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Summary. — A n t i b o d y  react i v i ty  against  a s y n t h e t i c  p e p t i d e  
d e r i v e d  f r o m  Epste in-Barr  v i r u s  nuc lear  ant igen 1 (EBNA-1)  
w a s  d e t e r m i n e d  in 56 cases o f  chi ld  non-Hodgk in ' s  l y m p h o m a  
a n d  31 controls. T h e  pat ients  were  d i v i d e d  i n t o  s u b g r o u p s  b a s e d  
o n  t u m o u r  location a n d  h isto logy  a n d  t h e  a n t i b o d y  responses i n  
t h e  v a r i o u s  g r o u p s  w e r e  compared .  A s ignif icant increase i n  b o t h  
IgG a n d  IgM a n t i p e p t i d e  t itres w a s  detected  in  pat ients  w i t h  
t u m o u r s  localized in t h e  a b d o m e n .  High IgG titres w e r e  also 
n o t e d  in Burki t t-type,  l ymphob las t i c ,  a n d  centroblast ic  l y m ­
phomas. On the  other hand, low or nil IgG titres were found in 
unclassified malignant lymphomas,  in four cases o f  centroblastic-
centrocytic lymphoma and in lymphomas located in the  medias­
tinum. Surprisingly, the  occurrence o f  antipeptide IgM ant ibody 
w a s  highest in those tumours, where IgG titres were low. i.e. in  
subjects with mediastinal tumours and in unclassified malignant 
lymphomas.  However, with the exception o f  tumours localized 
in t h e  abdomen and unclassified tumours,  the  IgM titres in posi­
t ive  individuals were low and comparable wi th  t i t les  found in 
a part  o f  healthy controls. 

Key words-. Epstein-Barr virus (EBV); EBV-determined nuclear 
antigen; EBNA-1; synthetic peptide", child non Hodgkin's lymphoma 

introduction 

E p s t e i n - B a r r  v i rus  ( E B V ) ,  t h e  causa t ive  a g e n t  of infec t ious  mononucleosis  
(IM) (Hen le  et a,I., 1908), is k n o w n  t o  b e  assoc ia ted  w i t h  B u r k i t t ' s  l y m p h o m a  
( N o n o y a m a  et al., 1973; R e e d m a n  ct al., I!)74) a n d  ca rc inomas  or ig ina t ing  
in t h e  W a l d a y e r  r i ng  (Klein  et al., 1974; Wi lmes  a n d  Wol f ,  1981; Bř icháček 
et al., 1984). Immunocompromised individuals  represent  a high-risk g r o u p  
in which E B V  infection can e v o l v e  into opportunist ic  lymphoprol i ferat ive  
diseases  (ľ i l ipowich  et al., 1980; Hanto  et al., 1981; Purti lo  et al., 1981) t h a t  
r a n g e  f rom fata l  acute  IM t o  chronic disorders (Purtilo  et al., 1977; B r i t t o n  

132 



A b  T O  S Y N T H E T I C  E B N A - 1  P E P T I D E  133 

et al., 1978). Indeed, polyclonal EBV-positive lymphomas can be frequently 
seen in patients with primary or acquired immune deficiency. They have 
been detected in patients suffering from the XLP-syndrome (Purtilo, 1981), 
in organ-transplant recipiens (Hanto et al., 1981), and patients with AIDS 
(Purtilo, 1987). Poorly controlled opportunistic lymphoproliferation can 
sometimes lead to the evolvement of true monoclonal malignancy. 

