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Abstract

Gene rearrangement studies were performed on blood lympho-
cytes from eight patients with acute Epstein-Barr virus-in-
duced infectious mononucleosis. The diagnosis in each case
was based on characteristic clinical, hematologic, and serglogic
findings. The blood lymphocytes in each patient consisted pre-
dominantly of CD8+T cells. EBVDNAwas detected in seven
patients by Southern blot analysis (EBV Bam HI Wprobe,
BamHI). A germline configuration was found for the immuno-
globulin heavy and light chain genes (JH probe, BamHI and
Eco RI; C, probe, Bam HI; and CA probe, Eco RI). T cell
receptor gene rearrangements were detected with J, and J,01+2
probes. Using a J, probe with two different restriction enzymes
(Bgl II and Eco RI), the blood from each patient showed sev-
eral bands corresponding to the polyclonal pattern previously
described in the blood of normal individuals. Using J,1+2
probes with two different restriction enzymes (Bgl II and Bam
HI), each case showed from 3 to about 12 extragermline bands
of varying intensity and in different locations from case to case.
In addition, each case showed relative deletion of the J01
germline band. This oligoclonal pattern of T cell receptor gene
rearrangements has not been previously reported in benign or
malignant T cell populations. (J. Clin. Invest. 1990. 86:1358-
1363). Key words: Southern blot . clonality - CD8+ T cells .
immunophenotype - immunogenotype

Introduction

Within the last five years, the configuration of the TCR' gene
has been used as a marker of clonality in T cell populations
(1-9). Generally, the presence of one or two extragermline
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1. Abbreviations used in this paper: EBNA, EBV-associated nuclear
antigens; EBV-IM, EBV-induced infectious mononucleosis; TCR, T
cell receptor; VCA, EBV-specific viral capsid antigens.

bands on an appropriate Southern blot analysis has proved to
be an effective indicator of a malignant T cell population,
while benign T cell populations have usually demonstrated a
germline configuration, often with relative or absolute deletion
of the germline band from the 031 locus. There are exceptions
to this rule; for example, clonal populations have been ob-
served in two indolent dermatologic disorders, lymphomatoid
papulosis and pityriasis lichenoides et varioliformis acuta, that
may represent low-grade T cell malignancies rather than truly
benign T cell disorders (10-12).

Acute EBV-IM is usually considered to be a benign, self-
limited disease caused by a primary Epstein-Barr virus infec-
tion. It is thought to begin with a productive EBV infection of
the oropharyngeal epithelium (13). The virus reaches Wal-
deyer's ring by way of the epithelium, where infection and
transformation of B lymphocytes occurs (13-15). The trans-
formed B lymphocytes proliferate locally and may briefly enter
the blood during the initial stages of the infection, but the
number of EBV-infected B cells is usually less than 0.05% of
blood mononuclear cells (16). Most of the atypical lympho-
cytes in the blood of EBV-IM patients are actually T cells,
which are thought to be primarily responsible for limiting and
controlling the EBV infection. For example, T lymphocytes
from EBV-IM patients have been shown to delay outgrowth of
autologous EBV-infected B lymphocytes (17) and to inhibit
outgrowth of EBV-transformed human fetal lymphocytes (18).

In this report, we have investigated the possibility that
clonal TCRgene rearrangements may be found in acute EBV-
IM. Immunophenotypic and immunogenotypic studies of
blood lymphocytes from eight patients with acute EBV-IM are
described. Our analysis confirms previous studies suggesting
that these lymphocytes are predominantly CD8+ T cells (19).
Moreover, we report that these T cells have a unique oligo-
clonal TCRgenotype, a pattern of clonality that has not pre-
viously been described in lymphoid tissues.

Methods

Case selection. The investigation was performed after approval by the
Committee on the Use of HumanSubjects in Research at the Univer-
sity of Minnesota. Eight patients who had characteristic clinical, hema-
tologic, and serologic findings of acute EBV-IM were chosen for study.
All patients were male students (ages 18-22) at the University of Min-
nesota with clinical symptoms typical of acute EBV-IM, including
fever, sore throat, and lymphadenopathy. The diagnosis in each pa-
tient was confirmed by standard serologic methods (see Results)
(20-23). None of the patients had a history of inherited or acquired
immunodeficiency.
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Table I. Pertinent Laboratory Data from Eight Patients with Acute Epstein-Barr Virus-induced Infectious Mononucleosis

Lymphocytes
in differential Heterophil

count antibodies
Case WBCx 109/L (atypicals)* (horse cells)t VCA-IgM VCA-IgG EBNA

1 7.7 88 (85) 1:448 .1:160 1:80 < 1:2
2 11.0 52 (45) 1:4336 >1:160 1:160-1:320 <1:2
3 16.6 74 (38) 1:224 1:80-1:160 1:320 <1:2
4 23.0 83 (36) 1:224 1:10-1:20 1:640 <1:2
5 8.5 78 (55) 1:224 1:160-1:320 1:320 <1:2
6 24.5 78 (65) 1:224 1:160 1:320-1:640 <1.2
7 6.3 54 (18) 1:448 .1:160 1:160 <1:2
8 12.4 52 (17) 1:448 1:160 1:640 <1:2

* Number in parentheses refers to the number of atypical lymphocytes per 100 white blood cells. $ Monospot tests (Ortho Diagnostic) were
also positive in each case.

