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Abstract

A simian cell line, Si-ITA, harboring Epstein-Barr-virus (EBV) -related herpesvirus (Si-ITA-
EBV), produces malignant lymphoma in rabbits when administered by intravenous inoculation. In
this study, we analyzed the Si-IIA-EBV genome and compared it with human EBV and herpesvirus
macaca fascicularis 1 (HVMF 1 ), which is associated with B-cell lymphoma developing in SIV-
infected immunosuppressed monkeys. DNA from Si-ITA-EBV was amplified by the polymerase
chain reaction using three different primer pairs complementary to human EBV (B95-8) DNA; two
of the primer pairs covered part of the long internal repeat 1 region (IR 1) and the third covered
part of the BRRF 1 region. Direct sequencing of the three PCR products revealed that Si-ITA-
EBV DNA had about 82% nucleotide homology to the human EBV DNA in all three regions and
92.4% homology to HVMFT in the IR1 region. The blotting pattern by Southern blot analysis was
different between Si-IIA-EBV and human EBV.
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Analysis of the Genome of an Epstein-Barr-Virus (EBV)-Related Her-
pesvirus in a Cynomolgus Monkey Cell Line (Si-llA)

Hideo INO, Kazuhiko HAYASHI, Hiroyuki YANAI, Norihiro TERAMOTO, Tirtha Raj KOIRALA, Hong-Li CHEN,
Takashi Oka, Tadashi YOSHINO, Kiyoshi TAKAHASHI and Tadaatsu AKAGI*

Second Department of Pathology, Okayama University Medical School, Okayama 700, Japan

A simian cell line, Si-lIA, harboring Epstein-
Barr-virus (EBV) -related herpesvirus (Si-lA-EBV),
produces malignant lymphoma in rabbits when
administered by intravenous inoculation. In this
study, we analyzed the Si-IA-EBV genome and
compared it with human EBV and herpesvirus
macaca fascicularis 1 (HVMF 1), which is as-
sociated with B-cell lymphoma developing in SIV-
infected immunosuppressed monkeys. DNA from
Si-IA-EBV was amplified by the polymerase chain
reaction using three different primer pairs com-
plementary to human EBV (B95-8) DNA; two of
the primer pairs covered part of the long internal
repeat 1 region (IR 1) and the third covered part
of the BRRF 1 region. Direct sequencing of the
three PCR products revealed that Si-lA-EBV
DNA had about 82 9% nucleotide homology to the
human EBV DNA in all three regions and 92.4 %
homology to HVMF1 in the IR1 region. The
blotting pattern by Southern blot analysis was
different between Si-IA-EBV and human EBV.

Key words: Epstein-Barr virus, HVMF |, lymphoma,

monkey cell line, PCR
S i-IIA is a simian cell line established by cocultivat-
ing Cynomolgus leukocytes with a human T-
lymphotropic virus type-Il (HTLV-II)-producing human
cell line (1, 2). This cell line has been shown to produce
HTLV-II virus and immortalize human T cells in
cocultivation (3, 4). In addition to HTLV-II, Si-ITA cells
harbor herpesvirus particles and express Epstein-Barr
virus (EBV)-encoded RNA-1 (EBER-1) (5). This her-
pesvirus was tentatively named Si-IIA-EBV (5). Si-IIA-
EBV DNA was amplified by polymerase chain reaction
(PCR) using only some primers complementary to human
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EBV sequence, but not others (5). Therefore, Si-IIA-
EBV is closely related to human EBV, but nonetheless
different from it. We found that Si-IIA cells or their
cellfree pellets induced malignant lymphoma in Japanese
white rabbits when inoculated intravenously (5, 6). These
lymphoma cells did not show integration of the HTLV-II
provirus genome, but contained EBV-related DNA.
Si-ITA cells did not contain proviral DNA of simian T-cell
leukemia virus and did not react with antibody-positive
sera against Herpesvirus saimiri or Herpesvirus ateles (6).
This evidence suggests that Si-IIA-induced malignant
lymphomas (ML) are not causally associated with HTT.V-
IT or well-known simian oncogenic viruses (7), but with a
human EBV-related simian herpesvirus, Si-IIA-EBV (5).
Recentlty, it has been reported that B-cell lymphomas
developing in SIV-infected immunosuppressed monkeys
are closely associated with an EBV-related simian her-
pesvirus, herpesvirus Macaca fascicularis (HVMF'1) (8).
In the present study, we analyzed nucleotide sequences of
PCR products amplified from the genome of Si-ITA-EBV
using three primer pairs and compared them with those of

