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Pyothorax-associated Lymphoma

Katsuyuki Aozasa

In Japan, EBV positive rate in immunocompetent patients with nodal lymphomas is less than 10% in B-cell and 20 - 50% in

T cell lymphoma. Among extranodal lymphomas, EBV positive rate is higher in pyothorax-associated lymphoma (PAL), nasal

NK/T-cell lymphoma, and adrenal lymphoma. PAL is non-Hodgkin’s lymphoma that develops from chronic pyothorax resulted

from artificial pneumothorax for the treatment of lung tuberculosis or tuberculous pleuritis. This disease was originally

described by Dr. Aozasa as a distinctive clinicopathologic entity in 1987, and now listed as the disease entity in the WHO

classification of Tumours, Pathology & Genetics, Tumours of the Lung, Pleura, Thymus and Heart (2004).

INTRODUCTION

In 1987, Aozasa and colleagues reported three patients

with pleural lymphoma, which developed after long-standing

pyothorax resulting from artificial pneumothorax for the treat-

ment of pulmonary tuberculosis or tuberculous pleuritis1 (Fig.

1). Pleural lymphoma developed in these three patients

(2.2%) from a total of 134 patients with chronic pyothorax

(CP) at one of the hospitals specializing in chest diseases in

Osaka, Japan, during the period from 1971- 85. They re-

garded the CP to be etiologically important in the develop-

ment of pleural lymphoma because (1) pleural lymphomas

were never found in over 1,000 cases of malignant lymphoma

in general hospitals in Osaka during the same period2 ; (2)

review of the “Annual of Pathological Autopsy Cases in Japan

(1974- 85)” revealed six cases of pleural lymphoma, all of

which were associated with CP ; (3) review of pleural lym-

phoma cases reported in Japanese journals on chest diseases

revealed that all were associated with CP3. Subsequent clini-

copathological examination on 37 cases revealed that all pa-

tients had a more than 20-year history of CP, and histological-

ly all had non-Hodgkin’s lymphoma (NHL) with diffuse large

B-cell lymphoma (DLBL) being most common4. From these

findings, Aozasa concluded that this is a distinctive type of

lymphoma and proposed the term “pyothorax-associated lym-

phoma (PAL)”, defined as NHL of exclusively B-cell phe-

notype developing in the pleural cavity of patients with more

than 20-year history of CP. PAL is now listed as a distinct

disease entity together with primary effusion lymphoma

(PEL) in the recent World Health Organization (WHO) classi-

fication for “Tumours of the Lung, Pleara, Thymus and

Heart.”5

Malignant lymphoma has been reported to be associated

with antecedent autoimmune diseases such as Sjögren’s syn-

drome, rheumatoid arthrit is (RA), and Hashimoto’s

thyroiditis6,7 . Irrespective of the nature of the antecedent

autoimmune diseases, the lymphomas arising in such condi-

tions are exclusively of B-cell type. The formation and con-

tinuation of the pyothorax is not thought to involve an autoim-

mune mechanism. Taken together, it is suggested that chro-

nic inflammatory stimulation of a nonautoimmune nature

could also be an etiological factor in the development of PAL.

Malignant lymphomas developing in these conditions could

be referred to generically as “malignant lymphomas develop-

ing in chronic inflammation.” Malignant lymphomas of

mucosa-associated lymphoid tissue (MALT) are included in

this category, because they occur in the tissues normally
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Fig. 1. There is a massive proliferation of lymphoma surround-

ing whole lung.



devoid of lymphoid tissue but are preceded by chronic in-

flammation that results in formation of MALT.

In this paper, pathologic findings in PAL are described

with emphasis on the association with EBV.

HISTORY OF PYOTHORAX

PAL patients are usually admitted to hospitals after a 20

to 64 (mean 37.4) -year history of pyothorax resulting from

artificial pneumothorax for treatment of pulmonary tuberculo-

sis or tuberculous pleuritis8 (Fig. 2). Whereas a rare case in

whom PAL developed shortly after the diagnosis and surgical

drainage of CP was reported. PAL occasionally develops in

patients with chronic pyothorax not complicated with lung

tuberculosis. The artificial pneumothorax, originally estab-

lished in Western countries as a form of surgical therapy for

lung tuberculosis, had been more widely performed in Japan

than in Western countries, especially in the 1930s to 50s. In

the literature from Western countries, malignant lymphoma

has been relative rarely described as a complication of CP.

