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The Epstein-Barr virus (EBV)-encoded latent membrane protein 1 (LMP1) is essential for B
lymphocyte transformation, and activates NF-kB transcription factor in lymphocytes. LMP1
genes were isolated and sequenced from three type 1 isolates (SNU-321, SNU-538, and SNU-1103)
and a type 2 isolate (SNU-20), all derived from Korean cancer patients, to assess sequence vari-
ations in the LMP1 of Korean EBV isolates. Sequence analysis revealed that the SNU-1103 and
SNU-20 LMP1 genes were nearly identical to that of the prototype B95-8 type 1 EBV strain, with
98% and 96% identities at the nucleotide and protein level, respectively. The SNU-321 and SNU-
538 type 1 LMP1 genes both had a G to T substitution at nucleotide position 169,426, resulting
in the loss of a Xhol site, and a carboxy-termina 30 base pair deletion (position 168,287-168,256),
indicating they were variant LMP1 genes, as initially described in a Chinese nasopharyngeal
carcinoma-derived EBV isolate (CAO). These two variant LMP1 genes shared more sequence
variations than the SNU-20 and SNU-1103 IMP1 geres presumably associated with the LMP1
Xhol polymorphism, and showed 96% and 94% sequence identities, respectively, at the nu-
cleotide and amino acid level to respective sequences of B95-8. There were consistent variations
between all four isolates and B95-8, including 8-amino acid changes (B95-8 residues 85, 122, 129,
222, 309, 312, 334, 338, and 366) and a 5-amino acid deletion in the carboxy-terminal third 11-am-
ino acid repeat. Transfection of each of these cloned LMP1 genes into Jurkat cells resulted in
tenfold stimulation of NF-xB activity, confirming functionality of LMP1 proteins expressed from
these genes. Taken together, these results indicate that there is a high degree of overall con-
servation in sequences of LMP1 between different EBV isolates, yet the distinct sequence vari-
ation patterns are consistent with the notion that there are at least two distinct LMP1 variants.
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LMP1 variant

Epstein-Barr virus (EBV) infection of B lympho-
cytes in vitro results in a latent infection, and in-
fected cells become immortalized or growth-tran-
sformed into indefinitely proliferating lymphoblas-
toid cell lines (LCLs). In LCLs, a limited set of vi-
ral gene products, the so-called latent proteins, are
actively expressed. The set includes six EBV-en-
coded nuclear antigens (EBNAI, -2, -3A, -3B, -3C,
and -LP) and three latent membrane proteins
(LMP1, -2A, and -2B)(7). In addition to the latent
proteins, LLCLs also show abundant expression of
small non-polyadenylated RNAs, EBER1 and 2. Ty-
pe 1 and type 2 EBV strains coexists in all human
populations. The two EBV types maintain charac-
teristic-sequence differences in EBNA2, -3A, -3B,
and -3C (6, 32).

LMP1, encoded by the BNLF1 open reading
frame of EBV (1), is an integral membrane pro-
tein of 386 amino acids, with a short amino-ter-
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minal cytoplasmic domain, six hydrophobic mem-
brane-spanning helices, and a long carboxy-ter-
minal cytoplasmic domain. LMP1 is essential for
EBV-mediated B cell transformation (15) and is
the only EBV latent protein that has oncogenic ac-
tivity in rodent fibroblast cell lines (2, 26, 38). In
EBV-negative B lymphoma cells, LMP1 activates
NF-xB (8, 12, 25, 30) and induces most of the
changes associated with EBV infection, including
the increased expression of activation markers,
adhesion molecules, and Bcl-2(9, 39). Expression
of LMP1 in epithelial cells causes morphological
transformation and inhibits differentiation (11).
LMP1 is expressed in most EBV-associated hu-
man malignancies, including lymphoproliferative
diseases, Hodgkin disease (HD), and nasopharyn-
geal carcinoma (NPC), suggesting that it may be
important in the pathogenesis of these tumors
(27). Recent genetic and biochemical analyses of
the LMP1 gene have led to a model in which
LMP1 is a constitutively activated TNFR(tumor
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necrosis factor receptor)-like membrane receptor
that signals through its carboxy-terminal cytopla-
smic domain(14, 16). LMP1 aggregates in the
membrane without an exogenous ligand. Aggre-
gation, presumably mediated by six hydrophobic
transmembrane-spanning domains, is essential
for LMP1's transforming activity and NF-xB ac-
tivation (26).

