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Analysis of Epstein-Barr virus (EBV) type and variant in
spontaneous lymphoblastoid cells and Hu-SCID mouse
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Epstein—Barr virus (EBV) type and strain variations were examined using both lymphoblastoid cell
lines (LCLs), spontaneously derived in vitro from peripheral blood mononuclear cells (PBMC) of
15 HIV-1-seropositive individuals, and SCID mouse tumours induced by inoculation of PBMC
from 11 healthy human donors (Hu-SCID tumours). Polymerase chain reaction (PCR) analysis
disclosed that all but one of the 26 EBV + samples harboured EBV nuclear antigen (EBNA) 2 and
3C type A virus. On the other hand, single strand conformation polymorphism (SSCP) analysis
using Epstein—Barr encoded RNA (EBER) specific primers detected an AG876-like (type B) band
pattern in 21 of the 26 EBV+ samples. Three Hu-SCID tumours scored as B95.8-like (type A),
and two showed neither a type A nor a type B SSCP migration pattern. Sequence analysis of the
amplified EBER fragments confirmed the PCR-SSCP findings; moreover, additional mutations were
present not only in the two EBV + samples with anomalous SSCP pattern, but also in two other
samples with a standard SSCP profile. Thus, EBER analysis did not correlate with EBNA typing,
and appeared to be unsuitable for EBV type assessment. Latent membrane protein (LMP) analysis
disclosed, on the whole, seven size variants: as expected, the differences were due to the variable
numbers of a 33-bp repeat in the amplified fragment, as assessed by direct sequencing. The
broader variability detected by LMP analysis should prove more useful than typing for assessing
the presence of single and/or mixed variants resulting from EBV reactivation and/or reinfection.
© 1996 Academic Press Limited
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INTRODUCTION
Epstein-Barr virus (EBV), an ubiquitous herpesvirus, and is also involved in the pathogenesis of a variety of
is the causative agent of infectious mononucleosis, human tumours in patients with either an apparently
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normal or compromised immune system.' Analysis
of the EBV genomes isolated from various regions
of the world and from patients with different EBV-
associated diseases has, thus far, failed to identify
disease-specific viral subtypes.> Nonetheless, the
finding of divergent sequences for EBV nuclear an-
tigen (EBNA) 2° and EBNA 3*° has led to the iden-
tification of two EBV types, A and B, also known as
EBV 1 and 2, which show differing in vitro biological
properties.® B cells immortalized by type A grow more
rapidly, are less concentration-dependent, and reach
a higher saturation density, compared with type B
transformants. Type A virus shows a worldwide dis-
tribution, and is regarded as the overwhelmingly
predominant type in Western communities. In con-
trast, type B virus has been found mainly in Central
Africa and New Guinea®” even though a wider dis-
tribution has been more recently suggested.®’

DNA sequence analysis of Epstein-Barr encoded
RNAs (EBERs) has, less frequently, been used as an
additional typing parameter,'®'" and found to be dis-
cordant with EBNA typing data in putative type A and
B recombinants." In addition to the broad distinction
between EBV types (A and B), different viral isolates
exhibit a high degree of heterogeneity, which can be
partly assessed by latent membrane protein (LMP)
sequence analysis.””"> Most healthy EBV carriers har-
bour a single, latent, viral isolate in their blood.'*"®
In immunocompromised (HIV-infected and trans-
planted) subjects, the immune system impairment
might allow reactivation of, or reinfection with, dif-
ferent EBV variants.'*? In particular, changes in the
dominant EBV strain have been reported during HIV
infection.” In addition to EBV typing, more analytical
approaches for the identification of EBV variants dur-
ing single and/or mixed infections are needed. To this
end, we explored LMP heterogeneity as well as EBV
type in two kinds of EBV infected material; spon-
taneously in vitro-derived lymphoblastoid cell lines
(LCLs) from 15 HIV-1-seropositive individuals, and
Hu-SCID mouse tumours (Hu-SCID tumours) induced
by the inoculation of PBMC from 11 healthy human
donors. Our data do not support the reliability of
EBER sequences as A and B typing determinants, but
do suggest that LMP size variation may be useful in
analysing EBV infections.

