
June 30,1997 

Barbara M. McGarey 
Deputy Director 
National Institutes of Health 
6011 Executive Blvd., Suite 325 
Rockville, MD 20852 

Dear Ms. McGarey : 

I am writing you to express the opinion of Alex. Brown & Sons as to the future 
financeability of CellPro, Inc. were CellPro to be subject to the injunction and stay 
conditions proposed by Baxter et al. in the ongoing patent litigation. Although Alex. 
Brown has not participated in any of CellPro's publicly underwritten offerings, we have 
written equity research and functioned as a market-maker in CellPro's stock. Alex. 
Brown is an investment banking firm of national reputation active in financing and 
advising biotechnology companies. During the last two years Alex. Brown has raised as 
a managing underwriter over $1 billion for biopharmaceutical companies in both the 
United States and Europe. In our opinion should the injunction be granted as currently 
drafted, and no agreement on a commercially reasonable royalty be reached, CellPro will 
not be financeable in the public or private equity markets. 

Assuming the current version of the proposed permanent injunction were imposed by the 
Delaware Court, and (a) CellPro were permitted to market its stem cell selection systems 
only until Baxter received FDA approval for its device, and such sales are subject to 
royalty payments in accordance with the terms of the proposed injunction (b) all sales 
were prohibited overseas in accordance with the terms of the proposed injunction, and (c) 
all follow-on products and indications currently under development jnvolving the 12.8 
antibody were prohibited as well, CellPro would not be a financeable entity. As of June 
30, 1997, CellPro will have approximately $45 million in cash and cash equivalents on its 
balance sheet, of which $17 million has already been charged by CellPro as a liability to 
account for the damages and attorneysy fees the Delaware court has assessed the company 
in the litigation. Consequently CellPro's net cash assets of $29 million will leave it with 
only 12 to 15 months of cash to fund its operations. 

Although development stage companies we finance often incur operating losses and 
negative cash flow for some period of time prior to product approval and positive cash 
flow, CellPro under these circumstances would have little to offer public or private 
investors in terms of a product pipeline to induce them to invest. In addition, the amount 
of cash remaining on the company's books of less than $30 million is not sufficient to 
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acquire an early stage product of any market consequence and finance it through the 
clinical and regulatory process to commercialization. Upon the issuance of the injunction 
as currently constructed, CellProYs publicly traded equity security is likely to trade at or 
near its cash value of approximately $3 per share making its stock unusable as a currency 
with third parties to acquire new products given the company's prospects. 

Finally, although in the past Alex. Brown has financed biopharmaceutical companies 
involved in on-going patent litigation, Cellpro's current situation is quite different from 
past financing candidates in several important respects. First the intellectual property at 
issue underlies a fundamental commercial component of its only approved product as 
well as substantially all follow-on products currently under development for 
commercialization near-term. Second, the stage of the legal proceedings with an adverse 
outcome to CellPro is far more advanced than any company we can identify who has 
attempted to finance in the capital markets. In this case, Alex. Brown or any other 
underwriter or placement agent would be asking investors to finance the company on the 
unassessable probability that within two years a federal appeals court will overturn the 
findings of the trial court on multiple issues. We do not believe investors will be willing 
to finance the company on that basis without some reasonable royalty arrangement 
achieved between the litigants. 

Sincerely, 

fiTyJames P. Scopa 

Managing Director 



Kaposi's Sarcoma-Associated Herpesvirus 
Infection of Bone Marrow Dendritic Cells 

from Multiple Myeloma Patients 
M. B. Rettig,* H. J. Ma, R. A. Vescio, M. Pdd, G. Schiller, 

D. Belson, A. Savage, C. Nishikubo, C. Wu, J. Fraser, 
J. W. Said, J. R. Berenson 

Kaposi's sarcoma-associated herpesvirus (KSHV) was found in the bone marrow den- 
dritic cells of multiple myeloma pat/ents but not in malignant plasma cells or bone marrow 
dendritic cells from normal individuals or oatients with other malignancies. In addition the 
virus was detected in the bone marrow dkndritic 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. 