Recently, we reported on serological findings indicating that E B V  infec­
tion is frequently activated in juvenile patients suffering f rom non-Hodgkin's 
lymphoma (NHL). Moreover, some of the  patient  subgroups constituted 
according t o  tumour  histology and location, exhibited a more pronounced 
EBV-relatecl serology t han  others. Preliminary results on anti-EBNA-1 
responses suggested t h a t  various subgroups m a y  also differ in t he  level of 
anti-EBNA-1 antibody (Roubalová  et al., 1988). EBNA-1 is a latent protein 
that  is expressed in all EBV-immortalized lymphoblastoid cells (Reedman 
and Klein, 1973). Almost all people who have experienced E B V  infection 
possess antibodies against EBNA-1. Their absence in EBV-seropositive in­
dividuals might reflect a certain immune dysfunction (Purtilo  et al., 1977; 
Henle and Henle, 1981; Purtilo, 1981; Han to  et al., 1981). However, in­
creased anti-EBNA-1 titres might also have significance for  evaluating virus 
interaction with t he  host.  I n  the  present paper we analysed in some detail 
the  IgG and  IgM antibody responses t o  a synthetic peptide derived f rom 
EBNA-1 in various subgroups of child N H L .  

Materials and Methods 

Patients. A group o f  56 children w i t h  N H L ,  whose  sera  were col lected before  beg inn ing  
therapeutic treatment ,  w a s  assembled a t  t h e  Depar tment  o f  Child Oncology, F a c u l t y  o f  Pedi ­
atrics, Charles Univers i ty ,  Prague.  T h e  diagnoses were based o n  clinical findings a n d  h i s t o ­
logical examinat ion.  Histological  evaluat ion Was performed a t  t h e  D e p a r t m e n t  o f  P a t h o l o g y ,  
School o f  Pediatrics,  Charles Univers i ty ,  Prague,  using Kie l  classification (Lennert,  1981).  T h e  
age o f  t h e  p a t i e n t s  ranged f r o m  2 t p  15 years;  61 p e r  c e n t  o f  t h e  group were boys.  A contro l  
group o f  31 subjects,  s e x  a n d  age-matched w i t h  o n e  hal f  o f  t h e  pat i ent s ,  w a s  a s sem bl ed  f r o m  
children hospitalized w i t h  orthopedic problems. Table  1 shows t h e  distribution o f  p a t i e n t s  ac-

Table 1. Patients subjjrouped according t o  tumour location and histology 

Tumour location N u m b e r  o f  pat ients  w i t h  indicated t y p e  o f  l y m p h o m a  his to logy  
( n )  : ; 

Burki t t  lympho-  centro- centroblastic- unclas- u n k n o w n  
t y p e  blastic  blastic  centrocytic  sified 

Abdomen (14) 4 5 2 0 2 1 
Mediastinum (12) 0 2 0 1 4 5 
Neck (20) 4 6 2 3 1 4 
Generalized (10) 2 3 0 0 0 0 

Total group 10 16 4 4 7 15 
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c o r d i n g  t o  l u m c u r  lí cat i í  n a n d  t o  t h e  t y p e  o f  l y m p h o m a  h i s to logy;  t her-; e criteria w e r e  u s e d  
f o r  d i v i d i n g  t ho p a t i e n t s  i n t o  r e v e r a l  m b g n  u p s .  A s  frhewn i n  t h e  last  c o l u m n  c f  T a b l e  1, h isto ­
logical exam'nat i í  n c f u l d  n r  t be? perfV i r r i d  i n  a b o u t  1/4 o f  pat ients .  

The peptide,. T h e  s y n t h e t i c  p t f t i o ' e  m c d represented  a glycine-and-alanine-r ich ant igenic  
d e t e r m i n a n t  o f  E B N A - 1  t h a t  is c e d e d  fe r b y  t h e  111-3 r e p e a t  in t h e  E B V - g e n o m e  B a m H l - K .  
f r a g m e n t  (Dil lncr  et al., 1984; R h i i ' e s  et al., 1985). It w a s  synthesize el b y  t lie h c l id-phase tech ­
nique (Merrif:old, 1903) ar:íl pur i f i ed  b y  high-pressure? l i q u i d  chre m a t o g r a p h y .  B e f o r e  u s e  i t  
w a s  c o n j u g a t e d  t o  b o v i n e  s e r u m  a l b u m i n  (BSA, Serva)  b y  m e a n s  < f g l u t a r a l d e h y d e .  T h e  con­
jugate  w a s  il ialysed r gainst Hi) mmol / l  Tris-HCI (pH 8.0), distributed into  a l iqucts  and stored 
a t  — 20  C. Control  r n t i g e n  w a s  prepare i l  b y  g lutaralo 'ehyde t r e a t m e n t  c f B S A  e n ! y .  Specif ic ity  
o f  t h e  p e p t i d e  w a s  c o n f i r m e d  o n  a p a n e l  o f  E B V - p c s i t i v e  ani l  E B V - n e g a t i v e  h u m a n  sera. 

