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Malignant lymphomas frequently develop in the
pleural cavity ofpatients with long-standingpyo-
thorax. Thus, the term pyothorax-associated
lymphoma (PAL) has beenproposedfor this type
oftumor. Most PALs are diffuse lymphomas ofB
ceU type and contain Epstein-Barr virus (EBV)
DNA. We have established two lymphoma ceU
lines from the biopsy specimens of PAL cases,
OPL-1 and OPL-2. Both ceU lines contain EBV
DNA, but only OPL-1 expresses EBV nuclear an-
tigen 2, which works as a target moleculefor the
cell-mediated immune response. As systemic im-
munodefidiency is unlikely to be present in PAL
patients, PALfrom wbich OPL-1 derived was not
expected to befuly developed. In this study, we
examined the expression ofimmunosuppressive
factors in OPLs. Only OPL-1, not OPL-2, ex-
pressed interleukin-10 (IL-I)0 mRNA and se-
creted IL-10 into culture supernatant. Botb OPL-1
and OPL-2 expressed transforming growth fac-
tor (TGF)- 81 mRNA, however, neither expressed
latent TGF-3binding protein mRNA at a detect-
able level by Northern blot analysis. Because
TGF-8 expresses its functions in cooperation
with latent TGF- fbinding protein, the biological
functions of TGF-181 could be negligible. Neither
ceU line expressed at a detectable level EBV
BCRF-1 mRNA, a viralgeneproduct that ispartly

homologous to human IL-10 and shares biologi-
cal activities ofIL-10. Although IL-10 is reported
topromote the growth ofactivated or neoplastic
B ceUs, OPL-1 did not respond to human recom-
binant IL-10 by growing faster. As OPL-1 ex-
presses a target antigen for the host cytotoxic
T-ceU response, the production of an immuno-
suppressive cytokine, IL-10, might contribute to
the development of overt lymphoma by inducing
localy immunosuppressive circumstances. The
present study suggests that an immunosuppres-
sive cytokine plays a role in lympbomagenesis of
immunocompetent patients. (AmJPatbol 1997,
150:349-357)

Epstein-Barr virus (EBV) is identified as an etiological
agent of the African type of Burkitt's lymphoma and
nasopharyngeal carcinoma in southern China.1 La-
tent infection genes of EBV including EBV nuclear
antigens (EBNAs) and latent membrane proteins are
expressed in latently infected and immortalized B
cells.2 Burkitt's lymphoma cells only express
EBNA-1, which is not recognized as a target by
virus-specific cytotoxic T lymphocytes (CTLs) and
thus are successfully able to evade immune surveil-
lance.3 In the course of in vitro cultivation, however,
Burkitt's cells express all genes associated with la-
tent EBV infection.4 These genes include EBNA-2
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Table 1. EBV- and Growth-Related Characteristics of OPLs

EBV genome

Clonality
+

+

EBV latent genes

EBNA-2 LMP-1
Colony formation

on soft agar

+

+

and -3s and latent membrane proteins, which serve

as target viral antigens for the elimination of infected
cells by CTLs.5 It is speculated that Burkitt's lym-
phoma cells that express these antigens are elimi-
nated by CTLs in vivo.2
EBV infection in immunocompromised patients

such as those with acquired immune deficiency syn-

drome or allograft recipients receiving immunosup-
pressive therapy evoke polyclonal B-cell proliferative
disorders, frequently resulting in monoclonal malig-
nant Iymphomas.6'7 These lymphomas are most of-
ten diffuse lymphomas of B-cell type and exhibit EBV
DNA.6,7 The suppressed immune functions in these
patients are thought to lead to incomplete elimination
of the cells expressing EBV latent infection genes.8