The higher frequency of PAL among CP patients in Japan

might be related to frequent employment of artificial

pneumothorax or to some genetic factors.

PATHOLOGICAL FINDINGS

Histological and immunohistological findings

Histologically pleural tissues adjoining the tumors gener-

ally show a marked fibrous thickening, with relatively sparse

nonneoplastic inflammatory cells mainly consisting of small

lymphocytes and plasma cells. Formation of lymphoid folli-

cles is occasionally observed. All cases are NHL, among

which diffuse large cell type is the most common often show-

ing immunoblastic morphology8 (Fig. 3). Marked angiocen-

tricity with focal destruction of vessel walls was resported in a

case of PAL of immunoblastic type. In general, however, this

is not a common finding in PAL.

Immunohistochemical studies reveal that the majority of

the cases are CD20+ and/or MB1+, CD45RO−, CD3−, and thus

are of the B-cell lineage, i.e., diffuse large B-cell lymphoma

(DLBL). Petitjean et al.9 described 12 European cases of

PAL with diffuse large cell morphology and frequent plas-

macytoid differentiation. Tumor cells in these cases showed

CD20+, CD79a+ and CD10−, BCL-6−, MUM-1+, CD138+ phe-

notype consistent with derivation from late germinal center/

post germinal center B cells. Androulaki et al.10 reported the

similar results in one case of PAL. Analysis of DNA sequ-

ences of the immunoglobulin heavy chain variable region

gene also suggests that PAL is composed of B-lymphocytes at

the differentiation stage of the postgerminal center. Whereas

aberrant expression of T-cell markers (CD2, CD3, CD4) is

relative frequently found in PAL with B-cell type10.

The tumor cells in a limited number of cases were

CD20−, MB1− but positive for at least one monoclonal anti-

body reactive with T lymphocytes on immunohistochemistry

or flow cytometry. These cases were conventionally deter-

mined to be peripheral T-cell lymphoma8. Strictly speaking,

however, it is possible that these cases might be B-cell PAL

with aberrant T-cell markers.

Autopsy findings

Tumors usually show a contiguous pattern of invasion

into adjacent structures, such as the lung, diaphragm, pericar-

dium, mediastinum, and liver. Characteristically tumors re-

main to be localized in the thoracic cavity even at the time of

autopsy in about a half of PAL patients8. Non-contiguous

metastatic lesions are found in the adrenal glands, intrathor-

acic and extrathoracic lymph nodes. Central nervous system

involvement is occasional.

ASSOCIATION OF EBV WITH PAL

In 1993, two Japanese groups simultaneously suggested

the association of EBV with PAL development based on a

study of a total of nine cases of PAL11,12. They reported that

(1) all patients had elevated serum values of anti-EBV anti-

bodies ; (2) the presence of EBV genomes in the nucleus of

tumor cells as revealed by in situ hybridization using an

EBER- 1 probe ; and ( 3) expression of latent infection genes

such as EB nuclear antigen ( EBNA) - 2 and latent membrane

protein ( LMP) - 1 in the tumor cells. Our subsequent studies

on EBV in histological samples and cell lines established

from PAL cases also showed the etiological importance of

EBV for the development of PAL13. EBV DNA is detected in

various kinds of malignant lymphomas, and latent infection

gene of EBV, especially LMP-1 and EBNA-2, show a trans-

forming activity in infected cells. LMP-1 in EBV-infected

cells plays a central role in B-lymphomagenesis by mimicking

members of the tumor necrosis factor (TNF) receptor family

to the nucleus through cytoplasmic TNF-associated factor14.
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Fig. 2. Schema for the development of pyothorax- associated

lymphoma.



Expression patterns of EBV latent genes among EBV-

associated neoplasias are categorized as latency (Lat) I, II or

III according to expression of EBNA-1, -2, and LMP-115 .

Burkitt’s lymphoma expresses only EBNA-1 (Lat I)16,17 .

Nasopharyngeal carcinoma and Hodgkin’s lymphoma express

EBNA-1 and LMP-1, but not EBNA-2 (Lat II)18,19. Malig-

nant lymphomas arising in patients with AIDS and receiving

organ transplantation, i.e., immunocompromised hosts, ex-

press EBNA-1, EBNA-2, and LMP-1 (Lat III).

Previous immunohistochemical study reported that the

PAL cells showed the Lat III pattern of EBV infection at

protein level, i.e., EBNA-1+ , EBNA-2+ , and LMP-111,12 .

