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SUMMARY Titration of antibodies against viral antigen (VA) and early antigen (EA)
induced by Epstein-Barr virus (EBV), in sera from patients with sarcoidosis and
nasopharyngeal carcinoma (NPC), were performed by the indirect immunofluore-

scent technique.

The anti-VA titers of 143 sera from 70 patients with sarcoidosis and 108 sera from
control groups were examined. As a positive reference, the anti-VA titers of 31
sera from NPC patients were also examined. Dissociation in the frequency dis-
tribution of anti-VA titers of normal controls and patients with sarcoidosis or
NPC were found to be maximum when the limit for a positive reaction was set at
1:640. Of the sera from sarcoidosis patients, 60.19, had anti-VA titers equal to,
or greater than 1:640. There was no significant correlation between the titers
and the clinical stage of sarcoidosis, although patients with sarcoidosis, who had
become clear of pulmonary X-ray findings, showed a somewhat lower positive rate
of anti-VA activity than patients with pulmonary X-ray findings of sarcoidosis.
Of the 108 specimens from a control group, consisting of patients with tuberculosis
and other diseases and normal subjects, 21.39, had VA antibody levels equal to, or
higher than 1: 640. On the other hand, the percentages of cases with anti-VA
titers of 1: 640 or more, were 61.39, for NPC patients, 28.39, for patients with other
types of cancer of the head and neck, 7.99%, for members of families of NPC patients

and 109, for normal subjects.

1 Parts of this work were presented at the 6th In- on September 12, 1972,
ternational Conference on Sarcoidosis in Tokyo,
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Sera from 64 patients with sarcoidosis, from 28 patients with NPC and from 20
healthy persons were examined for antibodies to EA. The proportion of sera with
anti-EA titers of 1: 10 or more, was significantly higher in NPC patients than in
patients with sarcoidosis or in healthy persons. No significant difference was found
between the EA titers of patients with sarcoidosis and healthy subjects.

INTRODUCTION

Sarcoidosis was first described by Hutchinson
in 1869, but its etiological agent has not yet
been found. Recently, Hirshaut et al. (1970)
and Wahren et al. (1971) reported that sera
of patients with sarcoidosis exhibited high
antibody titers to viral antigen (VA) of Epstein-
Barr virus (EBV).

EBV has been suspected as a possible viral
etiological factor in Burkitt’s lymphoma (BL),
nasopharyngeal carcinoma (NPC) and infec-
tious mononucleosis (IM). The possibility of
a causative role for this agent in BL, NPC and
IM is supported mainly by the observation that
sera of patients with these diseases showed high
reactivities against the viral antigen of EBV.
Henle, Henle and Diehl (1968) reported that
paired sera from patients with IM showed a
marked increase in antibody titer against EBV,
as demonstrated by the indirect immunofluores-
cence test, and sera from patients with NPC
exhibited an equally high proportion of positive
reactions to EBV to sera from BL patients,
although their antibody titers were slightly low-
er than in the latter. Kawamura et al. (1970)
found that in Japan the sera from IM patients
exhibited higher titers than those of cases of
leukemia or other cancers, or of normal subjects.
However, the titers of IIM patients were lower
than those of patients with NPC or BL. An
anti-EBV titer of more than 1: 640 was found
in the sera of 85.7%, of the BL patients, 77.1%,
of the Chinese NPC patients in Taiwan, and
63.6%, of the Japanese NPC patients examined.
The reactivities of the sera of NPC and BL
patients against EBV were similar.

Henle et al. (1970) and Hinuma, Sairenji
and Ohta-Hatano (1970) reported that EBV
infection of Raji cells and NC-37 cells results
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in the appearance of an early antigen (EA) in
these cells, which is serologically different from
VA. They found EA in the sera of patients
with BL, or NPC but little if any in sera from
patients with other neoplasms or from healthy
donors.

The present paper reports studies on the anti-
bodies to VA and EA of EBV in sera from
patients with sarcoidosis and NPC in Japan,
examined by the indirect immunofiuorescence.

MATERIALS AND METHODS

1. Sera

Two categories of human sera were examined.
1) Sera (143 samples) from 70 patients with sarcoido-
sis, and 108 control sera obtained from 14 patients
with pulmonary tuberculosis, 40 patients with dis-
eases other than sarcoidosis and pulmonary tuber-
closis and 54 healthy persons. Sera were obtained
from the Osaka Prefectural Hospital. Control per-
sons were confirmed not to have the picture of sar-
coidosis by pulmonary X-ray. 2) Thirty one sera
from patients with NPC, 120 sera from patients with
carcinoma and neoplasms of the head and neck other
than NPC, 38 sera from members of families of
patients with NPC and 40 sera from healthy persons.
These sera were obtained from the Osaka Kaisei
Hospital and the Hospital of the Osaka University
Medical School.