Malignant lymphomas frequently develop in the
pleural cavity of patients with long-standing pyotho-
rax,9 in which a systemic immunosuppressive con-

dition has not been noted. Thus, the term pyothorax-
associated lymphoma (PAL) has been proposed for
these tumors. Pyothorax, a purulent effusion of the
pleural cavity, occasionally results from pulmonary
tuberculosis or tuberculous pleuritis. In the chronic
form, the pleural wall shows a fibrous thickening with
varying degrees of calcification. Most PALs are dif-
fuse large-cell lymphomas of B-cell type9 and con-

tain EBV DNA.10'11 We recently reported the estab-
lishment of two lymphoma cell lines from biopsy
specimens of PAL cases, OPL-1 and OPL-2.12 Both
lines contain a single predominant form of episomal
EBV DNA, indicating clonal cellular proliferation of an
EBV-infected progenitor cell.13 Neither expresses la-
tent membrane protein-1, and only OPL-1 expresses
EBNA-2 mRNA and protein.12 These findings indi-
cate that lymphomas expressing the CTL target an-

tigen EBNA-2 can develop in the nonimmunocom-
promised host.

It has been postulated that immunoregulatory cy-
tokines and other factors affecting CTL induction and
proliferation play an important role in the host im-
mune reaction to EBV latent infection gene-positive
cells.2 Interleukin (IL)-10 and transforming growth
factor (TGF)-j,1 exert immunosuppressive effects by
suppressing antigen-specific CTL induction14 15 and
by inhibiting cytokine production by helper T cells
and macrophages.14'16 Intracellular binding of

TGF-j3 protein with latent TGF-3-binding protein
(LTBP) is required for its efficient secretion and ac-

tivation. 17'1 8 Therefore, examination of LTBP expres-

sion is necessary for the estimation of the function of
TGF-j protein. In addition, there is another EBV
gene, BCRF-1, that bears partial homology to the
human IL-10 gene19 and shows some of the biolog-
ical activities of IL-1 0.20

In the current study, we examined the expression
of these immunosuppressive factors as well as

BCRF-1 in the PAL cell lines. Both OPL-1 and OPL-2
expressed TGF-,B1 mRNA. However, neither ex-

pressed LTBP. The expression of IL-10 mRNA and
protein was observed only in OPL-1, an EBNA-2-
expressing PAL cell line.

Materials and Methods

Cells

OPL-1 and OPL-2 have been established from the
biopsy specimens of PAL cases.12 The growth char-
acteristics and the profile of EBV latent infection
gene expression are summarized in Table 1. The
EBV-positive Burkitt's lymphoma cell line Raji was

obtained from the Japanese Cancer Research Re-
sources Bank. The marmoset lymphoblastoid cell
line B95-8 was kindly provided by Prof. Kenzo
Takada (Hokkaido University, Sapporo, Japan). All
cell lines were grown in RPMI 1640 medium (Nissui,
Tokyo, Japan) supplemented with 10% (Raji and
B95-8) or 15% (OPL-1 and OPL-2) heat-inactivated
fetal calf serum (FCS; ICN Biochemicals, Lisle, IL).
Cells were collected at 3 x 105 to 5 x 105 cells per
ml (greater than 95% viability) and used for mRNA
extraction.

mRNA Extraction and Northern Blot

Total cellular RNA was extracted from cells by the
acid guanidnium-phenol chloroform method. mRNA
was purified by using oligo-dT latex (Takara, Kyoto,
Japan), quantitated by measuring optical density
(OD) at 260 nm, and ethanol precipitated at -800C
until use. Five micrograms of mRNA was electropho-

OPL-1
OPL-2

Type

B
A
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resed in 1 % formaldehyde-agarose gels and North-
ern blotted as previously described.21