Sequence analyses of the LMP1 genes in EBV
strains (CAO and C1510) in Chinese and Taiwa-
nese NPC specimens have initially defined a vari-
ant LMP1 gene, characterized by a 30-base pair
(bp) or 10-amino acid deletion in the carboxy-ter-
minal tail and the loss of an Xhol site in exon 1
of the gene due to a change from G to T (position,
168,426)(4, 10). Transfection studies have shown
that the CAO- and C1510-LMP1 genes are more
tumorigenic and less immunogenic than the pro-
totype B958 LMP1 in a murine model system (36).
Furthermore, Li et al. (23) showed that in-
troduction of the 30-bp deletion into B95-8 LMP1
increases the transforming activity of the protein.
These findings have prompted a search of the 30-
bp deletion in various EBV associated tumors (13,
17, 18, 19, 20, 22, 24, 33, 34, 36) and have led to
claims that the NPC-like LMP1 variant may be
associated with aggressive forms of HD (18).
However, studies have shown that the LMP1 dele-
tion is also carried in EBV isolates from normal
healthy carriers at a frequency similar to that ob-
served in EBV-associated tumors (13, 17). Thus,
the role of this deletion in the pathogenesis re-
mains obscure.

Little is known about variations in sequences of
the LMP1 genes in EBV strains in Korea. We
have recently isolated 17 EBV isolates from a
panel of 17 Korean patients with non-EBV-as-
sociated cancers (35). Polymerase chain reaction a-
nalyses for the Xhol site polymorphism and 30-bp
deletion in the LMP1 gene revealed that of the 16
isolates analyzed, 11 carry a Chinese NPC-like
variant LMP1 gene with the 30-bp deletion and
the loss of the Xhol site, 2 with the 30-bp deletion
only, and 2 without these variations (Cho and Lee,
unpublished data). Thus, the results indicate that
the 30-bp deleted variant may be prevalent in
Korea. In this study, to reveal sequence variations
in the LMP1 genes of Korean EBV isolates, the
LMP1-coding regions were cloned from 2 type 1
EBV isolates with the NPC-like variant LMP1
gene, and a type 1 and type 2 isolate, both with
the prototype B95-8-like LMP1 gene. Their nucleo-
tide and deduced amino acid sequences were com-
pared with those of B95-8 and Chinese NPC EBV
isolates.
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Materials and Methods

EBYV isolates and cell lines

Spontaneous B lymphoblastoid cell lines har-
boring EBV isolates (SNU-20, SNU-321, SNU-538,
and SNU-1103) were derived from Korean cancer
patients as previously described by Lee et al. (21).
SNU-321, SNU-538, and SNU-1103 are EBV-1 iso-
lates and SNU-20 is an EBV-2 isolate. BJAB is an
EBV-negative Burkitt's lymphoma cell line. B95-8
is a mammorset B-LCL carrying the prototype B95-
8 type 1 strain. Jurkat is a T-leukemia cell line.
All cell lines were maintained in RPMI1640 medi-
um (Sigma) supplemented with 10% heat-inac-
tivated FBS (GIBCO) and 2~3 png/ml of gentamycin
(Sigma), and were passaged every 4 days at 3x 10°
cells/ml.

