was
amplified in 2 of 5 MM BMDCs, with sequencing of the ORF
72 amplicon revealing 91% and 92% homology to the KSHV
viral cyclin D sequence. These sequences again demon-
strated patient specific mutations, ruling out contamination.
Therefore, our studies show that PB appears to be the
preferred source of DCs for use in vaccination strategies due
to the ready accessibility and phenotypic profile of PBDCs, as
well as the comparable APC function and lower detection
rate of KSHV gene sequences compared with BMDCs.
Whether active KSHV infection is present and important in
the pathophysiology of MM remains unclear; however, our
study shows that MMDCs remain functional despite the
detection of KSHV gene sequences.

© 1999 by The American Society of Hematology.

A potential limitation of immune-based strategies in MM

be responsible for 11,300 (2%) of cancer deaths instems from recent reports that cells of DC lineage may be
1998! Despite the use of aggressive therapy up-front, includinginfected with Kaposi’s sarcoma herpesvirus (KSHV). In particu-
high-dose therapy and transplantation, the median overaliar, Rettig et &* demonstrated the presence of KSHV DNA,
survival does not exceed 3 to 4 yeaiRecent advances in our Using polymerase chain reaction (PCR) with primers that detect
understanding of disease biology and pathogehésise not KSHV gene sequence (KS339), in long-term bone marrow
yet translated to the bedside. However, MM would appear to bestromal cells (BMSCs) from patients with MM. In this study,
an ideal tumor for novel immune therapeutic strategies becauséSHV PCR” cells were identified to be of DC lineage by virtue
in vitro, animal, and early clinical trials have shown that it may Of expression of CD83, fascin, and CD68 coupled with lack of
be possible to induce both allogeneic and autologous immun&D31 @nd CD34 antigens. The detection of KSHV in MM has
responses to MM cells® Evidence for allogeneic anti-MM been_ shrouded in controversy and several groups have reported
immunity is twofold: immunization of the allogeneic marrow conflicting results. Three subsequent reports have detected

donor against the patient’s idiotypic protein results in the
transfer of donor anti-idiotype—specific immunity at the time of
subsequent allograftifigand donor lymphocyte infusions can ~ From the Department of Adult Oncology, Dana-Farber Cancer
mediate a graft-versus-myeloma effect that effectively treatgnstitute, and the Department of Medicine, Harvard'MedicaI School,
relapsed MM post allografting? Early attempts to generate EOS@?’IMSAS and rthe Department of Hematology, Singapore General
autologous immunity to MM have included immunization with O§SL;itt;dgglngér 2, 1998: accepted November 24, 1998.

either idiotypic protein or dendritic cells (DCs) pulsed with  gypported by National Institutes of Health Grants No. CA50947 and
idiotype®® The use of DCs as carriers of tumor-associatedCcA98378, and the Kraft Family Research Fund.

antigens in such immune-based vaccination strategies is basedAddress reprint requests to Kenneth C. Anderson, MD, Dana-Farber
on their unique capacity to take up, process, and present Ag§an06f Institute, 44 Binney St, Boston, MA 02215; e-mail:
triggering a T-cell response in otherwise immune-compromised€neth_anderson@dfci.harvard.edu.

] . . . The publication costs of this article were defrayed in part by page
tumor-bearing hosts. In patients with MM, a recent report shows thaéharge payment. This article must therefore be hereby mat -

funct.lonally pure DCs for use 'n_SUCh Imml_me theraple; C.an lo':'t'isement"in accordance with 18 U.S.C. section 1734 solely to indicate
readily generated from apheresis cells using a combination Ofs fact.

granulocyte-macrophage colony-stimulating factor (GM-CSF), © 1999 by The American Society of Hematology.

interleukin-4 (IL-4), and tumor necrosis factertTNF-a).10 0006-4971/99/9305-0032$3.00/0
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KSHV DNA, using in situ hybridization and PCR, within BM can be readily obtained either from the BM or PB of MM
core biopsy specimens from patients with M&4In contrast,  patients that are phenotypically and functionally equivalent to
several groups failed to detect KSHV DNA in either freshly DCs from normal donors. Most importantly, these DCs remain
isolated BM mononuclear cells (BMMCs), BMSCs, or BM functional, despite the presence of KSHV gene sequences,
biopsy specimens from patients with Mi¥t18and several other  providing the rationale for novel immune-based therapeutic
studies have not detected antibodies to KSHV in sera from MMstrategies in MM.