MultlFle myeloma is the second most ire- 
quent malignancv 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 
mveloma is characterized bv the accumula- 
tidn of malignant plasma c h s  in the bone 

arrow and the presence of a monoclonal 
mmunoglobulin produced by the malig- 
nant plasma cells in rhe serum or urine or 
both. Normal immunoglobulin levels are 
profoundlv suppressed. Morbidity and mor- 
tality are primarily related to skeletal, he- 
matologic, and renal complications of the 
d~sease. Despite some advances in chemo- 
therapeutic regmens, median surv~vai of 
multiple mveloma patients has remained at 
about 3C7 months for the past several de- 
cades ( I  ). 

Like multtple 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 patlents do not 
suffer from the clinical manifestations of 
multiple myeloma. Unlike myeloma pa- 
tients, MGUS patients typically have no 
mcreased risk ot infect~on and have normal 
or onlv modestlv reduced levels of immuno- 
globulin other ihan the monoclonal pro- 
tein. The prevalence of MGUS in the Unit- 
ed States is strikingly high-about 1 mdion 
people have this disorder. One percent of 
people over the age of 50, 3% over age 70, 
and 10% over age 80 have MGUS (1) .  
Because epidemiologic data repeatedly 
demonstrare the increasing longevity of the 
U S .  population, the prevalence of both 
MGUS and multiple mveloma 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 transiormation 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, ~ncluding 
IL-6 (4). In myeloma, these stromal cells, 
which are not pact of the malignant popu- 
lation, play a major role in mediating the 
paracrine stimulation of tumor cell growth 
(3, 4). 

1L-6 is also a gowth factor for three uther 
diseases: Kaposi's sarcoma (KS), pleural effu- 
sion lymphoma, and multicentrlc Castle- 
man's disease. The latter nvo diseases are 
rare neoplasms oi B lymphocytes. Kaposi's 
sarcoma-associated herpesvirus (KSHV) has 
been detected consistently in human immu- 

nodeficiency v~rus (HIV)-related and HIV- 
unrelated cases ai all three of these diseases 
( 5 ,  6). KSHV was tirst identified in acqu~red 
immunodeficiency svndrome (AIDS)-asso- 
ciated KS In 1994 (7). KSHV is a gamma- 
herpesvirus, related to Epstem-Barr virus and 
herpesvirus saimiri. A causative role for 
KSHV 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) retams biologic activ- 
ity as demonstrated by its ability to support 
the of the murine plasmacytoma cell 
line 09, which undergoes apoptosis in the 
absence of IL-6 (10). O n  the basis of these 
data and the 11-&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 KS33O2,, sequence of KSHV 
as previously described (71, we evaluated 
100 ng of DNA (equivalent to the amount 
of DNA from 15,000 cells) from bone mar- 
row mononuclear cells and bone marrow 
stromal cells from multiple myeloma pa- 
tients for the presence of KSHV ( 1  l ,  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 
KS330233 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. LA). The absence of KSHV in bone 
marrow mononuclear cells indicates that 
the virus does not Infect the malignant 
clone, a f~nding that has been reported (9). 
We also evaluated the bone marrow stromal 
cells of patients wlth MGUS for the pres- 
ence of KSHV. We detected the KS33OzJ3 
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 lvmphoma ( 2  Hodgkin's d~sease and 1 Z 
non-Hodgkln's Ivmphoma) patlent, 1 acute 
mvelogenous leukernla patlent. and 1 ade- 
nocarcinoma patlent w ~ t h  bone ~nvolve- 
ment). The KS3302,, ampl~f~ca t~on  product 
was not detected In the bone marrow stro- 
ma1 cell DNA from anv of these 26 samnles 
Likewise,  he hone marrow mononuclear 
cells from these patients contained no de- 
tectable virus. Five of the 12 non-Hodgkin's 
lymphoma patlencs had gross bone marrow 
mvolvement with tumor. 