Cloning and sequencing of the LMP1 genes

Polymerase chain reaction was carried out as des-
cribed by Shim et al. (35) to amplify the entire LMP
1-coding regions from cell DNA samples of LCL car-
rying EBV isolates (SNU-20, SNU-321, SNU-538,
and SNU-1103) and B95-8, using Vent polymerase
(New England Biolab) and primers that targeted 5'-
and 3'-untranslated regions of the LMP1 gene. The
primers used were 5-CGGAATTCCTCAACTGCCTT-
GCTCCT-3'(B95-8 EBV coordinates, 169,509-169,492)
and 5-CGGGATCCAGTTAAGGTGATTAGCTAA-3'
(168,085-168,065). Letters underlined are extra se-
quences which introduce an EcoRI or BamHI re-
cognition site. Amplified LMP1 gene DNAs (1.45 kb)
were purified by electrophoresis on a 1% low-melting
point agarose gel (FMC, USA) followed by extraction
with phenol and with phenol/chloroform (1:1). Pu-
rified DNAs were then digested with BamHI and
EcoRI and cloned into the corresponding sites of
pUC19 for sequencing analysis and of pSG5, a SV40
early promoter-based mammalian expression pla-
smid vector, to yield the expression plasmids for
SNU-20 LMP1, SNU-321 LMP1, SNU-538 LMP1,
and SNU-1103 LMP1. Sequencing of all cloned LMP
1 genes was carried out using the T7 Sequenase ver-
sion 2.0 DNA sequencing kit (Amersham Life Sci-
ence) and o-"S-dATP. Determined sequences were
then analyzed using the DNAsis programs.

Transient expression and Western blot assays
The resulting LMP1 expression plasmid (3pg)
was electroporated into 8x 10° BJAB cells at 200V/
960 microfaradays at room temperature using the
Bio-Rad Gene Pulser, as previously described (39).
Cells were harvested 48 h post-transfection in 400
ul of a lysis buffer containing 40 mM Tris-HCl, pH
7.0, 1.4% SDS, 7% glycerol, and 0.01% bromop-



132  Cho et al.

henolblue. For Western blot assay, proteins in the
cell lysates corresponding to 4x 10° cells were resol-
ved on a 10% SDS-polyacrylamide gel and blotted
onto nitrocellulose membrane (Amersham Life Sci-
ence, England). LMP1 expression was detected by
incubation with the anti-LMP1 mAbs CS.1-4 (Novo-
castra, UK) and then with alkaline phosphatase-
conjugated goat anti-mouse IgG (Jackson Labora-
tory, USA) followed by a standard color reaction us-
ing BCIP (5-bromo-4-chloro-3-indolyphosphate) and
NBT (nitroblue tetrazolium) (Sigma).

NF-xB activation assay

Jurkat cells (8x10°) were co-transfected as des-
cribed above with 3pg of the LMP1 expression
plasmid and 3pg of a luciferase reporter plasmid,
3X-kB-L or 3X-mutkB-L, along with a B-galactosi-
dase expression plasmid, pHBAPr-1-fgal (5), as an
internal control. The two luciferase reporters (25)
contain a firefly luciferase gene under a minimal fos
promoter with three copies of either the histo-
compatibility complex (MHC) class I kB element (T'G-
GGGATTCCCCA) or its mutated counterpart (TGC-
GGATTCCCGA). Cells were harvested 48 h after
transfection in 250 ul of a reporter lysis buffer (Pro-
mega). The luciferase activity was measured in a lu-
minometer (Turner Designs, USA) by mixing 100 ul
of luciferase assay substrate (Promega) and 10 pl of
the cell lysate, and integrating light release for 15 s.
B-Galactosidase activity was determined as previo-
usly described by Rosenthal (28). The luciferase ac-
tivity in each sample was normalized for variations
in transfection efficiency represented by the B-galac-
tosidase activity.

Results and Discussion

To reveal sequence variations in the LMP1 genes
of Korean type 1 and type 2 EBV strains, the en-
tire LMP1-coding regions were cloned by PCR am-
plification from three EBV-1 isolates (SNU-321,
SNU-538, and SNU-1103) and an EBV-2 isolate
(SNU-20), after which their DNA sequences were
determined. The complete nucleotide and predicted
amino acid sequences of the LMP1 genes from
these four isolates are presented in Fig. 1 and 2,
and are aligned with the respective LMP1 se-
quences of the prototype type 1 EBV strain, B95-8.

