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Malignant lymphoma frequently develops in the pleural cavity of
patients with over 20 years’ history of pyothorax. The term
pyothorax-associated lymphoma (PAL) has been proposed for this
type of tumor. We established four novel lymphoma cell lines
(OPL-3, -4, -5, and -7) from four patients with PAL. Characteristics
of the four cell lines are as follows: B-cell nature with defective
expression of B-cell and T-cell surface antigens, monoclonal pat-
tern of Epstein-Barr virus (EBV) infection in lymphoma cells (thus
indicating an etiological role of EBV for lymphomagenesis), com-
plicated chromosomal abnormalities with numerous structural
and numerical abnormalities, and occasional but distinct genome
instability. These abnormalities in cell character might be caused
by the specific circumstances of PAL lymphomagenesis, i.e.,
chronic inflammation. Thus, PAL cell lines could be useful in anal-
ysis of molecular mechanisms leading to malignancy in chronic in-
flammation. (Cancer Sci 2003; 94: 858–863)

alignant lymphoma frequently develops in the pleural
cavity of patients with over 20 years’ history of pyotho-

rax.1) The term pyothorax-associated lymphoma (PAL) has been
proposed by Aozasa K. for this type of tumor.2) Most PALs are dif-
fuse large cell lymphomas of B-cell type, but unusual types of
PAL have also been reported. Al Satti et al.3) reported a PAL-
derived cell line with dual B- and T-cell phenotype. Daibata et
al.4) reported one cell line of PAL which expressed both CD2
and CD20, but did not express representative B-cell markers or
T-cell markers CD1, CD3, CD5, CD7, and CD9.

Replication error (RER) phenotype, as revealed by wide-
spread microsatellite instability (MSI), is a manifestation of ge-
nome instability caused by a defect in DNA mismatch repair
function, and facilitates the fixation of genetic damage.5) MSI
has been detected in cancers associated with the hereditary non-
polyposis colorectal cancer syndrome, as well as in a variety of
sporadic cancers. However, MSI was also reported to have been
found in colonic mucosa with ulcerative colitis and associated
carcinomas or in the parenchymal cells of pancreas affected by
pancreatitis, suggesting that chronic inflammation promotes im-
paired DNA repair function, thus increasing the risk for devel-
opment of neoplasias in patients with these inflammatory
diseases.6, 7) Although MSI is uncommon in ordinary lympho-
mas,8) relatively frequent RER has been reported in gastric lym-
phoma of mucosa-associated lymphoid tissue type, which is
known to develop from follicular gastritis caused by Helico-
bacter pylori 9, 10) or AIDS-related lymphoma.11) These findings
suggest that infection and chronic inflammation could be risk
factors for neoplastic development through causing RER. As
for PAL, biologically active metabolites including reactive oxy-
gen species (ROS) produced in chronically inflamed pleural tis-
sues could be causative in the development of lymphoma by

inducing RER. Because tumor cells in PAL contain Epstein-
Barr virus (EBV) DNA,12) EBV latent infection might enhance
the genetic instability.13)

We previously established two B-cell lines from the biopsy
specimens of two PAL patients: they had very complex karyo-
types,14) suggesting increased genome instability in these lines.
In this study, four new lymphoma cell lines recently established
from four cases with PAL were characterized in detail.

Materials and Methods

Patients. Four cell lines (OPL- 3, -4, -5, and -7) were estab-
lished from biopsy specimens and peripheral blood samples of
four patients (case 1, 2, 3, 4) after informed consent had been
obtained. The clinicopathologic findings in these 4 patients, to-
gether with characteristics of the 4 cell lines, are summarized in
Table 1. The patients suffered from chronic pyothorax resulting
from artificial pneumothorax for the treatment of pulmonary tu-
berculosis. From 51 to 66 years after the onset of pyothorax, tu-
mors developed in the pleural cavity. Biopsy samples were
obtained. The histologic specimens were fixed in 10% formalin
and routinely processed for paraffin-embedding. Histologic sec-
tions cut at 4 µm were stained with hematoxylin and eosin and
immunoperoxidase procedures. Histopathologic examination
and immunophenotypic analyses of biopsy materials revealed
diffuse large B-cell lymphoma in all cases. Cases 1, 3, and 4
were alive more than 1 year after biopsy, whereas case 2 died 1
year after the biopsy.