Preparation of Probes and Hybridization
The plasmids containing human TGF-0122 or LTBP23
cDNA were kindly provided by Dr. Kohei Miyazono
(The Cancer Institute, Tokyo, Japan). The 0.5-kb
Pstl-Kpnl fragment of TGF-/31 cDNA and the 0.6-kb
BamHI fragment of LTBP cDNA were used as tem-
plates, and probes were labeled with a-[32P]dCTP
by random priming. For hybridization using cDNA
probes, Northern-blotted filters were prehybridized
for 4 hours at 420C in 6X stand saline phospate-
EDTA (SSPE; 0.9 mol/L NaCI, 0.06 mol/L sodium
phosphate, 6 mmol/L EDTA), 5X Denhardt's solution,
0.1% sodium dodecyl sulfate (SDS), 200 ,ug/ml de-
natured salmon testes DNA (Sigma Chemical Co.,
St. Louis, MO), 50% formamide and hybridized in a
solution of the same composition containing the
probe at 2 x 106 cpm/ml. Filters, hybridized for 16
hours at 42°C, were washed twice for 30 minutes at
room temperature with 1X SSPE, 0.1% SDS, twice for
15 minutes at 500C with 0.1X SSPE, 0.1% SDS, and
exposed at -800C. For detection of actin mRNA, an
additional 15 minutes of washing at 600C with 0.1X
SSPE, 0.1% SDS was added.
Human IL-10 oligonucleotide probe (5'-ATGT-

CAAACTCACTCATGGCTTTGTAGATGCCTTT-3' ) 19
was 5'-end-labeled with y-[32P]ATP by T4 polynu-
cleotide kinase (New England Biolabs, Beverly,
MA). IL-10 oligonucleotide probe also hybridizes
with the BCRF-1 gene of EBV.24 For detection of
IL-10 and BCRF-1 expression using oligonucleo-
tide probes, filters were prehybridized for 4 hours
at 420C in 6X standard saline citrate (SSC; 0.9
mol/L NaCI, 0.09 mol/L sodium citrate), 5X Den-
hardt's solution, 0.5% SDS, 20 ,tg/ml denatured
salmon testes DNA and hybridized in a solution
containing the probe at 3 x 106 cpm/ml. Filters,
hybridized for 16 hours at 420C, were washed with
2X SSC, 0.1% SDS twice for 10 minutes at room
temperature, twice for 15 minutes at 600C, and
exposed at -800C.

Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) Analysis ofHuman IL- 10
and BCRF- 1

mRNA samples were treated with RNAse-free
DNAse (Sigma) as described25 and ethanol pre-
cipitated. For the RT-PCR amplification of IL-10,
BCRF-1, and actin mRNA, 2 ,ug of DNAse-treated

mRNA was converted to cDNA with 400 U of Molo-
ney murine leukemia virus reverse transcriptase
(GIBCO BRL, Gaithersburg, MD) in the presence
of 3 mmol/L MgCI2, 1 mmol/L dNTP, 28 U of RNAse
inhibitor (Promega, Madison, WI), 1 ,ug of oligo-dT
primer, and 1X RT reaction buffer supplied by the
manufacturer in a 40-,ul reaction volume. After in-
cubation at 370C for 60 minutes, the RT mixture
was boiled for 5 minutes and subjected to PCR
amplification. A 10-,ul aliquot of the cDNA sample
was diluted to 50 Al containing 0.2 mmol/L dNTP,
1.5 mmol/L MgCI2, 1.25 U of Taq polymerase (Pro-
mega), 1X Taq buffer, and 500 nmol/L both prim-
ers. Primer sequences were 5'-ATGCCCCAAGCT-
GAGAACCAAGACCCA-3' and 5'-TCTCAAGGGG-
CTGGGTCAGCTATCCCA-3' for human IL-10, am-
plifying the 352-bp segment of mRNA26; 5'-TGTG-
GAGGTACAGACCAATGT-3' and 5'-CACCTG-
GCTTTAATTGTCATG-3' for BCRF1, amplifying the
452-bp segment of mRNA24; and 5'-ATCATGTTT-
GAGACCTTCAA-3' and 5'-CATCTCTTGCTCGAA-
GTCCA-3' for human actin, amplifying the 318-bp
segment of mRNA.27 PCR was performed (1 cycle
at 940C for 3 minutes, 58°C for 2 minutes, and
72°C for 2 minutes; 34 cycles at 940C for 1 minute,
580C for 2 minutes, and 720C for 2 minutes), and
amplified products were electrophoresed in 2%
agarose gels and Southern blotted as previously
described.21 Human IL-10/BCRF-1 oligonucleo-
tide probe described above was 3'-end labeled
with fluorescein-11-dUTP by using the enhanced
chemiluminescence 3'-oligolabeling system (Am-
ersham, Little Chalfont, UK). Filters were hybrid-
ized with the labeled probe, washed, and incu-
bated with anti-fluorescein horseradish peroxidase
conjugate. Signals were generated with the en-
hanced chemiluminescence detection reagents
(Amersham) and exposed at room temperature by
following the procedures suggested by the manu-
facturer. In the case of actin, amplified products
were examined in ethidium-bromide-stained gels
on an ultraviolet transilluminator.

