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(Re. .IVCd ILLly 9,1973)

Bii<EN JOURNAL \101.16,141-148,1973

uMMAm' Titration of antibodies against viral antigen (VA) and early antigen (EA)
induced by Epstein-Barr virus (EBV), in sera from patients with sarcoidosis and

riasopharyngeal carcinoma (NPC), \\, ere performed by the Indirect jinmunoHuore-
scent technique.

The anti-\IA titers of 143 sera from 70 patients with sarcoidosis and 108 sera from
control groups were examined. As a positive reference, the anti-\IA 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
I : 640. Of the sera from sarcoidosis patients, 60,1'6 had anti-\/A titers equal to,
or greater than I : 640. There \\, as no significant correlation between the titers
and the clinical stage of sarcoidosis, although patients \\, ith 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 \IA antibody levels equal to, or
higher tlTan I : 640. On the other hand, tlTe percentages of cases \\, Ith anti-VA
titers of I: 640 or inorc, were 61,311, for NPC patients, 28.3% for patients with other
types of cancer of the head and neck, 7.9% for members of families of NPC patients
and 10% for normal subjects.

I Parts of this \\'orl< were presented at the 6tlt In-
turnational Conference on Sarcoidosis in Tok}0,

on September 12,1972.
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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 I : 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
hern f, und. R, cantly, Hitchaut at a1. (1970)
and \\7ahren et a1. (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),
riasopharyngeal carcinoma (NPC) and infoc-
tious mononucleosis (TM). 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.
Hanl, , Henl^ and Dich1 (1968) rep, rt*d that
paired sera from patients with 11\{ showed a
marked increase in antibody titer against EBV,
as demonstrated by the indirect jinmunoftuores-
CGnce 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 a1. (1970)
found that in Japan the sera from TM patients
exhibited higher titers than those of cases of
leukemia or other cancers, or of normal subjects.
However, the titers of TM patients \\, ere lower
than those of patients with NPC or BL. An
anti-EBV titer of more than I : 640 was found

in th, ^eru of 85.7% of th. BL pad. nts, 77.17,
of the Chinese NPC patients in Taiwan, and
63,67, of the Japanese NPC patients examinecl.
The reactivities of the scra of NPC and BL

patients against EBV were similar.
Henle at a1. (1970) and Hinuma, Saireitji

and Oht^-Hatan. (1970) rep, rted that EBV
infoction of Rail cells and NC-37 cells results

ill 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 jinmunofiuorescence.

MATERIALS AND it{ETHODS

I. Serfi

Two categories of humaiT sera \\, ere examined
I) 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-
CIOsis 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 neclt 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 OSal<a University
Medical School

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

The P3HR-I SIIblinc of the P3J (Inoye) Burl<itt's
cell line, \\, as kindly supplied by Dr. Y. Hinuma,
Kumamoto University, School of Medicine. Cells
were cultured in Eagle's minimal essential medium
\\. itIT 20% calf setLiiTi, 100 IU of penicillin ai, d 100 14g



TABLE I Age dz'styibt, tt'on of cases colth soycoz'dosis and control subjects

Sarcoidosis

Before treatment

Under treatment

After clearing of X-ray changes

Total

Group

Control

'ruberculosis

Other diseases

Normal subjects

Total

" Members of families of patients

-9

TABLE 2. Age dz'styz'but 1'0n of crises 202'1h NPC, and ECi'th cancer of the head and neck other than
NPC nitd of normal sub^^CIS

10-19

3

20-29

14

13

6

33

Age (years)

>

30-39

26

23

8

57

o

o

I (1)"

Nasopharyngeal
carcinoma

Members of families
of NPC cases

Cancer of Itead and
neck other than NPC

Normal subjects

Group

40-49

10

10

4

24

3

3

11 (2)

17

50-59

7

a

2

14

+

6

20

30

of streptomycin per in I tit 33 C. On the 14tl, day,
approximately 113 of the fluid in the culture was
replaced by fresh medium. The NC-37 cell line of
human hematopoietic cells \\, as kindly supplied b}.
Dr. T. OSato, Cancer Institute, Hokkaido University,
School of IVledicine. Cells were growlT in RPMl-
1640 medium containing 1070 fetal calf serum at
37 C in a Co, incubator