Sera. P a t i e n t  sera  w e r e  heat- inact i va ted  ani l  t h e  c c n t e n t  o f  a n t i  E B N A - 1  a n t i b o d y  w a s  
elete?rmineel b y  ELTSA u s i n g  t l ie s y n t h e t i c  p e p t i d e  a s  a n t i g e n .  F o r  IgG d e t e r m i n a t i o n  sera w e r e  
r o u t i n e l y  d i l u t e d  I : 20  anel 1 : 100; f o r  IgM i l e t e r m i n a t i e n ,  t h e y  w e r e  screened a t  d i l u t i o n  
1 : 50. A l l  s e r a  u s e d  f o r  IgM d e t e r m i n a t i e n s  w e r e  a b s o r b e d  w i t h  centre 1 ant 'gen,  i.e. g iutaral-
d e h y d e - t r e a t e d  B S A .  T h e  a b s o r p t i e n  w a s  d e n e  a.s f o l l o w s :  175 j i g  o f  contre l  a n t i g e n  i n  con­
centrated solut ien w a s  added t o  10 \x\ o f  serum. Then  di lut ion buffer (.see E L I S A  test  below) 
w a s  added t o  .500 jxl final vo lume.  T h e  mix ture  w a s  incubated 1 hr a t  room temperature and 
overnight  at  4 C. Unless  absorbed, about o n e  quarter o f  sera reacted w i t h  the  conjugate non-
specifically. N o  non-sj ocifTc reactions were noted  for the  IgG class. 

Ant I c d y  t i t l e s  were caleulatí'íl f r o m  E L I S A - d e t e r m i n e d  absorbance.  rJ h e y  w e r e  n o r m a l i z e d  
t o  st í  r d a n i  (er.c f o r  IgG arid e n e  f o r  IgM determinat ions ) ,  w h o s e  t i t l e s  w e r e  considered t o  
í o n a  I H (.0. rl lie f í  i n  u l a  UM íl fr r ca.'culatir n w a s :  

A b s o r b a n c e  o b t a i n e d  w i t h  tested  s e r u m  
A b s o r b a n c e  o b t a i n e d  w i t h  s t a n d a n i  s e r u m  

ELISA. Mieroelisa p la t í  s ( D y n a t í c h )  w e r e  c e a t í d  w i t h  c e n j u g a t e í l  p e p t i d e  b y  a d d i n g  2 jjig 
o f  c o n j u g a t e  i n  0.1 m l  o f  b i c o r b i n a t e  b u f f e r ,  p l l  9.0 p e r  we l l .  T h e  p l a t e s  w e r e  i n c u b a t e d  1 h r  
a t  roí m tí rnperature a n d  overn ight  at 4 C. F r Í e b i n d i n g  s i tes  e n  t h e  p o l y s t y r e n e  w e r e  s a t u r a t e d  
w i t h  1 %  B S A  p r e p a r e d  in t l ie semi? b u f f e r .  A f t e r  w a s h i n g  t h e  p lates,  1C0 (JLI v o l u m e s  o f  h u m a n  
s e r a  d i l u t e d  as  i n d i c a t i d  ar.il a b s o r b e d  w i t h  control  a n t i g e n  i f  necessary  w e r e  a d d e d  ani l  t h e  
p la tes  wore  i n c u b a t e d  f o r  1 hr .  T o  m i n i m  z e  non-specif ic b i n d i n g ,  t h e  phosphate-based  d i l u t i o n  
b u f f e r  ( p l l  7.2) c o n t a i n e d  0.5 mol/1 NaCI, 1 %  B S A  a n d  1 %  T r i t o n  X-100.  A f t e r  several  washings,  
100 (x 1 o f  peroxi í l f lse-conjugatcí l  s w i n e  a n t i h u m a n  IgG o r  IgM (Sevac Prague)  d i l u t e d  1 : 2500 
t i m e s  w a s  a d d e d .  F o l l o w i n g  a n o t h e r  1 h r  t h e  w a s h e d  p l a t e s  w e r e  f i l led  w i t h  s u b s t r a t e  m i x t u r e  
c o n t a i n i n g  o r t h o p h c n y l e n e  d i a m i n e .  T h e  colour  react ion w a s  s t e p p e d  w i t h  2 mol/l H2SO4 anil  
m e a s u r e d  at 45)2 urn. T h e  d e t a i l e d  s c h e m e  o f  t h e  procedure  e m p l o y e d  ani l  t h e  c o m p o s i t i o n  o f  
t h e  b u f f e r s  h a v e  b e e n  descr ibed  e l sewhere  (Vestergaard  et al., 1974: K o u b a l o v á  et al., 1988). 

