
Acta Paediatrica Hungarian, 26 (3 ), pp. 247 — 263 (1985)

An in vitro steroid sensitivity test: 
antibody-dependent cellular cytotoxicity 

(ADCC) reaction of peripheral lymphocytes 
in children with nephrotic syndrome

Ildikó P e t r i , Aranka L á s z l ó , T B o d r o g i

B lood T ransfusion  C en tre , an d  D e p a r tm e n t o f  P aed ia tric s , U n iv e rs ity  
M edical School, Szeged, H u n g a ry

A ste ro id  effec t is described th a t  can  be m easured in  v it ro ;  th is  was 
dete rm ined  b y  m ean s o f  th e  an tib o d y -d e p e n d e n t ce llu la r c y to to x ic ity  
(ADCC) m e th o d . E x am in a tio n s  on  16 ch ild ren  w ith  n e p h ro tic  syndrom e 
revealed  a  s ig n ifican t co rre la tion  b e tw een  th e  stero id  s e n s itiv ity  m easured  
in  v itro  an d  th e  clin ical sen s itiv ity  to  predniso lone.

T he in  v itro  m easu rem en t o f  s te ro id  sens itiv ity  y ie ld ed  fa s t and 
reliable in fo rm a tio n  on  th e  e ffec tiv ity  o f  p redniso lone t r e a tm e n t .

In the antibody-dependent cellular 
cytotoxicity (ADCC) test, an IgG 
antibody on a target cell serves as the 
recognition link for the Fc-IgG recep­
tor carrying effector cell. Several cell 
types of different linkages have been 
shown to act as effectors: neutrophils, 
eosinophils, monocytes and lympho­
cytes. Whereas all the ADCC effec­
tors, which have been named К  cells, 
are Fc-IgG (-(-), only about half of 
the Fc-IgG ( +  ) lymphocytes can 
function in ADCC [22] and these are 
probably high avidity EA rosette 
formers. The first evidence for a Null 
cell-mediated ADCC activity came 
from Wisloff and Froland [23] who 
showed that lysis was independent of В 
and T cells. Using various other meth­
ods for purification of the Null subset, 
Horwitz et al [7] isolated L lympho­
cytes which did not form rosettes with 
sheep erythrocytes and lacked mem­

brane stable Ig but possessed an Fc 
receptor and had the capacity to kill 
antibody-coated target cells. Data 
from Takasugi’s group have been 
interpreted to the effect that natural 
killer (NK) cells were indeed К cells, 
but “armed” with natural antibodies 
in vivo [9].

Many of the investigators exploring 
the relationship between К  and ADCC 
effectors [2, 10] suggested that NK 
and ADCC effectors were probably 
the same. This was supported by 
recent investigations with monoclonal 
antibodies: anti-human Leu 7 (HNK- 
1) reacted with both NK and К cells 
[1]. It has been shown that these 
cells may bear T-cells and/or myelo- 
monocytic markers and that they can 
be characterized morphologically as 
large granular lymphocytes (LGL) 
which are mostly present in the low- 
density Percoll fractions [19]. Inter-
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feron treatment increased their actvi- 
ity, while other mediators such as 
prostaglandins, steroids and cyto- 
philic immunoglobulins inhibited their 
activity [11].

The ADCC resistance or sensitivity 
was studied earlier in renal transplant 
recipients with in vitro méthylpredni­
solone, and it was found that the 
allograft survival time is correlated 
with the result of the above test, i.e. 
it reflected the in vivo steroidresistant 
or sensitive state [20, 15, 8, 4, 5].

cy to tox ic ity  %  =

Performance of ADCC reaction

F re sh , h u m a n  „ 0 ” R h  (D) p o s itiv e  red  
blood cells w ere  used as ta rg e t cells. H u m a n  
an ti-D  se ru m  w as adsorbed  o n to  th e  cells 
[21] lab e lled  w ith  51C r/N a2 SIC r 0 4; 7 - 8  
G B q /m g  C r; A m ersharn). T he  e ffec to r: 
ta rg e t  ce ll r a t io  w as th e n  a d ju s te d  to  
20 : 1 o r  1 0 : 1 .  M éthy lp redn iso lone  w as 
then  a d d e d  to  th e  cu ltu re  m ed ium  in  a  fin a l 
c o n c e n tra tio n  o f  5 — 10 //.g/ml, th e  cells 
w ere in c u b a te d  a t  37°C in  a  5%  C 0 2 
th e rm o s ta t  fo r  18 hours. T he c y to to x ic ity  
w as c a lc u la te d  from  th e  a c tiv ity  o f  th e  
s u p e rn a ta n t b y  th e  form ula

t e s t  su p e rn a ta n t cpm  — sp o n ta n e o u s  cpm  
inco rpo ra ted  to ta l  a c t i v i t y  cpm X 100

We have performed an investigation 
of the ADCC reaction to assess the 
steroid sensitivity of children with 
nephrotic syndrome, a comparison 
being made with the clinical effect of 
steroid therapy.