human EBV or HVMF 1 DNA.
Material and Methods

Cells.  Si-IIA cells were used as a source of
EBV-related simian herpesvirus, Si-IIA-EBV. Tumor
cell lines established from Si-IIA-EBV-induced rabbit
malignant lymphoma (6) were also used. B95-8 is an
EBV-producing marmoset cell line and was used as an
EBV-positive control. A human T-cell line, TAILL-1 and
Cynomolgus peripheral blood leukocytes were used as an
EBV-negative control.

DNA isolation from culture supernatants.

* To whom correspondence should be addressed.
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Culture supernatants obtained from 800-1000ml of
Si-ITA  cell culture (5X10° cells/ml) were first
centrifuged at 2,000 g for 30 min to remove cell debris and
then at 100,000 g for 60min to obtain the pellets. DNA
was prepared from the pellets according to the standard
procedures (10).

Polymerase chain reaction. Extracted sam-
ple DNAs were amplified by PCR using the following
three primer pairs: Ws, 5-CCACCTTCATCACCGT-
CGCTGACTCC-3" (B95-8 coordinates 14518 to 14543)
and Was-3, 5-ATGCAACTTGAGGCAGCCTAATC-
C-3’ (14926 to 14949), covering part of the EBV long
internal repeat 1 (IR1) sequence (BamHIW region) (11);
No. 11 sense, 5-ATGAGGAAGGTAATCGCGGA-3
(105662 to 105681) and No. 11 antisense, 5-GGCTCG-
GTTATTTTGGTTCC-3’ (106320 to 106339), covering
part of the EBV BRRF'1 region (5). No. 2 sense, 5-TT-
GTCCAGATGTCCAGGGGT-3’ (13806 to 13826) and
No. 2 antisense, 5-GGACCACTTTATACCAGGGG-
3’ (14345 to 14364 ), also covering part of the EBV IR
1 region. These primer pairs were employed according to
the complete sequences of human EBV (B95-8) (5).
PCR was performed with 500ng of genomic DNA, 20
pmol of each primer, 10mM Tris HCI (pH 8.0), 50mM
KCl, 25mM MgCl 2, 10mM dNTP and 2.5 units of Tagq
polymerase. Amplified PCR products were visualized by
electrophoresis in 0.8 % agarose gels stained with 0.5mg/.
ml ethidium bromide under ultraviolet transillumination.

Southern blot analysis. DNA (1ug) of each
sample was digested with EcoRI or BamHI, electrophor-
esed in 0.8% agarose gels and blotted onto Nylon
membranes. The membranes were hybridized overnight
at 60°C with the PCR-amplified Si-IIA-EBV probes
labeled using the Fluorescein Gene Image Labeling
System (Amersham kit; RPN 3540/3541, Little Cal-
font, Backinghamshire, UK). Hybridization, washing
and detection were performed according to the manufac-
turer’s instructions.

DNA sequencing and sequence analysis.
PCR products were purified on Bio-spin chromatography
columns (BIO RAD, Hercules, CA, USA) and directly
sequenced using the Taq dye deoxy terminator cycle
sequencing kit (Perkin-Elmer, Branchburg, NJ), accord-
ing to the manufacturer’s protocol. The templates were
subjected to 25 cycles of amplification, each cycle consist-
ing of 94°C for 20sec, 50°C for 20sec, and 60°C for 30
min. Subsequent electrophoresis and analysis of the
samples was performed on an ABI 373 A DNA sequencer
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with associated software (Applied Biosystem, Inc., Fos-
ter City, CA, USA). Sequence data were analyzed using
the GENETYX-Mac version 8.0 program, and the
GenBank 91.0 and EMBL 44.0 databases were searched

for nucleotide homology.

