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Abs t rac t - -The  [~25I] Clq-binding activity (Clq BA ) and the antibody titre against 
Epstein-Barr (EB) viral capsid antigen (VCA), EB nuclear antigen (EBNA) and 
early antigen (EA ) were determined in sera from 28 nasopharyngeal carcinoma patients 
and 66 matched controls from Tunisia. The geometric mean titres (GMT) of anti- 
VCA IgG .and anti-EBNA, as well as the prevalence of anti-EA, antibodies were 
significantly higher among the patients than in the control group. The increased Clq 
BA of NPC sera, as compared to that of control sera, is likely to reflect the presence of 
soluble immune complexes, to which the contribution of the various autoantibodies found 
in this disease seems to be negligible. 

In individual sera from these patients, the Clq BA correlated positively with the titre 
of IgG (P=0.026), but not with that of IgA, anti-VCA antibodies, indicating that 
the age-dependency of these different parameters was not per sea sufficient condition 

for a positive correlation to appear. Since the correlation between Clq BA and anti- 
VCA titre was restricted to the class of Ig which binds Clq, an alternative explanation 
is proposed in which specific anti-EBV antibodies complexed to virion structural 
antigens account for part of the elevated Clq BA. 

I N T R O D U C T I O N  

SERA collected from patients with a large 
variety of diseases have been screened during 
these recent years for the presence of circulat- 
ing immune complexes using one of the eight- 
een techniques presently available [1]. 
Their presence in sera from tumour bearing 
animals [2, 3] and cancer patients [4-6] has 
been reported by several investigators and an 
interesting hypothesis raised about their po- 
ssible interference with some of the cytotoxic 
mechanisms [7] susceptible, as suggested by 
different in vitro models, to control the tumour 
growth in vivo. 
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Heimer and Klein [8] recently reported 
that sera from the two Epstein-Barr virus- 
(EBV-) associated tumours (Burkitt's lym- 
phoma-BL, and nasopharyngeal carcinoma 
-NPC) contained circulating immune com- 
plexes, as shown by the ability of their serum 
to tix complement in a macroassay and to give 
"positive" results in the Raji cell binding 
assay [9]. 

Elevated titres of anti-EBV antibodies of 
both IgG and IgA classes constitute one of 
the hallmarks of NPC. This increase may 
represent, as does the presence of autoanti- 
bodies, one manifestation of the immune dis- 
orders possibly responsible for the increased 
tumour susceptibility [10]. It may also result 
from an unusually high and sustained anti- 
genic stimulation, as suggested by the recent 
finding that malignant epithelial cells from 
NPC tumours may, under certain conditions, 
produce and shed structural EB virion anti- 
gens [11], a situation known to occur with 
other herpesviruses [12]. As a consequence of 
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this release, EBV-specific immune complexes 
are likely to be formed and found within the 
circulation. A similar situation has been do- 
cumented in other pathological conditions 
such as, for example, those following hepatitis 
B virus infection [ 13]. 

We now report, using the Clq-binding assay 
of Nydegger et al. [14] that the sera from 28 
Tunisian NPC patients have a [125I] Clq- 
binding activity (Clq BA) greater than that of 
matched control sera. Furthermore, a positive 
correlation exists, in individual sera, between 
the level of Clq BA and the anti-VCA IgG 
antibody titres, suggesting that EBV-related 
antigens associated with their specitic anti- 
bodies might account for at least part of the 
Clq-binding. 

M AT E RIALS AND M E T H O D S  

Palients 

Twenty-eight patients with biopsy-proven 
NPC and 66 controls matched for their ethnic 
origin were bled in Tunis (Salah Asaiz 
Institute) and their sera sent to Lyons 
(France). The sex and age distributions of 
patients and controls appear on Fig. 1 or Fig. 
3. All sera were kept at - 7 0 ° C ,  without 
preservative. None was frozen and thawed 
more than twice. All tissue sections were 
examined by the same pathologist (Dr M. 

Cammoun) and characterized as NPC accord- 
ing to criteria previously described [151[. 
Staging refers to the classification proposed by 
Ho [16]. No attempt was made to assess the 
presence of EB nuclear antigen (EBNA) or 
viral genolne widfin the malignant cells. 