The B95-8 EBV-1 LMP1 gene consists of three ex-
ons which are predicted to encode 386 amino acids
(1). Both the SNU-1103 EBV-1 and SNU-20 EBV-2
LMP1 coding sequences were shorter than the B95-
8 LMP1 coding sequence by 15-bp and thus would
encode a LMP1 protein that is shorter by 5 amino
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acids. The 15-bp deletion resulted in the absence of
a 5-amino acid (aa) unique sequence (HDPLP) that
disrupts the third 11-amino acid repeat sequence
in the B95-8 LMP1. In addition to the deletion,
there were 20 and 21 nucleotide substitutions in
SNU-20 and SNU-1103, respectively. Of these chan-
ges, 16 including 12 identical changes resulted in
amino acid substitutions in both isolates (Fig. 2).
Thus, overall, the SNU-1103 type 1 and SNU-20
type 2 LMP1 genes had the same level of nucleo-
tide and amino acid sequence identity (98% and
96%, respectively) relative to the B95-8 counterpar-
ts. The results are consistent with a previous re-
port by Sample et al. (31) that the sequences of
type 1 and 2 EBV strains were nearly identical, un-
like the EBNA2 and EBNAS3 family genes (32).
With the exceptions of a glutamine to glutamic
acid substitution at residue 322 and a glutamine to
arginine substitution at residue 334 in the carboxy
terminal region, the remaining changes were re-
latively conservative.

Previous PCR analysis (Cho and Lee, manuscript
in preparation) indicated that SNU-321 and SNU-
538 carried a variant LMP1 gene characterized by
loss of an Xhol site in the first exon and a carboxy-
terminal 30-bp deletion, as originally described in
Chinese NPC EBYV isolates (4, 10). As expected, the
sequence analysis confirmed that the loss of the
Xhol site was due to a G-to-T mutation at nu-
cleotide position 168,426 and the presence of the
carboxy-terminal 30-bp deletion (168,287 to 168,
256) (Fig. 1). There was the same 5-bp deletion in
the carboxy-terminal 33-bp repeat region that was
found in the SNU-20 and SNU-1103 LMP1 genes.
However the SNU-321 and SNU-538 LMP1 genes
had three and five perfect 33-bp repeats, respec-
tively, compared with four copies in the B95-8
LMP1. Thus, the predicted SNU-321 and SNU-538
LMP1 proteins would be shorter than the B95-8
counterpart by 26 and 4 amino acids, respectively.
In addition to these variations, the SNU-321 and
SNU-538 LMP1 genes had 43 and 45 nucleotide
changes (40 of which were identical), leading to 23
and 25 amino acid substitutions, respectively (Fig.
2). Twenty of the amino acid changes were due to
identical nucleotide changes. Overall, the identity
between SNU-321 and B95-8 was approximately
96% and 94% at the nucleotide and amino acid lev-
el, respectively, and that between SNU-538 and B
95-8 was 96% and 94%. Nonconservative amino
acid changes occurred in both isolates at residues
13 (Arg to Pro), 17 (Arg to Leu), 46 (Asp to Asn),
150 (Asp to Ala), and 334 (GIn to Arg). Occasional
nonconservative changes were also detected at resi-
dues 82 (Cys to Asp in SNU-321; Cys to Gly in
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Fig. 1. Alignment of EBV DNA sequences, which enconpass the entire LMP1-coding region, from the SNU-20 type 2 and
SNU-321, SNU-538, and SNU-1103 type 1 EBV isolates derived Korean cancer patients and also from CAO Chinese (10)
and C1510 Taiwanese NPC isolates (10), with respect to the corresponding sequence of the B95-8 type 1 prototype strain.
The primers used for PCR amplification of the above DNA from Korean EBV isolates are indicated by arrows. Letters in
bold are the translation initiation and stop codons for the LMP1 gene. A Xhol recognition site in exon I of the gene is und-
erlined. Introns are bracketed by lines. Hyphens (~) and asterisks (*) indicate identical and deleted sequences, respec-