Results

PCR of the Si-IIA-EBV DNA, using the primer
pairs Ws and Was-3, No. 11 sense and No. 11 antisense,
and No. 2 sense and No. 2 antisense, amplified the
fragments of 432-bp, 678-bp, 559-bp, respectively (Fig.
1). Southern blot analysis with the labeled PCR product-
probes of IR 1 sequence revealed that Si-IIA pellet DNA
showed the same pattern as DNA from Si-ITA-EBV-

1000 bp
700 b

300 0h

300 bp

100 Bp

Fig. | Electrophoretic analysis of the PCR products of Si-liA
cell-free pelliet DNA using three primer pairs derived from a sequence
of human EBV DNA. Lane |, Ws and Was-3; lane 2, No. || sense
and No. || antisense; lane 3, No. 2 sense and No. 2 antisense.

induced rabbit lymphoma cells (Ra-SLN) but a different
pattern from human EBV of B95-8 cells (FlIg. 2).
Sequence analysis of the products amplified with the
primer pair Ws and Was-3, showed that Si-IIA-EBV
DNA had 81.6 % nucleotide homology to EBV DNA
from B95-8 cells and 92.4 % nucleotide homology to
HVMF1 DNA in the IR1 region (Fig. 3). The PCR
products amplified from the Si-IIA-EBV DNA with the
other primer pairs (No. 11 sense and No. 11 antisense,
No. 2 sense and No. 2 antisense) showed 82.8 % nu-
cleotide homology to B95-8 DNA in the corresponding
region (Figs. 4A, B). The amino acid sequences predict-
ed from Si-IIA-EBV DNA sequences in the BamHIW
region and the BRRF 1 region showed 74 % and 79 %
homology to the respective reported amino acid sequences
of human EBV.
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Fig. 2  Southern blot analysis of EBV-
related DNA digested with EcoRl (a) or
BamHI (b). Probes are the labeled PCR 20 kbp p
products amplified from Si-IA-EBV DNA

using the primer pairs: A, Ws and Was-3; 7 kbp >
B, No. || sense and No. || antisense; C,
No. 2 sense and No. 2 antisense. Lane |, B
95-8; lane 2, Si-liA; lane 3, Ra-SLN; lane
4, TALL-I; lane 5, Cynomolgus PBL.

0.9 kbp b

(a) 1' CCACCTTCATCACCGTCGCTGACTCCGCCATCCAAGCCTAGGGGAGACCCAAACGAAGCC

(b) **************************************#‘*********G##GT****G#
'O) Heokokok ok oKk Rk ok kR kR kR Rk Rk kR ok _ kR Rk _ kR kk__
61' CCCAGACCTTCCAGGCCCGGGCCCCCAGGTCTCGGGCCAGAGGTAAGTGGACTTTCAGTT
**TG****AA**C***#*****t***c***A************************A*T**
Skkkkkkokkokkokok __ *CCGTT************TT#**********#****#*****
121" ATTCTGCTCAGCCCACCACTCCACCACACCCAGGCACACACTACTCACAGCCACCCGTCT
T*******A*****tA****************************A*t**c**********
****#***************************************A***t*******t***
181" CAGGGCCCCTTCGGAGACCTCCTGAGAAGGCGCAGGCACAACAGCCCAGCCGGCGGAGAC
*****Tt**c**t**c*c**#**A##****#A*C#tTCGCC***T#*TA**A*A**G*G*
*****_T*#**********#***#***#**T#*************it*************
241" CCACAGGGACCCACACGCGTTCGCAGGAGGGTCTTCCTTGAAGAAAAAGAACGGCCGGTA
#A*G*___****#G***A**C**T#*A******C**G#CC*GC**G****GGA*GT***#
*****************************************#***G*G**G#*******#
301" AGCGGTCCACCAGTAAGGGTAGGTAACTTCACC--TCCAGGGCCCACATCATGGGAGGCC
#*****T****TTC*G****#A**‘**C*G***TC********T*****A*A#****##T
Aok ok ok ok ok Kok kR ok kR kR Rk ok kokok kR ok ok kR ok _ ok ko kokok ok kokok ok ok ok Rk R ok ok Kok K
359" TAGTGCACACCCTTCTTGCTTTTCACAGGAACCTGGGGTCTAATCCGGGTGGGATTAGGC
***tAT***TG***********#**********#****G***G**T**************