3. Prepu, ajio, I of pH of EB,

As described by Hinuma at a1. (1967), the per-
centages of VA positive cellsin cultures of the P3HR-
I line increased on culturing tlTe cells at 33 C foi
8-12 days. In this way 20-3011 of titc cells be-
came jinmunoftuorescent positive. These cells were
washcd five tin\CS with 1,110sphatc buffered sailnu

60-

4

4

o

8

+

11

20

-9

Total

o

10-19

2

o

o

2

U

11

4 (2)

15

o

2

20-29

64

56

23

143

2

6

4 (1)

12

o

o

Age (years)

30-39 40-49

>

2

9

3

13

4

7

3

14

40

54 (6)

108

8

4

8

8

50-59

6

4

12

9

60-69

23

10

(PBS), pi{ 7.4, and suspended in PBS at a final
concn of approx 10'-10' cellslml. A drop of this
suspensioi\ was smeared on a coverslip, dried at
room temp and fixed witli cold acetone for 15 min

4. Prepnrnt, 'o11 of errr/y aliti^", I (EH) illdi, ced by
EBP

For assays of antibodies to EA, NC-37 cells \\, ere
exposed to concd suspensions of EBV \\hiclt ITad been
prepared from P3HR-I CLIltures as described by
Henle at a1. (1970). Cells of the P3HR-I line were
incubated at 33 C for 10-12 days, and tllen centri-

fuged at 10,400 x g for 20 min. The supernatant
wits receittrifuged at 27,300 \ g for' 90 litin. Titc
precipitate \\ as suspended in 3 in I of PRA, 11-1640
ritediuiiT containing 20y, fetal calf scruiit. 1:0r in-

6

35

9

70-
Total

28

6

o

31

19

3

38

120

40

NAiTo, A1. at al. AMIi-EB o1'1 Ms a"libody in sarcoidosis and NPC I+3



feation, cells of the NC. 371ine were harvested b\.

centrifugation at I, 000 x g for 5 min and resuspended
at a concn of I I 10' cells in 3 inI of the above men-

tioned virLis suspension. After I to 3 hr at 37 C,
the cells \\, ere \\. ashed witlT the same medium and

resuspended in fresh mediLim at a concn of 106
cellsjml. Then the cultures \\, ere incubated at 37 C

for 18 hr, and acetone-fixed cell smears \\, ere pre-
pared from them

5. 11/11^^ tc! 1111/11/11iq/1,101 tsc"111 '11/11'bu, b, IfchJ, fly, ,, 101
1111',,!1011 of Ihc rilllibody If"CIS 10 pH find fill

A slight n. odinctition of thc indircct inctltod CSt;Ib-
lished b>, Henle and Henle (1966) \\, as enTployed
For determinations of the anti-VA titer, test sera
were diluted I: 40, I: 160, I: 640 and I: 2,560 with
PBS, and for determinations of the anti-EA titer, sera
were diluted I : 10, I : 40, I : 160 and I : 640 \\, ith PBS
These sera \\, ere Lised as primary, antisera in the in-
direct ImmunoHuorescence procedtirc. Coverslips
with the \, irus antigens \\. ere first exposed to the
various dilutions of the primary, serum for 30 min
at 37 C. Then they were thorougl, it washed five
times witl, PBS, tind overlaid \\itI, tinti-htim;111 :,
globtilii, conjugated witlT fluorescein ISOthiocyanatc
(Eiken Chemical Co. , Tol<yo) ai, d incubated in a
moist chamber for 30 nTii, tit 37 C. Then they \\, CTC
washed five times in petri dishes containing PBS
on a vibrator and mounted on slides \\. itIT buffered

glycerol (pH 9.5). These preparations were ob-
served \\, Ith a Tiyoda FM 200A microscope equipped
with an OSram HB0 200 biglt pressure mercury
lamp and by the Liltraviolet excitor procedure. The
antibody titers against Marek's disease \, irus (Biken
C2 strain) \\, ere also examined as described by Naito
at a1. (1970)

6. He'll rigg/11ti'lint, 'o11-111h, tit^^, I (H/) tes!

Assay, of antibodies to influenza A (A1Aichi12168),
B (BIKagoshimaj68) and ntumps (Enders) virus were
performed through the courtesy of Drs. S. KLinita
and T. 1<urimLira bv Miss A. Maeda at the Osaka