patients despite humoral responses to other herpesvirus-
es1516.19-23n an attempt to confirm the results of Rettig et’al,
our prior studies included PCR amplification of KS330n Patients. BM aspirate samples were freshly obtained from 8
DNA from MM BMSCs24 Our results showed 92% of MM normal donors and 18 MM patients after written informed consent
|Ong_term BMSC Samp|es to be posi[ive for open reading frameaccording to institutional guidelines. There were 13 men and 5 women
(ORF) 26 KSHV gene sequence in a nested PCR reaction. |Mith a median age of 57 (range, 38 to 77) years (Table 1). The majority

this study using a nested PCR approach, we have amplified ?f patients presented with advanced disease at diagnosis: Durie-Salmon
1.1, another KSHV-specific gene sequence, and viral cyclin Dstage IIA (3 patients), IlIA (11 patients), and IlIB (3 patients). A single
- ’ patient presented with plasmacytoma originating in bone. Therapy

However, despite PCR detection of KSHV gene Sequeme#cluded combination chemotherapy as well as high-dose alkylating

ant'qu'es for both latent and Iytic phase infection were agents with or without total body irradiation followed by autologous or
negative. allogeneic stem cell grafting; 2 patients were untreated. The median

In the report by Rettig et & and our prior studied} KSHV time from diagnosis to BM sampling was 13 (range, 0 to 50) months.
gene sequence positive cells in MM have the cell-surfaceThe percentage of monoclonal plasma cells in BM biopsy specimens
phenotype of DCs. However, this is also controversial becaus#aried as follows<5% (10 patients); 30% to 40% (3 patients); 50% to
two recent reports have suggested that clinical-grade functiong0% (1 patient); 70% (2 patients); and 90% (2 patients). PB samples
DCs generated from peripheral blood (PB) from patients withwere obtained from 5 of these 18 MM patients, as well as from 6 normal
MM are not infected with KSHV, based on lack of KS339 onors.

e . . . Culture of DCs. BMMCs were isolated by centrifugation on
m .26 -
PCR amplification product:**Given the potential for innova Ficoll-Paque (Pharmacia Biotech, Piscataway, NJ). BMMCs were

tive immune-based vaccination strategies in MM and thegyspended in RPMI 1640 medium containing 10% heat-inactivated
controversy as to whether KSHV is present in MM DCs or hyman AB serum, 2 mmol/L L-glutamine, 100 U/mL penicillin, and 100
affects their function, we in the present study compared theug/mL streptomycin (10% RPMI); plated on 6 well, flat-bottomed tissue
relative frequency, phenotype, and function of BMDCs or culture plates (Becton Dickinson, Franklin Lakes, NJ); and incubated
PBDCs obtained from MM patients versus normal donors. Anfor 1 to 2 hours at 37°C in a humidified 5% GGitmosphere.
important endpoint was to determine the ideal source of DCs, ieNonadherent cells were harvested, and fresh 10% RPMI medium
BM versus PB, for vaccination strategies in MM. DCs were

MATERIALS AND METHODS

derived from BM of 18 MM patients and 8 normal donors and Table 1. Patient Characteristics
from PB of 5 MM patients and 6 normal donors by culture of BM Status  Time From
mononuclear cells in the presence of GM-CSF and IL-4. The Ppatient Stage (%plasma  Diagnosis
yield of DCs was not statistically different from MM BM than __No-_Age Dx  celly (mo) Prior Therapy
from normal donor BM P = .19), with 10 DCs expressing 1 62 A  30-40 3 D/VAD
HLA class Il, CD40, CD80, and CD86 antigens readily 245 A <5 28 VAD/allogeneic BMT
obtainable from either source. There were no differences in 3 50 1A <5 [
either the pattern or intensity of Ag expression on PBDCs from 4 43 1A =5 18 DIC/EDAP/CD34" PBSCT
MM patients versus normal donors, but HLA-DR € .01), Z ig :::i <3§ 12 g;\égz‘ﬁ PBSCT
CD86 (P = .0003), and CD14 K = .04) were more highly 7 52 A <5 1 MPID
expressed on PBDCs than on BMDCs. Importantly, DCs from g 35 A <5 13 VAD/CD34* PBSCT
either BM or PB of MM patients showed APC function 9 60 B 70 0 None
equivalent to normal donor DCs in allogeneic mixed lympho- 10 56 1A <5 39 VAD/allogeneic BMT
cyte reaction (MLR) at DC:T-cell ratios of 1:20 to 1:180. 11 63 IlIA 30 10 c
Although PCR analysis of genomic DNA from both MM and 12 57 IIA <5 10 VAD/CD34* PBSCT
normal donor DCs using primers specific for KS3g0was 13 50 1B =90 15 MP/VAD/CD34* PBSCT
negative, nested PCR using primers specific for a 186-bp 14 69 ~ <5 17 XRT/VAD/CD34* PBSCT
product internal to KS33@; was positive in 16 of 18 (88.8%) 1558 B 50-60 50 MP/VAD/C
MM BMDCs, 3 of 8 (37.5%) normal BMDCs, 1 of 5 (20%) o % WA 7080 80 VADICD34" PBSCT