****A*****G*******************************G**

419" TGCCTCAAGTTGCAT

% 3k 3K ok ok ok ok ok ok K kR ok ok

Produced by The Berkeley Electronic Press, 1997

€% kbp
<6 xbp
€4 kbp
<43 kbp

420 kbp
9.5 kbp
6.5 kbp
«45.5 kbp

<49 kbp
¢ kbp
<44 kbp
<43 kbp

Fig. 3  Comparison of the nucleotide
sequences corresponding to a part of the
IRl region of the B95-8 EBV (#14518-#
14949; ref. 5) among Si-lIA-EBV (a), B95
-8 human EBV (b), and HVMF | (e). The
sequences from the 5 end of the Ws
primer region to the 3' end of the Was-3
primer region are shown. Tentative num-
bering starts from the 5" end of the sense
primer. Available sequence data of HVMF
| (c) in the literature (8) is only from #7 to
#403. Identical bases among the three
sequences are shown by asterisks (),
and gaps generated by the computer to
line up these sequences are shown by bars

(=)
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A (a) 1" ATGAGGAAGGTAATCGCGGACGAC-GCCGCAGCGGTTATGCCTCTATNCACTCATCATTA

(b) ********************T*T*T*******T**C********C**G*c***__***G*

60' -AGCGATAC-TGATCTCTCCCACC-GCTCCTGATGGCTTCCGGGCCCAGCGAGGAGCCCT

COR*CHCGHACARCHEFF R kR A S kR THRRRRERGRAK kAR KRR RTRRERKL KKK
117" GCGCCTGGCGCGGTTTCTTTAACCAGGTTGTTCTCTGGACGGTGGCCCTCTGCAAGTTTC

*************G**************CC*C********T*******************

177" ACAGATGCCTCTACTACAACTACATTCAGGGCTCCATAGCCACCCTCACCCAGCTGCTGC

G*******A*T*****T**************A**T*********A**T*******T****

237" ACCTCGAGATCAAGGCCCTCTGCAGCTGGATCATCTCCCAGGAGGGGATGCGCATCTTTC

***************t*#*************A**A********T**C******C******

297" ACCGCAGCAGGCCGCTCCTCACTCTTTGGGA-AATGTGGCTGCCAACCAGGAGGTCACGG
QKA KRR Rk Rk R TRk Rk kokk Ckk (kb GRGUA R Rk (kR TRk ok kb ok ok %

356" GATGCCATCTCCCTGCCANACTGCTCTGAATACATCGACCTCCTGAAGCACACCAAACAC
Fok kR Tk ok kR TG kR Gk kR kK A bRk ARk A Kk okk Kok Rk T
416" ATCCTAAAAAAATTGCCCCNCAGTGCCATATCAATAAAGTCTCCTTACCT---TCTGTTT
GH K THGHR*RR CRRTTHTGRCARKEARRE AR R R R TR (TR A AR GLGRRF KRR
473" GTCTAATCTGGTGTTGTGTCCTCCATGGTATGCTATNACAAAATANGCCGGCTGACATGG