P a t ie n t s  and  M e t h o d s

A D C C  a c tiv ity  w as d e te rm in e d  on  16 
o cca s io n s  in  15 child ren  w ith  n ep h ro tic  
s y n d ro m e  w ho were p a tie n ts  o f  th e  N ep h ­
ro lo g y  U n i t  o f th e  D e p a r tm e n t o f  P a e d ia t­
rics , U n iv e rs ity  M edical S ch o o l, Szeged. 
T h e  m e th o d  detailed below  w a s  u sed . 13 
h e a l th y  yo u n g  blood d o n o rs  se rv ed  as 
c o n tro ls .

Separation  of effector cells

T h e  e ffec to r ly m p h o cy tes  w e re  iso lated  
o n  a  F ico ll U rom iro g ra d ie n t  [3 ] a fte r 
t r e a tm e n t  o f th e  w hole b lo o d  w ith  col­
lo id a l iro n  pow der (GAF, U S A ), f ro m  10 m l 
v e n o u s  b lood tak en  w ith  h e p a r in .  The 
ly m p h o c y te  suspension w as a d ju s te d  to  
5 x l 0 6/m l  in  R P M I 1640 c u l tu r e  m edium  
c o n ta in in g  10% FCS.

T he s te ro id  se n s itiv ity  te s ts  w ere  carried  
o u t n o t o n ly  w ith  th e  tra d it io n a l e ffec to r 
excess c y to to x ic  reaction , b u t  a lso  w ith  
th e  ta r g e t  cell excess cy to to x ic  c a p a c ity  
te s t [6, 14].

S te ro id  se n s itiv ity  o r re s is tan ce  w as 
g iven a s  a  p e rcen tag e  o f th e  in h ib it io n  o f 
th e  A D C C  reac tio n  due  to  th e  ste ro id . 
The ra n g e s  w ere  as follows.

< 3 0 %  A D D C  inh ib ition : s te ro id  re ­
s is ta n t

30 — 50%  A D D C  inh ib ition : m o d e ra te ly
s te ro id -re s is ta n t

> 5 0 %  A D C C  inh ib ition : s te ro id -sen si­
t iv e

R e s u l t s

The results of the ADCC inhibition 
test are given in Table I. In vitro 
steroid sensitivity was confirmed in 
every patient with nephrotic syn­
drome (NS) with a clinical predni­
solone sensitivity of -f +  +  +  • Special 
mention should be made of patient 
H. H., in whom the steroid sensitivity 
found clinically was +  +  + ,  which
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T a b l e  I

R esu lts  o f  ADCC te s t in  ch ild ren  w ith  nep h ro tic  syndrom e

Initial
Age in 
years Sex

ADCC inhibition
per cent Sensitive

Moderately
sensitive Resistant Renal biopsy diagnosis

Maximum
proteinuria

g/day

Prednisolone
sensitivity Treatment

B. M. 5 $ 4 5 -  64 MSGN 9.1 —j— 1— 1— f— Pr. Pr Chi

K . Zs. 6 з 3 3 - 4 1 + (NS) 4 .3 + + Pr
Sz. R. 10 3 0 + MSGN/MPGN 6 .3 0 Pr, P r f  Chi
N. G. 9 3 5 0 - 6 7 MSGN (Sch.HH) 3 .2 6 +4- Pr, P r -  Chi

B. Zs. 10 s 4 1 — 50 “f" MSGN 2 3 .0 0 Pr, P r 
P r 4- 
hep.

f  L.
СЫ - f

Gy. Z. 8 3 50  + MCNS 2 .4 4- 4-4- 4- Pr, P r - Chi
Sz. É. 3 9 50  + MCNS/FSGN 2 .5 4-4- Pr, P r J- Chi
B. Zs. 10 9 33 - f MSGN 2 2 .0 0 P r -f- L  -j- hep 

dipyridam ide

U. P. 5 3 36 MSGN 5 .3 0 P r 4 -  L 4- indo- 
methacin

K . I. 7 3 6 0 — 74 (NS) 3 .0 4--H-4- Pr

F. R. 6 9 4 8 - 5 7 MCNS 4 .0 4- Pr, Chi

N. E. 11 9 3 5 — 4 4 MSGN (Sch.H) 4 .5 0 Pr, P r - Chi

H . H. 6 9 1 5 — 30 4- MCNS 8.7 4-4-4— 4- Pr. P r 4- Chi
P. E. 5 9 53 MCNS 1.0 4-4-4-4- Pr

