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ABSTRACT

Aim: The current study aimed to investigate sequence variations in the C-terminus of latent membrane protein 1 (LMPL1) in Epstein-
Barr virus (EBV) isolates from Iranian patients with chronic gastritis or gastric cancer (GC).

Background: LMP1, an essential viral oncoprotein, is the critical element in the immortalization of B cells. It contains a small
twenty-four amino acid cytoplasmic N-terminal region, six transmembrane segments, and a two hundred amino acid cytoplasmic C-
terminal domain. Most LMP1-mediated signal transduction events are moderated by some functional parts of the cytoplasmic C-
terminal domain.

Methods: Thirty-two EBV-positive biopsy tissues were obtained from patients with gastric cancer and patients with chronic gastritis.
The C-terminal nucleotide sequences of LMP1 were amplified using nested-PCR and analyzed by DNA sequencing.

Results Four to eight copies of the 11 repeat elements (codon 254-302) were observed in the carboxyl-terminal site of patients, but
no relationship was found between the number of repeat sequences and disease status. The 30-bp deletion corresponding to codon
345-354 of the B95-8 strain was observed in 34% of isolates, and the remaining samples were non-deleted. In the gastric cancer
group, a higher number of 33-bp repeats (>5 repeats) was observed in 30-bp-deletion (100%) than in non-deleted (42%) isolates, and
the difference was statistically significant. Analysis revealed that a gastritis isolate may be the result of recombination between
Alaskan and Chinal strains.

Conclusion: Overall, the current results showed no association between C-terminal sequence variations of LMP1 and malignant or
non-malignant isolate origin.
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Introduction
Epstein—Barr virus (EBV) is a ubiquitous infectious population (1). Primary infection with EBV often
pathogen that infects more than 90% of the world’s occurs in early childhood and is typically

asymptomatic. In contrast, if the primary infection is
delayed until adolescence, it often leads to infectious
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Hodgkin’s  lymphomas (NHL), post-transplant
lymphoproliferative carcinoma (PTLD),
nasopharyngeal carcinoma (NPC), and gastric cancer
(GC) (3). EBV-associated gastric carcinoma (GC) is a
non-endemic malignancy distributed throughout the
world and accounts for about 4-18% of all reported
GC cases (4). During latent infection in gastric cancer,
EBV expresses a restricted set of genes, including
EBNA1 (98.1%) and LMP2A (53.8%). LMP1 and
LMP2B were also detected in 10% of cases (5). Based
on variations of the LMP-1 gene, EBV s classified
into 7 EBV strains: Alaskan (AL), Chinal, China2,
China3, B95.8, Mediterranean (Med +/-), and North
Carolina (NC) (6). So far, studies have found no
evidence of an association between a distinct LMP1
strain of EBV and driven cancers. Findings support
the geographical tropism of the LMP1 strains (7, 8).
Therefore, it seems that examining other variations in
the LMP1 sequence may provide a better
understanding of the relationship between EBV-
related cancers and LMP1 polymorphisms. Sequence
variations in the C-terminus of LMP1 include 11 aa
repeat sequences, the 30-bp deletion (30-bp-del)
region, and other nucleotide and amino acid (aa)
changes (8). The C-terminal cytoplasmic region of
LMP1 involves three essential activating domains:
CTAR1 (aa 191-232), which is essential for EBV-
associated transformation of B-cells; CTAR2 (aa 351-
386), a necessary factor for EBV-infected cell growth;
and CTAR3 (aa 275-330), which, using JAK3, results
in STAT3 activation (9). The 30bp deletion (del-
LMP1) in the carboxy-terminal of LMP-1, which
corresponds to the loss of ten amino acids (codons
345-354) and occurs in the CTAR-2 region, is
indicated as leading to the higher tumorigenic activity
of EBV (10). The region between CTAR-1 and -2 (aa
233-350) in the LMP1 C-terminus contains four 11-aa
repeat (QDPDNTDDNGP) sequences and a disruption
of 5 aa (HDPLP: 275-279), with a different copy
number between human isolates (11). To determine
whether these polymorphisms are correlated with
gastric cancer or gastritis, we analyzed the sequence
of the C-terminal region of LMP1 from EBV-positive
gastric carcinoma and chronic gastritis biopsies in
Iranian patients.
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Methods

Patients

This study examined EBV-DNA-positive tissue
samples from 21 patients with gastric cancer and 11
patients with chronic gastritis at the Research Center
for Gastroenterology and Liver Diseases, Taleghani
Hospital, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, over a period of two years
(2019 -2021). DNA was extracted and purified from
tissue samples using the QlAamp DNA Mini Kit,
according to the standard tissue protocol. The
Concentration and purity of DNA were measured
through absorbance ratio at 260/280 using a NanoDrop
1000 spectrophotometer (Thermo Fisher Scientific,
United States).