MATERIALS AND METHODS
Lymphoblastoid cell lines (LCLs)
Spontaneous LCLs were established as previously

described** from 15 HIV-1-seropositive subjects.
Briefly, peripheral blood mononuclear cells (PBMC)

were isolated on Ficoll-Hypaque density gradients,
and then cultured for 7 days in RPMI 1640 medium
supplemented with 10% foetal calf serum (RPMI-FCS;
Gibco, Grand Island, NY) ata concentration of 1 x 10°
cellsml=" in 24-well plates (Costar, Cambridge, MA)
in the presence of 50 ngml~" Cyclosporin A (CyA;
Sandoz, Basel, Switzerland). The cultures were fed
weekly with fresh medium, and scored for pro-
liferation by microscopical observation every 4 to 5
days. Small colonies began to appear within 20 to
50 days.

The HIV-1-seropositive subjects, 12 males and 3
females, ranged in age from 23 to 38 years; only
one individual (LCL#6) had full-blown AIDS, 4 were
asymptomatic, 7 had generalized lymphoadenopathy
(LAS), and the remaining 3 had AIDS-related complex
(ARC). All 15 were also seropositive for EBV.

Animals and PBMC cell inoculation

SCID mice were purchased from IFFA-Credo (L'Ab-
reisle, France), and bred in our facilities under germ-
free conditions. Blood was obtained from 11 EBV
seropositive volunteers undergoing lymphapheresis,
and PBMC were prepared by Ficoll-Hypaque cent-
rifugation.” Groups of three to five SCID mice were
injected intraperitoneally with 80-100x10° un-
fractionated PBMC from a corresponding donor, ob-
served daily for signs of sickness, and eventually
sacrificed. At autopsy, tumour masses were collected
and divided into aliquots for biological and molecular
studies.” As all mouse tumours induced by PBMC of
a single donor harboured the same EBV variant,'® a
single abundant tumour specimen (representative of
one donor) was used throughout this study.

EBYV specific oligonucleotide primers

EBV was typed using oligonucleotide primers'' com-
mon for EBNA 2 type and B sequences (Forward
(F), 5’AGGCTGCCCACCCTGAGGAT3’; Reverse (R),
5'GCCACCTGGCAGCCCTAAAG3’) which amplify a
type A fragment of 168bp (nucleotides 48 170-
48339 of the prototype B95.8 virus isolate)”” and a
type B fragment of 184 bp from the AG876 isolate,
respectively.

To confirm EBNA 2 typing, we used a set of primers
for EBNA 3C (F, 5’ AGAAGGGGAGCGTGTGTTGT3,
R, 5’GGCTCGTTTTTGACGTCGGC3’) which amplify
a type A fragment of 153bp (nucleotides
99 939-100 091 of B95.8) and a type B fragment of
246bp from the AG876 isolate.’ Primers F,
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5’'GTGGTCCGCATGTTTTGATC3’, and R, 5'GCAA-
CGGCTGTCCTGTTTG3’ (nucleotides 6780-6969 of
B95.8), were used to amplify EBER sequences.'" A set
of primers (F, 5’GGCGCACCTGGAGGTGGTCC3; R,
5'TTTCCAGCAGAGTCGCTAGG3’) that immediately
flank a portion of the LMP sequence of tandem repeats
(nucleotides 168 594-168 374 in B95.8) was used to
investigate viral variants."'*

PCR and SSCP analysis

DNA from EBV-infected samples was phenol/chloro-
form extracted as previously reported.”® PCR was
performed using 0-5pg of DNA, 0-5pm of each
primer, 200 pum of each dNTP, 10mm Tris-HCI
(pH 8-8), 50 mm KCI, 1-5 mm MgCl,, 0-2 mg/ml BSA,
and 2-5U of Tag polymerase (Perkin—Elmer Cetus,
Norwalk, CT) in a final volume of 100 pl. Thirty cycles
of denaturation (94°C for 45 s), annealing (62°C, 45s
for EBNA 2; 55°C, 90s for EBNA 3C; 60°C, 45 s for
LMP), and extension (72°C for 90 s) were carried out
in an automated thermal cycler (9600 Perkin—-Elmer
Cetus). The amplified mixture (20ul) was elec-
trophoresed either on 1-5% NuSieve (FMC, Rockland,
ME), and 1-5% agarose, or a 10% polyacrylamide
gel.

For EBER analysis, the reaction was performed in
50 ul for 25 cycles with annealing at 58°C for 30s.
The reaction mixture (10 ul) was then mixed with
1 uCi **P-dATP and 0-1 U of Tag polymerase, and five
more amplification cycles were run. The amplified
product was diluted 1:3 in 0-1% sodium dodecyl
sulphate (SDS)—10 mm EDTA, and further mixed 1:3
with a stop solution in 95% formamide. Samples
(10 ul) were heated at 95°C for 5 min, and loaded
onto a 0-5 x polyacrylamide MDE gel solution (AT
Biochem-Malvern, PA) containing 5% (v/v) glycerol
in 0-6 x TBE. Electrophoresis was performed at 20 W
for 4-5 h.