Whereas recent immunohistochemical study on the large

number of PAL cases revealed that 67% and 70% of PAL

were positive for EBNA-2 and LMP-1, respectively8 . Im-

munohistochemical results might be influenced by fixation

condition and tissue condition such as occurrence of degen-

eration, necrosis, and degree of inflammatory change. Alter-

natively latency pattern could be more accurately defined

based on the pattern of promoter usage of EBNA-1 gene, i.e.,

CpWp for Lat III and Qp for Lat I/II. Analysis of the promo-

ter usage of EBNA-1 gene revealed that less than 60% of cell

lines and clinical samples from PAL tissues showed usage of

CpWp promoter, i.e., Lat III20.

EBNA-2 and LMP-1 serve as target antigens for the

elimination of infected cells by host cytotoxic T-lymphocytes

(CTL)16,21. In immunocompromised hosts, proliferating cells

expressing EBNA-2 and LMP-1 can escape from immune

surveillance by the host CTL, which might result in develop-

ment of malignant lymphoma22. However, systemic immuno-

suppression is not noted in CP or PAL cases8, thus suggesting

an unknown underlying mechanism for escape of these latent

antigen-expressing tumor cells from the CTL. EBV can be

categorized as type A or type B based on differences in the

sequences of EBNA-223 . Our previous study showed that

type B genome was detected in approximately 40% of PAL

Pyothorax-associated lymphoma
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Fig. 3.
A. Diffuse proliferation of large lymphoid cells.

B. Tumor cells show positive immunoreactivity for CD20 by ABC method.

C. Tumor cells express LMP- 1 by ABC.

D. In situ hybridization using EBER- 1 probe reveals positive signals in the nucleus of numerous tumor cells.



patients13. Type A EBV was detected in about 90% of gargle

solution from control individuals in Japan24 , indicating the

relative predominance of type B EBV in patients with PAL.

Several studies indicated the occurrence of type B EBV in

lymphoma of immunocompromised patients25. Type B EBV

is less immunogenic than type A EBV26, and thus the pre-

dominance of type B EBV might contribute in part to the

escape of PAL cells from host CTL. Another mechanisms for

escape included production of immunosuppressive cytokine,

IL-10, by tumor cells. This is discussed later.

EBV latent antigens can induce efficient CTL response

in combination with HLA class I molecules27 . Down-

regulation of HLA class I expression was observed in PAL

cell line28 . EBNA-3A, -3B and -3C are immunodominant

antigens for CTL responses29 , and among them, the CTL

epitopes in EBNA-3B are well characterized30 . Mutations

and strain differences in these sequences is known to reduce

CTL responses to latently infected B cells31 . Most EBV

strains in PAL tissue that expressed EBNA-3B exhibited

mutations and strain differences compared to the prototype A

sequence and were different from strain detected in peripheral

blood leukocytes32. This might also contribute to the escape

of PAL cells from host CTL.

GENE EXPRESSION PROFILES IN PAL

PAL is a subtype of DLBCL. DLBCL is a major consti-

tuent of malignant lymphoma in the WHO classification33.

At present, analysis of expression profiles of a large number

of genes is an essential step toward understanding in detail the

mechanism of lymphomagenesis and lymphoma progression.

cDNA microarrays have been used for investigating gene

expression profiles in human cancers34. Alizadeh et al. re-

ported successful molecular classification of DLBCL, i.e.,

germinal center (GC) and activated signature with more

favorable prognosis in the former than the latter35 . cDNA

microarray analysis was performed in six cases with PAL of

DLBCL and 12 with nodal DLBCL36 . Among 5,516 im-

formative genes, 348 known to be involved in apoptosis,

interferon response, and signal transduction displayed more

than 2-fold (higher or lower) of expression level between

PAL and nodal DLBCL. One of the most differentially ex-

pressed genes was interferon-inducible (IFI) protein 27.

Overexpression of IFI27 was also found in cell lines derived

from PAL, confirming the overexpression of IFI27 in PAL

cells not bystander cells. IFI27 is known to be induced in B-

lymphocytes by stimulation of interferon a, but its function is

not known as yet. Therefore exclusive expression of interfer-

on inducible genes in PAL indicate a role of chronic in-

flammation for development of PAL. These findings show

that PAL is a distinct form of DLBCL not only in its clinical

presentation but also in its molecular profile.