Southern (DNA) blorting of the PCR 

Fig. 1. Reoresentative results of DNA PCR ampll- 
f~cat~on of the KS330,,, sequence. iA) Agarose 
gel of the 233-bp PCR ampl~ficat~on products. The 
233-bp PCR product (arrow) IS detected ~n the 
lanes representing mveloma bone marrow stro- 
ma1 cells (lanes 1.3.5, and 15), but not ~n the lanes 
of myeloma bone marrow mononuclear cells 
(lanes 2 4, and 6: same patlents as lanes 1.3, and 
5, respect~velv) or bone marrow stromal cells of a 

amplification products with a "P end-la- 
heled probe ~ntemal to the KS33Q1,, se- 
quence ( 13) corroborared our results (Fig. 
1B). All PCR-pos~tive lanes hybridized to 
this probe, whereas none of the PCR-neg- 
ative lanes yielded a posltive hybr1di:ation 
signal. Moreover, DNA sequencing of the 
KS330,,, PCR amplification products from 
two myeloma bone marrow stromal cell 
samples yielded one- to four-base pair (bp) 
differences from the sequence onginally re- 
ported (14). If  the PCR products were a 
result of PCR contammatmn, the sequences 

non-Hodgkln's lymphoma patient (lane 7, and normal ~ndlvlduals (lanes 8 to 13) The posltlve control 
(ane 16) was the PCR product from the pleural effuslon lymphoma cell h e  KS-I (6) Placental DNA was 
the negatlve control (lane 14) To ensure reproduc~bll~ty, we repeated PCR up to three times ldent~cal 
results were obtalned each tlme (6; The agarose gel In (A) was transferred to a nylon membrane and 
hybrld~zed to a 32P end-labeled 25-bp ol~gonucleot~de probe, the sequence of whlch IS Internal to that 
of the 233-bp PCR product. 

Fig. 2. In situ hybridization wlth a biotmylated KSHV probe. (A) In situ hybridization with the biotinylated 
KSHV probe of the pleural effusion lymphoma cell line KS-1 shows nuclear and cytoplasm~c stainlng 
(brown). Chromosomes In mitotic cells are stained (arrowheads). (6) The acute myelogenous leukemia 
cell line HL60 is negative for KSHV. (C\ The bone marrow stromal cells from a multiple myeloma patient 
are positive for KSHV in a nuclear and cytoplasmic pattern (brown). (0) In situ hybridization of a bone 
marrow aspirate from the same multiole myeloma patlent as in (C) demonstrates malignant plasma cells 
(arrowheads), which are negative for KSHV. Original magmfications x400. 

we obtalned from different patients would 
have been identical. In addition, PCR arn- 
pldication was also independent- 
ly with vlL-6-speclfic primers, which ~ ie ld-  
ed the same results as those obtained with 
the KS33013, 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 
KSHV 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 
Flasmid DNA) were negative, as was in situ 
hybridization with the KSHV probe on nor- 
mal stroma, malignant plasma cells, and the 
HL60 cell line (Fig. 2). To  determme 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 negatlve samples 
yielded appropriately sized amplified prod- 
uct with P-actin primers (15).  

Although bone marrow stromal cells are 
derived from the original bone marrow 
mononuclear cell population (1 1 ), 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 
aspiratton or expelled from the instruments 
used to obtain bone marrow. Consequently, 
although the PCR amplification detected 
KSHV in DNA samples obtained from a 
population enr~ched for bone marrow stro- 
ma1 cells, the assay did not have the sensi- 
tivity to detect KSHV in fresh bone marrow 
mononuclear cells. 

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

. --- 
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histochem~stry (17), bone marrow stromal 
cells were negative for CD31, an endothe- 
lial cell marker (Fig. 3A), and CD34, a 
nonspecific but sensitwe marker for fibro- 
blasts. The bone marrow stromal cells were 
positive for CD68, a r,.acrophage marker; 
fascin, a 55-kD actin-bundling protein 
highly restricted to dendritic cells (a type ot 
macrophage); and CDB3 (18), another den- 
drltic cell marker (Fig. 3, B to D). These 
cells were positive for vimentin and nega- 
tive for lysozyme and CDla, a Langerhans 
cell marker. Of note, the morphology of the 
cells depicted in Fig. 3 has been 
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 primav and secondary lysozymes 
and short cytoplasmic processes, all charac- 
teristics ot macrophages (Fig. 4). The im- 
munohistochem~cal and uitrastructural 
analyses yielded identical results for the 
bone marrow stromal cells obtained from 
multiple myeloma and MGUS patlents as 
those for patients with other malignanc~es 
and normal individuals. O n  the basis of our 
findings, KSHV appears to infect a subset of 
macrophages, namely, dendr~tic cells. 