Cell cultures. Small pieces of the biopsy specimens obtained
from the PAL lesions were washed several times with RPMI
1640 medium (Sigma, St. Louis, MO). Subsequently, culture
(5×106 cells/ml) was started in RPMI 1640 supplemented with
20% heat-inactivated FCS at 37°C in 5% CO2 in air. Heterolo-
gous feeder layers were not used for cell line establishment.
EBV-positive (Raji) and -negative (Ramos) Burkitt’s lymphoma
cell lines obtained from the Japanese Cancer Research Re-
sources Bank were also cultured and used for the experiment.

Immunohistochemistry and in situ hybridization. Immunopheno-
typing of the proliferating cells for B-, T-, NK-cell differentia-
tion antigens and EBV antigens was performed on paraffin
sections of the original tumor specimens using avidin-biotin-
peroxidase complex method. The antibodies used were anti-
CD20 (Kyowa Medex, Tokyo), CD79a, CD3 epsilon, CD45RO
(UCHL-1), latent membrane protein (LMP) 1 (CS1-4), EB nu-
clear antigen (EBNA) 2 (PE2) (Dakopatts, Glostrup, Denmark),
CD43 (MT-1) (Bioscience, Emmenbrucke, Switzerland), and
CD56 (Novocastra, Newcastle, UK).
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RNA in situ hybridization using EBER1 probe was per-
formed as previously described with some modification.15)

Briefly, 30-base oligonucleotide probes which were sense and
anti-sense for a portion of the EBER1 gene, a region of the
EBV genome that is actively transcribed in latently infected
cells, were synthesized using a DNA synthesizer. As the posi-
tive control, the Raji cell line was used. As negative controls,
the hybridizing mixture containing sense probe or anti-sense
probe after RNase treatment was used.

Flow cytometric analysis. OPL-3,-4,-5, and -7 were analyzed
by 2 color immunofluorescence with a flow cytometer (EPICS
XL, Beckman Coulter, Hialeath, FL). Antibodies conjugated
with fluorescein isothiocyanate (FITC) or phycoerythrin (PE)
(Becton Dickinson, Franklin Lakes, NJ) were used: they
included anti-CD2, CD3, CD4, CD5, CD7, CD8, CD10,
CD11c, CD15, CD16, CD19, CD20, CD21, CD23, CD24,
CD25, CD30, CD34, CD38, CD56, CD103, surface IgM, sur-
face IgD, surface IgG kappa chain, surface IgG lambda chain,
cytoplasmic IgG kappa chain, cytoplasmic IgG lambda chain, and
HLA-DR.

Immunoglobulin heavy chain and T-cell receptor gene rearrange-
ment analysis. Rearrangement of the immunoglobulin heavy
chain, and T-cell receptor Cβ1 and Jβ1 genes was analyzed by
Southern blotting. Ten micrograms of DNA was digested with
appropriate restriction enzyme, electrophoresed in 0.7% aga-
rose gels, and Southern blotted. The filters were hybridized
with JH probe, CTβ and Jβ1 probe, respectively. Hybridizations
were visualized by a Fluorescein Gene Image System (Amer-
sham, Buckinghamshire, UK) according to the manufacturer’s
instructions.

Assessment of clonality of EBV. Ten micrograms of DNA ex-
tracted from cell lines was digested with BamHI, then electro-
phoresed in 0.7% agarose gels and transferred to a nylon
membrane. The filters were hybridized with BamHI-NJhet
fused terminal fragment of EBV to check the clonality of EBV
genome. Since the fusion pattern of terminal repeats varies
among EBV clones, the presence of a single dominant band of
BamHI-NJhet fragment represents clonal proliferation of EBV-
infected cells.