Results 

W e  m e a s u r e d  t h e  IgO a n d  Tg]\I a n t i b o d y  response to  t h e  E B N A - 1  -derived 
s y n t h e t i c  p e p t i d e  i n  56 chi ldren suf fer ing  f r o m  non-Hodgkin ' s  l y m p h o m a  
(NHL).  The i r  sera w e r e  collected be fore  (lie admin i s t rat ion  o f  therapy .  

A m o n g  t h e  h e a l t h y  controls,  87.1 p e r  cent  o f  i n d i v i d u a l s  were  anti-
EBNA-1-pos i t i ve  in t h e  I g G  class (Table  '2). On t h e  other  h a n d ,  sera o f  o n l y  
07.!)% o f  t h e  pat ients  reacted b y  IgO b i n d i n g  t o  t h e  pept ide .  T h i s  m i g h t  
h a v e  reflected an i m m u n o d e f i c i e n t  condit ion a m o n g  1 lie pat ients.  A s  s h o w n  
in T a b l e  2, t h e  m e a n  lg(i response against  t h e  p e p t i d e  w a s  stronger a m o n g  
t h e  pat ients  t h a n  in control  children b u t  t h e  di f ference w a s  low.  However,  
s ign i f icant  di f ferences in a n t i b o d y  levels  emerged w h e n  t h e  pat ients  w e r e  
s u b g r o u p e d  according t o  t u m o u r  location and  histology.  T h e  l i tres  w e r e  
cons iderably  increased in children w i t h  t u m o u r s  located in  t h e  a b d o m e n  
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T a b l e  2. A n t i p e p t i d e  IcjG ant ibody  i n  chi ldren w i t h  non-Hodgkin ' s  l y n i p h o n i a  1 

P a t i e n t  g r o u p  N u m b e r  o f  
p a t i e n t s  tes ted  

P o s i t i v e s  
p e r  cent  

G T M 2  

N H L  (total)  56 67.9 97 (N.S.)6 
Control  c h i l d r e n  31 87.1 72 — 

T u m o u r s  i n  a b d o m e n  14 92.8 387 (p < 0.01) 
n e c k  20  70.0 107 (N.S.) 
m e d i a s t i n u m  12 33.3 16 (p < 0.01) 
g e n e r a l i z e d  10 70.0 100 (N.S.) 

L y m p h o m a 3 -  1 h i s t o l o g y :  
B u r k i t t  t y p e  13 84.6 240 (p < 0.02) 
l y m p h o b l a s t i c  14 92.8 281 (p < 0.02) 
non-c lass i f ied 5  7 28.6 16 (p < 0.01) 
centrob last ic  4 100.0 787 (p < 0.02) 
centroblast  ic-centrocyt ic 4 50.0 15 (p < 0.05) 