The age distributions of subjects in these two
categories are shown in Tables 1 and 2. All sera
were stored at —20 C until tested.

2. Cells

The P3IHR-1 subline of the P3] (Jijoye) Burkitt’s
cell line, was kindly supplied by Dr. Y. Hinuma,
Kumamoto University, School of Medicine. Cells
were cultured in Eagle’s minimal essential medium
with 209, calf serum, 100 IU of penicillin and 100 pg



TasLe 1. Age distribution of cases with sarcoidosis and control subjects

Age (years)

Group - Total
-9 10-19  20-29  30-39 40-49  50-59 60—
Sarcoidosis
Before treatment 1 14 26 10 7 4 2 64
Under treatment 1 13 23 10 5 4 0 56
After clearing of X-ray changes 3 6 8 4 2 0 0 23
Total 5 33 57 24 14 8 2 143
Control
T'uberculosis 0 3 4 4 0 2 1 14
Other diseases 0 3 6 5 11 6 40
Normal subjects 1@ 11(2) 20 11 12 4 54 (6)
Total 1 17 30 20 15 12 13 108

@ Members of families of patients.

TasLE 2. Age distribution of cases with NPC, and with cancer of the head and neck other than

NPC and of normal subjects

Age (years)

Group Total
-9 10-19  20-29 30-39 40-49 50-59  60-69 70~

Nasopharyngeal 0 2 2 3 8 9 6 1 31
carcinoma
Members of families <
of NPC cases : 0 5 7 8 12 5 1 0 38
Cancer of head and
neck other than NPC 0 1 8 6 23 3 28 19 120
Normal subjects 0 4 4 4 10 9 6 3 40

of streptomycin per ml at 33 C.  On the 14th day,
approximately 1/3 of the fluid in the culture was
replaced by fresh medium. The NC-37 cell line of
human hematopoietic cells was kindly supplied by
Dr. T. Osato, Cancer Institute, Hokkaido University,
School of Medicine. Cells were grown in RPMI-
1640 medium containing 10% fetal calf serum at
37 Cin a CO, incubator.

3. Preparation of VA of EBV

As described by Hinuma et al. (1967), the per-
centages of VA positive cellsin cultures of the P3HR-
1 line increased on culturing the cells at 33 C for
8-12 days. In this way 20-30% of the cells be-
came immunofluorescent positive. These cells were
washed five times with phosphate buffered saline
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(PBS), pH 7.4, and suspended in PBS at a final
concn of approx 108-107 cells/ml. A drop of this
suspension was smeared on a coverslip, dried at
room temp and fixed with cold acetone for 15 min.

4. Preparation of early antigen (EA) induced by

EBV

For assays of antibodies to EA, NC-37 cells were
exposed to concd suspensions of EBV which had been
prepared from P3HR-1 cultures as described by
Henle et al. (1970). Cells of the P3HR-1 line were
incubated at 33 C for 10-12 days, and then centri-
fuged at 10,400x g for 20 min. The supernatant
was recentrifuged at 27,300x g for 90 min. The
precipitate was suspended in 3 ml of PRMI-1640
medium containing 20% fetal calf serum. For in-
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fection, cells of the NC-37 line were harvested by
centrifugation at 1,000 X g for 5 min and resuspended
at a concn of 1 X107 cells in 3 ml of the above men-
tioned virus suspension. After 1 to 3 hr at 37 C,
the cells were washed with the same medium and
resuspended in fresh medium at a conen of 10¢
cells/ml.  Then the cultures were incubated at 37 C
for 18 hr, and acetone-fixed cell smears were pre-
pared from them.

