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Rearranged Epstein-Barr Virus Genomes and Clonal Origin in
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Epstein-Barr virus (EBV) is known to be associated with two malignant diseases, nasopharyngeal
carcinoma (NPC) and endemic Burkitt’s lymphoma. In this study, the genomes of EBV in biopsy
specimens from 4 NPC patients in Japan were analyzed using Southern blot hybridization. The NPC
tissues of all examined cases confained rearranged EBV genomes whose BamHI H fragments were
larger than those of prototype EBV genomes. One of them had a BamHI fragment containing
contiguous sequences of BamHI Y and H. A single-sized EBV DNA terminus was observed in these

NPC tissues, implying the evolution of the carcinoma from a single EBV-infected cell,
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Nasopharyngeal carcinoma (NPC) is the most fre-
quent cancer in adult males in southern China. However,
NPC patients are less common in Japan, and their clini-
cal symptoms are somewhat different from those of
Chinese patients with NPC. For example, the size of the
tumor in Japanese is much smaller than that of Chinese.
The detection of Epstein-Barr virus (EBV) genomes in
NPC tissues has been reported by several workers.”™
Raab-Traub and Flynn described clonal proliferation of
NPC based on detection of the terminal structure of EBV
DNA.* However, very little is known about the precise
role of EBV in the pathogenesis of NPC. In this commu-
nication, we report the detection in NPC tissues of
rearranged EBV DNA which is of monoclonal origin.

Four male patients clinically diagnosed as NPC had
histopathologically non-keratinized squamous cell carci-
noma (patients Izu and Tan) and undifferentiated carci-
noma (patients Tak and Har). These patients were ad-
mitted to the Center for Adult Diseases, Osaka, in 1988.
Their clinical diagnosis and titers of antibody to EBV are
summarized in Table I. The histopathology of these
tumors was evaluated according to the WHO classifica-
tion. TNM classification and stage grouping of NPC
were based on the UICC classification (1978). In addi-
tion to NPC, 2 cases (Mur and Kon) of non-epithelial
malignant tumors of the nasopharynx were included for
the comparison with NPC. The four NPC patients were
treated with 60-70 Gy of X-ray irradiation and all the
tumeors disappeared, indicating that there was no marked
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difference in X-ray sensitivity among these patients.
Antibody titers to viral capsid antigen (VCA) and early
antigen (EA) of EBV was determined using commercial
slides (Wako Pure Chemicals, Osaka) by an indirect
immunofluorescence method. High titers of IgA anti-
body specific to VCA and IgG antibody specific to diffuse
and restricted EA were detected in sera from the NPC
patients, whereas the titers of these antibodies were low
in sera from the patients with non-epithelial malignant
diseases. Since antibody responses to EBV nuclear anti-
gen(EBNA)1 and EBNA2 were reported to differ in
cases of chronic active EBV,” antibody titers to these
antigens were examined using cell lines expressing
EBNA1 or EBNA2 by a streptavidin-biotin indirect im-
munofluorescence method. These cell lines were estab-
lished in our laboratory by transfecting NIH 3T3 cells
with recombinant pZip-Neo-SV(X)1/EBV DNA
plasmids containing the coding region for EBNA1 or
EBNA2 (obtained from E. Kieff, Harvard University).®
Antibody titers to EBNA1 and EBNA2 were detected
in sera from all four NPC patients and the two patients
with non-epithelial malignant diseases. However, anti-
EBNAI1/anti-EBNAZ2 ratios did not appear to be related
to the clinical symptoms of NPC.

