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Detection of Epstein-Barr Virus DNA in a Japanese Case of Lymphoepithelioma-like

Thymic Carcinoma
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Epstein-Barr virus DNA was detected in a case of lymphoepithelioma-like thymic carcinoma. A
homogeneous terminal structure of the viral DNA was demonstrated in this case, indicating the
presence of the viral genome in clonally expanded tamor cells. Since all of 26 other thymic epithelial
tumors (eight non-invasive, 13 invasive thymomas and four non-lymphoepithelioma-like thymic
carcinomas) in Japanese were negative by polymerase chain reaction, it is suggested that lympho-
epithelioma-like thymic carcinoma may represent a unique pathological entity distinct from Epstein-

Barr virus-negative thymic epithelial tumors, which are in the majority in Japan.
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The pathoepidemiologic or etiologic profiles of thymic
epithelial tumors (TETs) have not yet been fully
characterized. Since Leyvraz proved the presence of
Epstein-Barr virus (EBV) genomic DNA in thymic car-
cinoma tissue," it has been suggested that EBV may play
an important role in the histogenesis of TETs. Recent
reports have shown that thymic tumors in southern
China occasionally contain EBV-DNA,» while European
and American cases do not.” In order to evaluate the
involvement of EBV in Japanese TETs, tumor tissues
from 26 Japanese patients were examined for the pres-
ence of EBV-DNA.

The pathological diagnosis of each case is listed in
Table I. Genomic DNA was extracted from 21 thymoma
and four thymic carcinoma tissues, which had been
freshly obtained by surgical resection or at autopsy.
DNA extracted from formalin-fixed paraffin-embedded
tissue, principally following a described method,” of
another thymic carcinoma case was also included in the
study. All tissue samples were obtained from the
National Cancer Center Hospital, Tokyo, during the
period between 1980 and 1989,

Extracted DNA was subjected to polymerase chain
reaction (PCR).” TETs often contain numerous infiltrat-
ing lymphocytes but few tumor cells, and therefore PCR
is an effective method of detecting the EBV-DNA se-
quence with low copy number in the material. In addi-
tion, PCR can be successfully performed using DNA
from paraffin-embedded tissue samples.*” Oligonucleo-
tide primer construction and PCR conditions including
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specific hybridization were the same as described in detail
previously.” DNA extracted from Raji cells (carrying
EBV genome) served as a positive control, while DNA
from Ramos cells (EBV-negative) was used as a negative
control. Both cell lines were obtained from the Japanese
Cancer Research Resources Bank, Tokyo.

After specific hybridization, no positive signal was
detected in any of 21 thymomas examined (Table I).
Among five thymic carcincma cases, only one case was
positive for 129-bp PCR product, which proved the
presence of EBV-DNA in the tumor tissue (Fig. 1). This
was the only case of lymphoepithelioma-like undiffer-
entiated carcinoma examined in this study, showing spe-
cial histologic features mimicking so-called lymphoepi-
thelioma of the nasopharynx (Fig. 2).” This patient, a

10-year-old boy, had elevated serum antibody titers

against EBV-related antigens, such as IgG against viral
capsid antigen and against early antigen, with titers of
1:2560 and 1:640, respectively. He died one year and two
months after diagnosis in spite of intensive chemo- and
radiotherapy. Tumor tissues taken from the metastatic
tumors in lung and liver at autopsy also gave positive
results by PCR (data not shown). None of the thymic
carcinomas of other histologic types, squamous cell carci-
noma or adenosquamous carcinoma, gave a positive
signal for EBV-DNA (Table I). Using DNA from
formalin-fixed, paraffin-embedded tissues, undifferen-
tiated carcinoma, which is dissimilar to lymphoepithe-
lioma, gave negative PCR results (Table I). However,
a DNA sample from formalin-fixed, paraffin-embedded
tissue of the above-mentioned lymphoepithelioma-like
undifferentiated carcinoma case was positive (data not
shown).
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Table I. Cases Examined and EBV-DNA Detected by PCR
Diagnosis No. of EBV-DNA positi\fe cases/
No. of cases examined
Non-invasive thymoma 0/8
mixed 0/38
Invasive thymoma 0/13
lymphocytic predominant 0/3
mixed 0/7
epithelial predominant 0/3
Thymic carcinoma 1/5
squamous cell carcinoma 01
adenosquamous carcinoma 0/2
“lymphoepithelioma-like” 1/19
undifferentiated carcinoma
non-“lymphoepithelioma-like” 0/
undifferentiated carcinoma
Total 1/26

a) Positive in both fresh and formalin-fixed, paraffin-embedded

tumor tissues.
b) Examined only in formalin-fixed, paraffin-embedded tissue,
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Fig. 1. Autoradiogram demonstrating the detection of 129-bp
PCR product in TETs. Lane 1, “iymphoepithelioma-like” un-
differentiated carcinoma; 2, undifferentiated carcinoma, not
“lymphoepithelioma-like”; 3 and 4, adenosquamous carcinoma,
5, squamous cell carcinoma; 6, non-invasive thymoma, mixed
type; 7, invasive thymoma, mixed type; RJ, Raji cell.