Measurement ofHuman IL- 10 and/or
BCRF- 1 Protein
The amount of human IL-10 and/or BCRF-1 protein in
the culture supernatant of cell lines and in patients'
sera was quantitated by enzyme-linked immunosor-
bent assay (ELISA) using a human IL-10 ELISA kit
(Endogen, Cambridge, MA).
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Recombinant IL- 10 and Anti-IL- 10 Antibody
Human recombinant IL-10 (rlL-10; 5 x 105 U/mg
protein) was purchased from Genzyme (Cam-
bridge, MA). Anti-human IL-10 antibodies with
neutralizing activity (purified goat IgG fraction)
was purchased from R&D Systems (Minneapolis,
MN). These were used in the growth assay of cells
described below.

Growth Assay of Cells
Growth of cell lines was measured by 3-(4,5-dimeth-
yl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide
(MTT) assay as described previously.28

Briefly, cells (2 x 104) were seeded in 96-well
tissue culture plates in a 150-,l culture medium con-

taining various factors. Cells were incubated at 370C
in 5% CO2 for various time periods. The MTT solution
(50 ,ul; 1:5 dilution with RPM11640 medium of 5
mg/ml MTT (Wako Pure Chemical, Osaka, Japan) in
Dulbecco's phosphate-buffered saline) was then
added to each well, and the plates were incubated at
370C for 4 hours. After the incubation, the plates
were centrifuged and the supernatant was aspirated.
A 150-,ul volume of dimethyl sulfoxide (Wako Pure
Chemical) was added to each well. The OD value of
each well was read at 540 and 620 nm in a micro-
plate spectrophotometer (Titertek, Helsinki, Finland).
The results are represented as the difference be-
tween the OD at 540 nm and that at 620 nm as the
background, and the mean value was calculated
from the results of quadruplicate wells.29

Immunohistochemistry for Human IL- 10
and/or BCRF- 1

Immunohistochemical analysis of formalin-fixed
and paraffin-embedded tissue for human IL-10
and/or BCRF-1 was performed as previously de-
scribed.30 Rat monoclonal antibodies used in this
study were JES3-12G8 (Pharmingen, San Diego,
CA), which reacts with both human IL-10 and
BCRF-1, and JES3-6B11 1 (Pharmingen), which re-

acts with only BCRF-1.

Results

Northern Blot Analysis of
Immunosuppressive Factors in OPLs
In Northern blot analysis of mRNA from cells with
TGF-gl and LTBP cDNA probes, all of the cell lines
expressed TGF-,81 mRNA (Figure 1A), although
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Figure 1. Northern blot analyses of immunosuppressive factors. A:
TGF-31 mRNA. B: LTBP mRNA. C: IL-10/BCRF-1 mRNA. D: Actin
mRNIA. Five micrograms ofmRNA was applied to each well, Northern
blotted, and hybridized uwith 32P-labeled TGF-P 1, LTBP, or actin cDNA
probes or with the IL-10i/BCRF-1 oligonucleotide probe. RNVA size mark-
ers are indicated on the right. Blots were exposedfor 3 (A, B, and D)
or 10 (C) days at - 80°C.