HUMAN HERPESVIRUS (HHV)-8 IN PAL

DNA sequences belonging to the recently discovered

Kaposi’s sarcoma-associated herpesvirus36 , now known as

human herpesvirus (HHV)-8, have been identified in a subset

of NHL. Most HHV-8-containing lymphomas are body

cavity-based lymphomas (BCBL) that occur in human im-

munodeficiency virus (HIV)-positive individuals37,38 . They

develop mainly in the pleural and peritoneal cavities as lym-

phomatous effusions, usually with no identifiable tumor mass.

Although PAL presents as a solid tumor mass, it is otherwise

similar to BCBL in that the lesions are exclusively B-cell

lymphomas, usually exhibit immunoblastic morphology, and

contain EBV. PCR analysis, however, revealed that PAL was

devoid of HHV-8 sequences9,10,39 . Thus, BCBL is EBV-

associated and could be divided into two types ; PAL show-

ing mass formation in the pleural cavities and HHV-8−, and

primary effusion lymphoma (PEL) showing pleural effusion

without identifiable mass formation and HHV-8+.

CONCLUSIONS

PAL is a distinctive type of malignant lymphoma of

mostly B-cell nature and strongly associated with EBV infec-

tion. PAL develops in chronically inflamed tissues, and is

thus defined as “malignant lymphoma developing in chronic

inflammation.” Employment of artificial pneumothorax, EBV

infection, and cytokines and reactive oxygen species produced

in CP lesions might be important factors for PAL develop-

ment. Malignant lymphoma of MALT could also be included

in the malignant lymphoma developing in the chronic in-

flammation because Helicobacter pylori- induced gastritis and

Hashimoto’s thyroiditis are known to have roles in predisposi-

tion to gastric lymphoma and thyroid lymphoma, respectively.

These lymphomas might share common underlying factors for

disease processes, such as inflammatory cytokines and genetic

alterations induced by reactive oxygen species. However,

there are several different aspects in these lymphomas.

MALT lymphomas are usually EBV negative and show the

proliferation of small lymphoid cells (centrocyte-like cells) at

least at initial stage. Gastric lymphomas require tumor-

infiltrating T-cells for growth by antigen triggering40. Thyr-

oid lymphoma is thought to arise among activated lymphoid

cells infiltrating in the thyroid gland of patients with Hashi-

moto’s thyroiditis. DNA sequencing of immunoglobulin

heavy chain variable region gene of the both lymphomas

reveals the differentiation stage at the germinal center under

antigen selection, i.e., on-going mutations41,42. Whereas PAL

is composed of B-lymphocytes at the differentitation stage of

the postgerminal center and antigen-dependent maturation is

not usually involved in the development of lymphoma43.

There have been accumulating evidences linking chronic

inflammation and development of lymphomas. Recently Jaf-
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fe reviewed the role of chronic inflammation caused by bac-

teria including Helicobacter pylori, Chlamydia psittaci, Bor-

relia burgdorferi, and Campylobacter jejuni for development

of gastric, ocular adnexal, cutaneous, and small intestinal

MALT lymphoma44. These lymphomas usually respond to

antibiotic therapy until chromosomal translocations occur in

the proliferating cells. Reactive oxygen species associated

inflammation might induce chromosomal translocation45 .

PAL develops in the long-standing inflammation of more than

20 years duration, which could cause very complicated

numerical and structural abnormalities.

REFERENCES

1 Iuchi K, Ichimiya A, Akashi A, Mizuta T, Lee YE, Tada H, Mori

T, Sawamura K, Lee YS, Furuse K, et al. : Non-Hodgkin’s lym-

phoma of the pleural cavity developing from long-standing pyoth-

orax. Cancer 60 : 1771- 1775, 1987

2 Aozasa K, Tsujimoto M, Sakurai M, Honda M, Yamashita K,

Hanada M, Sugimoto A : Non-Hodgkin’s lymphomas in Osaka,

Japan. Eur J Cancer Clin Oncol 21 : 487- 492, 1985

3 Aozasa K, Ohsawa M, Kanno H : Pyothorax-associated lympho-

ma : a distinctive type of lymphoma strongly associated with

Epsten-Barr virus. Adv Anat Pathol 4 : 58- 63, 1997

4 Iuchi K, Aozasa K, Yamamoto S, Mori T, Tajima K, Minato K,

Mukai K, Komatsu H, Tagaki T, Kobashi Y, et al. : Non-

Hodgkin’s lymphoma of the pleural cavity developing from long-

standing pyothorax. Summary of clinical and pathological findings

in thirty-seven cases. Jpn J Clin Oncol 19 : 249- 257, 1989

5 Travis WD, Brambilla E, Muller-Hermelink HK, Harris CC :

World Health Organization Classification of Tumours, Pathology

& Genetics, Tumours of the Lung, Pleura, Thymus and Heart.