5. Indirect immunofluorescent antibody technigue for
titration of the antibody levels to V.A and EA

A slight modification of the indirect method estab-
lished by Henle and Henle (1966) was employed.
For determinations of the anti-VA titer, test sera
were diluted 1:40, 1:160, 1: 640 and 1: 2,560 with
PBS, and for determinations of the anti-EA titer, sera
were diluted 1:10, 1:40, 1: 160 and 1: 640 with PBS.
These sera were used as primary antisera in the in-
direct immunofluorescence procedure. Coverslips
with the virus antigens were first exposed to the
various dilutions of the primary serum for 30 min
at 37 C. 'Then they were thoroughly washed five
times with PBS, and overlaid with anti-human y
globulin conjugated with fluorescein isothiocyanate
(Eiken Chemical Co., Tokyo) and incubated in a
moist chamber for 30 min at 37 C.  Then they were
washed five times in petri dishes containing PBS
on a vibrator and mounted on slides with buffered
glycerol (pH 9.5). These preparations were ob-
served with a Tiyoda FM 200A microscope equipped
with an Osram HBO 200 high pressure mercury
lamp and by the ultraviolet excitor procedure. The
antibody titers against Marek’s disease virus (Biken
C2 strain) were also examined as described by Naito
et al. (1970).

6. Hemagglutination-inhibition (HI) test

Assay of antibodies to influenza A (A/Aichi/2/68),
B (B/Kagoshima/68) and mumps (Enders) virus were
performed through the courtesy of Drs. S. Kunita
and T. Kurimura by Miss A. Maeda at the Osaka
Prefectural Institute of Public Health, using the
microtiter method.

RESULTS

L. Distribution of anti-VA titers in sera from
patients with sarcoidosis and controls

Dissociation in the frequency distribution of
the incidence of anti-VA titers in sera from
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sarcoidosis patients and controls was found to
be max when the limit of the positive reaction
was set at 1: 640 (Fig. 1). As shown in Table
3, of the 143 sera of sarcoidosis patients, 60.19,
had anti-VA titers of 1: 640 or more, while
only 21.3%, of the 108 control sera had anti-VA
titers of 1: 640 or more. Sera of sarcoidosis
cases and control subjects were each divided
into three groups as shown in Table 3. There
is no significant correlation between the titers
and groups of sarcoidosis cases, although the
group of sarcoidosis patients in whom pul-
monary X-ray findings had become normal,
showed a somewhat lower positive rate of anti-
VA activity than the other groups.

The data were analyzed statistically by the
ridit method, taking the anti-VA titers among
the control groups as the identified distribu-
tion. Thesera of sarcoidosis patients exhibited
a higher average ridit than those of controls.

2. Dustribution of anti-VA titers in sera from
patients with NPC and controls

Table 4 shows the distribution of anti-VA
titers in patients with NPC, patients with can-
cer of the head and neck other than NPC, mem-
bers of families of NPC patients and normal
subjects. The percentages of cases with anti-
VA titers of 1: 640 or more, were 61.39, in

(93]
(=
T

>
. O
T

N
[}
T

Positive rate (%)
w
(@]