17 60 A <5 24 VAD/CD34+ PBSCT
MM PBDCs, and 2 of 6 (33.3%) normal donor PBDCs. .o .7 .o 8090 o None

Sequencing of the 186-bp product from 4 MM patients and 1 - —
normal donor showed 96% to 98% homology to the published DCs were _generate_d from_a range of MM paimen_ts during dlﬁergnt
KSHV sequencé? and patient—specific mutations were noted in stages of disease with variable t.reameant hIS[.OI‘IeS.. Treatment in-

. . . . cluded D (Dexamethasone), VAD (Vincristine, Adriamycin, Dexametha-
&.1|| samples, ru.Il.ng QUt the pOSSIbIl!ty of artifact OI’. contamina- sone), EDAP (Etoposide, Dexamethasone, Ara-C, and Cisplatinum), C
tion. The almpllflcatlonl of viral cyclin D sequencéin 2 MM (Cyclophosphamide), MP (Melphalan, Prednisolone), BMT (bone mar-
BMDCs, with sequencing demonstrating 91 and 92% homology;ow transplant), PBSCT (peripheral blood stem cell transplant), and
to the viral cyclin D gene sequence, further supports thexrr (Radiotherapy).

presence of KSHV gene. Therefore, our study shows that DCs *Patient 14 had a plasmacytoma of the bone.
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containing GM-CSF (1,000 U/mL) and IL-4 (800 U/mL) (Genzyme, we performed additional PCR on genomic DNA from 5 MM BMDCs
Boston, MA) was added to the adherent layer. After 12 to 14 days,using primers which amplify KSHV specific viral cyclin 8.A nested
loosely adherent cells were harvested and used for further studies. DG3CR approach was used to yield a 115-bp product. The thermal cycling
were also cultured either from PB progenitor cells (PBPCs), collectedconditions were as previously described.
by apheresis after mobilization with cyclophosphamide and G-CSFin 3 PCR product purification and sequencing®CR products for the
MM patients, or from PBMCs in 2 MM patients. Cells were washed 186-bp amplicon from 4 MM BMDCs and 1 normal BMDC were
three times, resuspended in 10% RPMI medium, and incubated at 37°@urified using the QIAquick Gel Extraction Kit (Qiagen, Chatsworth,
in a 5% CQ atmosphere in 750-mL Falcon tissue-culture flasks (BectonCA). Sequencing was done using the Sanger methwith dye-labeled
Dickinson). After overnight incubation, adherent cells were collecteddideoxy nucleotides as terminators. Samples were analyzed on an
and resuspended in fresh 10% RPMI medium with GM-CSF and IL-4 asApplied Biosystems model 373A automated DNA sequefickfral
described above, and plated on 6-well flat-bottomed tissue cultureyclin D 116-bp amplicon was similarly purified and sequenced from 2
plates. Loosely adherent cells were harvested after 8 to 10 days fo¥M BMDCs.
further studies. Statistical methods. A Student’st-test was used to evaluate for
Characterization of DC phenotypelndirect immunofluorescence Statistically significant differences between MM BMDCs and normal
flow cytometry using the Coulter Epics XL (Coulter Corp, Miami, FL) BMDCs for mean fluorescence intensity of cell-surface Ag expression
was done to assay for expression of DC lineage Ags (CD14, CD40and MLR activity. A similar analysis was performed for MM PBDCs
CD80, CD86, and HLA-DR [Pharmingen, San Diego, CA] and CD83 and normal PBDCs. Finally, a comparison was made between BMDCs
[Immunotech, Marseille, France]) as well as MM-associated AgsVversus PBDCs. Results were expressed as mea8p; P < .05 was
(CD38). Cells were washed in phosphate-buffered saline (PBS) angonsidered significant.
incubated in PBS with 20% human AB serum at room temperature for
20 minutes to eliminate nonspecific Fc receptor binding. After washing RESULTS
with PBS, cells were incubated with primary murine monoclonal  Dendritic cell yield from normal versus MM BMMCs.
antibodies (MoAbs) reactive with the above Ags for_30 minutes‘on ic_e-BMMCs from 8 normal donors and 18 MM patients were
Afte_:r several_ washes, .the cells were dev_eloped with goat anti-muringitured with IL-4 and GM-CSFE to generate DCs. A mean of
antibody conjugateq with fI‘uore?celn isothiocyanate (FITC). Cells weres 1 w107 (range, 4.2 to 11.X 107) BMMCs from normal
then washed and fixed with 2% paraformaldehyde and evaluated b%ionors and a mean of 3.9 10 (range, 1.9 to 9.% 107)