In Hong Kong, which is an EBV-endemic area, EBV
genome has been detected not only in lymphoepithe-
lioma-like undifferentiated carcinomsa, but also in TET
of other histologic types and in thymic lymphoid hyper-
plasia cases.” In non-EBV-endemic areas, however, it has
been found only in lymphoepithelioma-like undifferen-
tiated carcinoma (two reported cases)." '™ The present
results suggest that in Japanese cases of TET, EBV is in-
volved only in lymphoepithelioma-like undifferentiated
carcinoma, but not in thymoma or thymic carcinoma of
other histologic types.
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Fig. 2.

“Lymphoepithelioma-like” undifferentiated carcinoma
consists of nests of large polygonal tumor cells and lymphoid
stroma. Hematoxylin and eosin, <200.

It is well known that so-called lymphoepithelioma of
the nasopharynx'" and lymphoepithelial lesions of the
parotid gland'® are closely associated with EBV infec-
tion. Embryologically, the nasopharynx, parotid gland
and thymus derive from the common anlage named the
primary pharynx. Therefore, it is conceivable that EBV-
DNA is frequently detected in lymphoepithelioma or
lymphoepithelioma-like carcinoma of the organs derived
from the primary pharynx, though EBV genome has also
been detected in lymphoepithelioma-like undifferentiated
carcinoma of the lung."”

In order to determine whether EBV-DNA is present in
the tumor cells or in the non-tumor cells in lympho-
epithelioma-like undifferentiated carcinoma tissue, the
terminal structure of EBV-DNA was analyzed. The
genomic DNA extracted from frozen tissues was sub-
jected to Southern blot analysis after BamHI digestion.
BamHI-W fragment, which detects internal repetitive
sequence (IR1), and Xhol 1.9 kb fragment, detecting the
terminal repeat of EBV genomic sequence,'” were used
as probes after P labeling by the random priming
method. Specific hybridization using BamHI-W revealed
that EBV genome (3.3 kb band) was present in tumor
tissue (liver metastasis) but not in non-tumorous liver or
spleen tissue obtained from the same patient (Fig. 3a). In
the latter two tissues, EBV-DNA was also not detected
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Fig. 3. Southern blot analysis demonstrating homogeneous terminal structure of EBV-DNA in tumor
tissue. DNA extracted from cultured cell lines, or fresh autopsy material of “lymphoepithelioma-like”
undifferentiated carcinoma c¢ase was subjected to Southern blot hybridization after BamHI digestion. As
probes, P-labeled BamHI-W (detecting an internal repetitive sequence) and Xhol 1.9 (detecting a terminal
repetitive sequence) fragments were used in (a) and (b), respectively. 1, Raji cell; 2, Ramos cell; 3, 4, and
5; spleen, liver and liver metastatic tissues from the positive case, respectively.

by PCR (data not shown). Xhol 1.9 probe detected a
single band in metastatic liver tumor tissue, indicating a
homogeneous terminal structure of EBV (Fig. 3b). This
result demonstrates a clonal origin of the EBV-infected
cells in the tumor tissue.'” Because immunohisto-
chemical study revealed that infiltrating small lympho-
cytes consisted of mixed B and T lymphocytes (data
not shown), it is unlikely that the lymphocytes ex-
panded clonally. It is concluded, therefore, that the
majority of EBV was integrated in tumor cells. Support-
ing evidence would be obtained if EBV genome were
detected in the tumor cells by in situ hybridization, but
we have not succeeded in this. Although the presence of
viral DNA in tumor cells does not necessarily imply that
the virus is the causative agent of the tumor, our findings
support that possibility.

Our results strongly suggest that it is unlikely that
Japanese thymomas are associated with antecedent EBV
infection. Thus, the present data confirm that thymomas
in Hong Kong are exceptional in terms of association
with EBV.” This may be explained in part by the en-
demicity of EBV in that area, or by the genetic predispo-
sition of the population to EBV infection. However, it is
possible that EBV-DNA detected in TETs and thymic

REFERENCES

1) Leyvraz, 8., Henle, W., Chahinian, A. P., Perlmann, C,,
Klein, G., Gordon, R. E., Rosenblum, M. and Holland,
J. F. Association of Epstein-Barr virus with thymic car-
cinoma. N. Engl J Med., 312, 1296-1299 (1985).