Direct DNA sequencing

A phosphorylated PCR product was generated by
amplification with one 5’-phosphorylated primer
using the same conditions described for PCR analysis.
The PCR product was converted to a single-stranded
form with 10 U of lambda exonuclease (Pharmacia,
Uppsala, Sweden), an enzyme which selectively de-
grades double-stranded DNA starting from a phos-
phorylated 5” terminus. Reaction components were
removed from the template prior to and following
lambda exonuclease treatment by extraction with an
equal volume of phenol/chloroform, and purification

by MicroSpin Columns containing Sephacryl S-400
HR resin (Pharmacia).

Single-stranded sequencing was performed ac-
cording to the dideoxy chain termination method
using the fmol DNA Sequencing System (Promega,
Madison, WI) and a **P-5"-end-labelled primer which
annealed to the same strand as the phosphorylated
PCR primer. Electrophoresis was performed on 8%
polyacrylamide gel containing 8 m urea at 65 W.

RESULTS
EBV typing by EBNA specific primers

As the vast majority of EBV typing data are routinely
obtained by analysing 4 EBV genes coding for EBNA
2,3A, 3B, and 3C,*’ the type of the 26 EBV + samples
in this study were first assessed by means of PCR
analysis with amplimers located 5" to the EBNA 2
coding region." Figure 1 shows that all 15 LCLs
harboured EBNA 2 type A virus (Fig. Ta); only one
Hu-SCID tumour (donor G.C.) had EBNA 2 type B
(Fig. 1b), in line with a previous report using different
sets of primers.'”® EBNA 2 typing data were fully
confirmed by PCR analysis for EBNA 3C (data not
shown). Therefore, all but one of the 26 EBV +
samples studied harboured type A virus.

EBER specific PCR-SSCP analysis

Ten bp differences within the 1 kb EBER coding region
were shown among three representative type A and
B viruses;'° using EBER specific primers, Lin et al."
more recently genotyped six EBV + cell lines, and
confirmed typing by EBNA 2 analysis. These same
workers extended their study to nine additional EBV +
cell lines, and 16 EBV + Hodgkin’s disease biopsies.
As reported in their tables, EBER and EBNA typing
data were discordant in five of seven cell lines, and
in five of 11 tumour specimens harbouring a single
EBV type. In all cases, the EBV consensus type was
assessed according to the EBNA analysis, and the
discordant cases were interpreted as recombinants,
i.e. either as a new EBV type or as a type A subtype.'

To better ascertain the relevance of EBERs as typing
determinants, the 26 EBV + samples were examined
by PCR-SSCP analysis using the same EBER-specific
amplimers. In all but two cases (LCL#10 and Hu-
SCID tumour of donor T.S.), the PCR-SSCP patterns
were superimposable on those of B95.8 or AG876
prototype viruses (Fig. 2); however, contrary to EBNA
genotyping, most of the samples [14 LCLs (Fig. 2a)
and 7 Hu-SCID tumours (Fig. 2b)] scored as type B
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Fig. 1. EBNA 2-specific EBV typing of (a) LCLs spontaneously derived in vitro from 15 HIV seropositive individuals and
(b) Hu-SCID tumours induced by injection of PBMC from 11 healthy human donors. EBNA 2 PCR products were
identified by ethidium bromide staining following acrylamide gel electrophoresis. DNAs from B95.8 and AG876 cells
were used as type A and B reference controls, respectively, while K562 DNA served as negative control. Numbers on

the left refer to the length (bp) of the amplified, reference products.
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Fig. 2. PCR-SSCP analysis of EBER specific fragments of (a) LCLs spontaneously derived in vitro from 15 HIV
seropositive individuals and (b) Hu-SCID tumours induced by injection of PBMC from 11 healthy human donors. EBER-
specific primers and **P-dATP were used to obtain radioactive PCR products, which were denatured and separated by
polyacrylamide/glycerol gel electrophoresis. The dried gels were then processed for autoradiography. Reference and

negative controls as in Fig. 1.
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6799 872 6949
856 871 886
808 834 854 870 884 911 927 939 944
B95.8 T c g g ccc G T A G g G
AG876 A c g g ccc A G G A g A
LCLs:

1 A c g g ccc A G G G g A

2 A e} gg ccc A G G G g A

3 A c g g ccc A G G G g A

4 A c gg ccc A G G G g A

5 A c g g ccc A G G G g A

6 A c g g ccc A G G G g A

7 A c g g ttt A G G G g A

8 A c g g ccc A G G G g A

9 A c g g ccc A G G G g A
10 A c g g ccc A G G G a A
11 A c g g ccc A G G G g A
12 A c gg ccc A G G G g A
13 A c g g ccc A G G G g A
14 A c gg ccc A G G G g A
15 A c g g ccc A G G G g A
Hu-SCID
tumours:

LA A c gg ccc A G G G g A
S.T. A c g g ccc A G G G g A
B.G. A c gg ccc A G G G g A
C.V. A c g g ccc A G G G g A
G.C. A c gg ccc A G G G g A
L.D. A c g g ccc A G G G g A
L.L. A t gg ccc A G G G g A
T.A. T c g g ccc G T A G g G
T.S. T c at ccc GT A G g G
B.F. T c g g ccc G T A G g G
G.L. T c gg ccc GT A G g G

Fig. 3.

Sequence analysis of EBER-specific amplified fragments from the 26 EBV + samples. The top bar represents the

150-bp EBER fragment from position 6799 to 6949 of the B95.8 genome. Six of the numbers above the bar indicate the
position of the bases (capital letters) which differ between B95.8 and AG876 prototype viruses. The remaining seven
numbered positions correspond to the bases (small letters) that were found altered (bold) in the samples examined.

(AG876-like), while only 3 Hu-SCID tumours pre-
sented a type A (B95.8-like) profile. Therefore, no
correlation was found between EBNA and EBER
genotyping among the viruses present in our ma-
terial.

Sequence analysis of EBER amplified fragments

To confirm the PCR-SSCP data, all 26 EBER frag-
ments were sequenced directly on both strands (Fig.
3). While type A guanine at position 6927 was
present in all the samples, all the LCLs were char-
acterized by a B-type nucleotide at the remaining
5 positions (capital letters in Fig. 3), which differ
between B95.8 and AG876 viruses. A few additional
mutations were also detected (small, bold letters in
Fig. 3): a G to A at position 6939 in LCL#10, which
could account for the corresponding anomalous

PCR-SSCP band pattern in Fig. 2; and a CCC to
TTT stretch at positions 6870-6872 in LCL#7 with,
surprisingly, no apparent change in PCR-SSCP mi-
gration pattern (compare with Fig. 2). The Hu-SCID
tumours (Fig. 3) with a type A PCR-SSCP pattern
(donors T.A., B.F., G.L.) disclosed a type A sequence
at all six positions, while a further transition (G to
A at position 6854) and transversion (G to T at
position 6856) could have caused the anomalous
PCR-SSCP pattern in the otherwise type A donor,
T.S. Among the seven Hu-SCID tumours harbouring
type B virus, an additional C to T mutation at position
6834 (with no alterations in the PCR-SSCP pattern)
was detected. On the whole, sequencing data con-
firmed PCR-SSCP findings at five out of six positions;
the two ‘silent’ exceptions (LCL#7 and Hu-SCID
tumour of donor L.L) should caution against
straight-forward generalizations based on SSCP mi-
gration patterns.”
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Fig. 4.

LMP strain variability in (a) LCLs spontaneously derived in vitro from 15 HIV seropositive individuals and (b)

Hu-SCID tumours induced by the injection of PBMC from 11 healthy human donors. LMP-specific PCR products were
separated by polyacrylamide gel electrophoresis and detected by ethidium bromide staining. Positive and negative

controls as in Fig. 1.

LMP sequence variants in LCLs and Hu-PBMC-
SCID tumours

Sequence variations at both terminal regions of LMP
have been described. An Xhol restriction poly-
morphism is apparently confined to strains from
broadly different geographical regions,” while
nasopharyngeal carcinoma (NPC)-like deletions of
amino acids (aa) 343-352 were detected in a third
of Hodgkin’s disease (HD) specimens, but not in
reactive conditions by a Swiss study.*® In our samples,
which indirectly represent natural isolates within
northern Italy, the higher degree of LMP heterogeneity
should be present in its tandem repeat region." All
26 EBV + samples were therefore examined for strain
variability using LMP-specific primers encompassing
the repeat region. Figure 4 shows that ethidium brom-
ide staining distinguished LMP fragments of different
size in both LCLs (Fig. 4a) and Hu-SCID tumours (Fig.
4b). Visual inspection disclosed that electrophoretic
separation through a polyacrylamide matrix yielded
a good fragment resolution (compared with the two
prototype viruses), and five bands with different sizes
could be readily detected in each set of samples (LCLs
in Fig. 4a and Hu-SCID tumours in Fig. 4b).

