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The long-term T cell immunity to Epstein-Barr virus (EBV) is considered to play an important role
in suppressing proliferation of EBV-infected B cells and outgrowth of EBV-associated tumors. It can
be manifested and guantified by the EBV-induced focus regression assay. In the present study, we
examined the strength of T cell immunity to EBV in patients with nasopharyngeal carcinoma (NPC)
and other cancers originating from the head and neck region. In contrast to patients with other types
of cancers, including EBV-negative NPC, patients with EBV-positive NPC were found to have a

profound impairment in the long-term T cell immunity to EBV,
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Epstein-Barr virus (EBV) is a ubiquitous lympho-
tropic human herpes virus which is carried in a state of
latent infection by most normal individuals of all human
populations. Paradoxically, however, EBV is also etio-
logically associated with endemic as well as sporadic
forms of two human malignancies, Burkitt’s lymphoma
(BL) and undifferentiated nasopharyngeal carcinoma
(NPC)." In vitro, EBV efficiently transforms B cells into
indefinitely growing lymphoblastoid cell lines (LCLs)
which produce the latency-associated viral proteins.” In
healthy carriers, however, the growth of EBV-infected B
cells is effectively suppressed by host immune surveil-
lance. The importance of the immune surveillance is
clearly demonstrated by the high incidences of EBV-posi-
tive B cell proliferative diseases and lymphomas asso-
ciated with various immunodeficiency states.* While
nonspecific effector cells, antibodies and cytokines no
doubt contribute to inhibition of outgrowth of EBV-posi-
tive B cells,*® EBV-specific HLA-restricted cytotoxic T
cells are considered to play the major role in the immune
surveillance.”

The long-term T cell immunity to EBV can be mea-
sured by the EBV-induced focus regression assay.” It has
been established that the regression of EBV-induced
transformation is exclusively seen in cultures of lympho-
cytes from seropositive donors, dependent on cell density
and mediated by EBV-specific HLA-restricted immune
memory T cells.”? By using regression assay, it has been
shown that holoendemic malarial infection, the long-
suspected cofactor for endemic BL, suppresses EBV-
specific T cell immunity.'>'" A significant reduction in
EBV-specific T cell immunity has also been demonstrated
in endemic NPC patients by means of regression
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assay.'> ¥ In the latter studies, however, it was not tested
whether such a reduction in the regression activity is
more frequently seen in NPC patients than those with
other types of cancer. In the present study, therefore, we
compared the long-term T cell immunity to EBV in
Japanese patients having sporadic NPC with those
having other types of cancer also originating from the
same or a closely associated head and neck region by
using the EBV-induced focus regression assay.

MATERIALS AND METHODS

All the patients were Japanese, seen at the hospital of
Wakayama Medical College. A blood sample of each
patient was obtained before starting therapy and the
diagnosis was confirmed by histological examinations.
Blood samples were also obtained from healthy donors.
Serum antibody titers to VCA. (virus capsid antigen), EA
(early antigen) and EBNA (EBV-encoded nuclear anti-
gen) were determined by the standard methods.'” EBNA
and LMP (latent membrane protein) were detected on
frozen tissues by anti-complement immunofluorescence
staining'” and indirect immunoperoxidase staining using
a monoclonal anti-LMP $12, respectively. EBV-DNA
was detected in the tissue samples by Southern blotting
hybridization using the BamHI W fragment of B95-8
EBV-DNA as the probe.!”

The level of T cell-mediated immunity to EBV in
peripheral blood lymphocyte (PBL) samples was mea-
sured by means of focus regression assay as described
previously'® with slight modifications. In brief, periph-
eral blood mononuclear cells (PBMCs) were isolated from
heparinized blood samples by isopycnic centrifugation on
Ficoll-Paque (Pharmacia). Cells adherent to the plastic
surface were removed by cultivation at 37°C for 2 h to
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overnight. Non-adherent cells (mainly PBLs) were
pelleted, and 1.6 10® cells were incubated in 0.5 ml of
EBYV stock derived from B95-8 at 37°C for 1 h. We used
a single lot of the B95-8 culture supernatant with a 50%
transforming titer of 10*°/m1 as the EBV source through-
out the present study. Cells were washed twice with
culture medium, and resuspended in 2 ml of RPMI-1640
supplemented with 10% fetal bovine serum. After two-
fold serial dilutions, cells were seeded into round-
bottomed 96-well type microtest plates (150 pl/well) at
8X10°, 4x10°, 2X10°, 1X10°, 5X10% 2.5X10%
1.25%10* and 6.25X 10" cells/ml, using six replicate
wells per cell concentration. After about 40 days, out-
growth of immortalized cells in each well was determined
under a microscope. The regression index, which was the
initial cell concentration (X10™*) per ml required to
achieve 50% incidence of regression in EBV-infected
PBL cultures, was calculated by the Reed and Muench
method; the higher the regression index, the lower the
frequency of EBV-specific cytotoxic T cells in the PBL
population. The statistical analysis was done by applying
the Mann-Whitney U test.