tively.
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Fig. 1. Continued



Vol. 36, No. 2 Sequence Analysis of the Latent Membrane Protein 1 Genes of Epstein-Barr Virus Isolates in Korea 135
r ™ 1 . I ™ 11 . | TM 111 |
gﬁg;g 1 MEHDLERGPPGPRRPPRGPPLSSSLGLALLLLLLALLFWLYIVMSDWTGGALLVLYSFALMLIII ‘I LIIFIFRRDLLCPLGALCILLLMITLLLIALWNL
SNU1103 L
SNU321 P—-L I N G-D
SNU538 P——-L I N G-G
C1510 R P-—L 1 N N G-G
CAO —=R——-SA--SAP—-L 1 G-G
I T™_IV . r MY . I M VI .
101 HGQALFLGIVLFIFGCLLVLGIWIYLLEMLWRLGATIWQLLAFFLAFFLDLILLIIALYLQQNWWTLLVDLLWLLLFLATLIWMYYHGQRHSDEHHHDDS
L I M
L I M
Y——L L—F—1I 1 A M T
Y-—L L—F--1 I A M T
Y L—3*—1 I A M P—-T
Y F F—-1 L I A M P--T
201 LPHPQQATDDSGHESDSNSNEGRHHLLV%GAGDGPPLCSQNLGAPGGGPDNGPQDPDNTDDNGPQDPDNTDDNGPHDPLPQDPDNTDDNGPQDPDN’I’DDN
S XXX
V-—<—=8 *XXXXX
S X XXX (23323283
S XXX
V--S: TEEXX
S TEXXTE
301 GP*ssxzxsssxssxxsssssssxrzsxssss '**HDPLPHSPSDSAGNDGGPPQLTEEVENKGGDQGPPIMI’DGGGGl-!Sl-ﬂ)SGHGGGDPHLPTLLLGSS
et 222223323 2333323322322333232 32234 I T
e EEEEEEEEEEEKENSEELELTIAIIRETRLE }1 E———-I H R S R T-
bt 222222 2222223322222 22322222222 24 N N R S EETIXIXREE—— e ———T=
——QDPDNTDDNGP*2xsx 22X 23X XX XXTL XXX N N DF R S AT T~
—QDPDNTDDNGP* 22X XXX XX TXXXXXLXREXX N X R—--S XEXEXXXXE I =T
——-QDPDNTDDNGPQDPDNTDDNGPQDPDNTDDNGP N A R---8 RN T-

368 GSGGDDDDPHGPVQLSYYD 386

Fig. 2. Alignment of the predicted amino acid sequences of LMP1 from the SNU-20 type 2 and SNU-321, SNU-538, and
SNU-1103 type 1 EBV isolates derived from Korean cancer patients and also from CAO Chinese and C1510 Taiwanese NPC
isolates, with respect to the B95-8 LMP1. TM1 to TM6 indicate six hydrophobic transmembrane domains of LMP1. Hyphens
() and asterisks (*) indicate identical and deleted sequences, respectively.

SNU-538) and 218 (Asn to Lys in SNU-321).

Taken together, the sequence analysis revealed
that besides the common 5-aa deletion in the 11-aa
repeat region, there were consistent variations at
residues 85, 122, 129, 222, 309, 312, 334, 338, and
366 in all four EBV isolates (Fig. 2). The same
changes have also been present in most Chinese
NPC isolates including CAO and C1510 and also
European EBV isolates (24, 34), suggesting that
these sites may be mutational hot spots. The
analysis also revealed that there were a con-
siderable number of additional variations con-
served among the LMP1 variants, marked by the
loss of the Xhol site and the carboxy-terminal 30-
bp deletion, such as those of the SNU-321 and
SUN-538 type 1 as well as the Chineses NPC-deriv-
ed CAO and C1510 type 1 isolates. Most of these
additional changes clustered within the amino-ter-
mina cytoplasmic and  hydrophobic transmem-
brane domains. A similar pattern of LMP1 vari-
ations was also observed in European type 1 and A-
laska Eskimo NPC type 2 isolates canying the
Xhol site polymorphism and the 30-bp deletion (24,
34). Therefore, it appears that such LMP1 vari-

ations are not EBV type- or geographic-specific, but
rather a general feature in wild type EBV isolates.
It is possible that nonconservative changes in the
transmembrane domains could affect the folding or
positioning of LMP1 and thereby could cause sub-
tle changes in interactions between LMP1 and cel-
lular proteins. Previous analysis by Miller et al. (24)
of a large collection of EBV isolates in associated
tumors has indicated that these changes are linked
to the loss of the Xhol site in exon 1 of the gene
rather than to the 30-bp deletion.