Cytogenetic analysis. Chromosome analysis was performed in
samples obtained from the cell lines by the trypsin-Giemsa
banding method. Well-spread metaphases were photographed

and arranged according to the recommendations of ISCN
(1995) for cancer cytogenetics.

Microsatellite analysis and mutation analysis of MSI target genes.
According to the International Workshop on Microsatellite In-
stability and RER phenotypes in Cancer Detection and Familial
Predisposition,16) five microsatellite repeats, D2S123, D5S346,
D17S250, BAT25, and BAT26 were analyzed in OPL-3 and -4,
and two loci, BAT25 and BAT26 in OPL-5 and -7. After ampli-
fication, reaction products (3 µl) were denatured and separated
on 6% polyacrylamide gels containing 7 M urea. The electro-
phoretic patterns of peripheral blood leukocytes, tumor tissues
and cell lines from the same patient were then compared in or-
der to detect different alleles, related to expansion or deletion of
repeat tracts. The presence of frameshift mutations in the mic-
rosatellites in the coding regions of the following 6 genes were
examined; TGFβRII, IGFIIR, hMSH3, hMSH6, BAX, and
E2F4. Primers for PCR encompassing the stretch of mononu-
cleotide or trinucleotide repeats in each gene are shown in Ta-
ble 2.

Results

Histologic findings of biopsy specimens. The tumors in all pa-
tients shared common histologic features, i.e., there was a
monomorphic proliferation of predominantly large lymphoid
cells. Immunohistochemical study (ABC method) of the paraf-
fin sections revealed that the tumor cells in all cases were
weakly positive for CD20, but negative for CD79a, CD45RO
(UCHL-1), CD43 (MT-1), CD3 epsilon and CD56. In situ hy-
bridization using EBER1 probe revealed positive signals in the
nucleus of tumor cells in all cases. Tumor cells were positive
for LMP1 in all cases and positive for EBNA2 in cases 1, 3,
and 4.

Morphology and surface phenotype of established cell lines. All
cell lines showed aggregation of large round cells with relative
uniform size in OPL-7, whereas bizarre cells were occasionally
seen in OPL-3, -4, and -5 (Fig. 1). Immunophenotypes of the
cell lines are summarized in Table 3. OPL-3 expressed both
CD2 and CD20, but did not express representative B-cell mark-
ers CD10, CD19, CD22, CD23, and CD24 or T-cell markers
CD3, CD4, CD5, CD7, and CD8. OPL-4 also did not express
representative B-cell markers except for CD20. OPL-5 ex-

Table 1. Brief clinical findings of four cases and biological characteristics of the cell lines established from these cases

Case 1 
(OPL-3)

Case 2 
(OPL-4)

Case 3 
(OPL-5)

Case 4 
(OPL-7)

Clinico-pathological features 
Age (yrs) 72 82 74 74
Sex M F F F
Duration of pyothorax (yrs) 51 63 66 54
Artificial pneumothorax done done done done
Histologic diagnosis DLB DLB DLB DLB
Initial treatment CHOP CHOP CHOP CHOP
Follow-up period 2 yrs 2 yrs 2 yrs 1 yr
Prognosis CR died CR CR
Microsatellite alterations 4/5 loci 0/5 loci 0/2 loci1) 0/2 loci1)

Growth characteristics
Doubling time (hrs) 72 168 48 108
Saturation density (cells/ml) 2×106 3×105 5×106 2×106

Coloney formation on soft agar (+) (−) (+) (−)
Surface phenotype B cell type B cell type B cell type B cell type
EBV status monoclonal monoclonal monoclonal monoclonal
Chromosome number 43–49 54–55 40–42 47
Presence of chromosomal abnormality yes yes Yes yes