LTBP mRNA was expressed only in Raji and not in
OPLs (Figure 1 B). By Northern blot analysis with the
oligonucleotide probe that can hybridize both IL-10
and BCRF-1, we observed one band in OPL-1 and
Raji (Figure 1C). The size of the band was approxi-
mately 1.6 kb, which is reported as the size of human
IL-10 mRNA.19 A 0.8-kb band, the expected size of
BCRF-1 mRNA,24 was not observed in any mRNA
sample from any of the cell lines.
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Figure 2. RT-PCR analyses of human IL-10 and BCRF-1. The 0.5-,ug
samples ofDNAse-treated mRNA preparedfrom the indicated cell lines
were reverse transcribed and amplified by PCR for IL-10 (IL10) or

BCRF-1 (BC; A) or for actin mRNVA (B). Amplified products were

electrophoresed in 296 agarose gels, Southern blotted, and hybridized
with the IL-10i/BCRF-1 oligonucleotideprobe (A) or visualized with an
ultraviolet transilluminator (B). mRNA samples without reverse tran-
scription (RT) were also subjected to the same PCR amplification, and
0.5 p.g ofDNAfrom EBV-producing B95-8 cells was used as apositive
controlforPCR amplification ofthe BCRF-1 sequence. DNA size mark-
ers are indicated on both sides. EBV-producing B95-8 cells shows the
expression ofBCRF-1 mR[VA. Raji and OPL-1, but not OPL-2, show the
expression ofhuman IL-10 mRNA.

RT-PCR Analysis of Human IL- 10 and
BCRF- 1

As both OPLs, Raji, and B95-8 contain a DNA virus,
EBV, mRNA samples were treated with DNAse be-
fore RT-PCR.25 OPL-1, but not OPL-2, expressed
human IL-10 mRNA, and neither of the OPLs ex-

pressed BCRF-1 mRNA (Figure 2). Raji expressed
only IL-10 mRNA, compatible with the Northern blot
analysis results. By RT-PCR analysis, BCRF-1 mRNA
was detected in B95-8 cells, although it was not
detectable by Northern blot analysis.

Measurement of Human IL- 10 and/or
BCRF- 1 Protein

IL-10 and/or BCRF-1 protein was detected in 10-day
culture supernatant of OPL-1 (Figure 3). On the other
hand, culture supernatant of OPL-2 did not contain
detectable IL-10 or BCRF-1 protein. The culture su-

pernatants of Raji or B95-8 cells contained IL-10
and/or BCRF-1 protein (Figure 3). Because of the
results of the RT-PCR analysis described above,
probably Raji secreted IL-10 and B95-8 secreted
BCRF-1 protein into the culture media.
The sera of PAL cases 1 and 2, from which OPL-1

and OPL-2 were originated, respectively, were col-
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Figure 3. Concentration ofIL-10 and/or BCRF-1 protein in the culture
ofcell lines and in the sera ofPAL patients. After the 10-day culture of
cell lines, the supernatants (Sup.) were harvested by centrifugation
and stored at -200C. Serum was collected at the time ofbiopsy before
treatment and stored at -800C. The concentration of IL-10 and/or
BCRF-1 was measured by EUISA. The bars represent the mean values of
duplicates from four different supernatant preparations ± SEM in
supernatant samples and the mean values of duplicates ± SEM in
serum samples.

lected at the time of biopsy before treatment and
stored at -80°C until ELISA. Case 1 showed a higher
concentration of IL-10 in the serum, although case 2
contained a trace amount, a level almost equal to
that of normal individuals (Figure 3). These results
were compatible with the IL-10-producing activity of
each cell line derived from the case.