E B  V serologl' 

Antibodies against viral capsid antigen 
(VCA) and earl}, antigen (EA, R + D )  were 
titrated by the indirect immunotluorescent 
technique, as described by Henle [17, 18]. 
The tluorescein-conjugated goat anti-human 
IgG antibody was obtained through the 
National Cancer Institute of the United States, 
from the Huntingdon Research Center (lot 
ref. 1126501). The failure of the t]uorescein- 
conjugated anti-human IgA antibody 
(Hyland Laboratories, Costa Mesa California 
USA) to stain human myeloma (:ells contain- 
ing 3,, /2, 2 or ~ chains, confirmed its strict 
anti-~ specificity. The anticomplement im- 
munofluorescent (IF) test ot" Reedman and 
Klein [19] was used to determine the activity 
against EBNA. 

Clq-binding assay 

The technique of Nydegger el al. [141] was 
used with minor modifications as described by 
Zubler et al. [20]. 
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R E S U L T S  

C/q-binding activity (BA) of sera from NPC 
patients and controls 

The respective influence of sex, age and 
stage on the Clq-binding capacity of NPC 
sera is illustrated on Fig. 1 where the age 
factor appears to be important, all patients 
over 50 having a Clq BA greater than 10°/o . 
No age-dependency was noted in the control 
group. Although 5 of the highest Clq-binding 
values belonged to stages IV and V, no signifi- 
cant association could be detected between 
NPC development and level of Clq BA (Fig. 1 ). 

Clq-binding may be considered as a con- 
tinuous or dichotomous variable. When all 
sera from either patients or controls were used 
to calculate the mean values, a difference was 
found (11.0 vs 5.5 respectively) between the 
two groups (Fig. 2). The unique distribution 
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Fig. 2. Clq BA* of sera front NPC patients and controls. 
*Black circles are values from individual sera. White circles 
correspond to the mean value of each group (_+IS.D.). The 
vertical dotted line gives the 95% confidence limits of a group of 
100 Caucasians. The horizontal bar corresponds to the 90th 

percentile of the Tunisian control group. 

*Each serum, assessed for the presence of autoantibodies 
against actin (30), nuclear antigen (23) and lym- 
phocyte membrane structures (31), was classified ac- 
cording to tile number of "positive" assays (0-3). 

however (S.D.: 7.0 and 1.9 respectively) pre- 
vented the use of Student's t-test for evaluating 
its statistical significance. The Clq-binding 
was therefore treated as a dichotomous para- 
meter allowing to define "positive" and "ne- 
gative" sera. Using as cut-off points either the 
upper limit of the 95% confidence interval of 
one hundred normal Caucasian sera (6.85°:~) 
or the 90th percentile of the Tunisian controls 
(7 5°/o), there were more positive sera in the 
group of NPC than in the control groups. The 
difference was statistically significant for either 
cut-off (Z2=22.7 and 25.7, respectively; P 
<0.001 ). 

EBV serology in sera from NPC patients and 
controls 

The titres of IgG anti-VCA antibodies 
( G M T = 7 6 1 )  and anti-EBNA antibodies 
(GMT = 160 as well as the proportion of anti- 
EA positive sera (22/28) were higher in the 
group of NPC patients than in the control 
group (VCA=115 ;  E B N A = 8 5 ;  EA=21/65) .  
All these differences are statistically significant 
('Fable 1 ). 

The anti-VCA titres in sera from NPC 
patients increased with age for both IgG and 
IgA classes (Fig. 3). There was no evidence of 
stage dependency in this small series. 

Relationship between Clq BA and anti-EBV hu- 
moral immune response 

The search for an association, in individual 
sera, between the percentage of bound Clq 
and the titre of anti-EBV antibodies resulted 
in the finding of a positive correlation for IgG 
anti-VCA (r=0.37, P=0 .026)  (Fig.4) but nei- 
ther for IgA anti-VCA (r--0.097; not signi- 
ficant) (Fig. 5), nor for anti-EA (r=0.30, P 
>0.10;  not shown), nor for anti-EBNA (r 
=0.0048, not significant, not shown). 

D I S C U S S I O N  

We have found that sera from a series of 28 
Tunisian NPC patients differed from that of 
controls by the higher frequency with which 
they bind radiolabled Clq at an abnormally 
high level. This increase is believed not to be 
artefactual but to reflect the presence of sol- 
uble immune complexes as shown by the 
following controls: 1. A series of Caucasian 
sera were repeatedly frozen and thawed, a 
small aliquot being collected before each free- 
zing. Five sequential samples were assayed for 
their Clq BA. The level of binding, for a 
given serum, varied by no more than 20°4) 
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Table 1. Anti-EBV antibodies in sera from ,NPC patients and controls 

Statistical analysis 
NPC (28)* Controls (66) of the difference 

VCA (IgG GMT)~ 761 115 t test P<0.001 
EBNA (GMT) 160 85 t test P < 0.05 
EA (Prevalence) 22/28 21/65 )~2 = 16.85 P < 0.001 