Lyon, France, IARC Press, 2004

6 Kassan SS, Thomas TL, Moutsopoulos HM, Hoover R, Kimberly

RP, Budman DR, Costa J, Decker JL, Chused TM : Increased risk

of lymphoma in sicca syndrome. Ann Intern Med 89 : 888- 892,

1978

7 Kato I, Tajima K, Suchi T, Aozasa K, Matsuzuka F, Kuma K,

Tominaga S : Chronic thyroiditis as a risk factor of B-cell lym-

phoma in the thyroid gland. Jpn J Cancer Res 76 : 1085- 1090,

1985

8 Nakatsuka S, Yao M, Hoshida Y, Yamamoto S, Iuchi K, Aozasa

K : Pyothorax associated lymphoma : A review of 106 cases. J

Clin Oncol 20 : 4255- 4260, 2002

9 Petitjean B, Jardin F, Joly B, Martin-Garcia N, Tilly H, Picquenot

J-M, Briere J, Danel C, Mehaut S, Abd-Al-Samad I, Copie-

Bergman C, Delfau-Larue M-H, Gaulard P : Pyothorax-

associated lymphoma. A peculiar clinicopathologic entity derived

from B cells at late stage of differentiation and with occasional

aberrant dual B-and T-cell phenotype. Am J Sung Pathol 26 :

724- 732, 2002

10 Androulaki A, Drakos E, Hatzianastassiou D, Vgenopoulou S,

Gazouli M, Korkolopoulou P, Patsouris E, Dosios T : Pyothorax-

associated lymphoma (PAL) : a western case with marked

angiocentricity and review of the literature. Histopathology 44 :

69- 76, 2004

11 Fukayama M, Ibuka T, Hayashi Y, Ooba T, Koike M, Mizutani S :

Epstein-Barr virus in pyothorax-associated pleural lymphoma. Am

J Pathol 143 : 1044- 1049, 1993

12 Sasajima Y, Yamabe H, Kobashi Y, Hirai K, Mori S : High ex-

pression of the Epstein-Barr virus latent protein EB nuclear anti-

gen on pyothorax-associated lymphoma. Am J Pathol 143 :

1280- 1285, 1993

13 Kanno H, Yasunaga Y, Ohsawa M, Taniwaki M, Iuchi K, Naka N,

Torikai K, Shimoyama M, Aozasa K : Expression of Epstein-

Barr virus latent infection genes and oncogenes in lymphoma cell

lines derived from pyothorax-associated lymphoma. Int J Cancer

67 : 86- 94, 1996

14 Leibowitz D : Epstein-Barr virus and a cellular signaling path-

ways in lymphomas from immunosuppressed patients. N Eng J

Med 338 : 1413- 1421, 1998

15 Rowe M, Lear AL, Croom-Carter D, Davies AH, Rickinson AB :

Three pathways of Epstein-Barr virus gene activation from

EBNA-1 positive latency in B lymphocytes. J Virol 66 : 122- 131,

1992

16 Rickinson AB, Murray RJ, Brooks J, Griffin H, Moss DJ, Masucci

MG : T cell recognition of Epstein-Barr virus associated lympho-

mas. Cancer Surv 13 : 53- 80, 1992

17 Rowe M, Rowe DT, Gregory CD, Young LS, Farrell PJ, Rupani

H, Rickinson AB : Differences in B cell growth phenotype reflect

novel patterns of Epstein-Barr virus latent gene expression in

Burkitt’s lymphoma cells. EMBO J 6 : 2743- 2751, 1987

18 Young LS, Dawson CW, Clark D, Rupani H, Busson P, Tursz T,

Johnson A, Rickinson AB : Epstein-Barr virus gene expression in

nasopharyngeal carcinoma. J Gene Virol 69 : 1051- 1065, 1988

19 Pallesen G, Hamilton-Dutoit SJ, Rowe M, Young LS : Expression

of Epstein-Barr virus latent gene products in tumor cells of Hodg-

kin’s disease. Lancet 337 : 320- 322, 1991

20 Takakuwa T, Nakatsuka S, Ham MF, Daibata M, Aozasa K :

Latency pattern of Epstein-Barr virus infection and prognosis of

pyothorax-associated lymphoma Int J Cancer (in press)