Effects ofHuman rIL- 10 on the Growth of
OPLs
IL-10 is also reported to promote the growth of acti-
vated or neoplastic B cells.311-3 Thus, we examined
the influence of IL-10 on the growth of OPLs. Human
rIL-10 did not significantly alter the growth of OPLs
even at a concentration of 50 ng/ml (Figure 4), at
which concentration IL-10 is reported to promote the
growth of EBV-transformed B cells.33 A decrease in
the concentration of supplemented FCS to 5 or 1%
did not reveal the growth effects of rIL-10 on OPLs
(results not shown). Furthermore, we added anti-
IL-10 antibodies to the culture of OPLs at concentra-
tions up to 10 ,ug/ml. This concentration of the anti-
body inhibits the growth-promoting effects of 5 ng/ml
human rIL-10 on the IL-10-dependent cell line MC/9.
The IL-10 concentration of 5 ng/ml is approximately
five times higher than that in the OPL-1 culture (Fig-
ure 3). The growth of OPLs, however, was not af-
fected in the presence of anti-IL-10 antibodies (re-
sults not shown).

IIR- II
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0.4
Figure 4. Effects ofhuman rIL-10 on the growth
of OPL-1 (A) and OPL-2 (B). Cells (2 X 104)
were cultured in 96-wellplates in thepresence of
the indicated concentration of IL-10. The con-

centration of supplemented FCS in the culture
was 15%. After incubation for the indicated
time periods, the growth of the cells was esti-
mated by the M7T method as described in Ma-
terials and Methods and presented as the value
ofOD540- 620 Each point indicated the mean ±
SD ofquadruplicate wells. *, day 1; *, day 2; A,
day 3. Tbe enhancing effects of IL-10 on the
growth of OPLs were not obvious during 3 days
of treatment.
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Immunohistochemistry for Human IL- 10
and/or BCRF- 1 Protein

After autoclaving of tissue sections, monoclonal an-

tibody JES3-12G8 gave weak signals in some pop-

ulations of lymphoma cells in case 1 but not case 2
(results not shown). On the other hand, JES3-6B1 1
generated higher background staining in both
cases, and thus positive signals were not identified
(results not shown). Therefore, some lymphoma cells
in case 1 expressed IL-10 and/or BCRF-1 protein in
vivo.

Discussion

Some lymphomas express viral antigens, which can

be targeted by the host cell-mediated immune re-

sponse.2 The development and progression of such
lymphomas in immunocompetent hosts may depend
upon the presence of immunosuppressive cytokines.
We have established two PAL cell lines, OPL-1 and
OPL-2, and showed a variation in growth character-
istics and expression of EBV latent infection genes.12
OPL-1 grows slower and expresses EBNA-2, a target
molecule for CTLs. Consequently, we anticipated
that the slowly growing OPL-1 might express immu-
nosuppressive cytokines to a higher level than
OPL-2, which does not express EBNA-2 and shows
much enhanced growth rates. In fact, OPL-1 did
express IL-10 mRNA and secreted IL-10 protein into
the culture medium, whereas IL-10 mRNA was not
detected in OPL-2.

BCRF-1 is originally reported as an EBV gene

expressed in the lytic infection cycle,24 although
Miyazaki et al34 have recently shown that BCRF-1
mRNA is also expressed even in the latent infection
state. The ELISA used in this study detects both
human IL-10 and BCRF-1, and OPL-1 showed pos-

itive results in the protein level. Although neither of
the OPLs expressed BCRF-1 mRNA by Northern blot
analysis, we felt it important to rule out the trace
amount of BCRF-1 gene expression by RT-PCR anal-
ysis using reagents specific for human IL-10 or for
BCRF-1. The results confirmed those of the Northern
blot analysis. IL-10 mRNA was found only in OPL-1,
and neither of the OPLs expressed BCRF-1 mRNA
by RT-PCR analyses. Thus, our results showed that
only the slower growing OPL-1 expressed IL-10
mRNA and secreted IL-10 protein into the culture
supernatant. Both OPL-1 and OPL-2 expressed
TGF-,B1 mRNA in the absence of LTBP mRNA. LTBP
binds to TGF-fB intracellularly and promotes the effi-
cient secretion and extracellular activation of the
latent form of TGF-f3.1718 Thus, we could rule out the
possibility that LTBP supplied by other cells in the in
vivo environment functionally complements TGF-,f
expression by the lymphoma cells. Therefore, if the
production of immunosuppressive factors contrib-
utes to the development of PALs such as OPL-1 that
express CTL target antigens, IL-10 is a likely candi-
date molecule.