RGRFGRCAKF IR RRKAK KRR CTHRRRR RN RTHRK Rk ok ok (R oR R R Rk kR ok K
G**G*GA T

533" GCTATTGGGCTTTTTATGAACCATTGTCATTGGGCGGGGACAATCGCAATATAAAACCCT

e (7 ok ok ok Tk sk ok sk ok ok Kk k(7 3k 3k ok ok ok ok (D ok ok _dkok ok ok ok _ ke ke dk sk ook e sk ko ok ok ok ok sk ok ok ok ok ok ok ok ok
ATHRCH*T

593" GACCATCACATGGAGCATGAGGCGACTCTGCATCAACATCGCTTCAGGATGAGTGGGCAA

ROk koK kR Ak k ok kR R T ARk Rk R KKOk Ok R R R Rk (R AR R Rk A kR TR Rk Kk ok Rk kok ()

653" CAGGAAGGCTCGGTTATTTTGGTTCC

***AG*********************

B (a) 66' ACGTAAAACGCAANTTGGACTGAGGAGGTGGCCTGGGCAAACGCGAACCCCCCT

(b ok kK kR ok ok __ Gk R Rk ok k ok ok ok _ Kok ok Rk kKo ok kKR R Tk
116" GGGCCONTGACCTTTACTAAATTTCAAGAACAAAAGCCCCTTTCCCTGTTTTAGGGACTT

ARk ok ko k ok GG GHK _GRR R CARR R ARk CR Rk Rk ok (K Rk R GRokk
171" ATTCTTCTTTTCCCCTCTAAAGATAGACGCGGCGCAGCCAACCATAGACCCGTTTCLCT--

Fokk ok kR ook Kook R ook Rk kR ok R CA Rk A kR ok koo Kok ok kR R kR Rk Rk CRRk Rk R (0

231" -GGGTTCA------ GGGCCGCCATTATGCGCACGCGGAGACAAAATGGCGCCCAGATCGC

G**T** *GGCCT**G**************C**G**G****************A_****

290" CTCAAAAGTTTAGATTTTTCGAGTTTTAAAGTCCTCCAGAACTCTAAAGTGTCAGATTTG

R TR K ok Ak ROk Tk ok Kk ok A ok ok ok koK Rk ok oK sk ok ko ok d ok (DR0K0K ROk ok ok kR ok ok ok okok ok ok

350" GGGTCCAAATCACTACCAGAGACTGCCTGCTCCTGTGCCCGCCTCGGGGLTGCCTCTCCL

Aok ook Ok Ok oKk ok ROk ok ok sk kok Tk A ko ok Tk A 3ok ok CA kR 0ok TR Tk skok dkok ko okok ok ok ok ok ok

410" GGCCCTAGACAGGGCTGTCTGACAGGCCCGCCAACTGGGCGCGCATGGCCTGAGTCCCTA

HARATHRARRTOTRRRKCRTHRRGRARRRARTRGTGRRAFHH R IR Rk KAk Rk (R TRk

470' CTTTTAGGGGCTTCTGGGGGGAACTGGGCAGGGGACACGGGE

AR AR (R K KOK R R R K KKK (R (R RO R R TR ROk R K

Fig. 4  Comparison of the nucleotide sequences corresponding to a part of the BRRF | region (A) and a part of the other IR| region (B)
between Si-IA-EBV (a) and B95-8 human EBV (h). In Fig. 4A, the sequences from 5’ end of the No. | sense primer region (#105662) to the
3" end of the No. || antisense primer region (#106339) are shown. In Fig. 4B, only a middle part (475 bp #13872 to #14346, Ref. 5) of the
sequence of the PCR product amplified with No. 2 sense and antisense primers is shown. Tentative numbering starts from the 5’ end of the
sense primer. Identical bases among the three sequences are shown by asterisks (*), and gaps generated by the computer to line up these

sequences are shown by bars (—).

various diseases, such as some non-Hodgkin’s

Discussion lymphomas related or unrelated to immune deficiency,
about half of the cases of Hodgkin’s disease and nasophar-