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

cells and the paracrine st~mulation of tumor 
growth by cytoklnes produced bv these stro- 
ma1 cells, we actempted m detect vIL-6 
RNA transcripts in myeloma bone marrow 
stromal cells. Using vIL-6-specdic primers 
to perform reverse rranscr~ptase-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-negat~ve stromal 
samples obtained from normal individuals 

Fig. 4. Ultrastructural appearance of a stromal cell 
cultured from multiple myeloma hone marrow. 
The cell contains abundant cytoplasm wlth nu- 
merous primafy and secondary lysozymes and 
short cytoplasmic processes, all characteristics of 
macrophages. (Uranyl acetate, lead citrate, origi- 
nal magnification x 2850.) 

(Fig. 5 ) .  Therefore, vIL-6 may contribute to 
the mechanism whereby bone marrow stro- 
ma1 cells infected with KSHV promote my- 
eloma growth. 

Here we have shown that KSHV infect- 
ed the dendritic cells in the bone marrow of 
all the multiple mveloma 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 

Fig. 5. RT-PCR of vlL-6 performed on bone mar- 
row stromal cell total RNA from three multiple my- 
eloma patlents and two normal individuals. Ap- 
propriately sized 695-bp vlL-6 products were ob- 
ta~ned 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 
P-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. 

Fig. 3. lrnmunohistochem~stry of multiple myeloma bone marrow stromal stain, a dendritic cell marker, is posltlve (red). (D) Stain for C083, another 
cells. (A) Stain for CD31, an endothelial cell marker is negative. (8) Stain for dendritic cell marker, is positive (brown). (Original magnifications x400; 
CD68, a specific macrophage marker, is strongly posltlve (brown). (C) Fascin counterstain with hematoxylin.) 
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bone marrow stromal cells are in fected w i t h  

KSHV may we l l  b e  the  subset (25%) w h o  
go o n  to develop mu l t ip le  myeloma. Ap- 
proximately 30 t o  40% o f  MGUS patlents 

have modestly reduced levels o f  one o r  

more immunoglobul ins (21  ). Thus, a n  im- 
munodeficient state may  account  for  a n  
increased susceptibility o f  MGUS patlents 

t o  KSHV infection. However, because t h e  

immunoglobul in  amounts were norma l  in 
the  t w o  MGUS pat lents in whose bone 
marrow stromal cells w e  detected t h e  virus, 

the  detect ion o f  KSHV in mye loma bone  

marrow stromal cells canno t  be  ent i re ly  ex- 

plained by t h e  unique immunologic  state 

due t o  the  generalized suppression o f  immu- 
noglobul in  production, w h i c h  is typical o f  

mul t ip le myeloma. 

T h e  bone marrow dendr i t ic  cells f rom 
patients w i t h  o ther  malignancies a n d  f rom 
norma l  individuals were n o t  in fected w i t h  

the virus, and v lL-6,  t h e  h u m a n  homolog  o f  

w h i c h  is a ma jo r  g rowth  factor  for  malig- 
n a n t  plasma cells, was transcribed in vi ra l ly  

infected dendr i t ic  cel ls f r o m  myeloma pa- 

tients. Recently, dendr i t ic  cel ls have  been 
shown t o  play a c r i t i ca l  ro le in t h e  g rowth  

a n d  d i f ferent ia t ion o f  mature B cells a n d  t o  

increase (by 30- t o  300-fold) t h e  secretion 

of immunoglobul ins G a n d  A b y  B cells 
(22). T a k e n  together, these data suggest 

tha t  KSHV m a y  p lay  a causative ro le in t h e  

transformation of MGUS t o  mu l t ip le  my-  

eloma a n d  t h e  propagation o f  fu l ly  mahg- 

n a n t  plasma cel ls once myeloma has be- 
come manifest. KSHV in fec t ion  o f  dendrir- 

i c  cells localizes t h e  v i rus t o  t h e  bone mar- 

r o w  microenvi ronment  where v i ra l  genes 
(such as t h e  gene encoding vIL-6) are ex- 
pressed a n d  may  support myeloma growth. 