IL-10 works as an autocrine growth factor on EBV-
transformed B cells in some cases.3233 Thus, we

examined the possible growth-enhancing effects of
human rIL-10 on OPLs, especially on IL-10-produc-
ing OPL-1. However, the growth-promoting effects of
human rIL-10 on OPLs were not observed (Figure 4).
We previously reported that IL-6 promotes the
growth of OPL-1 even at a concentration of less than
1 ng/ml and that addition of anti-IL-6 antibodies to
the culture of OPL-1 completely inhibits the growth.28
Therefore, IL-6 but not IL-10 contributes to the
growth in OPL-1.
The IL-10 concentration in the sera of each PAL

patient reflected the IL-10-producing activity of each
lymphoma cell line derived from the patient. Further-

(A) OPL-1 (B) OPL-2
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more, immunohistochemistry of biopsy specimens
for IL-10 and/or BCRF-1 protein revealed that lym-
phoma cells in case 1 but not case 2 were weakly
positive (results not shown). Thus, IL-10 in the serum
of case 1 was probably produced by lymphoma cells
in vivo. The concentration of IL-10 in the serum of
case 1 corresponds to approximately 1 U/ml and is
not enough to show sufficient inhibitory activities on
cytokine synthesis.14'35 However, the IL-10 concen-
tration in lymphoma tissue would be locally high
enough to show immunosuppressive activity be-
cause the IL-10 in the OPL-1 culture reached a much
higher concentration than that in the patient serum
(Figure 3).

Although IL-10 production in B lymphoma cells is
usually associated with the presence of EBV 26,36
only EBNA-2-expressing OPL-1 produced IL-10 in
our PAL cell lines. As OPL-1 grows more slowly than
OPL-2 and as IL-10 is a B-cell growth factor, IL-10-
producing lymphoma cells in vivo might be selected
to develop into overt lymphoma through an autocrine
growth loop. However, the current study revealed
that IL-10 did not promote the growth of OPL-1.
These findings suggest another selection process in
the development of overt lymphoma in the PAL, ie,
EBV antigen-positive transformed cells producing
immunosuppressive factors could evade host immu-
nological surveillance and finally develop into overt
lymphoma. OPL-1 expressed HLA class antigens
detected by flow cytometry using monoclonal anti-
body W6/32, and OPL-2 did not (H. Kanno, S. Ya-
mauchi, and K. Auzasd, unpublished data). Thus,
lymphoma cells from which OPL-1 derived must
have been eliminated by host CTLs in immunocom-
petent circumstances. Immunopotentiating cyto-
kines such as IL-2 can also modify the cell-mediated
immune reaction to EBV-transformed cells.37 In this
aspect, OPLs did not secrete IL-2 and interferon-y
when examined by ELISA (H. Kanno, Y. Taniguchi,
and K. Auzasd, unpublished data).

Another source of immunosuppressive factors in
PALs might be the inflammatory cells present in
chronic pyothorax. In other words, chronic inflamma-
tory reactions could lead to a locally immunosup-
pressive microenvironment and contribute to lym-
phomagenesis. The evaluation of expression of
immunosuppressive factors in situ will provide a clue
to cell sources of immunosuppressive factors.

In this study, we showed that the PAL cell line with
a lower proliferative activity and with CTL target an-
tigens showed IL-10 expression. The evaluation of
immunosuppressive cytokines in the EBV-positive
lymphomas in immunocompetent patients clarified
the contribution of immunosuppressive factors to

lymphomagenesis. The current results add addi-
tional evidence for the role of cytokines in the devel-
opment of lymphomas.
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