flow cytometry. . ) .
APC function of DCs in allogeneic MLR.We next examined the BMMCs from MM patients were plated. The final DC yield was

function of DCs from MM and normal BM and PB as APCs in calculated as the number of DCs (HLA class™ II
allogeneic MLRs. Graded numbers of irradiated (3 Gy) DCs were added>D40*CD80"CD86" cells)/number of adherent cells. The DC

to 2 X 1P allogeneic T cells in 96-well U-bottomed culture plates for 5 Yield from normal donors was 49.5% (range, 21.6% to 74.4%),
days. T cells were obtained from PBMCs using T-cell enrichmentwhich was not statistically differenP(= .19) from that in MM
columns (R & D stems, Minneapolis, MN) via high-affinity negative patients (26.8% [range, 8.8% to 55.4%).

selection. T-cell proliferation was determined by measuring uptake of phenotypic characterization of DCs by flow cytometr§he
tritiated thymidine §{H]TdR) by cells pulsed with 1 pCi offHITdR  ¢g||-surface phenotype of DCs was assessed by indirect immu-
(GBg/mmol; Du Pont-New England Nuclear, Wilmington, DE) for the ¢, qrescence flow cytometry. After culture of BMMCs in the
last 12 hours of 5-day cultures. Results were expressed as mean Counﬁ?esence of GM-CSF and IL-4 for 12 to 14 days, the loosely

per minute (cpm):SD in triplicates. . . .
Detection of KSHV DNA sequences by PCRNA was extracted adherent cell population had a typical veiled DC morphology.

from BMDCs derived from 8 normal donors and 18 MM patients, as AS €an be seen in Fig 1, the majority of DCs expressed HLA
well as from PBDCs derived from 6 normal donors and 5 MM patients, ¢lass Il and the costimulatory molecules CD40, CD80, and
using a Promega kit (Madison, WI) according to the manufacturer'sCD86. Few, if any, DCs stained for CD14, a mature monocyte
instructions. PCR was first performed using primers that recognize andnarker expressed on some immature DC. Staining with anti-
amplify a region within the KSHV gene sequence to yield a 233-bp CD38 MoAb to identify tumor cell contamination was negative,

fragment (KS33gs9), as reported by Chang et#lAn aliquot fromthe a5 was anti-CD83, a mature DC marker (data not shown). The
first PCR amplification product was used as a template in a 5“bseq“e'étxpression of both class Il MHC molecules and costimulatory
nested PCR using primers _(forward primel;GIrC GAA TCC AAC molecules was comparable in BMDCs derived from MM

GGATTT GA-3; reverse primer, BATA TGT GCG CCC CAT AAA atients (Fig 1A) versus normal donors (Fig 1B). There were no

TG-3') that recognize sequences internal to this 233-bp fragment t S ; . .
yield a final PCR product of 186 bp. The thermal cycling conditions statistical differences either in the pattern or mean fluorescence

similar for both initial and nested PCR reactions, were as follows: 95ecintensity of cell-surface Ag expression (Table 2) on these
for 3 minutes (1 cycle); 94°C for 1 minute, 60°C for 1 minute, 72°C for BMDC populations.