Immunophenotype studies. The blood lymphocytes from each case
were evaluated using immunologic marker studies and flow cytometry,
as previously described (24). A panel of B- and T-lymphocyte-asso-
ciated monoclonal antibodies was applied, including the pan-B cell
antibody B43 (CD19; Fatih Uckun, University of Minnesota), the
pan-T antibodies 13B3 (CD2; Dan Vallera, University of Minnesota),
T3 (CD3; Coulter Immunology, Hialeah, FL), TIOI (CD5; Dan Val-
lera), and G3.7 (CD7; Dan Vallera), the helper T cell antibody anti-
Leu 3 (CD4; Becton Dickinson, Mountain View, CA), and the cyto-
toxic/suppressor T cell antibody T8 (CD8; Ortho Diagnostic Systems,
Inc., Raritan, NJ).

Immunogenotype studies. DNAfrom blood lymphocytes, which
had been isolated using Ficoll-Hypaque density gradient centrifuga-
tion, was extracted and purified according to standard procedures (25).
10 ,ug of DNAwas digested with an appropriate restriction enzyme,
and the resulting fragments were separated by gel electrophoresis in
0.8% agarose gel. Separated DNA fragments were then transferred
from the gels onto activated nylon membranes (Genatran-45; Plasco,
Woburn, MA) by the transfer method of Southern (26). Membranes
were then hybridized with DNAprobe fragments that had been 32P-la-
beled by the random oligonucleotide priming technique (27). Details
of the methods of hybridization and autoradiography have been pre-
viously described (25). DNAprobe fragments used included the join-
ing region of the Ig heavy chain gene, the constant regions of the kappa
and lambda Ig light chain genes (25), the joining region of the gamma
TCRgene (11), and the joining regions of the beta TCRgene (12).
Restriction enzymes were purchased from New England Biolabs,
Beverly, MA.

Detection of Epstein-Barr virus. Southern blot hybridization stud-
ies were performed as described elsewhere, (25, 26) using 10 sg of
purified DNAdigested by BamHI. The resulting fragments were elec-
trophoretically fractionated according to size and transferred onto ac-
tivated nylon membranes. Hybridization was performed with two sep-
arate EBVprobe fragments that had been 32P-labeled by the random
oligonucleotide priming technique (27). One probe consisted of a Bam
HI Wfragment of EBVDNA(28), and the other probe was a 5.2-kb
Bam HI-Eco RI restriction fragment containing the 500 bp tandem
terminal repeated sequence of the EBVgenome (29).

Results

Hematologic and serologic diagnostic studies are summarized
in Table I. The absolute white blood cell count was normal in
three patients, and a leukocytosis up to 23 X 109/L was present
in five cases. All cases had > 50% lymphocytes and at least
10% atypical forms in the differential count. The heterophil
titer was 1:224 or greater in all patients. In addition, Monospot
tests (Ortho Diagnostic) were positive in each case. EBVpro-
files from all patients were diagnostic of primary EBV infec-
tions, based on positive anti-VCA IgM and IgG responses and
negative (< 1:2) anti-EBNA titers.

The immunophenotype studies are summarized in Table
II. The blood lymphocytes in each patient consisted predomi-
nantly of T cells, with B cells comprising 2% or less of the

Table II. Summary of Immunophenotype Studies

Case Case2 Case3 Case4 Case5 Case6 Case7 Case8

CD19 2 7 2 1 1 1 1 2
CD2 96 90 96 83 94 98 92 92
CD3 89 78 90 77 70 94 79 80
CD5 85 82 91 72 58 88 76 71
CD7 35 78 94 55 61 ND 29 61
CD4 13 32 10 15 12 8 24 22
CD8 76 37 83 57 54 75 65 50
CD4:CD8 ratio 0.17 0.86 0.12 0.26 0.22 0.11 0.37 0.44