.
(]
T

<1:40 1:40 1:160 1:640 1:2560=<
Anti-VA titers

Ficure 1. Distribution of anti-VA titers in sera
Sfrom patients with sarcoidosis and NPC and from
normal  subjects. -, sarcoidosis (64 sera);
~~~~~ » NPC (37 sera); -, normal subjects (54



TABLE 3. Distribution of anti-EBV (V A) titers in sarcoidosis, other diseases and normal subjects

Anti-EBV (VA) titers

1:640<

Group Total positive ariil(iisti )
<1:40  1:40  1:160 1:640 1:2560< 85 (%) ysts
Sarcoidosis 0 11 46 47 39 143 60.1 0.733+£0.048
Control group 12 42 31 16 7 108 21.3 0.500£0.056
Sarcoidosis
Before treatment 0 6 17 22 19 64 64.1 0.831£0.072
Under treatment 18 17 20 56 66.1 0.867+0.077
After clearing of 0 4 1 3 0 23 34.8 0.722:£0.120
X-ray changes
Control
Tuberculosis 1 6 2 3 2 14 35.7 0.591+0.154
Other diseases 3 15 10 9 3 40 30.0 0.593+0.091
Normal subjects 8 202 19(2) 4 2(2) 54 (6) 11.1 0.500£0.079

¢ Members of families of patients.

TaBLE 4. Distribution of anti-EBV (V. A) titers in normal subjects and cases of selected disease

Anti-EBV (VA) titers

1:640<

Group Total L ositive Ridit

<1:40 1:40 1:160 1:640 1:2560<  ©25¢8 (% analysis
Nasopharyngeal 0 4 8 9 10 31 61.3 0.788:£0.104
Members of families 10 is 10 3 0 38 7.9 0.366-:0.098
Cancer of head EO 18 23 45 28 6 120 28.3 0.568--0.033
Normal subjects 7 7 22 3 1 40 10.0 0.5004+0.091

patients with NPC, 28.39, in patients with
cancer of the head and neck other than NPC,
7.9%, in members of families of NPC patiens
and 109, in normal subjects. The sera of
NPC patients exhibited a higher average ridit
than those of other groups.

3. Incidence of antibody titers to EA in sera
Sfrom patients with sarcoidosis and NPC and
controls

Antibodies to EA were examined in sera
from 64 patients with sarcoidosis, 28 patients
with NPC and 20 healthy presons. As shown
in Table 5, 85.7%, of the NPC patients had
detectable anti-EA antibodies (1: 10<), where-
as 32.89, of the sarcoidosis patients and 5.39,
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of the healthy persons had detectable anti-
bodies. The percentage of sera with anti-EA
titers of 1: 10 or more was significantly higher
in the NPC group than in group of sarcoidosis
patients or healthy persons. There was no
significant correlation between the anti-EA
titers of sarcoidosis patients and controls.

4, Correlation between anti-EA titers and anti-
VA titers

The anti-EA titers of sera from patients with
NPC, and sarcoidosis and healthy controls, were
plotted against their anti-VA titers (Fig. 2).
In patients with NPC, positive anti-EA titers
(1:10<) were observed in 899 of 18 sera
with positive anti-VA titers (1: 640<) and
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T'aBLE 5. Distribution of anti-EA titers in sera of patients NPC and sarcoidosis and normal
subjects
Group No. of Anti-EA titers 1‘2_10S0
sera <1:10 1:10  1:40  1:160 1:640<  Positive (%)
NPC 28 4 5 10 7 2 85.7
Sarcoidosis 64 43 18 3 0 0 32.8
Normal subjects 20 19 1 0 0 0 5.3

809, of 10 sera with low anti-VA titers (<1:
160). On the other hand, in patients with
sarcoidosis positive anti-EA titers were ob-
served in 329, of 48 sera from patients with
high anti-VA titers (1: 640<), and 369, of 14
sera from these with low anti-VA titers. Thus

no correlation was found between the antibody
levels to VA and EA.

5. HI antibody titers and immunofluorescent
antibody (FA) titers to different viral antigens

No significant correlation was found between
the distributions of HI antibody titers to in-
fluenza A and B and mumps virus antigens
and FA antibody titers against Marek’s disease
virus antigen in the sera from sarcoidosis and

1:2560 30 0 °
_ 1:6401333 299 g00
k]
<C
-~ Qee
4 Lil60fsssiooe oo 00 °
N
1:401388 | *
LA
<1:40}
i 1 | 1 J
<1:101:10  1:40  1:160  1:640
Anti-EA titer

Ficure 2. Relationship between anti-EA and anti-
V A titers in sera from patients with NPC and sarcoido-
sis and in healthy persons. O, NPC; @, sarcoidosis;
&, normal subjects.
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NPC patients and normal subjects.

DISCUSSION

Hirshaut et al. (1970) and Wahren et al. (1971)
demonstrated that the percentages of sera of
sarcoidosis patients with antibodies to EBV
were significantly higher than in control groups.
We confirmed that sarcoidosis patients in
Japan also exhibited high titers of antibodies
against EBV. The antibody titers to viral
antigen (VA) of EBV in sera of sarcoidosis
patients reported in this paper, were similar to
those reported by Hirshaut et al. (1970), but
were higher than those obtained by Wahren et
al. (1971). The anti-VA titers of Wahren et
al. were not as high as those seen in sera of
cases of Burkitt’s lymphoma or NPC, and the
percentages of reactive Burkitt’s lymphoma
cells (Silfere line) were estimated as 2-59,
using a known positive serum from a patient
with infectious mononucleosis. We used 20—