1) Bat-25, Bat-26 locus were examined. DLB, diffuse large B-cell lymphoma; CR, complete remission. CHOP: cyclophos-
phamide, doxorubicin, vincristine,  prednisolone.
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pressed both CD15 and CD 20, but did not express representa-
tive B-cell markers CD10 and CD23, or T-cell markers CD3,
CD4, CD5, CD7, and CD8. Dual-fluorescence analysis demon-
strated the coexpression of CD2 and CD20 in OPL-3, and
CD15 and CD20 in OPL-5 (Fig. 2). Three out of 4 cell lines ex-
pressed CD30, which is usually observed in EBV-positive cell
lines, but did not express CD21, a receptor for EBV infection.

OPL-7 expressed surface Ig, and also representative B-cell
markers, CD19, CD20 ,and CD23, without expressing T-cell
markers, CD3, CD4, CD5, CD7, and CD8, indicating a rela-
tively mature B-cell phenotype. Other lines did not express sur-
face Ig at all.

Immunoglobulin heavy chain and T cell receptor gene rearrange-
ment analysis. Southern blotting with use of JH DNA probe dem-

Table 2. Oligonucleotide primers used for PCR reactions

Primer sequence PCR products (bp)

D2S123 5′-AAACAGGATGCCTGCCTTTA-3′ 197–227 (CA) n
5′-GGACTTTCCACCTATGGGAC-3′

D5S346 5′-ACTCACTCTAGTGATAAATCG-3′ 96–122 (CA) n
5′-AGCAGATAAGACAGTATTACTAGTT-3′

D17S250 5′-GGAAGAATCAAATAGACAAT-3′ 150 (CA) n
5′-GCTGGCCATATATATATTTAAACC-3′

Bat-25 5′-TCGCCTCCAAGAATGTAAGT-3′ 125 (A) 25
5′-TCTGCATTTTAACTATGGCTC-3′

Bat-26 5′-TGACTACTTTTGACTTCAGCC-3′ 121 (A) 26
5′-AACCATTCAACATTTTTAACCC-3′

hMSH3 5′-GAGATAATGACTGATACTTCTACC-3′ 131 (A) 8
5′-CATTTGTTCCTCACCTGCAAAG-3′

hMSH6 5′-GGGTGATGGTCCTATGTGTC-3′ 93 (C) 8
5′-CGTAATGCAAGGATGGCGT-3′

TGFβRII 5′-CACTAGAGACAGTTTGCCATG-3′ 142                                                                                       (A) 10
5′-GCACTCATCAGAGCTACAGG-3′

Bax 5′-ATCCAGGATCGAGCAGGGCG-3′ 94 (G) 8
5′-ACTCGCTCAGCTTCTTGGTG-3′

IGFIIR 5′-GCAGGTCTCCTGACTCAGAA-3′ 110 (G) 8
5′-GAAGAAGATGGCTGTGGAGC-3′

E2F4 5′-TGATAGCAAGGACAGTGGTGAG-3′ 177 (CAG) 13
5′-AAAGGAGGTAGAAGGGTTGGGT-3′

B)

D)

A)

C)

Fig. 1. Morphology of established cell lines, OPL-3 (A), OPL-4 (B), OPL-5 (C), and OPL-7 (D).
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onstrated the bands of monoclonal rearrangement of the IgH
gene (Fig. 3). Monoclonal rearrangement was not found in T
cell receptor gene (data not shown).

EBV association. Southern blot analysis for determination of
the fusion pattern of EBV terminal repeats showed a single
band in each cell line (Fig. 4). In situ hybridization using
EBER1 probe revealed positive signals in the nuclei of many
cells in all cell lines. The patterns of EBV latent gene expres-
sion were different. OPL-3 expressed LMP1 and EBNA2, OPL-
5 expressed LMP1 but not EBNA2, OPL-7 expressed EBNA2
but not LMP1, and OPL-4 did not express either (Table 4).