1 minute (45 cycles); and 72°C extension for 5 minutes (1 cycle). Each We next determined the cell-surface phenotype of PBDCs
PCR reaction uses 800 ng of genomic DNA and 30 pmol of each primerfrom 6 normal donors and 5 MM patients. After culturing
The PCR reactions were performed in Ready-To-Go PCR bead$BMCs in the presence of GM-CSF and IL-4 for 8 to 10 days,
(Pharmacia Biotech AB, Uppsala, Sweden) with a final volume of 25 lLPBDCs were harvested and stained for expression of HLA-DR,
reaction mixture, and amplifications were performed in a Perkin-EImerCD40, CD54, CD80, CD86, CD14, CD83, and CD38 Ags. All
480 Thermocycler (Applied Biosystems, Foster City, CA). Fifteen o056 Ags except CD38 and CD83 were expressed on PBDCs
microliters of the PCR product was analyzed on 1.5% agarose gel?rom both MM patients (Fig 2A) and normal donors (Fig 2B).

containing ethidium bromide and photographed under UV light. Ge- S . .
nomic DNA from body cavity—based lymphoma-1 (BCBL-1) cell line As noted for BMDCs, there were no significant differences in

infected with KSHV served as a positive control for the detection of the profile of Ag expression on PBDCs from normal donors

KSHV gene sequences. PCR wikactin primers was performed on all  Versus PBDCs from MM patients (Table 2).
samples to assure quality of genomic DNA. We next compared BMDCs with PBDCs as sources for
To further assay for the presence of KSHV gene sequences in DCgeneration of DCs in numbers sufficient for clinical use.
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function of BMDCs and PBDCs, derived from both normal
donors and MM patients, as APCs in MLR. T cells were
cultured with graded numbers of irradiated DCs for 5 days, and
T-cell proliferation was measured BjH]TdR uptake. Results
from 3 normal BMDCs and 3 MM BMDCs are shown in Fig
3A. 3[H]TdR uptake was not statistically different for normal
BMDCs versus MM BMDCs at DC:T-cell ratios of 1:20
(P =.85),1:60P = .86), 1:120P = .69), and 1:180F = .25).

PBDCs from normal donors and PBDCs from MM patients
were similarly tested for their APC function in MLR (Fig 3B).
As noted for BMDCs, there were no statistical differences in
3[H]TdR uptake at DC:T-cell ratios of 1:20P(= .8), 1:60
(P=.72), 1:120 P = .81), and 1:180K = .15) for normal
donor PBDCs versus MM patient PBDCs. We next compared
APC function of BMDCs with PBDCs, including both MM and
normal DCs. APC function of BMDCs and PBDCs were
equivalent at DC:T-cell ratios of 1:2@(= .38), 1:60 P = .33),
1:120 P = .49), and 1:180R = .70).

® PCR analysis for KSHV gene sequenceSiven recent
o reports suggesting detection of KSHV gene sequences in MM
] BMDCs1-14we next isolated DNA from BMDCs or PBDCs to
:E, assay for the presence of KSHV gene sequence by PCR. Initial
- PCR was performed using primers specific for the 233-bp
f, KSHV gene sequence (KS339,%” followed by a nested PCR
o with a second set of primers to yield a 186-bp amplification
product internal to the 233-bp fragment, as in our prior
y CcD86 studies** Genomic DNA from the KSHV-infected BCBL-1 cell
line served as a positive contf§IRepresentative results from
10 MM BMDCs and 3 normal BMDCs are shown in Fig 4A. All
samples are negative for the 233-bp product, except BCBL-1
‘ & (lane 1), which represents the positive control. Nested PCR
| AT yields a 186-bp amplification product detectable in KSHV
010° 1ot 10% 10° 10¢ infected BCBL-1 cell line (lane 1) and in DCs generated from 8
of 10 MM BMs (lanes 3 through 6, 7, 9, 10, and 11), which is
. cD14 . cD14 absent in normal donor BMDCs (lanes 12 through 14). Amplifi-
Table 2. Phenotypic Profile of DCs From MM Patients Versus
Normal Donors
A, . A& Cell-Surface Normal Donor DC MMDC
0 10° IIJ 0% 100 10t 0 10° 1% 102 10° 1o Antigen (% of Ag expression) (% of Ag expression) PValue
BM
Log Fluorescence HLA-DR 88.6 + 5.1 874+ 54 67
CD40 64 +19.8 79.9 = 11.8 44
Fig 1. Phenotypic profile of BMDCs generated from MM patients CD54 775 +12.2 72.7 =105 .59
versus normal donors. BMDCs were generated by culture of BMMCs CcD80 69.8 + 10.8 75.0 = 10.1 43
from MM patients and normal donors in the presence of GM-CSF and cD8s6 54.8 + 30.9 65.8 + 16.3 48
IL-4 for 12 to 14 days. Phenotype was determined using indirect cD14 88+ 115 83+ 65 99
e oo Py o 2asis  2ss00 @
antibody for MM BMDCs (A) and normal donor BMDCs (B). PB
HLA-DR 947 =21 915+ 5.1 24
e . . CD40 76.9 = 26.4 80.7 + 15.3 .87
Specifically, because there were no differences in the phenotype ., 84.9 + 15.1 58.2 + 26.0 14
of BMDCs or PBDCs from normal donors versus MM patients,  ~pgq 60.2 + 321 47.3 + 23.0 56
we have compared BMDCs with PBDCs. As can be seen in  ¢pgg 91.9 + 3.9 88.1 + 7.4 a1
Table 3, HLA-DR @ = .01), CD86 P = .0003), and CD14 CcD14 47.1 + 13.7 353 +19.9 44
(P =.04) were more highly expressed on PBDCs than on  cD38 35=0.7 23+06 18