21 Murray RJ, Kurilla MG, Brooks JM, Thomas WA, Rowe M, Kieff

E, Rickinson AB : Identification of target antigens for the human

cytotoxic T cell responses to Epstein-Barr virus (EBV) : Implica-

tions for the immune control of EBV-positive malignancies. J Exp

Med 176 : 157- 168, 1992

22 Young L, Alfieri C, Hennessy K, Evans H, O'Hara C, Anderson

KC, Ritz J, Shapiro RS, Rickinson A, Kieff E, et al. : Expression

of Epsten-Barr virus transformation-associated genes in tissues of

patients with EBV lymphoproliferative diseases. N Engl J Med

321 : 1080- 1085, 1989

23 Dambaugh T, Hennessy K, Chamnankit L, Kieff E : U2 region of

Epstein-Barr virus DNA may encode Epstein-Barr virus nuclear

antigen 2. Proc Natl Acad Sci USA 81 : 7632- 7636, 1984

24 Tomita Y, Ohsawa M, Mishiro Y, Kubo T, Mishiro N, Kojya S,

Noda Y, Aozasa K : Epstein-Barr virus in T and B-cell lympho-

Pyothorax-associated lymphoma

9



mas of sino-nasal region. Lab Invest 73 : 190- 196, 1995

25 Boyle MJ, Sewell WA, Sculley TB, Apolloni A, Turner JJ, Swan-

son CE, Penny R, Cooper DA : Subtypes of Epstein-Barr virus in

human immunodeficiency virus-associated non-Hodgkin’s lym-

phoma. Blood 78 ; 3004- 3011, 1991

26 de Campos-Lima PO, Levitsky V, Brooks J, Lee SP, Hu LF,

Rickinson AB, Masucci MG : T cell responses and virus evolu-

tion : loss of HLA A11-restricted CTL epitopes in Epstein-Barr

virus isolated from highly A11-positive populations by selective

mutation of anchor residues. J Exp Med 179 : 1297- 1305, 1994

27 Gavioli R, de Campos-Lima PO, Kurilla MG, Kieff E, Klein G,

Masucci MG : Recognition of the Epstein-Barr virus-encoded

nuclear antigens EBNA-4 and EBNA-6 by HLA-A11 restricted

cytotoxic T lymphocytes : implications for down-regulation of

HLA-All in Burkitt lymphoma. Proc Natl Acad Sci 89 :

5862- 5866, 1992

28 Kanno H, Ohsawa M, Hashimoto M, Iuchi K, Nakajima Y, Aoza-

sa K : HLA-A alleles of patients with pyothorax-associated lym-

phoma : anti-Epstein-Barr virus (EBV) host immune responses

during the development of EBV latent antigen-positive lympho-

mas. Int J Cancer 82 : 630- 634, 1999

29 Rickinson AB, Moss DJ : Human cytotoxic T lymphocyte re-

sponses to Epstein-Barr virus infection. Annu Rev Immunol 15 :

405- 431, 1997

30 Gavioli R, Kurilla MG, de Campos-Lima Po, Wallace LE, Dolcetti

R, Murray RJ, Rickinson AB, Masucci MG : Multiple HLA All-

restricted cytotoxic T-lymphocyte epitopes of different im-

munogenecities in the Epstein-Barr virus-encoded nuclear antigen

4. J Virol 67 : 1572- 1578, 1993

31 de Campos-Lima PO, Levitsky V, Brooks J, Lee SP, Hu LF,

Rickinson AB, Masucci MG : T-cell responses and virus evolu-

tion : loss of HLA All restricted CTL epitopes in Epstein-Barr

virus isolates from highly All-positive populations by selective

mutation of anchor residues. J Exp Med 179 : 1297- 1305, 1994

32 Kanno H, Nakatsuka S, Iuchi K, Aozasa K : Sequences of cytoto-

xic T-lymphocytes epitopes in the Epstein-Barr virus (EBV) nuc-

lear antigen-3B gene in a Japanese population with or without

EBV-positive lymphoid malignancies. Int J Cancer 88 : 626- 632,

2000

33 De Risi J, Penland L, Brown P, Bittner M, Meltzer PS, Ray M,

Chang Y Su YA, Trent J : Use of a cDNA microarray to analyze

gene expression patterns in human cancer. Nat Genet 14 :