Cytogenetic analysis. All cell lines showed highly complicated
karyotypes, with numerous numerical and structural abnormali-
ties. Although it is difficult to define a modal number of chro-
mosomes in every cell line, common structural abnormalities
were identified as follows: 43–49, XY, add (3)(q25), del
(7)(q32), add (8)(p11), der (8), t(1;8)(q24;q24), del (12)(p11),
add (13)(p11), add (17)(p11), add (18)(q21), −21, der (22),
t(1;22)(q12;p11), del (1)(q21q25), +0–3 mar for OPL-3, 54–
55, X, +add (1)(q11), der (1), add (1)(p36), add (1)(q21), +add
(2)(p25), der (2), add (2)(p13), add (2)(q33), der (4),
t(4;9)(p16;q11), +add (5)(q11), der (5), del (5)(p15), add
(5)(q31), i (5)(q10), −6, add (6)(p21), +7, −9, del (9)(p21), add
(10)(p11), add (11)(q23), add (11)(q23), add (12)(q24)x2, add
(13)(q32), +14, −15, add (15)(p11), −16, add (16)(q22), −17,
+20, mar1, mar2, mar3, mar4, mar5, +2−4 mar for OPL-4,
40–42,XX, −8, add (9)(p23), −10, der (12), del (p?) add
(12)q(24), add (13)(p11), −15, add (15)(q22), −18, add
(18)(q21), +add (19)(p13), add (19)(p13), −21, +mar1, +0–1

mar for OPL-5, 47, X, add (X)(q11), t(1;14)(q21;q22),
t(2;13)(p10;p10), inv (5)(p15q33), −6, −7, add (8)(p21), add
(9)(q34), der (10), t(6;10)(p11;p15), add (11)(p15), der (12), del
(12)(p?), add (12)(q22), −13, add (19)(p11), add(19)(p13), der
(19), t(7;19)(q11;p13), +mar1, +mar2x2 for OPL-7. There
were no common abnormalities among the four cell lines.

Analysis of microsatellite instability and MSI target genes. Case 1
showed alterations at 4 of 5 loci examined, indicating that the
tumors had RER phenotype (Fig. 5). Case 2 had no alterations
at all. Then, the presence of frameshift mutations in microsatel-
lites in the coding regions of 6 genes were examined (Fig. 5).
Frameshift mutations in the IGFIIR and hMSH6 genes were de-
tected in OPL-3 and also in its parental tumor. Mutations in
E2F4 were detected in OPL-4, but not its parental tumor. No
mutations were detected in OPL-5 and -7. These findings indi-
cate that OPL-3, as well as its parental tumor, had RER pheno-
type.

Discussion

All four cell lines (OPL-3, -4, -5, and -7) were proved to be of
B-cell origin through rearrangement analysis of Ig heavy chain
gene and constant expression of CD20, but the expression pat-
terns of surface antigens were unique and different from each
other. Firstly, representative B-cell markers other than CD20
were frequently negative. Ordinary B-cell lymphoma cells
rarely express CD2 and CD15, but OPL-3 and OPL-5 ex-
pressed CD2 and CD15, respectively. Recently Daibata et al.4)

reported that one PAL-derived cell line coexpressed CD2 and
CD20 without expressing other representative B- and T-cell
markers. Al Satti et al.3) also reported the dual B- and T-cell an-
tigen expression in PAL-derived cell line. PAL is unique not
only in its clinical presentation, but also in its surface antigen
expression.

All cell lines contained EBV DNA, with various expression
patterns of EBV latent infection genes, LMP1 and EBNA2. Two
PAL cell lines previously reported by us also show different ex-
pression patterns.14) In any case, PAL cells usually express
LMP-1 and/or EBNA2. EBNA2 and LMP1 are essential for the
transformation of B cells infected with EBV through activation
of a variety of cellular genes, but these proteins serve as target
molecules for the elimination of infected cells by cytotoxic T
lymphocytes (CTLs).17, 18) CD21, well-known EBV receptor on
lymphocytes, were not expressed in any of the cell lines. EBV
might possibly infect lymphocytes with CD21, but its expres-
sion might disappear after lymphomatous transformation.