Primary EBV infection usually results in establish-  yngeal carcinoma (12-21). In a previous study, we found
ment of asymptomatic latency, but occasionally develops  that intravenous inoculation with Si-IIA cells and S-ITA
infectious mononucleosis. EBV is also associated with  cell-free pellets induced ML, in rabbits and that Si-IIA
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cells harbored EBV-related herpesvirus (Si-IIA-EBV)
(6). Absence of an HTLV-II genome in the Si-IIA-
induced tumors excludes the possibility of ML induction
by HTLV-II (5, 6). Therefore, we have concluded that
MLs of rabbits are induced by a kind of EBV-related
herpesviruses derived from Si-IIA cells but not by
HTLV-IL

PCR analysis revealed that DNA of Si-IIA-EBV is
amplified by some primers complementary to human EBV
DNA but not by others (5). In this study, we analyzed
the DNA of Si-IIA-EBV by PCR and Southern blotting
and compared it with human EBV (B95-8) DNA. Direct
DNA sequencing of the three homologous regions
ampliied by PCR showed only about 82 % homology
between Si-IIA-EBV DNA and human EBV (B95-8)
DNA. The Southern blotting profiles of Si-IIA-EBV
DNA were also different from those of human EBV
DNA. On the other hand, it was shown that DNA of
SIHITA-EBV and HVMF1 had an extremely high
sequence homology in the IR1 (BamHIW) region.

HVMF1 is an EBV-like herpesvirus associated with
lymphomas in SIV-infected cynomolgus monkeys (8, 9,
11). The results of sequence analysis of the IR1 region
raised the possibility that Si-IIA-EBV might be a variant
of HVMF'1. However, it is not presently possible to say
that these two herpesviruses belong to the same virus
species because the sequence data of HVMFE1 DNA is
now available only for the IR1 (BamHIW) region,
meaning that the other two regions could not be compar-
ed. Besides HVMF' 1, EBV-related herpesviruses have
been isolated in apes (22-25) and Old World monkeys
including a Cynomolgus monkey (26-30). Information on
genomic sequences of these viruses is not presently
available. Therefore, molecular genetic comparison of
simmian EBV-related herpesviruses including HVMI'1
and Si-IIA-EBV is very difficult. One of these simian
EBV-related herpesviruses from a Cynomolgus monkey
isolated by Fujimoto et al (31) also induced ML in
rabbits. It showed close similarity to Si-ITA-EBV by
comparison of the PCR products of viral DNA in some
homologous regions (unpublished data), although the
monkey serum reacting with this virus-bearing cells did
not react with Si-ITA cells (5). Considering these results,
EBV-related herpesviruses from a Cynomolgus monkey
may be closely related herpesviruses which are
lymphomagenic in rabbits under exprimental conditions.

Acknowledgments. This work was supported in part by a Grant-in-Aid

Produced by The Berkeley Electronic Press, 1997

EBV DNA in Cynomolgus Cell Line 211

for Scientific Research from the Ministry of Education, Science, Sports and
Culture of Japan.

References

I. Miyamoto K, Tomita N, Ohtsuki Y and Kitajima K: Detection of provir-
us in an HTLV-Il producer CD8 T cell line by polymrase chain reaction
combined with digoxigenin-ELISA method. Jpn J Cancer Res (1990) 81,
313-3i6.

2. Miyamoto K, Tomita N, Hayashi K and Akagi T: Transformation of
animal cells with human T-cell leukemia virus type Il. Jpn J Cancer Res
(1990) 81, 720-722.

3. Hayashi K, Ohara N, Fujiwara K, Aoki H, Joen HJ, Takahashi K,
Tomita N, Miyamoto K and Akagi T: Co-expression of CD4 and CD8
associated with elevated interleukin-4 in a cord T-cell line derived by
co-culturing normat humn cord leukocytes and an HTLV-ll-producing
simian leukocyte cell line (Si-llA). J Cancer Res Clin Oncol (1993) 119,
134-141.