2} McGuire, L. J., Huang, D. P., Teoh, R., Arnold, M.,
Wong, K. and Lee, J. C. K. Epstein-Barr virus genome in

hyperplasia in EBV-endemic areas was present in in-
filtrating lymphocytes, but not in epithelial tumor cells.
In order to exclude this possibility, clonality of EBV-
infected cell populations requires demonstration. Also,
lymphoepithelioma-like undifferentiated thymic carci-
noma must be closely associated with EBV infection,
probably irrespective of EBV-endemicity of the areas.
Although we cannot come to a definite conclusion at
present because of the rarity of such cases, lympho-
epithelioma-like undifferentiated carcinoma seems to rep-
resent a distinct entity in TETSs, from both morphological
and etiological standpoints.

This work was supported in part by Grants-in-Aid for
Cancer Research from the Ministry of Education, Science and
Culture, and from the Ministry of Health and Welfare, Japan.
We are grateful to Professor Kanji Hirai, Tokyo Medical and
Dental University, Tokyo, and also to Professor Toyoro Qsato,
Hokkaido University, Sapporo, for providing the EBV probes.
We thank Drs. Ryuhei Tanaka and Mutsuro Ohira, Depart-
ment of Pediatrics, National Cancer Center Hospital, for pro-
viding clinical information. We also thank Mr. M. Okabe and
Mr. 8. Osaka for their photographic work.

(Received August 20, 1991 /Accepted December 2, 1991}

thymoma and thymic lymphoid hyperplasia. Am. J.
Pathol., 131, 385-390 (1988).

3) Inghirami, G., Chilosi, M. and Knowles, D. M. Western
thymomas lack Epstein-Barr virus by Southern blotting
analysis and by polymerase chain reaction. Am. J. Pathol,
136, 1429-1436 (1990).

129



Jpn. J. Cancer Res. 83, February 1992

4) Goelz, 8. E.,, Hamilton, S. R. and Vogelstein, B. Purifica-
tion of DNA from formaldehyde fixed and paraffin em-
bedded human tissue. Biochem. Biophys. Res. Commun.,
130, 118-126 (1985).

5) Impraim, C. C, Saiki, R. K., Erlich, H. A. and Teplitz,
R. L. Analysis of DNA extracted from formalin-fixed
paraffin-embedded tissues by enzymatic amplification and
hybridization with sequence-specific oligonucleotides. Bio-
chem. Biophys. Res. Commun., 142, 710-716 (1987).

6) Rogers, B. B, Alpert, L. C., Hine, E. A. S. and Buffone,
G. ). Analysis of DNA in fresh and fixed tissue by the
polymerase chain reaction. Am. J. Pathol, 136, 541-548
(1990).

7) Peiper, S. C., Myers, J.'L., Broussard, E. E. and Sixbey,
J. W. Detection of Epstein-Barr virus genomes in archival
tissues by polymerase chain reaction. Arch. Pathol, Lab.
Med., 114, 711-714 (1990).

8) Uhara, H., Sato, Y., Mukai, K., Akao, L., Matsuno, Y.,
Furuya, 8., Hoshikawa, T., Shimosato, Y. and Saida, T.
Detection of Epstein-Barr virus DNA in Reed-Sternberg
cells of Hodgkin’s disease using the polymerase chain
reaction and in situ hybridization. Jpn. J. Cancer Res., 81,

130

272-278 (1990).

9) Levine, G. D. and Rosai, J. Thymic hyperplasia and
neoplasia: a review of current concepts. Hum. Pathol., 9,
495-515 (1978).

10) Dimery, I. W., Lee, J. 8., Blick, M., Pearson, G., Spitzer,
G. and Hong, W. K. Association of the Epstein-Barr virus
with lymphoepithelioma of the thymus. Cancer, 61, 2475-
2480 (1988).

11) Klein, G. The relationship of the virus to nasopharyngeal
carcinoma. In “The Epstein-Barr Virus,” ed. M. A.
Epstein and B. G. Achong, pp. 340-350 (1979). Springer-
Verlag, New York.

12} Saw, D., Lau, W. H,, Ho, J. H. C., Chan, J. K. C. and Ng,
C. S. Malignant Iymphoepithelial lesion of the salivary
gland. Hum. Pathol., 17, 914-923 (1986).

13) Butler, A. E., Colby, T. V., Weiss, L. and Lombard, C.
Lymphoepithelioma-like carcinoma of the lung. Am. J.
Surg. Pathol, 13, 632-639 (1939).

14} Raab-Traub, N. and Flynn, K. The structure of the
termini of the Epstein-Barr virus as a marker of clonal
cellular proliferation. Cell, 47, 883-889 (1986).