Burkitt’s lymphoma cells only express EBNA1, which is not
recognized as a target by virus-specific CTLs, and thus can
evade immune surveillance in vivo. Malignant lymphomas de-
veloping in immunocompromised hosts usually express
EBNA2 and LMP1, but could evade immune surveillance by
CTLs.17, 18) Although systemic immunosuppresive conditions
have not been noted in PAL patients, PAL cells frequently ex-
press EBNA2 and LMP12) in vivo. Therefore some mechanism
for PAL cells to escape from host immune surveillance must be
present. Production of immunosuppressive cytokine IL-10 by
PAL cells, decreased or lost expression of HLA class I mole-
cules in PAL cells, or mutation of the CTL-epitope in EBNA3B
might work as mechanisms for escape of PAL cells from
CTL.19, 20)

Cell lines established from PAL, including the present ones,
showed very complex karyotypes. Two PAL cell lines (OPL-1,
-2) reported previously by us14) also showed complex karyo-
types with many numerical and chromosomal abnormalities.
Lymphoma cell lines with EBV latent infection, such as those
derived from Burkitt and NK/T cell lymphomas, also have
chromosomal abnormalities, but not so complicated as those
observed in PAL cell lines. Therefore, it is reasonable to con-

Table 3. Phenotypic features of cell lines

OPL-3 OPL-4 OPL-5 OPL-7

Flow cytometry (%) (%) (%) (%)
CD2 99.4 0.3 0.5 0.0
CD3 0.1 0.4 0.6 0.0
CD4 0.1 0.0 0 0.0
CD5 0.0 0.0 0 0.0
CD7 0.3 0.3 6.5 2.6
CD8 0.2 0.3 0.7 0.0
CD10 0.0 0.0 0.0 0.7
CD11c 8.1 9.1 ND 0.9
CD15 33.3 0.2 99.3 1.5
CD16 0.3 73.4 0.1 0.2
CD19 0.5 0.0 29.3 41.6
CD20 54.0 71.4 48.5 84.6
CD21 0.1 0.0 0.0 0.0
CD23 15.7 7.3 1.5 92.8
CD24 0.1 10.5 ND ND
CD25 0.4 0.0 1.4 0
CD30 99.9 39.2 8.5 93.7
CD33 ND ND 1.1 0
CD34 3.7 9.8 ND ND
CD38 0.4 0.0 ND ND
CD56 0.0 0.0 0.1 0.2
CD103 0.3 41.9 2.9 0.2
Surface IgM 0.0 0.0 0 0
Surface IgD 0.5 25.4 0.9 0.8
Surface IgG kappa 1.5 0.3 1.3 99.7
Surface IgG lambda 1.8 0.3 1.4 0.9
Cytoplasmic Ig kappa 0.1 1.5 ND ND
Cytoplasmic Ig lambda 0.1 1.2 ND ND
HLA-DR 0.6 18.8 ND 99.9

Immunohistochemistry
LMP1 + +
EBNA2 + +
EBERs ISH + + + +
Takakuwa et al. Cancer Sci | October 2003 | vol. 94 | no. 10 | 861



Fig. 2. Flow cytometric analysis of OPL-3 and OPL5 cells. Dual-fluorescence analysis showed coexpression of CD2 and CD20 antigens in OPL-3 (A),
and coexpression of CD15 and CD20 in OPL-5 (B).

control

11.0 -
5.6 -
kbp

1 2 1 2 1 2 1 2 1 2
OPL-3 OPL-4 OPL-5 OPL-7

Fig. 3. Southern blot analysis of IgH rearrangement. Ten micrograms
of DNA was digested with BamHI (lane 1) and BamHI+HindIII (lane 2),
electrophoresed in 0.7% agarose gel, Southern blotted and hybridized
with JH DNA probe. Monoclonally rearranged bands were demon-
strated in all four lines.