To examine the presence of EBV DNA in these tumor
tissues, DNAs extracted from NPC tissue specimens and
EBYV genome-positive Raji and B95-§ cells were subjected
to Southern blot hybridization as described previously.”
The EBV DNA probes used were derived mostly from
our pBR322-EBV (B95-8 strain) DNA recombinant
library (Hirai, unpublished). The locations of these frag-
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Table I. Clinical Diagnosis and Antibody Titers to EBV Antigen in NPC Patients
. Histologv® Antibody titer
Patient Tumor? — ———O8 VCA EA  EBNAI EBNAZ
(age) T NM §
IgA IgG IgM IgG IgG IgG
NPC
Izu (17} NSC 4 3 0 4 160 160 <10 320 640 640
Tak (23) ucC 3 304 320 320 <10 320 1280 80
Tan (79) NSC 210 3 160 1280 <10 160 1280 80
Har (40) uc 4 00 4 80 320 <10 640 320 160
Control
Mur (38) ML - — 1 10 160 <10 i0 80 640
Kon (35) PC - - — <10 160 <10 <10 320 160

a) NSC, non-keratinized squamous cell carcinoma; UC, undifferentiated carcinoma; ML, malignant

Ilymphoma; PC, plasmacytoma.

b) TNM classification (T, N, M) and stage grouping (§) according to the UICC classification.

ments on the EBV genome are indicated in Fig. la. The
recombinant plasmids pM-BamH2 and pJ-HKA7 used
for the determination of EBV type A and type B, respec-
tively, were donated by G. W. Bornkamm.®

EBV DNAs were detected in all four NPC specimens
(Fig. 1b) but not in non-epithelial tumors (data not
shown) by Southern blot hybridization with **P-labeled
BamHI C, E, H and M fragments. Of these fragments,
the BamHI E and H fragments in NPC EBV DNA
appeared to be smaller and larger, respectively, than
those in Raji EBV DNA. Since the BamHI E in EBV
producer B95-8 cells was reported to contain additional
DNA sequences which were deleted in latent Raji EBV
DNA,® the smaller size of BamHI E in NPC EBY DNA
may account for the replication defect in these latent
viral DNAs. To confirm the sizes of BamHI H fragments
in these NPC EBV DNAgs, the labeled probe DNA was
removed from the same blotted filter and then re-
hybridized with EBV A type specific pM-BamH2 DNA
containing the carboxyl-terminal portion of EBNA2
gene® located on the BamHI H of EBV DNA (Fig. la
and ¢). The bands identified as a BamHI H fragment in
Fig. lc are marked with a closed circle in Fig. 1b. The
sizes of BamHI H fragments for Izu, Tan, Har and Raji
were 6.1, 8.0, 7.0 and 5.9 kilobases (kb), respectively.
The BamHI H of Tak EBV DNA was not well detected
with the probe DNA, probably due to the small amount
of EBV DNA. However, the size of BamHI H of Tak
EBV DNA was estimated to be 6.1 kb from the faint
band marked with an open circle in Fig. 1b. In contrast,
these BamHI H bands of NPC EBV DNA were not
detected with the pJ-HK A7 DNA probe specific to EBV
type B (data not shown). These results also indicate that
NPC tumor tissues from at least three patients (Izu, Tan
and Har) contain type A specific EBV DNA. As shown

in Fig. 1d, we also detected the BamHI W and Y se-
quences of EBY DNA in these NPC tumor tissues.
Although the BamHI W and Y fragments of Tak EBV
DNA may not be seen in Fig. 1d, these fragments with
the same size as the EBV DNAs in NPC tissues from Izu
and Har and prototype EBV DNAs in B95-8 and Raji
cells were faintly detectable in the original X-ray film. It
is noteworthy that these probes hybridized to BamHI W
and a fragment of 8.0 kb in BamHI digests of Tan EBV
DNA. Since the 8.0 kb fragment can be hybridized with
a pM-BamH2 probe (Fig. 2c) and BamHI Y (data not
shown), it is probably a fused fragment of BamHI H (5.9
kb) to BamHI Y (1.8 kb) of a prototype EBV (B95-8)
DNA. During the preparation of this paper, we learned
that Fahraeus er al had also found the 8.0 kb fused
fragment in BamHI digests of EBV DNA from three
cases of Chinese NPC.,'"”