Sequence analysis of the seven different LMP
fragments detected in the 26 EBV +samples

The LMP region of B95.8 (type A) virus is char-
acterized by a 33-bp element which is repeated
three times; a fourth 48-bp element derives from the
insertion of a 15-bp stretch, while a 30-bp element
is localized at the 3’ terminus."

Direct sequencing of the LMP variant fragments
in the study samples further defined LMP repeat
composition (Fig. 5), and seven variants could be
identified. The most common variant (239 bp) was
carried by 13 EBV+ samples (six LCLs and seven
Hu-SCID tumours), while four additional variants
(305, 272, 221, 173 bp) were each detected in one
case; of the remaining two variants, one (206 bp) was
found in five LCLs and one Hu-SCID tumour (donor
L.D.), and the other (254 bp) in LCL#1 and Hu-SCID
tumour of donor L.L.

DISCUSSIONS AND CONCLUSIONS

EBV type and strain were analysed in 26 EBV+
samples consisting of spontaneously derived LCLs
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Sample PCR product
B95.8 221 bp
AG876 206 bp
LCLs
%1,6’1:3’ 10 239 bp
2,3,8,9,15 206 bp
1 254 bp
5,12 221 bp
14 173 bp
Hu-SCID tumours
L.D. 206 bp
L.L. 254 bp
T.A. 272 bp
305 bp
T.S. |

33 bp 48 bp

30 bp
1

Fig. 5. Structural organization, as established by direct sequencing, of LMP-specific PCR products from the 26 EBV +
samples. On top, the structural organization of LMP repeats in B95.8 and AG876 viral prototypes. On the left, the size
in bp of the PCR-amplified LMP product. At the bottom, schematic representation of single 33, 48 and 30-bp repeats.

from 15 HIV-1-seropositive individuals, and tumours
induced in SCID-mice by the inoculation of PBMC
from 11 normal human subjects. Samples were either
oligo- or mono-clonal, with either only episomal
(latent) or linear (productive) and episomal EBV gen-
omes (Menin et al.'® and data not shown). PCR ana-
lysis with primers specific for EBNA 2 and 3C gave
concordant typing results for, and confirmed the pres-
ence of, type A virus in all the samples, except one

(Hu-SCID tumour of donor B.G.) in which type B
virus was found. On the contrary, EBER evaluation by
means of PCR-SSCP analysis gave discordant results.
Indeed, all LCLs but one (LCL#10), and seven of 11
Hu-SCID tumours (and donors) disclosed an EBER
type B profile. Direct sequencing of the amplified
EBER fragments confirmed the PCR-SSCP findings,
and detected a few additional mutations which did
not cause any anomaly in the PCR-SSCP pattern.
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Similar variations were previously interpreted as an
indication that a third type (or a subtype of type A)
of EBV might have arisen by recombination. This was,
apparently, not the case in our samples as evidence
of mixed infections could not be obtained (data not
shown). Indeed, identical EBNA2 (and LMP) frag-
ments were detected in: (1) mouse tumours induced
by cells from two separate lymphaphereses from the
same donor;'® (2) five independent LCL#5 clones
derived immediately after immortalization; and (3)
five different samples of LCL#6,’' despite its origin
from an AIDS patient. To assess the putative existence
of additional EBV types or subtypes, it would be
necessary to identify functional parameters associated
with EBNA type A and EBER type B ‘hybrid’ sequences
directly in patients’ samples, in order to avoid any
possible selection phenomenon.

However, detection of viral variants by LMP ana-
lysis might prove to be more important than EBV
typing. Indeed, different LMP constructs, derived from
B95.8 virus or a nasopharyngeal carcinoma (NPC)
isolate, showed strikingly different transforming ca-
pacities following transfection into murine 3T3 cells.”
LMP is also expressed in HD* and NPC** tumour
tissue, while EBNA 2 is absent.>>*® Furthermore, vari-
ations at the LMP carboxy-terminal domain might
disrupt some of the biological functions of this pro-
tein.”?®

Among the 26 studied EBV + samples, seven EBV
variants could be readily detected, thus confirming
LMP sequence heterogeneity. The major variations
among the different EBV+ samples were due to
different reiterations of the 11-aa repeat, and therefore
they could be readily detected by ethidium bromide
staining of standard polyacrylamide gels (Fig. 4). LMP
analysis, therefore, might represent a further valuable
means for studying single or multiple EBV variants
resulting from EBV reactivation and/or reinfection that
are known to occur in some immunocompromised
patients.8,19,21,23,39—43
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