BMDCs.
APC function of DCs in allogeneic MLR.To determine

DCs from MM patients and normal donors, from either BM or PB,
were tested by immunofluorescence for cell-surface expression of

whether these phenotypic differences correlated with variationsi_a-pr, cb4o, cD54, CD80, CD86, CD14, and CD38. Statistical differ-
in APC functional repertoire, we next assessed the relativences were tested using the Student’s t-test.

20z dunf g0 uo 3sanb Aq Jpd' /81 1/20.1G91L/.8Y |/S/€6/4Pd-BloE/POOIqABU"SUOHEDIIgNYSE//:d}Y WOy papeojumog



DENDRITIC CELLS IN MULTIPLE MYELOMA

cation with actin primers confirmed adequacy and integrity of
DNA in each lane. Overall, KSHV-specific amplicons were
detected by nested PCR in BMDCs from 16 of 18 (88.8%) MM
patients and 3 of 8 (37.5%) normal donors.
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Table 3. Phenotypic Profile of DCs From BM Versus PB

Cell-Surface BM (% of Ag PB (% of Ag

Antigen expression) expression) P Value
HLA-DR 87.8 £5.2 92.1*+4.2 .01
CD40 69.0 £21.1 79.2 £17.2 40
CD54 74.3 = 10.6 69.7 £ 24.8 .65
CD80 73.6 £10.2 54.7 £27.2 A1
CD86 62.8 = 21.0 88.1 = 10.3 .0003
CD14 88+ 78 31.8 =244 .04
CD38 28+11 2.8 = 0.86 .9

Dendritic cells from BM and PB were compared with respect to
cell-surface expression of HLA-DR, CD40, CD54, CD80, CD86, CD14,
and CD38 by flow cytometry, using the Student’s t-test.

DNA isolated from 5 MM PBDCs and 6 normal donor
PBDCs was similarly tested for the presence of the KSHV gene
sequences. Results from 4 normal donor PBDCs and 5 MM
patient PBDCs are shown in Fig 4B. Lane 1 represents the
BCBL-1 cell line, which served as a positive control. Lanes 2
through 6 represent DNA from MM patient PBDCs and lanes 7
through 10 represent DNA from normal donor PBDCs. All
samples are negative for KS339except the BCBL-1 cell line
(lane 1). Lanes 1 (BCBL-1) and 2 (MM PBDC) are positive for
the 186-bp product of nested PCR, but the remainder of PBDCs
from both MM patients and normal donors are PCRmplifi-
cation withp actin primers confirmed integrity of DNA. Overall
KSHV gene sequences were detected in PBDCs from 1 of 5
(20%) MM patients and 2 of 6 (33%) normal donors.

To probe for other KSHV gene sequences in BMDCs, we
next performed nested PCR on genomic DNA from 5 MM
BMDCs and 2 normal donor BMDCs using primers that
amplify gene sequences specific for viral cyclin D (Fig&Jhe
BCBL-1 cell line (lane 1) and 2 MM patient samples (lanes 3
and 6) were positive for viral cyclin D. Amplification witB
actin primers confirmed integrity of DNA.

Sequencing of the 186-bp product confirmed 96% to 98%
homology to the published KSHV gene sequeficayith
patient-specific point mutations ruling out artifact and possible
contamination. Sequencing of the viral cyclin D product
confirmed 91% and 92% homology to the published seqi#énce
with distinct patient specific point mutations.