T h i s  study demonstrates some evidence 

tha t  a virus can potent ia l ly  support t h e  
g rowth  o f  a mal ignancy by in fec t ing  a n o n -  

malignant c e l l  w i thou t  in fec t ing  t h e  malig- 

nant clone. 
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streptornycm (100 pg/ml, llvine Scientific) in 75- 
cm2 flasks (Costar. Cambridge, MA). Cells were 
incubated at 37°C in a CO, incubator. The growth 
medium was changed every week. Once a conflu- 
ent, adherent cell monolayer developed, the mono- 
layer was washed three times wth phosphate-buff- 
ered saline (PBS). The adherent bone marrow stro- 
mai cells were harvested wlth 0.5% ttypsin ln 
Hanks' buffered saline solut~on (lrvlne Scientlfic), 
washed with PBS, and collected by centrlfugatlon. 

12. PCR was performed with 100 ng (-1 5.000 cells 
worth) of genomic DNA from bone marrow stromal 
cells (see below) or bone marrow mononuciear 
cells. the component of bone marrow that contains 
the malignant plasma cells. A total of 45 cycles of 
PCR ampllfication was performed on ail samples to 
detect the KS330,,, sequence as descnbed (7). 
The positive control was genomic DNA from the 
pleural effusion lymphoma cell line KS-t (E), and 
the negative control was placental DNA (Strat- 
agene. La Jolla. CA). PCR product (10 pi) was 
electrophoresed on a 1 % agarose gel impregnated 
with ethidium bromide and then photographed. 
PCR with vlL-6 primers was performed in a similar 
fashion (10). PCR with p-actin pnmers (forward 
primer. 5'-TGACGGGGTCACCCACACTmGCC- 
CATCTA-3'; reverse primer. 5'-CTAGAAGCATT- 
TGCGGTGGACGATGGAGGG-3') was performed 
on all samples that were PCR-negatne with the 
KS330,,, primers. m e  PCR amplification was re- 
peated up to three tlmes to assure the reproduc- 
ibility of the results. Samples were also evaluated in 
a blinded fashion (the source of bone mamow StrO- 
ma1 cells was unknown by the technician). 

13. Southem (DNA) blot transfer was performed from the 
gd  obtained from the PCR products. A 3ZP end- 
labeled probe internal to the KS330,, sequence 
was used for hybridition as described (7). 

14. The KS330,, PCR product was cloned into the 
pGR 2.1 vector (Invitrogen. San Diego. GA) and se- 
quenced with the Sequa~se Version 2.0 Sequenc- 
ing Kit (Amershm Life Science. Cleveland, OH) ac- 

cordlng to the manufacturers' instructions. 
15. M. 6. Reflig et al.. data not shown. 
16. Serd paraffin sections were mounted cn glass 