Prefectural Institute of Public Health, Lising the
microtiter method

sarcoidosis patients and controls was found to
be max when the limit of thc positive I. eactioi\
w"^ ^, t at I ^ 640 (Fig. I). A^ *I, ,w" in T, bl,
3, of the 143 sera of sarcoidosis patients, 601''-'
had anti-VA titers of I: 640 or more, while
only 21.3q, of the 108 controlsera had anti-VA
titers of I : 640 or more. Sera of sarcoidosis
cases and contiol subjects were each divided
11TttiIhi'cc gillLips as sho\\, it in Tablc 3. Thci'c
is Il, I significant curlclatioi\ but\\. ccit thc titcrs
and gillups of sarcoidosis cases, althoiigh thc
group of sarcoidosis paticnts in whoiil pul-
monary X-ray findings ITad become normal,
showed a somewhat lower positive rate of anti-
VA activity than the other groups.

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

2. Distil'biffi'o11 of mill'- ,, Inn's 111 s"w 1101/1
pd/zeni$ corni A1PC d, if/ coll!10A

Table 4 shows the distributioi\ of anti-\;A

titers in patients with NPC, patients with can-
cer of the head and necl< other than NPC, mein-
bets of families of NPC patients and normal
subjects. The percentages of cases \\, ith anti-
VA titers of I: 640 or more, were 61.30. ' in

RESULT'S

I. Distilbkti'o11 of ruin'- pH tilei's 111 sei a 11 owl
patients toilh sai'coldos!'s a"of COMti'o13

Dissociation in the frequency distribution of
the incldencc of ai}ti-VA titcrs ill scrti from

50

ise 40

~ 30

E; 20

10
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TABLE 3 Distributz'on of anta'-EB P (,'A) liters 111 sal. CO2'dosi's, other d, teases and nomia/ sub^^cts

Group

Sarcoidosis

Control group

Sarcoidosis

Before treatment

Under treatment

After clearing of
X-ra\. changes

Control

Tuberculosis

Other diseases

Normal subjects

<1 : 40

o

12

Anti-EBV (VA) titers

I : 40 I : 160 I : 640

4711 46

1642 31

it Members of families of patients

TABLE 4. Dt'$171'bull'on of anta'-EBU (pH) liters lit ito1'inn/ rubyects and cases of selected dz^ease

o

o

o

6

4

Group

Nasopharyngeal

3

8

17

18

11

I : 2560<

39

7

carcinoma

6

15

21 (2)"

Members of families
of NPC cases

Cancer of Ilead and
neck other than NPC

Normal subjects

22

17

8

Total
cases

2

10

19 (2)

143

108

I : 640:^

positive
(%)

60.1

21.3

19

20

o

Anti-EBV (VA) tite, s

<1:40 1:40 1:160 1:6401:256U<

98

3

9

4

patients with NPC, 28.31;, in patients with
cancer of the head and neck other than NPC,
7.9y, in members of families of NPC patiens
and 1011 in normal subjects. The sera of
NPC patients exhibited a higher average ridit
than those of other groups.

3. Incide, ice of a"tabody lite, 's to EH 111 sei'a
1101/1 patients colth sal'coidosi's and A1PC rind
cont, 'ok

Antibodies to EA wcre examincd in sera

from 64 patients with sarcoidosis, 28 patients
with NPC and 20 Ilealthy presons. As shown
in Table 5,85.71, ' of the NPC patients had
detectable anti-EA antibodies a : 101:=), \\, herc-
as 32.81" of thc sarcoidosis paticnts and 5.31

64

56

23

U

Ridit
analvsis

2

3

2 (2)

10

64.1

661

34.8

O. 733, . 0.048

O. 500, . 0.056

+

18

7

14

40

54 (6)

15

o831 too72

0867:too77

0722t0120

23

35.7

30.0

11.1

10

I

45

22

O. 591, . 0.154

O. 593, : 0.091

0500t0.079

10

Total
cases

28

3

o

I : 640<

POSitivC
(%)

61.331

6

38

of the healthy persons had detectable anti-
bodies. The percentage of sera with anti-EA
titers of I : 10 or more was significantly higher
in the NPC group than in group of sarcoidosis
patients or healthy persons' There \\, as no
significant correlation between the anti-EA
titers of sarcoidosis patients and controls.