DISCUSSION

MM cells express specific idiotypic proteins and other
associated Ags, which may serve as potential targets for
immunotherapy. However, patients with MM are known to be
immunocompromised, with defects in both humoral and cellu-
lar immunity3? Moreover, early attempts at immunization with
pneumococcal and other vaccines in patients with MM were
unsuccessful. However, it has recently been shown that MM
cells themselves can serve as effective APCand that
vaccination with idiotypic proteif® or using DCs pulsed with

Fig 2. Phenotypic profile of PBDCs generated from MM patients
versus normal donors. PBDCs were generated by culture of PBDCs
from MM patients and normal donors for 8 to 10 days in the presence
of GM-CSF and IL-4. Phenotype was determined by indirect immuno-
fluorescence flow cytometry with MoAbs specific for CD14, CD40,
CD54, CD80, CD86, and HLA-DR developed with goat anti-mouse FITC
antibody for MM PBDCs (A) and normal donor PBDCs (B).
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Fig 4. Detection of KSHV gene sequences in BMDCs and PBDCs
from MM patients and normal donors. DNA isolated from BMDCs
from 15 MM patients and 6 normal donors was assayed for KSHV
gene sequences by PCR using primers that amplify KS330,33, followed
by a nested PCR using primers internal to this sequence to yield a
final PCR product of 186 bp. Results from 10 MM patient BMDCs
(lanes 2 through 11) and 3 normal donor BMDCs (lanes 12 through 14)
are shown in (A). (B) Results of PCR on PBDCs DNA from 5 MM
patients (lanes 2 through 6) and 4 normal donors (lanes 7 through 10).
In each case DNA from BCBL-1 cell line (lane 1) served as the positive
control. B-Actin was amplified in all samples to ensure adequacy and

0

1:60

DC:T Cell Ratio

Fig 3. APC function of DCs in allogeneic MLR. Graded numbers of

irradiated DCs (3 Gy) were cultured with allogeneic T cells, and
proliferation measured by 3[H]TdR incorporation during the last 12
hours of 5 day cultures. BMDCs from 3 normal donors (BM1, BM2,
BM3) and 3 MM patients (MM1, MM2, MM3) are shown in (A), and
PBDCs from 2 normal donors (PB1, PB2) and 3 MM patients (MM1,

integrity of DNA.

presence of KSHV gene sequences. These studies provide the
framework for incorporation of DCs in novel immune treatment
strategies for MM.

MM2, MM3) are shown in (B). In our previous studies, we identified KSHV DNA sequences

in long-term BMSC cultures from 92% (24 of 26) MM patients,
idiotype® can induce specific responses. The recent report o“n g o ) P

KSHV infection in cells of DC lineage within long-term
BMSCs and BM biopsy specimens from patients with Nfivi3
although controversial, suggested potential sequelae of viral
infection on MM APC function. Previous studies have shown
the feasibility of generating large numbers of functional DCs
from apheresis cells from MM patieAf$>and have compared
PBDCs from MM patients with those from normal donéts.
However, in these studies DCs were either KSHV P@Rnot
examined. Given the great potential of novel immune therapeu-
tic approaches in MM, we in the present study compared
phenotype, functional repertoire, and KSHV gene expression in
DCs from either BM or PB of MM patients with those derived 4 \
from normal donors. We have shown that DCs from either Bm EMPCS from MM patients. DNA isolated from 5 MM BM DCs were
assayed for ORF 72 gene sequences. BCBL-1 served as the positive

or PB of p_atient§ with MM are equivalent in phenotypic profile control (lane 1) and lanes 2 through 6 represent MM patient samples.
and function with those from normal donors, despite theLanes 7 and 8 are normal BMDC controls.