V. A. 4 3 3 4 - 5 6 + (NS) (Sch.H) 3 .2 4-4- Pr

F. P. 9 3 9 - 2 7 + (NS) 1.5 0 Pr

N S =  nep h ro tic  synd rom e
S ch .H  =  Schönlein-H enoeh
MCGN =  m in im al change g lom eru loneph ritis
M SGN =  m esang iopro lifera tive  g lom eru lonephritis

M PG N  =  m em b ran o p ro life ra tiv e  g lom eru loneph ritis  
FSG N  =  focal sc lero tic  g lom eru loneph ritis  
P r  =  predniso lone 
Chi =  ch lo ram bucil

I P
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T a b le  I I

M a th em atica l ev a lu a tio n  o f A D C C  in h ib itio n  tes t

Control ADCC inhibition, 
per cent

Prednisolone sensitivity 
clinically (in vivo)

0 = 0 points 
+ = 1 point 

+ + + + = 4  points

Prednisolone sensitivity 
(in vitro)

resistant = 0 points 
moderately sensitive = 1 

point
sensitive = 2 points

(n =  13) (n =  16) ( n =  16) (n =  16)
X  =  61.07 41.37 1.68 1.12
S.D. ±  9.31 16.9 1.6 0.88
difference p <  0.001 corr. coeff. = corr. coeff. =

0.71 0.76
p <  0.01 p <  0.001

had decreased to -f- by the time of the 
in vitro examination.

The change in percentage ADCC 
inhibition was studied in correlation 
with the morphological change in the 
kidney and with the clinical picture, 
i.e. with the sensitivity displayed to 
prednisolone treatment. The correla­
tion coefficients were calculated by 
taking into consideration the number 
of NS attacks and the duration and 
effectivity of steroid treatment.

The ADCC inhibition test demon­
strated that 7 nephrotic syndrome 
patients were steroid-sensitive, 4 cases 
were moderately sensitive, and 5 cases 
were steroid-resistant.

A significant correlation was found 
between the result of the in vitro 
steroid sensitivity test and clinical 
prednisolone sensitivity in the steroid- 
sensitive group, in the moderately 
sensitive group, and in the steroid- 
resistant group (Table II).

The in vitro steroid resistance 
exhibited a good correlation in the 
NS cases with a renal biopsy finding 
of MPGN or MSGN, involving a 
serious prognosis. Only in one MCNS

patient was there a contradiction ; this 
was H. H., where in vitro steroid 
resistance was observed in spite of 
the slight biopsy finding. From among 
the NS patients demonstrated to be 
steroid-sensitive in vitro, 2 patients 
with a renal biopsy finding of MSGN 
gave a partially contradictory cor­
relation for the clinical picture and 
the sensitivity; for other 5 steroid- 
sensitive NS patients the MCNS 
biopsy finding correlated well with 
the result of the in vitro test.

2 of the 4 moderately steroid- 
sensitive NS cases belonged in the 
serious MSGN group.

C a s e  R e p o r t s

B rie f  a cco u n ts  o f o u r N S cases  a re  
p ro v id ed  below  for th e  p u rp o se  o f  e v a lu ­
a tio n  o f  th e  response g iven to  p red n iso lo n e .

B . M. (bo rn  18.02.1979), fem ale . D ia g n o ­
sis: M SG N . M axim um  p ro te in u r ia  w ith o u t 
p red n iso lo n e : 9.1 g /day . A ll 5 re c u rre n c e s  
re sp o n d ed  w ell to  p redn iso lone , b u t  b e ­
cause o f  th e  frequen t relapses, a l te rn a t in g  
p red n iso lo n e  and  ch loram bucil t r e a tm e n t  
w as a d m in is te re d  for 6 w eeks d u r in g  th e  
la s t re c u rre n c e . P ro te inu ria -free  since  co m ­
b ined  tr e a tm e n t .
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K . Zs. (b o rn  18.01.1978), m ale . D iag n o ­
sis: N S. B ila te ra l rena l hypop las ia , b ila ­
te ra l m eg au re te r . M axim um  p ro te in u ria : 
4.2 g/<lay. R e n a l biopsy: n o t in fo rm ativ e . 
T he  p ro te in u r ia  decreased su b s ta n tia lly  in 
response  to  p redniso lone, th o u g h  i t  s till 
p e rs is ts  a t  0 .25—0.5 g /day .