PCR for detection of LMP1

Nested PCR was performed to amplify the C-
terminus of the LMP1 gene. The first round of
amplification was done using the outer primers of
LMP1-F1  (5’-GCTAAGGCATTCCCAGTAAA-3’)
and LMP1-R1 (5’-GATGAACACCACCACGATG -3%)
in a total volume of 25 ul containing 1x PCR reaction
buffer, 100 ng of DNAs extracted from tissues, 50 pmol
of each primer, 1.5 mM MgCI 2, 0.4 mM each dNTP
and 1U Taq polymerase (amplicon). The cycling
protocol was started with an initial denaturation for 5
min at 95 °C, then 35 cycles of denaturation for 30
seconds at 94 °C, annealing for 30 seconds at 55 °C and
extension for 1 min at 72 °C. A final elongation step for
4 min at 72 °C was then conducted. For the second
round of PCR, we employed the inner primers of
LMP1-F2 (5’-CGGAACCAGAAGAACCCA-3’) and
LMP1-R2 (5’- TCCCGCACCCTCAACAAG-3"); then
1 ml of the PCR product was used as the template. The
same experimental conditions were utilized for the
second round except for the annealing temperature
which was 60 °C. In each experiment, the B95-8 cell
line and sterile water were used as the positive and
negative controls, respectively. Afterward, five
microliters of the second-round PCR products were
analyzed by electrophoresis in 1.2% agarose gel.

DNA sequencing

For sequencing, the nested PCR amplicons were
purified using a QIAGEN MinElute Purification Kit
(QIAGEN, Hilden, Germany), according to the



manufacturer’s instructions. Cleaned PCR products
were sequenced using internal PCR primers and the
BigDye terminator cycle sequencing kit (Applied
Biosystems). Cycle sequencing was done in an ABI
3130 automated sequencer (ABI PRISM 3130 Genetic
Analyzer; Applied Biosystems). Both LMP1strands
(sense and antisense) were sequenced and compared.

Identification of nucleotide and

amino acid changes

Nucleotide sequences obtained from samples from
this study were translated into amino acid (aa)
sequences and compared with reference sequences
from the GenBank database in BioEdit software.
Mutations of isolated sequences were identified using
the same software.

Statistical analysis

Data was evaluated using GraphPad Prism software,
version 9.0 (GraphPad Software, Inc., San Diego, CA),
and a p-value< 0.05 was considered statistically
significant. The Fisher’s exact test was performed to
compare distribution differences of the LMP1 variations.

Results

Sequence alternations in the
carboxyl-terminus region

The amino acid change of C-terminus-activating
region 1 (CTARL1), codon 194-232, at amino acid
position 212 (Gly —Ser/Arg/Ala/Asp) was detected in
almost all samples, regardless of disease status.
Moreover, the amino acid change at position 229
(Ser—Thr) was observed in all of the Med strain
isolates. In the C-terminus-activating region 2
(CTAR2), codon 351-386, the presence of the 30-bp
deletion at codon 345-354 was observed in 11/32
isolates, and the amino acid change at position 352
(His—Arg/Asp) was identified in approximately all
remaining isolates. In the C-terminal activating region
3 (CTAR3), codon 275-330, the 5 amino acid insertion
at codons 275-280 between the 2nd and 3r repeat or
between the 3rd and 4th repeat, was detected in 6/32
isolates. The changes at amino acid positions 309
(Ser—Asn/Asp) and 322 (Gln —Glu/Asn/Asp/Thr)
were observed in all except B95-8 strain isolates, in
which the amino acid change was only at codon 328
(Glu—Gln) (Figure 1).
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Variation in the 11 amino acids
repeat element in LMP1

Within the C-terminal region of LMP1, there are
diverse redundant segments, including an 11 amino-acid
(aa) repeat element between the 253rd and 306th amino
acids, which has been shown to sort independently of each
isolate. In the C-terminal domain of the B95-8 strain exist
four perfect 11 amino acid (QDPDNTDDNGP) repeats,
with a disruption of 5 aa (HDPLP: 275-279) after the
second repeat. The five amino acid sequence is also
located after the last repeat (aa: 302-306). In gastric
cancer and chronic gastritis samples of this study, the
number of repeat elements varied from 4 to 8. There was
no correlation between the number of repeat sequences
and disease status (Figure 2). The same repeat sequence of
B95-8 was also found in 3 gastric cancer samples. Seven
gastric cancer and six gastritis samples had 5 perfect
repeats of the 11 amino acid sequence, and they had the 5
amino acid insertion only after the last repeat. Five gastric
cancer and one gastritis sample had four 11 amino acid
repeat elements, and they also had the 5 amino acid
insertion after the last repeat.