slides. deparaffinized, and immersed in 3% hydro- 
gen peroxide lo quench endcgenous perox~dase ac- 
tlvlty. After proteinase digestion for 30 min at 37°C. 
sltdes were Incubated sequentially with 10% parafor- 
maldehyde solution for 5 rnin at room temperature 
and wlth glycine solution at 37% for 5 min. The slides 
were then dehydrated and ar-dned, and a cover slip 
was aoplted and then heated at 95% for 4 mln to 
denature vlral DNA. Sections were Incubated for 18 
hours at 37% w~th a blot~nylated probediluted 1 : 100 
to 1 :300 in 50% formarn~de. 2 X  standard saline 
atrate (SSC), Denhardt's solution, dextrose sulfate, 
and salmon sperm DNA. The probe was in sense 
orientat~on w~th the following sequence: 5'-TGC- 
AGCAGCTGTTGGTGTACCACATCTACT-3'; T de- 
notes blotinylated thym~dine. The sequence of this 
probe was Identical to that of the probe used for 
Southern blotting, except for the addition of 5 bp to 
the 3' end (7). Siides were then washed in tris-buff- 
ered sallne and 0.02% SDS and incubated with a 
monoclonal mouse antibody to blotin (Dako. Carpln- 
tena. CAI followed by horseradish perox~dase-con- 
lugated rabblt ant~body to mouse and goat antlbody 
to raablt ~mmunoglobullns (Dako). The reactlon 
product was muallzed by means of the diamnoben- 
zidene reactlon. To determine if in situ hybndization 
signals were from specific hybridization to DNA and 
RNA. we pretreated slides wlth RNase (1 mg/ml) 
(DNase-free. Sigma. St. LOUIS. MO) and DNase (1 
mghl) (RNase-free, Boehringer Mannheim. India- 
napolis, IN). 

17 After trypslnlzation. bone marrow stromal cells were 
pelleted and fixed with formah Peilets were embed- 
ded in paraffin and then sectioned. Staining for 
CD31, CD34. CD68. CDla. CD83, vimentin, and 
lysozyme was performed on deparaffinized sections 
with monoclonal ant~bodies (all antibodies were from 
Dako. Carpintena, CA, except antibody to CD83. 
which was from Immunotech. Marseille. France) by 
using mmunoperox~dase methods as described [J. 
Ho et a/.. Appl. Immunohlstochem. 2. 282 (1 994)]. 
Staining for fascin was performed as described [G. 
S. Pinkus et a/.. Am. J. Pathol. 150. 543 (1997)]. 

1 a. G. Mose~glos et al.. Am. J. Pathol. 1148. 593 (1 996): 
L.-J. Zhou and T. F. Tedder, J. Immunol. 154,3821 
(1 995). 

19. Cells were fixed in glutaraldehyde, pelleted, and em- 
bedded for electron microscopy as described [J. W. 
Saidet al.. Blood87,4937 (1 99611. Ultrathin sectlons 
were stained with uranyl acetate and lead citrate and 
examined in a transmisston electron microsmpe 
(JECL, Peabody, MA). 

20. Total RNA was prepared with RNAzol (TeTest. 
Friendswood. TX) a c c o r d i  to the manufacturer's 
instructions. First-strand synthesis was pertormed at 
42% for 1 hour with 5 pg of total RNA. PCR was 
done in 200 pM for each deowucleotide tnphos- 
phate and 5 pmol of each vlL-6 primer (7). The PCR 
sequence was as follows: 44 cycles at 58°C for 1 
mm, 72°C for 1.5 mln. 94% tw 1 mln wlth a 5-mm 
initial denaturation at 95'C, and a final 5-min donga- 
tion step. PCR product (10 (rl) was eiectrophoresed 
on a 1 % agarose gei impregnated with ethidium bro- 
mide and then photographed. The expected PCR 
product is 695 bp. RT-PCR with p-actin primers (12) 
was performed on samples (3 pg of total RNA) that 
were RT-PCR negahve with the vlL-6 primers. 

21. A. A. Kyle. Am. J. Med. 64. 814 (1978): J. Blade et 
a/., Br. J. Haematol. 81.391 (1992); F. D. Lindstr6m 
and U. Dahlstrom. Clin. Immund. Immunqoath01~ 10, 
168 (1978); G. Paladin1 et a/.. Recenti Prog. Med. 80, 
123 (1989). 

22. 0. Dubois er a/.. J. Erp. Med. 185.941 (1997). 
23. We thank A. LIchtenSte~nfOr critical comments, G. S. 

Pinkus and J. L. Pinkus for assistance with fascin 
staining, and T. Moss (BIS Laboratories, Reseda. 
CA) for providing relevant SanPleS. Supported by 
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