ND, not done.
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probe with two separate restriction enzymes (Bgl II and Eco
RI), the blood from each patient showed several bands corre-
sponding to the polyclonal rearrangement pattern previously
described in the blood of normal individuals (30). Using J,1+2
probes with two different restriction enzymes (Bgl III and Bam
HI), each case showed from 3 to -12 bands of varying inten-
sity and in different locations from case to case (Fig. 2). In
addition, each case showed relative deletion of the J,01 germline
band. For each case, an identical oligoclonal rearrangement
pattern was obtained after hybridization of blots obtained by
gel electrophoresis of two separate digests for each of the re-
striction enzymes used, minimizing the possibility that partial
digestion of DNAcontributed to the multiple band pattern.1 2 3 4 5 6 7 8 This pattern of oligoclonal rearrangements has not been ob-

re 1. Portion of a Southern blot autoradiogram (prolonged expo- served in our previous studies using these restriction enzymes
showing an analysis for EBV nucleic acids using the EBV Barn and probes (12, 31-34).

HI Wprobe and Barn HI restriction enzyme. Faint bands at 3 kb are
seen in all lanes except lane 2, indicating a low number of copies of
EBVgenomes in the peripheral blood lymphocytes of patients 1 and
3-8.

lymphocytes in seven cases and 7%of the lymphocytes in case
2. No aberrant expression of pan-T cell antigens was noted,
although the percentage of CD7 positive T lymphocytes in
cases 1 and 7 was somewhat lower than expected. The CD4
(helper) to CD8 (suppressor) ratios ranged from 0.11 to 0.86.
Although case 2 had a higher CD4:CD8 ratio and more B cells
than other patients, this patient had no distinguishing clinical
features.

EBVDNAwas detected in seven cases (patients 1 and 3-8)
by Southern blot analysis using the EBV Bam HI Wprobe
(Fig. 1). The Southern blot autoradiogram from these seven
patients revealed faint bands after prolonged exposure times,
indicating a very low copy number of EBV genomes. There
were no obvious hematologic, serologic, or immunologic dif-
ferences between the seven positive cases and the negative
case. EBVgenome could not be detected in blood lymphocytes
from any of the eight patients in Southern blot analysis using
the less sensitive EBV terminal repeated sequence probe.

The results of the immunogenotype studies are summa-
rized in Table III. A germline configuration was found for
immunoglobulin heavy and light chain genes in all eight cases
(data not shown). However, rearrangements of the beta and
gammaTCRgenes were detected in each patient. Using a J.Y

Discussion

Our study of the immunophenotype and EBV status of blood

lymphocytes in acute EBV-IM patients agrees with observa-

tions in other studies. Previous studies have shown that CD8+

T lymphocytes are the predominant cell type in the blood of

EBV-IM patients (1 9), and these observations are confirmed in

our series. Although previous reports have shown that EBV-

infected B lymphocytes are found in the blood in low numbers

(16), EBVgenome was detected in the blood of seven of eight

patients, using Southern blot analysis with the EBVBamHI W

probe. Since the EBV terminal repeated sequence probe is less

sensitive than the BamHI Wprobe, it is not surprising that we

were not able to use this probe to assess the clonality of the

EBV-infected lymphocytes, due to insufficient copies of EBV

genome in the specimens. Polymerase chain reaction tech-

niques would most likely demonstrate EBVgenome in blood

lymphocytes from all EBV-IM patients, but this technique also

could potentially detect EBV in the blood of any patients pre-

viously exposed to Epstein-Barr virus.

The polyclonal pattern of gamma TCR rearrangements

seen in our series has been previously described in the blood of

normal individuals (30). The gammaTCR gene has only a

small number of variable region segments, so that there is a

very limited repertoire of potential rearrangements. Therefore,

analysis of polyclonal T cell populations in normal patients

may yield a set of nongermline bands corresponding to all of

the potential rearrangements of this gene.

Table III. Summary of Immunogenotype Studies

CaweI Caw 2 Caw 3 Cawe4 Caw 5 Cawe6 Cawe7 Caw 8

JH(Bam HI) G G G G G G G G
JH(Eco RI) G G G G G G G G

',C,,(Bam HI) G G G G G G G G
C,\(Eco RI) G G G G G G G G
Jy (BgI1II) PR PR PR PR PR PR PR PR
Jy (Eco RI) PR PR PR PR PR PR PR PR
J#1+2 (BgI II) OR OR OR OR OR OR OR OR
J,012 (Barn HI) OR OR OR OR OR OR OR OR

G, germline; PR, polyclonal rearrangement pattern; OR, ofigoclonal rearrangement pattern.
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1 2 3 4 5 6 7 8 C
Figure 2. Composite autoradiogram, derived from two separate gels,
showing analysis of the beta TCRgene using a Jo6+2 probe and Bgl II
restriction enzyme. The background appears high because of the pro-
longed time of exposure (9 d). All lanes are loaded with the same
amount of DNA. C represents a control peripheral blood specimen
from a normal individual. Germline bands are designated by the
arrows. All eight cases show from 3 to 12 extragermline bands of
varying size and intensity. In addition, the Jo1 germline (at the upper
arrow) is diminished in intensity compared to the lower two J02
germline bands. Patient 1 lacks the lower J62 germline band due to
the absence of a polymorphism that is present in the DNAfrom the
other patients.