One GC isolate had 5 perfect repeats of the 11 amino
acid and 5 amino acid sequences between the 2nd and 3rd
repeat and the 5 amino acid sequence at the end. Two
gastritis isolates had 5 perfect repeats of the 11 amino acid
and 5 amino acid sequences between the 3rd and 4th
repeat and the 5 amino acid sequence at the end. Four GC
isolates and two gastritis isolates had 6 perfect repeats of
the amino acid sequence, but not the 5 amino acid
insertion, as well as the 5 amino acid sequence at the end.
A GC isolate had 8 complete replicates of the amino acid
sequence but not the 5 amino acid insertion, with the 5
amino acid sequence at the end. Except for the B95-8
isolates, this 11-amino-acid repeat region had changed to
QGPDNTDDNGRP after the second 11-AA in most cases.
B95-8 isolates had a mean of 4.5 repeats (4 to 5 copies).
Med isolates had a mean of 5 repeats (4 to 8 copies). Both
China 1 isolates carried 6 repeats. North Carolina and
Alaskan isolates carried 6 and 5 repeats, respectively.

The LMP1 polymorphisms (deleted and non-deleted)
were compared to the presence of (4 or >5) 33-bp repeats.
In the gastric cancer group, a statistically significant
difference was observed in the distribution of the number
of repeat elements (4 or >5) among LMP1 polymorphisms
(p<0.018) (Table 1).
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Figure 1. Amino acid variation in the C-terminal of Iranian LMP1 isolates. Numbers across the top correspond to amino acid
positions under which the B95-8 strain amino acid sequence is listed. The positions of the 33-bp repeats and the 30-bp deletion
are denoted across the top, changes in the amino acids are denoted by letter changes, and a dash indicates a deletion of this amino
acid position. Names in the left column refer to the individual isolates, and the capital letter GC represents a gastric cancer
specimen, while the capital letter GA represents a gastritis specimen. The strain-identifying changes are shaded, patterned, and
arranged by groups. Recombinant isolate is characterized by more than one strain identifying pattern and shading.
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Figure 2. Variations in the 11 aa repeat units in the C-terminal of LMP1 isolates obtained from biopsy tissues of gastric cancer
and chronic gastritis patients. Across the top, the pattern of 11 aa repeat units between aa 253 and 306 in the LMP1 C-terminal
domain of B95.8 strain is shown with the LMP1 amino acid positions. The names in the left column refer to the individual
isolates. PQDPDNTDDNG, 11 aa repeat sequence; PQGPDNTDDNG, 11 aa repeat sequence with point mutation D—G;
PHDPL, 5 amino acid sequence.
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Table 1. Distribution of LMP1 33-bp repeat elements and deletions between gastric cancer and chronic gastritis isolates

Group Origin 30-bp-deletion
Gastric Tissue biopsy 30-bp-deletion
cancer Non-deleted
Chronic Tissue biopsy 30-bp-deletion
gastritis Non-deleted

Number of 33 bp tandem repeat units Number of
4 5-8 samples
Number of isolates P value tested
- 7 0.0180 21
8 6
- 4 >0.9999 11
1 6

Inter-strain recombination

Analysis revealed that one of the isolates had a
similar amino acid pattern to the two strains. It has been
suggested that the 33-bp-repeats region in the C
terminus of the LMP1 sequence can be a site for
recombination during replication of the virus. Our
analysis on the C-terminal domain indicated that the
GAZ24 isolate had changes in the characteristics of the
Alaskan strain on one side of the 11-amino acid repeats
and some of the specific mutations of the China 1 strain
on the other side of the repeats. The GA24 isolate also
had the characteristic serine and alanine at amino acid
positions 212 and 232 of the Alaskan strain, respectively,
while the distal side of the 11 amino acid repeat element
was marked by China 1 strain mutations, including
asparagine, arginine, and serine at positions 322, 334,
and 338, respectively. These findings indicate that this
isolate has arisen from inter-strain recombination across
the 33-bp repeats (Figure 1).