1 A l l  sera w e r e  col lected  b e f o r e  t r e a t m e n t  o f  p a t i e n t s .  
2 F o r  ca lcu la t ing  g e o m e t r i c  m e a n  t i t res  (see Materials a n d  Methods),  n e g a t i v e  sera  w e r e  con ­

sidered t o  have  a t i tre equal t o  1. 
3 I t  w a s  n o t  possible t o  examine  histological ly all  pat ients  tested;  hence t h e  to ta l  number o f  

pat ients  examined  is  lower than  56. 
4 Minor histological subgroups t h a t  contained less  t h a n  4 individuals  were n o t  included i n  t h e  

s tudy .  
5 This  subgroup comprises pat ients  w h o  d o  n o t  f it  into  t h e  other subgroups including t h e  minor  

subgroups.  
6 Statist ical  s ignif icancy of t h e  differences between  respective a n d  control GMTs, evaluated 

b y  a t - tes t ,  i s  g iven  i n  t h e  parenthesis.  
N .S .  — non-signi f icant.  ^ 

and children with Burkitt-type, lymphoblastic, and centroblastic lymph­
omas. On the  other hand,  IgG ti tres were low or missing in patients with 
mediastinal lymphomas, malignant unclassified lymphomas, and  centro-
blastic-centrocytic lymphomas. 

Table 3 shows IgM responses t o  the  EBNA-1-derived synthetic peptide 
by  various pat ient  subgroups. As the  incidence of IgM antibody was lower 
than that- of IgG, the  geometric mean titres (GMTs) presented in Table 3 
were calculated f rom the  positive sera only. Among the  N H L  patients,  15, 
i.e. 26.8% were IgM-positive against t he  peptide. Surprisingly, 19.3% of 
control children also reacted with t he  peptide in t he  IgM class. Moreover, 
the mean ti tres in IgM-positive individuals of bo th  groups were about  t he  
same: 383 and  471, respectively. The highest IgM titres were found in 
about 30 per  cent of patients with abdominal tumour  location. All four  
IgM-positive patients of this subgroup were among the  six individuals pos­
sessing t he  highest titres (above 500). 
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T a b l e  SI. Ai i t l f irpt lde  l i |\ l  u n l i b o d y  i n  chi ld  non-Hodyki i i 'g  l y m p h o m a 1  

Put iont  g r o u p  N u m b e r  o f  P o s i t i v e  GMT o f  p o s i t i v e  
p a t i e n t s  tented p e r  c e n t  sera  o n l y 2  

M I L  (t fit ill) n o  
:ii 

2(>.8 
1 8.3 

383 
471 Control  c h i l d r e n  

T u m o u r s  i n  a b d o m e n  14 
20 
12 
10 

28.6 
20.0 
41.7 
20.0 

HI 4 
298 
331 
N.C.3 

n e c k  
rnodiuHt i n 111 it 
g e n e r a l i z e d  

L y m p h o m a  h i s t o l o g y :  
H u r k i t t  t y p o  
1 vinplioMust i e 
non-classi f ied 
cont roblast  ic 

13 
14 

4 
4 

15.4 
7.1 

57.1 
N.CV 
N.C. 4  

N.C. 
N.C. 
510 
X.C.  
N.C. 

1 A l l  Hora w o r e  col lected b e f o r e  t r e a t m e n t  o f  p a t i e n t s  a n d  w e r e  a b s o r b e d  w i t h  control  a n t i g e n .  
~ GMT w a s  (calculated f r o m  p o s i t i v e  s e r a  o n l y .  
3 N.C. Not ca lcu lated  because  o f  l o w  n u m b e r  o f  p o s i t i v e  cases and/or  p a t i e n t s  tes ted .  
1 O n l y  o n e  p o s i t i v o  p a t i e n t  w a s  f o u n d  in e i t h e r  g r o u p .  

Somewhat  raised IgM t i t res  were  also recorded in pat ients  w i t h  malig­
n a n t  unclassif ied l y m p h o m a s .  T h i s  s u b g r o u p  a n d  t h a t  w i t h  t u m o u r s  i n  t h e  
m e d i a s t i n u m  h a d  t h e  h ighes t  r a t e s  of  IgM-posi t ive  persons :  57.1 a n d  41.7%, 
respect ively ,  desp i t e  of  t h e i r  t i t r e s  n o t  be ing  so  h igh  a s  in  IgM-posi t ive  
p a t i e n t s  w i t h  a b d o m i n a l  t u m o u r s .  Surpr is ingly,  t hese  t w o  s u b g r o u p s  h a d  
low o r  zero  t i t r e s  of  I g G  an t ibod ies  aga ins t  t h e  pep t ide .  N o  conclusions 
could b e  d r a w n  o n  a possible re la t ion be tween  I g M  t i t r e s  a n d  t u m o u r  his­
to logy because  of  t h e  low n u m b e r  o f  posi t ive ind iv idua ls  a n d / o r  cases.  