*Number of sera tcsted betwecn parentheses. 
tG.N,I.'F. =Geometr ic  Mean Titre. 
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between the different aliquots (frozen from 1 
up to 5 times), without any definite trend 
[21]. 2. The presence of anti-nuclear anti- 
bodies has been reported [22, 23] in sera from 
NPC patients. In view of the possible in- 
terference between Clq and circulating DNA 
[14] up to 500#g/ml of native or denatured 
DNA were added to several human sera arid 
tound rather to decrease their Clq-binding 
capacity [21]. 3. No change in Clq BA was 
observed following the addition of lipopolysac- 
charides from E. coli (200#g/ml) suggesting 
that bacterial contamination of sera during 
shipment was not a matter of concern. A 
more direct evidence for that was provided by 
the "normal"  level of Clq-binding observed 
with the similarly handled control sera. 4. 
When a small series of sera with a high Clq 
BA (related to various pathological conditions 
such as systemic lupus erythematosus (SLE), 
cryoglobulinemia and chronic active hepatitis) 
were submitted to differential centrifugation, 
the Clq BA was recovered in the 15-21S 
region of the gradient, corresponding to mole- 
cular weights compatible with that of com- 
plexed 7S IgG molecules. 5. Finally, in view of 
the possible contribution of EBV-specific im- 
mune complexes to the increased Clq BA (see 
below), the possibility that EBV particles or 
fragments might bind Clq directly was ex- 
plored, but neither the cell sap, nor the 
supernatant of the EBV-producing P3HR-1 
cell line were found to bind Clq within the 
range of dilutions tested. 

Our  results confirm and extend the report, 
by Heimer and Klein [8], that in NPC (as 
well as in BL, the second malignant disease 
associated with EBV), a complement fixation 
macroassay and the Raji cell binding assay, 
gave "positive" results with 54 and 50c~/~, of 
the sera, respectively. Their use, however, of 
normal Caucasian sera as control group, made 
questionable the interpretation of their results, 
since the geographic origin of the specimens 
may by itself have influenced the level of 
circulating immune complexes [24, 25]. This 
is at least our experience from a limited 
survey of 15 BL cases and 15 matched controls 
from Uganda, in whom the mean values of 
Clq BA were similarly abnormal in the two 
groups (20.4°.,~ vs 23.7~o). 

In the present study, the Clq BA of sera 
from controls matched for age, sex and ethnic 
origin, were within "normal"  limits, suggest- 
ing that the high Clq BA observed in sera 
from NPC patients was related to the disease. 
An interesting observation was the influence 
of age, the patients older than 50 having a 
much higher increase of their Clq binding 
level than that of patients from other age 
groups, the moderate increase observed with 
the latter fits with the absence of gross alte- 
rations of serum complement levels and 
contrasts with the high values ob- 
served in SLE, cryoglubulinemia and 
chronic active hepatitis (Vincent and 
Revillard, in press). From these results, how- 
ever, the actual level of circulating antigen- 
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antibody complexes cannot be interred since 
Clq does not bind to the Fc portion of some 
Ig, such as those from the IgA class, among 
which part of the anti-EBV antibodies are 
characteristically found in NPC patients [26, 
27]. As to the lack of correlation between the 
level of Clq BA and the stage of the disease, it 
suggests that the tumour burden is a less 
critical parameter in determining that level 
than some age-dependent factor, possibly re- 
lated to the well-documented alteration with 
age of several T cell functions [28] including 
the suppressor [29]. 

One of the main questions raised by the 
finding of soluble immune complexes is the 
specificities of the complexed antibodies. The 
presence of several autoantibodies has recently 
been reported in the serum from NPC pa- 
tients: anti-nuclear factors [22, 23], anti- 
smooth muscle antibodies [30] and antibodies 
directed against lymphocyte cell surface de- 
terminants [31]. Whether they play a role in 
the Clq-binding increased activity of NPC 
sera, as anti-lymphocyte antibodies do in ch- 
ronic lymphocytic leukemia [32], was exam- 
ined by calculating the mean Clq-binding 
level in the four groups of patients classified 
according to the number, in individual sera, 
of the above autoantibodies {zero to three). As 
shown on Fig. 6, no difference was observed, 
suggesting that their contribution to the com- 
plexes, if any, is rather small. 

Another obvious field of investigation was 
the humoral immune response to EBV, a 
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matter of extensive studies in NPC patients 
(reviewed in [33]). As known for a long time, 
high tilers of antibodies against VCA, EA and 
EBNA are markers for NPC. This was once 
more confirmed in this small series of patients 
{Fig. 3). 