4. Ohara N, Hayashi K, Miyamoto K, Tomita N, Fujiwara K, Kondo E,
Takahashi K, Ohtsuki Y and Akagi T: A Human T cell line with an
abnormal trisomy 2 karyotype established by coculture of peripheral
lymphocytes with an HTLV-ll-infected simian leukocyte cell line. Acta
Pathol Jpn (1993) 43, 237-243.

5. Hayashi K, Koirala TR, Ina H, Chen HL, Ohara N, Teramoto N,
Yoshino T, Takahashi K, Yamada M, Miyamoto K, Fujimoto K, Yoshi-
kawa Y and Akagi T: Malignant lymphoma induction in rabbits by
intravenous inoculation on Epstein-Barr virus-related herpesvirus from
HTLV-Il transformed cynomolgus leukocyte cell line (Si-lIA). Int J
Cancer (1995) 63, 872-880.

6. Hayashi K and Ohara N, Koirala TR, Ino H, Chen HL, Temamoto N,
Kondo E, Yoshno T, Takahashi K, Yamada M, Tomita M, Miyamoto
K, Fujimoto K, Yoshikawa Y, Akagi T: HTLV-Il non-integrated malig-
nant lymphoma induction in Japanese white rabbits following intra-
venous inoculation of HTLV-ll-infected simian leukocyte cell line (Si-llA).
Jpn J Cancer Res (1994) 85, 808-818.

7. Fleckenstein B and Desrosiers RC: Herpesvirus simiri and Herpesvirus
ateles; in Herpesvirus, Vol |, Plenum Press, New York and London
(1982) pp253-331.

8. Feichtinger H, Li SL, Kaaya E, Putkonen P, Grunewald K, Weyrer K,
Boiger D, Ernberg |, Linde A, Biberfeld G and Biberfeld P: A monkey
model for Epstein-Barr virus-associated lymphomagenesis in human
aquired immunodeficiency syndrome. J Exp Med (1992) 176, 281~
286.

9. LiSL, Feichtinger H, Kaaya E, Migliorini P, Putkonen P, Biberfeld G,
Middledorp JM, Biberfeld P and Ernberg |: Expression of Epstein-
Barr-virus-related nuclear antigens and B-cell markers in lymphomas
of SIV-immunosuppressed monkeys. Int J Cancer (1993) 55, 605-609.

10.  Maniatis P, Fritsch EF and Sambrook J: Molecular cloning, Cold
Spring Harbor Laboratory, New York (1982) p280.

Il. Li SL, Biberfeld P and Ernberg I: DNA of lymphoma-associated
Herpesvirus (HVMF |) in SlV-infected monkeys (Macaca fascicularis)
shows homologies to EBNA-I, -2 and -5 genes. Int J Cancer (1994) §9,
287-295.

2. Henle W and Henle G: Epstein-Barr virus and infectious mononu-
cleosis. N Engl J Med (1973) 288, 263-264.

3. Ambinder RF and Mann RB: Detection and charactarization of Epstein-
Barr virus in clinical specimens. Am J Pathol (1994) 145, 239-252.

4. Fukayama M, Ibuka T, Hayashi Y, Ooba T, Koike M and Mizutani S:
Epstein-Barr virus in pyothorax-associated pleural lymphoma. Am J
Pathol (1993) 143, 1044 1049.

5. Hamilton-Ditoit SJ, Pallesen G, Franzmann MB, Karkov J, Black F,



212

20.

21.

22.

23.

Acta Medica Okayama, Vol. 51 [1997], Iss. 4, Art. 4

INO ET AL.

Skinhoj P and Perdersen C: AlDS-related lymphoma: Histopathology,
immunophenotype and association with Epstein-Barr virus as demon-
strated by in situ nucleic acid hybridization. Am J Pathol (1931) 138,
149-163.

Hararson S, Anderson ME and Lutz CT: Presence of Epstein-Barr
virus in many types of benign and malignant lymphoid lesions:
Detection by polymerase chain reaction and in situ hybridization.
Diagn Mol Pathol (1994) 3, 22-31.