4. Co, ','elation bettuee, I anti'-fir1 11'tel's a, Id a"ti-
P, I Incl's

The anti-EA titers of sera from paticnts with
NPC, and sarcoidosis and healthy controls, \\, ere
plotted against their anti-\IA titers (Fig. 2).
In patients with NPC, positive anti-EA titers
(I: 10:=) \\, ere observed in 89'. 1 of 18 sera
witl\ POSitivc anti-VA titcis (I: 640:;;) and

120

40

Ridit

anal}'sis

7.9

o. 788 to. 104

28.3

10.0

0366t0.098

0568. .0033

0500t0.091

N, \110, A, I. at al. a"Ii-EB "i, "$ drillbody in saltoidosi's and NPC I+5



'I'ABLE 5. Drill'16Nli'on of o, 111'-Erl it'ters in sera of pttlz'errts NPC (Ind surcoz'dost's und nori, in/
sub^^cts

NPC

Sarcoidosis

Normal subJects

Group

80'1, of 10 scra witll low anti-VA titers (:=I:
160). On the other hand, in patients with
sarcoidosis positive anti-EA titers were ob-
served in 327, of 48 sera from patients with
high anti-VA titer^ a ^ 640, :=), and 36% of 14
sera from these with low anti-VA titers. Thus

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

No. of
sera

28

64

20

<1 : 10

4

43

19

5. H/ a"tabody^ 111ers o71d 17n, MUMqjl"oresce"t
antibody (FA) liters to different airal anti^e, ,$

No significant corrclation was found betwcen
thc distributions of Hl antibody titers to in-
fluenza A and B and mumps virus antigens
and FA antibody titers against Marek's diseasc
virus antigen in the sera from sarcoidosis and

I : 10

Anti-EA titers

18

I : 40

10

3

o

I : 160

I : 2560

NPC patients and normal subjects.

7

o

o

I : 640<

O. .
...
...
...
.A

L_

01
.-,

DISCUSSION

I : 640

00.
...

+-.

2

o

o

Hitchant at a1. (1970) and W, hren at a1. (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. Thc antibody titers to viral
antigen (VA) of EBV in sera of sarcoidosis
patients reported 11T this paper, were similar to
those reported by Hitshaut at a1. (1970), but
were higher than those obtained by Wahren at
a1. (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 2-5%
using a known positive serum from a patient
with Infectious mononucleosis. We used 20-

307, jinmunofluorescent positive cells of the
P3HR-I line as \IA 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.
Grotips I and 2 were patients before and during
treatment and group 3 were patients who had
become free of pulmonary X-ray lesions. No
significant associatioi\ was found betweciT the

<

. 1:160

I, 10s;
positive (%)

o. .
...

...

...

...

...

.A

"-.

C

<

...

...

...

000
o0

O. .
...

...
AAA
AAA
Aa

857

32.8

5.3

I :40

000
...
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00 O
...

o
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< I :40

I :40
Anti-EA titer

FIGURE 2. Ite!at, 'oils/111p beta!cell anti-fiH und '11/11-
Prt liters ill serafio, ,JPatie, its coin, NPC and sal coido.
$1's and 113 lien!t/, y pel'soils. 0, NPC, ' ., sol'coldosi's, '
A, 110F, ,Iu/ sirbyecls
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stage of the disease and the antibody titer to
EBV, 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 at a1. (1971) demonstrated that the
numbers of sarcoidosis patients with antibodies
to I\CTpes simplex and cytomegalovirus were
also significantly Inore than in control groups,
whereas those of other antibodies, incl{Iding
antibodies to varicclla 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 jin-
inunological reactivity to certain herpes virus
infections.

Henle ct a1. (1970) reported that EA was
showiT to induce abortivc infectioiT 111 most, it
not all, of invaded cell, but ITot of VA and thus
not maturc virus particles. Hinuma at al.
(1970) also found a new antigen, which is SImil-
an. to EA. Cells containing EA are detectable
by indirect jinmtinofi. uorescence tests with sera

from many patients with Burkitt's lymphoma
or NPC, but rarely with sera from healthy
donors or patients with other diseases. Wah-
Ten et a1. (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 I: 40 in sera of patients
with sarcoidosis, although some of these sera
contained ITigh anti-VA titers. 01t the other
nand, anti-EA was detected in 85.77 of thc
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.
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