RESULTS

The regression assay was carried out with PBL
samples obtained from healthy donors and patients with
NPC and other cancers originating from the head and
neck region. The results are summarized in Table 1. PBL
samples derived from four seropositive healthy donors
exhibited high regression activities with the average re-
gression index of 8.1. On the other hand, PBL samples
obtained from seronegative healthy donors showed no
regression activity at all (RI>>160). These results con-
firmed that the regression activity was dependent on
previous sepsitization to EBV.” All the patients in the
present study were seropositive. In the case of PBL
samples obtained from NPC patients, the regression activ-
ity was quite variable, ranging from 6.0 to >>160. NPC
of two patients was EBV-negative squamous cell carci-
noma. The values of these patients (6.2 and 6.0) were
quite similar to those of normal seropositive donors. In
sharp contrast, the regression activities of four other
patients who had EBV-positive non-keratinizing or un-
differentiated NPC were quite low, the average regres-
sion index being > 120. We also examined the regression
activity of four patients suffering from other squamous
cell carcinomas originating from the head and neck
region. These tumors are not associated with EBV. Their
regression activities were similar to those of normal
seropositive donors, the average regression index being
7.1. Collectively, the dramatic increases in the regression
index in EBV-positive NPC patients were highly signifi-
cant (P<0.05), whereas patients with EBV-negative
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NPC or other types of cancer also originating in the head
and neck region did not show any significant difference in
the regression index from healthy seropositive donors.
We also studied seven patients with malignant lympho-
mas developing from the head and neck region. Some
Hodgkin’s disease and other types of malignant lym-
phoma are now known to be infected with EBV.'*2%
Tumors of two patients were found to be EBV-positive
by immunostaining for EBNA and/or detection of EBV
DNA by Southern blotting hybridization. (Detailed phe-
notypic and other analyses of EBV-positive lymphomas
will be published elsewhere.) Five patients whose tumors
were EBV-negative again showed regression activities
comparable to those of normal seropositive donors. The
average regression index was 8.2. One patient with
EBV-positive non-Hodgkin's lymphoma of diffuse,
large cell type had a normal level of regression activity
{R1=8.1), whereas one with EBV-positive non-Hodgkin’s
lymphoma of diffuse, mixed cell type showed a very low
regression activity with a regression index of 64, which is
a value similar to those of EBV-positive NPC patients.

DISCUSSION

Certain human malignancies are now known to be
etiologically associated with viruses. These incilude BL
and NPC associated with EBV,"” cervical carcinoma
associated with HPV®"?® and adult T-cell leukemia
(ATL) associated with HTLV-1.” These virus-asso-
ciated human malignancies often express virus-encoded
antigens which may function as tumor-specific antigens
and may trigger attack from the host immune surveil-
lance system. Therefore, these virus-associated malig-
nancies provide tumor models in which interactions be-
tween tumor cells and the host immune system can be
studied.” In the present study, we have demonstrated
that a dramatic reduction in the long-term T cell immu-
nity to EBV is only seen in patients with EBV-positive
NPC and not in those with other types of cancer even
originating in the same or closely related anatomical
regions. Such strong and consistent impairments in T cell
immunity to EBV have only been reported in recipients
of organ transplants treated with immunosuppressive
drugs,” patients with AIDS*?” and patients with
ATL.*® We also found reduced T cell immunity to EBV
in one of two patients with EBV-positive malignant lym-
phoma, but the significance of this observation remains
to be established.

In the case of BL, tumor cells usually produce only
EBNA-1, which is essential for maintenance of episomal
growth of EBV. Other latent gene products which are
present in EBV-induced lymphoblastoid cell lines and
most of which have been shown to serve as good targets
for cytotoxic T cells® > are not produced.” The mecha-