I n  child  N H L ,  I g G  t i t r e s  aga ins t  EBNA-1 -de r ived  s y n t h e t i c  p e p t i d e  were  
on ly  s l ight ly  raised a b o v e  t h e  levels f o u n d  in n o r m a l  cont ro l s ;  t h i s  w a s  i n  
line w i th  o u r  p re l imina ry  resu l t s  (Rouba lová  et al., 1988). T h e  N H L  p a ­
t i e n t s  exh ib i t ed  s o m e w h a t  increased a n t i p e p t i d e  I g M  incidence o v e r  con­
trols ,  b u t  t h e  IgM t i t r e s  were comparab l e  in b o t h  g r o u p s .  

Distribution of  t h e  patients in to  subgroups based on  tumour  location and 
tumour histology revealed significant differences in antipeptide-antibody 
levels: both  IgG and IgM antipeptide titres were increased in patients wi th  
tumours in t h e  abdomen. High IgG titres were also associated with  Burkitt's  
type ,  lymphoblastic,  and centroblastic lymphomas.  Recently,  w e  described 
(Roubalová  et al., 1988) t h a t  t h e  responses against  certain E B V  ant igens  

Discussion 
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other than EBNA-1 were also the highest in subjects with Burkitt 's  type 
and abdomen-located lymphomas. 

On the other hand, low IgG titres were detected in children with un­
classified malignant lymphomas, in all t he  cases with centroblastic-centro-
cytic lymphomas, and in  lymphomas located in t he  mediastinum. Surpris­
ingly, the  patients with mediastinal lymphomas and unclassified N H L s  
displayed antipeptide IgM antibody more frequently t h a n  others. The  na­
ture  of the  differences between IgG and IgM response is unknown. One can 
only speculate t h a t  t he  patients with low IgG antibody levels might have 
had  a defect in switching f rom IgM t o  IgG synthesis or might have devel­
oped IgM autoantibodies t h a t  cross-reacted with t he  gly-ala peptide. Both  
possibilities could have also occurred in combination. 

I t  is not  understood why antipeptide IgM antibodies were relatively fre­
quent in the  control group of normal children. Since t he  sera were absorbed 
with control antigen (see Materials and  Methods), they  seem t o  have been 
gly-ala-pepticle specific. I t  is noteworthy t h a t  IgM antibodies reacting with 
the EBNA-1 peptide are frequently found in the  acute phase of IM (Smith 
et al., 1986; Geltosky et al., 1987). These antibodies cross-react also with 
several cell proteins (Rhodes et al., 1987) and m a y  persist in a certain pro­
portion of individuals for a rather  long time. Our results indicate t h a t  about  
20 per cent of healthy children may  have low titres of similar autoanti­
bodies. Moreover, their frequency might well be  increased in some pat ient  
groups. 

As described here and  in our previous report (Roubalová  et al., 1988), 
pronounced EBV-related serological findings were detected in certain sub­
groups of children N H L .  This may  indicate a closer relationship between 
these subgroups and  EBV.  Despite our having found viral DNA and EBNA-1 
directly in lymphoma tissue in one instance (unpublished observation), i t  is 
probable t h a t  in the  majori ty  of cases the  serological findings might rather  have 
been a consequence of E B V  activation due t o  the  immune suppression caused 
b y  the  lymphoma itself. However, the  s tudy of E B V  behaviour in child 
N H L  could help with elucidation of the  in vivo condition t h a t  leads t o  
virus activation and t he  possible superimposition of E B V  activation on t he  
underlying lymphoma. 
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