To investigate the clonality of NPC malignancy, the
structure of the fused EBY DNA termini in these NPC
tumor tissues was examined using Southern blot hybrid-
ization with **P-labeled terminal fragment of EBY DNA
(Fig. 2). The probe DNA containing the terminal repeats
(Fig. 2a) was created by subcloning a 7 kb EcoRI-
BamHI fragment from the fused termini EcoRI D-I, Jhet
(donated by E. Kieff)'" into the BamHI and EcoRI sites
of the plasmid vector pSV2-neo. This probe DNA
hybridized to the heterogenously sized BamHI Jhet and
Hhet of B95-8 EBY DNA, and to a single band, BamHI
A end, representing the fused termini of the circular
plasmid EBY DNA in Raji cells (Fig. 2b and c), as
reported by Raab-Traub and Flynn.* Only one fused
terminal fragment was detected with the probe in BamHI
digests of EBV DNA from all four NPC tissues (Fig. 2
¢). However, the sizes of these fragments varied among
these tumor specimens, because of the variable number of
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Detection of EBV DNA in NPC biopsies. {a) The physical structure of the EBV genome is indicated in the top

line. The EBV genome is divided into five domains with unique sequences (UJ1-5) bounded by direct tandem repeats
located at the termini (TR} and at internal sites (IR1-4). The locations of EBV BamHI fragments used as hybridization
probes are shown below. (b—d} The BamHI digests of total DNAs from NPC tissues (Iz, Izu; Tk, Tak; Tn, Tan; Ha, Har),
Raji cells (Ra) and B95-8 cells (B9) were subjected to Southern blot hybridization with (b) BamHI C, E, H and M, (c)
pMBamH2 and (d) BamHI W and Y. Closed and open circles in (b) indicate the BamHI H-derived bands and closed
circles represent the bands identified by hybridization in (c). Mr in (b) and (d) represents the DNA molecular weight
marker I (Nippon Gene Co., Ltd., Toyama). The sizes of marker DNA fragments are indicated in kb on the right sides

of the panels in this figure.

terminal repeats of the plasmid DNA in each specimen.
This result indicates that each NPC tissue has one form
of the joint termini of the EBV genome, representing a
monoclonal origin of these NPC in Japan,

Thus, the NPC tissues in all cases examined contained
rearranged EBV genomes in comparison with the proto-
type EBV DNA. The rearrangement could be classified
into two groups, A (Tan and Har) and B (Izu and Tak),
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because the size of the BamHI H derived fragment from
group A is larger than that from group B (Fig. 1c). In
addition, group A patients showed somewhat different
clinical characteristics from group B patients. Patient
Tan had double cancers (NPC and thyroid adeno-
carcinoma) while patient Har had a flat tumor with
diffuse invasiveness. In contrast, the group B patients had
a typical small-sized NPC tumor. These results suggest a
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Fig. 2. Analysis of EBY DNA termini in NPC biopsies. (a) Circular form of the EBV genome and the fused terminal
BamHI A end detected with a terminal 7.0 kb BamHI (B)-EcoRI (E) fragment. Abbreviations for repeats are as indicated
in Fig, 1. (b) Linear form of B95-8 EBV DNA and the terminal BamHI J, Nhet fragments. (c) Southern blot
hybridization of NPC EBV DNA with *P-terminal fragment of EBY DNA. Abbreviations for the BamHI digests of total
DNA from NPC biopsies and the size markers are as indicated in Fig. 1.

tight association of EBV with NPC in Japan. However,
more NPC specimens must be examined for the structure
of EBV DNA to determine whether the rearranged EBV
DNA is associated with specific clinical characteristics of
NPC.

In addition to a study on the monoclonal origin of
NPC,? the clonal pathogenesis of EBV-related diseases
has been investigated in several laboratories, and findings
include the oligoclenal or monoclonal origin of B-cell
lymphoma,'* ™ polyclonal B-cell lymphoproliferation of
infectious mononucleosis'” and monoclonal T-cell
lymphoproliferation.'® It is noteworthy that cell popula-
tions involved in the acute phase of virus infection are
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