BCBL-1
MM1
MM2
MM3
MM4
MM5
BM1
BM2

v Cyclin D

Fig 5. Detection of ORF 72 (viral cyclin D) gene sequences in
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in cells expressing CD68, CD83, and fastiri-urthermore, previous repo® and multiple other studie$;1719-22 further
these PCR results were confirmed with southern blotting andighlight the need to look for evidence other than PCR detection
DNA sequence analysis. Given these and Rettig et'adisor to answer the important question of the role of KSHV in the
report, we in this study examined DCs from BM and PB pathophysiology of MM. The finding that viral IL-6, like human
cultured with GM-CSF and IL-4, in terms of phenotype, IL-6,3%42induces DNA synthesis of human MM cell lines in
function, and KSHV gene expression. Patients at various stagegtro,*® suggests a potential role for KSHV in tumor cell
of therapy, including those who were heavily treated and hadoroliferation and survival, which is the object of ongoing
persistent infiltration of BM with MM cells, were examined. studies. A recent repdft showing KSHV antibodies in MM
Our results demonstrate that DCs can be readily generated fropatients with the use of improved latent nuclear antigen
either BM or PB of MM patients in the presence of IL-4 and immunoblot assay and ORF 65 immunoblot assay further
GM-CSF. These DCs are monocyte derived with an immaturesupports an association between MM and KSHV infection.
DC phenotype, evidenced by lack of cell-surface expression ofHHowever, this improved assay needs to be used to confirm these
CD83. Interestingly, we found that generation of BM-derived results in a larger series of MM patients. Until evidence is
DCs, identified by both antigenic profile and functional reper- provided demonstrating either the presence of viral transcripts
toire, required 12 to 14 days of culture compared with only 7 toand biologically active viral gene products in MM or other
10 days for PBDCs. Importantly, DCs from either source werefunctional sequelae of KSHV infection, PCR detection of
equivalent in terms of phenotypic profile and APC function; KSHV gene sequences must be interpreted with caution.
moreover, they were equivalent to DCs derived from either BM The lack of clinically evident anti-MM immunity in MM
or PB from normal donors. Therefore, our studies show that thédatients, coupled with our finding that DCs in MM are effective
presence of KSHV gene sequences does not adversely impa®PCs in vitro, suggests that defects in Ag presentation may be
on function of DCs grown from either BM or PB using Uniquely present in vivo in these patients. For example, it is
GM-CSF and IL-4. possible that DCs in MM patients may not take up, process, and
Whether KSHV gene sequences are present in MM remaingresent Ag due to an inhibitory effect of cytokines, ie, IL-10 or
controversial. We previously found KSHV gene sequences to b&ascular endothelial growth factor secreted by tumor cells. The
present in the majority (92%) of long-term MM BMS@SIn ability to generate large numbers DCs using different cytokine
this study DNA sequencing confirmed specificity of the PCR cocktails ex vivo, as described in this study, will facilitate their
results. In addition, amplification and sequencing of otherUse in various immunization protocdfs!¢To exploit their APC
KSHV gene sequences including T1.1 and viral cyclin D furtherfunction, DCs are being pulsed with whole-tumor Ag, naked
confirmed the presence of KSHV DNA. In the present study, weDNA, or whole-tumor RNA®*% fused with tumor celf$; or
have amplified two distinct sequences in the KSHV genorne,genetically modified before vaccinati®h>* Already, these
ORF 26 and viral cyclin D, using a nested PCR approach__rnodified DCs havginducedAg-_specific, major histocompatibil-
Stringent PCR conditions were used to prevent contaminationly complex-—restricted cytotoxic T lymphocyte responses in
Sequencing of the PCR products in 5 MM patients and 1 normafhimals, with associated antitumor activity in both prophylaxis
donor for orf 26 and 2 MM patients for viral cyclin D confirmed @nd treatment models. Therefore, the stage is set to test
specificity of the PCR. In addition, patient-specific mutations 21@logous approaches in clinical trials. Indeed, vaccinations
were noted, ruling out PCR contamination. Therefore, thesé!SiNg DCs pulsed with idiotype have already triggered tumor-
results confirm the detection of KSHV gene sequences by PCRPEecific response in patients with non-Hodgkin’s lymphoma and
and are consistent with prior repoHs®14 The contrasting chror_nc r_nyelmd Igukemla, and similar studies are presently
results reported by several groéips:15-172imay be attributable  ©"90ing in MM patients>¢
to differences in PCR methodology and the sensitivity of the
techniques used. For example, the recent répthidt functional REFERENCES
clinical-grade DCs from patients with MM are not infected with 1. Landis SH, Murray T, Bolden S, Winge PA: Cancer statistics. CA
KSHV used PCR for KS33@; which also failed to detect CancerJ Clin 48:6, 1998 N ,
KSHV gene sequences in our study. Only with nested PCR did 2. Schlossman R, Alyea E, Orsini E, Schultz J, Teoh G, Gong J_, Raje
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. . ti | b d at the threshol nderson KC: Immune-based strategies to improve hematopoietic stem
VIrus 1S preseq In a very low copy number and at the thresnolg,g,, transplantation for multiple myeloma, in Dicke KA, Keating A
of PCR detection.

) . (eds): Autologous Marrow and Blood Transplantation. Charlotte, VA,
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