Sz. R . (b o rn  29.09.1978), m ale . D iag n o ­
sis: M SGN fro m  firs t rena l b iopsy  in  A pril, 
1980; M SG N /M PG N , from  second re n a l 
b iopsy  in  N ovem ber, 1982. A n ex a c t c las­
s ifica tio n  w as n o t possible, b u t  a t  a n y  
ev e n t th e  s ta te  co rresponded  to  im m une  
com plex  n ep h ritis . M axim um  p ro te in u ria :
0.3 g /d a y . P redn iso lone  alone w as in ef­
fec tive . P redn iso lone  supp lem en ted  w ith  
ch lo ram b u cil led  to  m o d era tio n  o f  th e  
p ro te in u ria . A fte r  a  b iopsy in  1982, p r e d ­
niso lone a d m in is tra tio n  w as s to p p ed . T he  
p ro te in u ria  is m odera te , at p re se n t i t  is 
1.8 — 2.5 g /d ay .

N . G . (bo rn  10.04.1975), m ale. D iag n o ­
sis: M SG N  (Schönlein-H enoch). M ax im um  
p ro te in u ria : 3.26 g /day . P redn iso lone  alone  
o n ly  m o d e ra ted  th e  p ro te in u ria ; p re d n i­
solone com bined  w ith  ch lo ram bucil e lim i­
n a te d  i t .

B . Zs. (b o rn  13.02.1974), fem ale. D iag n o ­
sis: M SG N. M axim um  p ro te in u ria : 23
g /d ay . T h e  p ro te in u ria  h as p ro v ed  re ­
s is ta n t to  th e ra p e u tic  efforts . T re a tm e n ts : 
P redn iso lone ; predniso lone +  ch lo ram b u ­
cil; p redn iso lone  -)- ch loram bucil -J- h e p a ­
rin ; p redn iso lone  -f- chloram bucil -)- h e p a ­
r in  -f- d ip y rid am o le ; p lasm apheresis on  4 
occasions.

G y. Z. (b o rn  29.12.1972), m ale. D iag n o ­
sis: M CNS. M axim um  p ro te in u ria : 2.4 
g /d ay . R esp o n d ed  well to  p redn iso lone  in 
a ll cases b u t, d u e  to  recurrences, ch lo ram ­
buc il to o , w as ad m in is te red  fo r 6 w eeks.

Sz. É . (b o rn  08.12.1982), fem ale. D iag n o ­
sis: M C N S/FSG N . M axim um  p ro te in u ria : 
2.5 g /d ay . D u rin g  prednisolone tr e a tm e n t,  
th e  p ro te in u r ia  w as in te rm itte n t; a cco rd ­
ing ly , ch lo ram b u cil ad m in is tra tio n  to o  w as 
begun . P ro te in u r ia  cu rren tly , 1.5 g /d ay .

U . P . (b o rn  19.05.1979), m ale. D iag n o ­
sis: M SG N . M axim um  p ro te in u ria : 5.3 
g /d ay . P ro v e d  s te ro id -res is tan t clin ically .

T h e  p ro te in u ria  responded  o n ly  to  p red ­
n isolone -f- chloram bucil -)- indom ethac in  
tr e a tm e n t. P ro te in u ria  c u r re n tly , 0 .5 — 1.0 
g /d a y .

K . I . (7 years old), m a le . N S  began  3 
y e a rs  ago, th e re  h ave  b een  4 recurrences. 
M ax im um  p ro te in u ria : 3 .0  g /d a y . R enal 
b io p sy  w as n o t p e rfo rm ed . A  rap id  and 
good response to  stero id  in  a ll cases.

F . R . (6 years old), fem ale . D iagnosis: 
nephroso-nephritis , M CNS. A lbum inu ria  
in itia lly  accom panied b y  m ass iv e  haem a- 
tu r ia .  M axim um  p ro te in u r ia : 4.0 g /day . 
H a d  ste ro id  tre a tm e n t fo r 3 m o n th s , during 
w hich  m arked  h y p e rte n s io n  a n d  obesity  
developed , and  p ro te in u r ia  decreased  to  
1 g /d ay . S ubsequen tly  o n ly  ch loram bucil 
w as adm in istered . R en a l b io p sy  confirm ed 
MCNS.