The main finding, however, came from the 
search for correlations, in individual sera, 
between the level of Clq BA and the titres of 
the various anti-EBV antibodies. The positive 
correlation found with anti-VCA lgG anti: 
bodies raises several questions. First, as the 
titration of anti-VCA antibodies relies upon 
an indirect IF technique, it was essential to 
discard the possibility that immune complexes 
might be responsible for a technical "ar- 
tethct". This was evaluated by calculating the 
G M T  of anti-VCA antibodies in two groups 
of 40 sera from SLE, cryoglobulinemia and 
chronic active hepatitis, selected tot their 
high (mean value: 34'){~; range: 10.4---79.8) or 
low {mean value: 3.9~)0; range: 1.9 6.2) level 
of Clq BA. No difference could be [bund 
(132 vs 136, respectively), indicating that the 
level of Clq binding per se was not responsible 
for the increased anti-VCA titre. 

Another possibility was that an identical 
concentration of anti-VCA antibodies might 
have resulted in different titres depending 
upon their free or complexed status. Bridging 
of several IgG molecules through circulating 
antigens might well result in an increased 
avidity, tbr the virion antigen, of the com- 
plexed antibody as compared to the affinity of 
the unbridged molecule, a situation similar to 
the high avidity of IgM pentavalent molecules 
as compared to that of IgG bivalent mo- 
lecules. This phenomenon could result in the 
binding of low affinity antibody to the EBV 
transformed test cells at dilutions which, with 
ti~ee antibody, would fail to give a positive 
staining reaction. Testing for this hypothesis is 
presently beyond technical possibilities. 

Both Clq-binding level and anti-VCA titrc 
being age-depcndent, with their highest values 
in the patients over 50, the positive cor- 
relation between the two parameters may only 
reflect fortuitous dependency upon this third 
variable. It is tempting however to relate 
directly the two biological phenomena and to 
raise the hypothesis that part of the complexes 
detected in NPC sera are VCA-specitic. Three 
lines of evidence suggest that this assumption 
may be correct. Firstly, the suspected antigens 
are structural virion proteins known to be 
present in saliva from NPC patients [27], to 
be produced by nude mice passaged tumour 
cells I11] and to elicit an increased specific 
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humoral  immune  response of both IgG and 
IgA classes [26, 27]. Secondly, a l though the 
highest an t i -VCA titres were observed in our 
patients over 50 for both IgG and IgA, no 
correlation could be found between the latter 
and the level of Clq-binding, indicat ing that  
the age-dependency of both Clq BA levels and 
ant i -VCA titres does not necessarily result in a 
correlation between the two biological para- 
metcrs. Last, but not least, in 133 household 
contracts of these NPC patients, an identical 
correlation was found which could not be 
accounted for by this trivial explanation.* 

In the alternative hypothesis of a specific 
involvement of ant i -VCA antibodies in the 
immune  complexes, the prediction can be 
made  that  a correlation is likely to exist 
between Clq-binding level and ant i -VCA ti- 
tres only for those antibodies which bind Clq. 
In addition,  such a correlation is expected to 
be weak since, irrespective of any EBV asso- 
ciation patients with tumours of m a n y  dif- 
ferent types are known to have circulating 

*j. P. Lamelin, C. Vincent, B. Charnay, T. Soussi and 
J. P. Revillard. Anti--Epstein Barr virus antibodies, 
[125I] Clq-binding and their relationship in sera from 
household contracts of nasopharyngeal carcinoma pa- 
tiC'IllS (suhnlilled for publication). 

immune  complexes [5, 6]. Our  finding that  
the weak correlation between Clq-binding le- 
vel and ant i -VCA titre is restricted to the IgG 
class supports these contentions. Secondly, im- 
mune  complexes with VCA specificity were 
actually found by Oldstone et al. [4] in the 
kidney of two BL patients, the other EBV- 
associated tumour.  The similarities, as far as 
the immune  response to EBV is concerned, 
between NPC and BL, allow the reasonable 
assumption that  immune  complexes in both 
diseases may  have similar specificities. 
Thirdly,  a h u m a n  situation already exists of a 
benign disease of viral etiology (acute viral 
hepatitis), giving rise to specific immune  com- 
plexes [34], with long term prospect of malig- 
nancy (liver cancer) [13]. To decide whether  
this analogy is tenable requires first to identify 
the nature  of the antigen present under  com- 
plexed form in the sera from NPC patients, a 
work presently in progress in our laboratory.  
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