457- 460, 1996

34 Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos IS, Rosenwald

A, Boldrick JC, Sabet H, Tran T, Yu X, Powell JI, Yang L, Marti

GE, Moore T, Hudson J Jr, Lu L, Lewis DB, Tibshirani R, Sher-

lock G, Chan WC, Greiner TC, Weisenburger DD, Armitage JO,

Warnke R, Levy R, Wilson W, Grever MR, Byrd JC, Botstein D,

BrownPO, Staudt LM : Distinct types of diffuse large B-cell lym-

phoma identified by gene expression profiling. Nature 403 :

503- 511, 2000

35 Nishiu M, Tomita Y, Nakatsuka S, Takakuwa T, Iizuka N, Hoshi-

da Y, Ikeda J, Iuchi K, Yanagawa R, Nakamura Y, Aozasa K :

Distinct pattern of gene expression in pyothorax-associated lym-

phoma (PAL), a lymphoma developing in long-standing in-

flammation. Cancer Sci 95 : 828- 834, 2004

36 Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles

DM, Moore PS : Identification of herpes virus-like DNA sequ-

ences in AIDS-associated Kaposi’s sarcoma. Science 266 :

1865- 1869, 1994

37 Cesarman E, Chang Y, Moore PS, Said JW, Knowles DM : Kapo-

si’s sarcoma-associated herpes virus-like DNA sequences are pre-

sent in AIDS-related body-cavity-based lymphomas. N Engl J

Med 332 : 1186- 1191, 1995

38 Said JW : Body cavity-based (primary effusion) lymphoma : a

new lymphoma subtype associated with Kaposi’s sarcoma herpes-

virus (human herpesvirus 8). Adv Anat Pathol 3 : 254- 158, 1996

39 Cesarman E, Nador RG, Aozasa K, Delsol G, Said JW, Knowles

DM : Kaposi’s sarcoma-associated herpesvirus in non-AIDS re-

lated lymphomas occurring in body cavities. Am J Pathol 149 :

53- 57, 1996

40 Hussell T, Isaacson PG, Grabtree JE, Spencer J : Immunoglobulin

specificity of low grade B cell lymphoma of mucosa-associated

lymphoid tissue (MALT) type. Am J Pathol 142 : 285- 292, 1993

41 Qin Y, Greiner A, Hallas C, Haedicke W, Muller-Hermelink HK :

Intraclonal offspring of gastric MALT-type lymphoma : evidence

of the role of antigen driven high-affinity mutation in lympho-

magenesis. Lab Invest 86 : 477- 485, 1997

42 Miwa H, Takakuwa T, Nakatsuka S, Tomita Y, Matsuzuka F,

Aozasa K : DNA sequence of immunoglobulin heavy chain vari-

able region gene in thyroid lymphoma. Jpn J Cancer Res 92 :

1041- 1047, 2001

43 Miwa H, Takakuwa T, Nakatsuka S, Tomita Y, Iuchi K, Aozasa

K : DNA sequences of the immunoglobulin heavy chain variable

region gene in pyothorax-associated lymphoma. Oncology 62 :

241- 250, 2002

44 Jaffe ES : Common threads of mucosa-associated lymphoid tissue

lymphoma pathogenesis : From infection to translocation. Edito-

rials. J Natl Canser Inst 96 : 571- 573, 2004

45 Ye H, Liu H, Attygalle A, Wotherspoon AC, Nicholson AG,

Charlotte F, Leblond V, Speight P, Goodlad J, Lavergne-Slove A,

Martin-Subero JI, Siebert R, Dogan A, Isaacson PG, Du MQ :

Vaviable frequencies of t (11 ; 18) (q21 ; q21) in MALT lympho-

mas of different sites : significant association with Cag A strains

of H pylori in gastric MALT lymphoma. Blood 102 : 1012- 1018,

2003

K. Aozasa

J. Clin. Exp. Hematopathol

Vol. 46, No. 1, Mar 2006

10


	INTRODUCTION
	HISTORY OF PYOTHORAX
	PATHOLOGICAL FINDINGS
	Autopsy findings
	ASSOCIATION OF EBV WITHPAL
	GENE EXPRESSION PROFILES IN PAL
	HUMAN HERPESVIRUS (HHV)-8 IN PAL
	CONCLUSIONS
	REFERENCES