Functional assays for LMP1 proteins from clo-
ned genes

To determine if LMP1 genes cloned from the
SNU-20, SNU-321, SNU-538, and SNU-1103 iso-
lates were functional at the protein level, these
genes were subcloned into the pSG5 expression vec-
tor to yield corresponding LMP1 expression pla-
smids. The resulting plasmids were then elec-
troporated into BJAB cells, an EBV-negative lym-
phoma cell line, and Western blot assays were car-
ried out using a pool of four LMP1 specific mono-
clonal antibodies (CS.1-4) which recognize different
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Fig. 3. Western blot assay for expression of LMP1 from
cloned SNU-20, SNU-321, SNU-538, and SNU-1103 LMP1
genes. pSGH expression plasmids containing each of the clon-
ed LMP1 genes from the SNU-20, SNU-321, SNU-538, and
SNU-1103 type 1 EBV isolates were electroporated in BJAB
cells as described in Materials and Methods. Proteins in the
cell lysates prepared 48 h post-transfection were resolved on
a 10% SDS polyacrylamide gel and blotted onto a mem-
brane. LMP1 on the membrane was detected using the LMP
1 mAbs CS1.4 as described in Materials and Methods. Lane
1, cells transfected with the pSG5 vector; Lanes 2 to 6, cells
with the B95-8, SNU-20, SNU-321, SNU-538, and SNU-1103
LMP1 expression plasmids, respectively.

epitopes in the LMP1 carboxy-terminal domain. As
shown in Fig. 3, we could detect LMP1 proteins
with apparent molecular masses expected from the
respective sequence data of the SNU-20, SNU-321,
SNU-538, and SNU-1103 genes. Corresponding
LMP1 proteins were also detected in similar im-
munoblot assays for LCLs carrying these EBV iso-
lates (data not shown). We then asked whether ex-
pressed LMP1 could activate the NF-«B transcrip-
tion factor and thus be functional. A luciferase re-
porter plasmid, 3X-xB-L or 3X-mutxkB-L, was used
to assay for transcriptional activation by NF-xB.
The plasmids contain a minimal fos promoter with
three copies of either a wild type kB element or alt-
ered counterpart (25). The expression plasmid car-
rying each of the cloned LMP1 genes or the B95-8
LMP1 gene, as positive control, and the 3X-«B-L lu-
ciferase reporter were electroporated into Jurkat
cells along with a B-galactosidase expression plas-
mid as internal control. Luciferase and p-galac-
tosidase activities in the cell lysates were det-
ermined 48 hr post-transfection. As shown in Fig. 4,
expression of B95-8 LMP1 in Jurkat cells increased
luciferase activity tenfold from the 3X-«B-L re-
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Fig. 4. Assays for NF-kB activation by LMP1 expressed
from cloned SNU-20, SNU-321, SNU-538, and SNU-1103
LMP1 genes. Eight million Jurkat cells were co-transfected
with 3 ug of the LMP1 expression plasmid as indicated a-
bove, 3 pg of 3X-xB-L or 3X-mutxB-L luciferase reporter,
and 4 ug of a human b-actin promoter/3-galactosidase re-
porter as control. The 3X-kB-L and 3X-mutxB-L plasmids
contain a firefly luciferase gene and a minimal fos promoter
with three copies of either the wild type or altered B ele-
ment. Cell lysates were prepared 48 h after transfection and
analyzed for luciferase and B-galactosidase. The luciferase
activities in each of the cell lysates were normalized with
the corresponding B-galactosidase activities. Fold activation
was determined relative to reporter construct only.

porter but not from the 3X-mutxB-L reporter, com-
pared with the levels seen in non-LMP1 expressing
cells. Comparable levels of luciferase activity were
obtained from the 3X-kB-L reporter by expression
of LMP1 proteins from each cloned LMP1 gene iso-
late. The results thus proved that LMP1 proteins
expressed from the cloned LMP1 genes were func-
tional and also indicated that nonconservative am-
ino acid changes and the 30-bp deletion detected in
this study do not affect the ability of LMP1 to ac-
tivate the NF-«xB transcription factor.
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