Discussion

It would be very interesting to determine whether
distinct EBV strains link to EBV-carrying
malignancies. So far, there is no clear link between a
distinct LMP1 strain of the EBV and gastric cancer,
and observations in this regard are controversial.
According to previous reports that indicate the
distribution of EBV strains in EBV-associated tumors
follows geographical tropism (7, 8), these strains or
types cannot be used as valuable markers for estimating
the association with a particular type of EBV-
associated tumors. Sequence variation analysis in other
parts of LMP1, especially regions that have a
significant effect on its biological function, may give us
a clearer picture of the association of EBV
polymorphisms with relevant malignancies. The 30 bp
deletion is the most frequent polymorphism in the C-
terminus LMP1 that is detected in EBV-associated
malignancies. The tumorigenicity of this polymorphism

has been described in several reports (12). The 30-bp
deletion corresponding to 10 amino acids deletion (at
codon 345-354) that is located in the NF-kB-activating
region CTAR-2 can result in a more oncogenic variant
(13). In addition, the del-LMP1 has previously been
shown to have the potential to transform rodent
fibroblast cell lines in vitro (14). The worldwide
distribution of LMP1 30-bp deletion polymorphism has
been reported by many studies (12). To date, several
studies have been suggested that EBV-associated
gastric cancer (EBVaGC) is associated with the del-
LMP1 polymorphism (15-18). However, in the current
study, no clear association was observed between
gastric cancer and this polymorphism. These results are
in agreement with some studies that have suggested
deleted LMP1 as a race or geographic-linked variation
(19-21). The literature has also shown the association
between del-LMP1 and some amino acid substitutions,
including changes at amino acid positions 132
(Arg—Gly) and 309 (Ser—Asn), which are important
variations regarding the activity of del-LMP1 (19, 22,
23). In the present study, the change at amino acid
position 309 (Ser—Asn/Asp) was observed for all
isolates other than the B95-8 strain isolates. Here,
serine 309, which is located in CTAR3, might lead to
lowering the LMP1 half-life and, eventually, reducing
the transformation potential of LMP1. Our findings
confirmed previous reports (24) claiming that isolates
of the B95-8 strain contain four perfect repeats of the
11 amino acid sequence (PQDPDNTDDNG) and five
amino acid sequence (PHDPL) after the second repeat,
except for one case (GA25) that had 5 perfect repeats
with the 5 amino acid insertion located after the 3rd
repeat. The presence of different numbers (4-8) of an
11 amino acid repeats element between amino acids
253 and 306 in the carboxy-terminal domain of LMP-1
was observed in this study. To clarify the relationship
between the number of repeats and disease status, we
compared the copy number of 33-bp repeats in two

Gastroenterol Hepatol Bed Bench 2022;15(3):225-231
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gastric cancer and gastritis groups. The results
indicated that there is no association between the
number of repeated sequences and the mentioned
parameter. The point mutation D—G
(PQDPDNTDDNG—PQGPDNTDDNG) was
frequently found in gastric cancer (13/21, 61.9%) and
gastritis (6/11, 54.5%) cases, although the difference
between the two groups was not statistically significant.
Interestingly, a higher number of 33-bp repeats (>5
repeats) was detected in 30-bp-deletion (100%) isolates
than in non-deleted (42%) isolates of gastric cancer,
and the difference was statistically significant, as
previously reported (25). However, in gastritis isolates,
the difference was not significant. This phenomenon
may be the outcome of recombination activity during
Iytic viral DNA replication and be formed after the
occurrence of the 30 bp deletion (26). In the present
study, one isolate (GA24) seems to be the consequence
of recombination, which may have occurred from
recombination through the 33-bp repeat region, as
reported by previous studies (7).

Conclusion

Until now, the tumorigenic mechanism by which
EBV leads to gastric cancer development has remained
unclear. Given the ubiquitous nature of EBV and the
different  incidence rates of EBV-associated
malignancies in different geographical areas, the
development of these malignancies may be correlated
with particular EBV polymorphisms. In summary, we
found no association between gastric cancer and del-
LMP1 polymorphism. In isolates of gastric cancer, a
higher number of 33-bp repeats (>5 repeats) was
observed in deleted than in non-deleted strains, and this
difference was statistically significant. Furthermore,
one isolate was identified that seems to be a
consequence of recombination between two strains.
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