Chang KL, Chen YY, Shibata D and Weiss LM: Description of an in
situ hybridization methodology for detection of Epstein-Barr virus RNA
in paraffin-embedded tissues with survey of normal and neoplastic
tissues. Diagn Mol Pathol (1992) 1, 246-255.

Pallsen G, Hamilton-Ditoit SJ, Rowe M, Lisse I, Ralfkiaer E, Sandvej
K and Young LS: Expression of Epstein-Barr virus replicative proteins
in AIDS-related non-Hodgkinls lymphoma cells. J Pathol (1991) 165,
289 299.

Weiss LM, Chen YY, Liu XF and Shibata D: Epstein-Barr virus and
Hodgkinls disease. Am J Pathol {1991) 139, 1259 1265.

Teramoto N, Akagi T, Yoshino T, Takahashi K and Jeon HJ: Direct
detection of Epstein-Barr virus DNA from a single Reed-Sternberg cell
of Hodgkinls disease by polymerase chain reaction. Jpn J Cancer Res
(1992) 83, 329 333.

Niedobitek G, Young LS, Sam CK, Brooks L, Prasad U and Rickinson
AB: Expression of Epstein-Barr virus genes and of lymphocyte activa-
tion molecules in undifferentiated nasopharyngeal carcinomas. Am J
Pathol (1992) 140, 879-887.

Ablashi DV, Gerber P and Easton J: Oncogenic herpesviruses of
nonhuman primates. Comp Immunol Microbiol Infect Dis (1979) 2, 229
-241.

Landon JC, Elis LB, Zeve VH and Fabrizio DP: A Herpes-type virus in
cultured leukocytes from chimpanzees. J Natl Cancer (1968) 40, (8l
-186.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 51/iss4/4

24.

25.

26.

27.

28.

29.

30.

3.

Acta Mep Okavama Vol. 51 No. 4

Neubauer RH, Rabin H, Strand BC, Nonoyama M and Nelson-Rees
WA: Establishment of a lymphoblastoid cell line and isolation of an
Epstein-Barr virus of gorila organ. J Virol (1979) 31, 845-8438.
Rasheed S, Rongey RW and Bruszweski J: Establishment of cell line
with associated Epstein-Barr-like virus from a leukemic orangutan.
Science (1977) 198, 407-409.

Agrba VZ, Yokovleva LA, Lapin BA, Sangulija IA, Timanovskaya VV
Makarjan DS, Cuvirov GN and Salmanova EA: The establishment of
continuous lymphoblastoid suspension cell cultures from hematopoietic
organs of baboon (Papio hamadryas) with malignant lymphoma. Exp
Patho! Bd (1975) 10, 318 332.

Bocker JF, Tiedmann KH, Bornkamm GW and zur Hausen H: Char-
actarization of an Epstein-Barr virus-like virus from African green
monkey lymphoblasts. J Virol (1980) (01, 292-295.

Falk L, Deinhardt F, Nonoyama M, Wolfe LG and Bergholz C: Prop-
erties of baboon lymphotropic herpesvirus related to Epstein-Barr
virus. Int J Cancer (1976) 18, 798 807.

Heberling RL, Bieber CP and Kalter SS: Establishment of a lympho-
blastoid cell line from a lymphomatous cynomolgus monkey; in
Advances in Comparative Leukemia Resesach, Elsevier North Holland
Inc, New York (1981) pp385-385.

Lain BA, Veovodin AF and Yokovleva LA: The biology of lymphotropic
baboon herpesvirus (HVP) and its association with malignant
lymphoma; in Advances in Comparative Leukemia Research, Elsevier
North Holland Inc, New York (1981) pp395-397.

Fujimoto K, Terato K, Miyamoto J, Ishiko AH, Fujisaki M, Cho F and
Honjo S: Establishment of a B-lymphoblastoid cell line infected with
Epstein-Barr-related virus from a Cynomolgus monkey (Macaca fas-
cicularis). J Med Primatol (1990) 19, 21 30.

Received January 10, 1997; accepteol March 21, 1997,