T Cell Immunity to EBV in NPC

Table I. Summary of Serum Anti-EBV Titers, Immunohistological Detection of EBNA and LMP, Hybridization
Detection of EBY-DNA and Regression Index
Serum antibody titer Antigen EBV DNA
Donor Age Diagnosis in tumor in RI
EBNA
IpG IgA IeG IgA EBNA LMP tumor
Seronegative donors .
N.N. 8  normal <10 <10 <10 <10 <10 ND ND ND > 160
N.N. 10 normal <10 <10 <10 <10 <10 ND ND ND >160
YY. 19 normal <10 <10 <10 <10 <10 ND ND ND >160
Seropositive donors
Y.U. 10 normal 160 <10 <10 <10 80 ND ND ND 6.6
S.T. 27 normal 80 <10 <10 <10 80 ND ND ND 7.1
LY. 30  normal 80 <10 <10 <10 80 ND ND ND 6.4
T.J. 30 normal 40 <10 <10 <10 40 ND ND ND 12
Patients with EBV-negative NPC
N.S. 43  NPC SCC (IV) 40 <10 <10 <10 80 - ND - 6.2
Y.N. 74 NPCSCC (IV) 640 80 <10 <10 20 - - - 6.0
Patients with EBV-positive NPC
K.H. 48 NPCNKC(IV) 320 40 80 <10 160 + + + >160
T.N. 59 NPCUC({III) 5120 320 320 <10 320 + + + 62
HY. 63 NPCNKC(IV) 320 <10 160 <10 40 + — + >160
K.O. 0 NPCUCIII) 1230 80 320 40 80 + — ND 80
Patients with other carcinomas
T.T. 46 LCSCC 80 <10 <10 <10 160 ND ND ND 3.5
S.T. 52 MCSCC 20 <10 <10 <10 80 ND ND ND 10
F.N. 74 LCSCC 160 40 NS <10 160 ND ND ND 7.1
T.N. 74 ECSCC 160 <10 <10 <10 40 ND ND ND 7.8
Patients with EBV-negative lymphomas
T.Y. 61 NHL DM (II) 20 <10 <10 <10 40 — — — 7.6
M.O. 69 HDLP D 80 <10 <10 <10 80 - - - 15
T.T. 70 NHL ALC (D) 80 <10 <10 <10 <10 - - - 3.2
F.N. 70 NHL DL (1) 320 <10 <10 <10 80 - - — 7.1
K.M. 85 NHL DL (II) 320 <10 40 <10 80 - - — 7.8
Patients with EBV-positive lymphomas
YK. 52 NHLDL (D) 640 <10 10 <10 40 + - + 8.1
H.IL 69 NHL DM (II) 320 20 20 <10 30 - — + 64

Abbreviations are as follows. RI, regression index; VCA, virus capsid antigen; EA, early antigen; EBNA, EBV nuclear
antigen; SCC, squamous cell carcinoma; NKC, non-keratinizing carcinoma; UC, undifferentiated carcinoma; LC,
laryngeal carcinoma; MC, maxillary carcinoma; EC, ear carcinoma; NHL, non-Hodgkin’s lymphoma; HD, Hodgkin’s
disease; DM; diffuse-mixed cell type; LP, lymphocytic predominance type; ALC, anaplastic large cell type; DL,

diffuse-large cell type; ND, not done; NS, nonspecific. The number in the parenthesis indicates the stage.

nism of restricted gene expression in BL is largely un-
known, but Sample et al.** have recently demonstrated a
hitherto unrecognized promoter unique for EBNA-1
transcription. The suppression of EBV latent genes in
BL most likely has a strong selective advantage during
multi-step tumor progression in vivo under the influ-
ence of immune surveillance by EBV-specific cytotoxic
T cells. Recent studies have also shown that BL cells
evade immune surveillance by down-regulation of

virus-induced lymphocyte-detected membrane antigen
(LYDMA) and sometimes even HLA class I antigens,
both of which are essential for specific recognition by
cytotoxic T cells.***® Furthermore, down-regulation of
certain cell adhesion molecules seen in BL cells also
contributes to resistance to cytotoxic T cells.””*® These
results collectively support the importance of T cell sur-
veillance during in vive evolution of BL. In the case of
NPC, besides EBNA-1 about 509 of tumors were shown
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to express LMP,? which is a membrane protein recog-
nized by cytotoxic T cells.”*" We also detected LMP
expression in two out of four EBV-positive NPC cases
in the present study. The reason for or the mechanism
of the persistent expression of LMP in about 50% of
NPC is not known, but these and other data suggest
that there are important differences in the regulation of
EBV gene expression between NPC and BL.** NPC
patients in fact have a profile of serological responses
to EBV-encoded antigens distinct from that of BL pa-
tients.'” The anergy in T cell immunity to EBV shown by
previous studies' ' and by the present study, therefore,
might be advantageous for the development of NPC. It is
not known at present how the T cell immunity to EBV
could be suppressed in NPC patients. It may be due to a
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