The oligoclonal pattern of beta TCRgene rearrangements
found in the blood of the patients in our series has not been
previously reported in the blood or lymphoid tissues of pa-
tients with other benign or malignant T cell populations. Since
the large majority of malignant T cell populations are thought
to be monoclonal, arising from a single cell that has already
undergone rearrangement of its TCRgenes, each T cell in the
clone usually has an identical beta TCRgene rearrangement.
This results in the appearance of one or two nongermline rear-
rangement bands on Southern blot analysis (because either or
both of two alleles may undergo rearrangement) (1-9). Three
rearrangement bands have been reported to occur in several
Southern blot analyses of two benign or indolent T cell lym-
phoproliferative disorders, lymphomatoid papulosis and pi-
tyriasis lichenoides et varioliformis acuta (Mucha-Habermann

disease) (10-12). Although the appearance of three bands may
be due to the presence of more than one clone of T cells, other
explanations include abnormal rearrangements, chromosomal
hyperdiploidy, or somatic mutation of DNAof a previously
rearranged gene in some fraction of the clonal cells in a mono-
clonal population. In contrast, most benign T cell populations
are presumably polyclonal, with each clone of T cells having a
unique beta TCRrearrangement. Since polyclonal T cell pop-
ulations consist of enormous numbers of T cell clones, each
clone comprises only a very small portion of the population, so
that no individual rearrangement band is large enough to be
detectable by Southern blot analysis. However, relative or ab-
solute deletion of the Jo1 germline band is often seen because
the T cells are either rearranging their J,01 gene or deleting that
gene and rearranging their J# gene (1-12).

In contrast to the patterns discussed above, our Southern
blot analysis of the blood of EBV-IM patients revealed from 3
to about 12 beta TCRextragermline bands in every case. This
most likely indicates that several clones of T cells are present,
but many less than in the polyclonal populations of T cells
present in most benign disorders. The rearrangement bands
were of varying intensity and in different locations from case
to case, indicating a unique oligoclonal pattern for each case.
The relative deletion of the Jo1 germline band also provides
indirect evidence that the beta TCRgenes in these T lympho-
cytes are undergoing rearrangement. An oligoclonal pattern of
immunoglobulin gene rearrangements has been reported in
hyperplastic lymph nodes from AIDS patients (35). However,
a germline pattern was seen on analysis of the beta TCRgene
in these cases. AIDS patients are known to have a predisposi-
tion to the development of B cell lymphoma, while individuals
who have had acute EBV-IM have no known predisposition
for T cell lymphoma. Recently, one or two clonal populations
of non-neoplastic T cells have been described in a minority of
patients with B cell chronic lymphocytic leukemia and multi-
ple myeloma, found by performing Southern blotting studies
on isolated T cell populations (36).

It has been proposed that the T lymphocytes in the blood of
patients of acute EBV-IM are important in containing the
EBV infection and recovery of the patient. Since there is a lack
of correlation between the appearance of humoral immunity
and recovery from EBV-IM, attention has been focused on
cell-mediated immune functions. In support of the hypothesis
that cellular immunity is a prime mediator of recovery in these
patients, T lymphocytes from EBV-IM patients have been
shown to delay outgrowth of autologous EBV-infected B lym-
phocytes (17) and to inhibit outgrowth of EBV-transformed
human fetal lymphocytes (18). Outgrowth inhibition can be
demonstrated with either CD4+ or CD8+ T lymphocytes but
is greatest when the effector T cell population contains both
CD4+ and CD8+ T cells (37). Since cell-mediated immune
mechanisms have been shown to be an important mechanism
for recovery and immunity in many other viral infections, it is
quite possible that this oligoclonal pattern of TCRgene rear-
rangements will not be found to be unique to patients with
EBV-associated acute EBV-IM, but may also be encountered
in other acute viral illnesses that are similarly studied.

In practical terms, this report has demonstrated the pres-
ence of oligoclonal TCRgene rearrangements in a benign and
self-limited disease. Therefore, caution should be exercised in
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the evaluation of the blood of known or suspected lymphoma
patients by gene rearrangement studies. The presence of extra-
germline bands alone should not be used to constitute evi-
dence of malignant T cell clone if the patient is suffering from
an intercurrent illness that may be viral in nature. Although a
unique pattern of 3 to 12 bands was observed in all eight cases
reported here, it is likely that, at some point in each of these
patients' courses, only one or two bands may have been detect-
able.
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