309 immunofluorescent positive cells of the
P3HR-1 line as VA antigen of EBV. It is
unknown whether the discrepansy is due to
a racial difference. Various factors could in-
fluence the antibody titers to VA of EBV, such
as the cell line and percentages of VA positive
cells used as VA antigen, and the type of fluores-
cent microscope used for observation.
Patients with sarcoidosis were divided into
3 groups on the basis of their clinical condition.
Groups 1 and 2 were patients before and during
treatment and group 3 were patients who had
become free of pulmonary X-ray lesions. No
significant association was found between the



stage of the disease and the antibody titer to
EBYV, though the frequency of positive anti-
VA antibodies in group 3 was somewhat lower
than in the other two groups. Further studies
are required on this.

Wahren et al. (1971) demonstrated that the
numbers of sarcoidosis patients with antibodies
to herpes simplex and cytomegalovirus were
also significantly more than in control groups,
whereas those of other antibodies, including
antibodies to varicella zoster virus, mumps
virus and measles virus, were similar to those
in controls. In the present work, the members
of cases with antibodies to influenza virus A
type and B type and mumps virus were not
found to be higher in sarcoidosis or NPC pa-
tients than in controls. It is unknown whether
there is any mechanism to elevate the im-
munological reactivity to certain herpes virus
infections.

Henle et al. (1970) reported that EA was
shown to induce abortive infection in most, if
not all, of invaded cell, but not of VA and thus
not mature virus particles. Hinuma et al.
(1970) also found a new antigen, which is simil-
ar to EA. Cells containing EA are detectable
by indirect immunofluorescence tests with sera

REFERENCES

Henle, G., and W. Henle. 1966. Immunofluores-
cence in cells derived from Burkitt’s lymphoma.
J. Bacteriol. 91: 1248-1256.

Henle, G., W. Henle, and V. Diehl. 1968. Relation
of Burkitt’s tumor associated herpes-type virus to
infectious mononucleosis. Proc. Natl. Acad. Sci.
U.S.A. 59: 94-101.

Henle, W., G. Henle, J. B. A. Zajac, G. Person, R.
Waubke, and M. Scriba. 1970. Differential reac-
tivity of human sera with EBV induced  early
antigen ”’.  Science 169: 188-190.

Hinuma, Y., T. Sairenji, and R. Ohta-Hatano. 1970.
Detection of antibody to a new antigen induced
by Epstein-Barr virus in serums from patients
with malignant lymphoid diseases. Proc. Japan
Academy 46: 989-992.

Hinuma, Y., M. Konn, J. Yamaguchi, and J.'T\.

from many patients with Burkitt’s lymphoma
or NPC, but rarely with sera from healthy
donors or patients with other diseases. Wah-
ren et al. (1971) reported that the finding of
anti-EA in sarcoidosis was relatively rare and
the titers were low. We also found low titers of
anti-EA, i.e., less than 1: 40 in sera of patients
with sarcoidosis, although some of these sera
contained high anti-VA titers. On the other
hand, anti-EA was detected in 85.7%, of the
cases of NPC. The low titers of anti-EA in
cases of sarcoidosis suggest that the made of
involvement of EBV in sarcoidosis differs from
that in BL or NPC.

ACKNOWLEDGMENTS

This study was aided by grants from the Ministry of
Health and Welfare. We are grateful to Professor
Y. Hinuma, Kumamoto University, for supplying
the P3HR-1 subline of the P3] (Jijoye) Burkitt’s
lymphoma cell line and Professor T'. Osato, Hokkaido
University, for supplying NC-37 cells of a human
hematopoietic cell line. We are also grateful to Dr.
N. Kunita, Dr. T. Kurimura and Miss A. Maeda,
Osaka Prefectural Institute of Public Health for per-
forming the assays of antibodies to influenza and
mumps virus antigens.

Grace. 1967. Immunofluorescence and herpes
type virus particles in the P3HR-1 Burkitt lym-
phoma cell line. J. Virol. 1:1045-1051.

Hirshaut, Y., P. Glade, L. O. B. D. Vieira, E. Ain-
bender, B. Dvorak, and L. E. Siltzbach. 1970.
Sarcoidosis, another disease associated with sero-
logic evidence for herpes-like virus infection. New
Engl. J. Med. 283: 502-506.

Kawamura, A., M. Takada, A. Gotoh, K. Hamajima,
S. M. Tu, C. H. Liu, C. 8. Yang, and C. H. Wang.
1970. Seroepidemiological studies on naso-
pharyngeal carcinoma by fluorescent antibody
technique with cultured Burkitt lymphoma cells.
GANN 61: 55-71.

Naito, M., K. Ono, S. Tanabe, T'. Doi, and S. Kato.
1970. Detection in chicken and human sera of
antibody against herpes type virus from a chicken

Narro, M. et al. Anti-EB virus antidody in Rarcoidosis and NPC 147



with Marek’s disease and EB virus demonstrated S. Léfgren, E. Madar, G. Henle, and W. Henle.

by the indirect immunofluorescence test. Biken 1971. Antibodies to various herpesviruses in
J. 13:205-212. sera from patients with sarcoidosis. J. Natl. Cancer
Wabhren, B., E. Charlens, A. Esmark, H. Lundbeck, Inst. 47: 747-756.

148 BIikeN JourNaL Vol. 16 No. 4 1973