N . E . (11 years old), fem ale . D iagnosis: 
M SG N  (Schönlein-H enoch). M ax im um  pro ­
te in u ria : 4.5 g /day . T he  p ro te in u r ia  was 
u n changed  in response to  p redniso lone 
tr e a tm e n t,  b u t decreased so m e w h a t when 
p redn iso lone  was su p p lem en ted  w ith  chlo­
ram b u c il.

H . H . (born  04.04.1978), fem ale . D iag ­
nosis: MCNS. M axim um  p ro te in u r ia :  8.7 
g /d a y . R eac ted  well to  s te ro id  in  a ll cases, 
th o u g h  th e  fo u rth  re c u rre n c e  to o k  placo 
d u rin g  in ad eq u a te  a lte rn a t in g  s te ro id  t r e a t­
m e n t. R en a l b iopsy w as p e rfo rm e d  during  
th e  f if th  recurrence; f in d in g : M CNS. T he­
ra p y : predniso lone -(- ch lo ram b u c il.

P .  E . (born  25.10.1979), fem ale . D iagno ­
sis: MCNS. M axim um  p ro te in u r ia :  1
g /d a y . O nly prednisolone is ad m in is te red .

V. A. (born  04.03.1980), m ale . S y m p ­
to m s o f N S began in  M arch , 1984, in  con­
n ec tio n  w ith  Schön le in -H enoch  n ep h ro ­
p a th y . M axim um  p ro te in u r ia : 3.2 g /day . 
00 rng /m 2 stero id  t r e a tm e n t  s ta r te d  on 
27.04.1984. T he p ro te in u r ia  im p ro v ed  to
1.4 g /d ay , b u t stero id  t r e a tm e n t  d id  no t 
e lim in a te  it .

F . P . (bo rn  29.01.1975), m a le . A dm itted  
w ith  suspicion o f focal n e p h r i tis . M axim um  
p ro te in u ria : 1.5 g /d ay . P a r t ic ip a te s  in
60 m g /m 2 stero id  th e ra p y  s in ce  10.05.1984, 
b u t  th e  p ro te in u ria  is u n c h a n g e d .
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D is c u s s i o n

Our examinations revealed a signif­
icant correlation between the clinical 
effect of prednisolone treatment, i.e. 
the prednisolone sensitivity, and the 
degree of steroid sensitivity or re­
sistance based on the percentage 
ADCC inhibition in children with NS. 
Mathematical evaluation showed that 
the inhibition values obtained with 
steroid in the blood donors used as 
controls were almost the same at 
different target: effector cell ratios 
both in the ADCC reaction and in the 
ADCC capacity test, and thus the 
percentage inhibition could be expres­
sed as a concrete number. At the 
same time, the percentage inhibition 
values obtained at different target: 
effector cell ratios in the case of NS 
patients were partly different; ac­
cordingly, the percentage inhibitions 
obtained with steroid were given as 
ranges, which results in a better 
reflection of the general steroid sen­
sitivity.

The in vitro value of steroid sen­
sitivity or resistance was fairly con­
stant in time (when control exami­
nations were carried out in intervals 
of 2 — 3 months) and was well repro­
ducible [14]. For this reason, sensi­
tivity tests were performed only once 
in the present series of examinations. 
The only exception was B. Zs., a 
MSGN patient, in whom the test was 
repeated after an interval of 2 months.

As concerns the explanation of the 
steroid effect, one of our conceptions 
is that the in vitro and in vivo actions 
of the steroid may be connected with

the number of steroid receptors on 
the surface of lymphocytes, or with 
the blocking of the receptors.

Szekeres et al (17) have demon­
strated that the progesterone binding 
ability of lymphocytes is of informa­
tive value from the aspect of the 
outcome of pregnancy.

Investigations into the effects of 
monoclonal antibodies on in vitro 
immune functions showed that inter­
leukin-2 (IL-2) played important roles 
in the manifestation of the suppressor 
and helper activities exerted by T 
lymphocytes [12]. It has also been 
demonstrated that the steroids exert 
their suppressive action during the 
interaction of interleukins and T 
lymphocytes [13]. At the Interna­
tional Transplantation Congress in 
Brighton, Rosenbert et al [15] de­
scribed a selective effect of methyl- 
prednisolone, which was detected in 
the interaction of IL-2 and T lympho­
cytes. As a key role is attributed to 
the HLA-DR antigens in the effect 
of interleukins, this would explain 
the manifestation of both steroid 
sensitivity and steroid resistance in 
normal individuals. In the future, 
therefore, we plan to compare the 
HLA-DR types of healthy subjects 
with the steroid effect exhibited in 
vitro.
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