23.1 -

9.4 -

kbp 3 4 5 7

OPL
Raji

Ramos

Fig. 4. Ten micrograms of DNA was digested with BamHI, electro-
phoresed in 0.7% agarose gel, Southern blotted and hybridized with
EBV BamHI-NJhet DNA probe. A single band was found in all lines, in-
dicating the presence of monoclonal EBV genome in these cell lines.

OPL3

D2S123
D5S346

D17S250
Bat25
Bat26

IGFIIR
hMSH6

BAX
hMSH3

TGFbRII

E2F4

A)

B)

B T C B T C
OPL4

OPL3
B T C B T C 5 7

OPL4 OPL

Fig. 5. PCR analyses of 5 microsatellite loci (A) and frameshift muta-
tions within mono- and tri-nucleotide repeats of 6 genes, TGFβRII, IG-
FIIR, hMSH3, hMSH6, BAX and E2F4, in established cell lines (B). PCR
products from established cell line (C), tumors (T) and corresponding
peripheral blood leukocytes (B).
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sider that highly complicated chromosomal abnormalities found
in PAL could not be caused by EBV infection alone. Inflamma-
tory products including reactive oxygen species produced in the
chronically inflamed pleural tissues might be responsible for
this phenomenon. Indeed, PAL develops in patients with more
than 20 years’ history of chronic pyothorax.1, 2) Defects of the
genes maintaining genome stability might occur in the tumori-
genesis of PAL.

MSH2, PMS2, and MLH1 knockout mice are prone to de-
velop lymphomas, suggesting that defects in mismatch repair
(MMR) genes contribute to lymphomagenesis.21–23) MSI is not a
frequent phenomenon in nodal lymphoma.8) However, MSI was
reported to be rather frequent in extranodal lymphomas such as
thyroid lymphoma24) and gastric lymphoma,9, 10) both of which
diseases are known to develop in chronic inflammation. There-
fore, it is possible that MSI is a frequent phenomenon in lym-
phomas developing in long-standing chronic inflammation.

Among lymphoid leukemia/lymphoma cell lines, 21% were
reported to be MSI-positive.25) However, it is not clear whether
target genes had already mutated in vivo or whether mutations
occurred during in vitro cultures, because it was not stated
whether the mutations were found in freshly prepared samples.
Molenaar et al.26) reported that MSI and frameshift mutations in
BAX and TGFβRII genes are uncommon in acute lymphoblastic
leukemia in vivo, but frequent in cell lines. They concluded that
MMR gene defects are uncommon in freshly isolated blasts, but

cells with defects in MMR gene were likely to be selected dur-
ing the establishment of cell lines. In the present study, frame-
shift mutations in the TGFβRII and hMSH6 genes were de-
tected in OPL-3 and also in its parental tumor. These findings pro-
vide direct evidence that MMR defects may have been involved
in lymphomagenesis in case 1. MSI was not present in the
other three cell lines, suggesting that MMR genes were intact.

The characteristics of the four cell lines derived from PAL
can be summarized as follows: B-cell nature with defective ex-
pression of B-cell and T-cell surface antigens, monoclonal pat-
tern of EBV infection in lymphoma cells (indicating an
etiological role of EBV in lymphomagenesis), complicated
chromosomal abnormalities with numerous structural and nu-
merical abnormalities, and occasional but distinct genome in-
stability. These abnormalities in cell character might be caused
by the specific circumstances of PAL lymphomagenesis, i.e.,
chronic inflammation. Thus, PAL cell lines could be useful for
analysis of the molecular mechanisms through which malignan-
cies develop in chronic inflammation.
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