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Reduced Bactericidal Capacity of Polymorphonuclear  Leucocytes in Nephrotic Syndrome and Effect 
of Steroid Therapy 

P a t i e n t s  w i t h  n e p h r o t i c  s y n d r o m e  h a v e  an  increased  
suscep t ib i l i ty  to  infect ions,  m a n y  of which  r u n  a f u l m i n a n t  
course. The  m e c h a n i s m s  u n d e r l y i n g  such  processes are 
no t  clear, b u t  p r o b a b l y  t h e y  t o u c h  more  t h a n  one face t  
of i m m u n o c o m p e t e n c e .  W e  h a v e  looked a t  t h e  in t race l -  
lu lar  bac te r i c ida l  capac i ty  of p o l y m o r p h o n u e l e a r  leu- 
cocytes  (PMNs) of ch i ld ren  suffer ing f rom nephrosis ,  and  
e v a l u a t e d  t h e  effect  of cor t icos te r iod  t h e r a p y  on such  
funct ion .  

Methods. The  diagnosis  of n e p h r o t i c  s y n d r o m e  was 
based  on genera l ized edema,  mass ive  p r o t e i n u r i a  and  
h y p o a l b u m i n e m i a .  The  bac te r i a l  t e s t  was  essent ia l ly  as 
descr ibed b y  QUIE et  al. 1 us ing  surface c o u n t i n g  of 
Staphylococcus aureus colonies on  n u t r i e n t  aga r  plates .  
The  bac te r i c ida l  c apac i t y  of P M N s  was ca lcu la ted  b y  t he  
ra t io  : n u m b e r  of v iab le  in t r ace l lu la r  bac t e r i a  a t  140 min /  
n u m b e r  a t  20 m i n  of t he  cul ture .  The  t e s t  was  also done  
on n e p h r o t i c  p a t i e n t s  rece iv ing  prenisolon,e in  a dose of 
60 m g / m  ~ b o d y  surface area,  pe r  day.  

Results and discussion. There  was a m a r k e d  r e d u c t i o n  
in in t r ace l lu la r  bac t e r i a l  k i l l ing b y  P M N s  of n e p h r o t i c  
ch i ld ren  as shown in  t h e  Tab le  ( P  < 0.001). The  exac t  
cause  for th i s  defect  is no t  clear. The re  are a t  leas t  
4 possible  m e c h a n i s m s  for k i l l ing  o rgan i sms  inside macro-  
and  mic rophages :  Lysosoma l  p h a g o c y t i n  sys t em involv-  
ing a rg in ine  r ich  ca t ion ic  pro te ins ,  h y d r o g e n  perox ide  
sys tem,  m u r a m i d a s e  a c t i v i t y  a n d  hydrolases .  I n  n e p h r o t i e  
syndrome,  changes  in p r o t e i n  m e t a b o l i s m  (loss t h r o u g h  
pro te inur ia ,  r educed  i n t a k e  due to  anorexia ,  inc reased  
ca tabo l i sm,  and  impa i r ed  a b s o r p t i o n  due to  e d e m a  of t he  
gu t  wall) m i g h t  reduce  t he  ava i l ab i l i t y  of a m i n o  acids, 
t h e r e b y  adverse ly  a f fec t ing  t he  syn thes i s  of lysosomal  
enzymes.  This  s imula tes  t he  s t a t e  Of m a l n u t r i t i o n  in 
wh ich  bac te r i c ida l  capac i ty  of P M N s  is s ign i f i can t ly  
impai red .  2 

The  va lues  in nephro t i c s  rece iv ing  p redn i so lone  over-  
l apped  those  of p a t i e n t s  no t  on  such  a t he r apy .  The  log 
m e a n  for t he  fo rmer  was, however ,  s ign i f i can t ly  lower 
(0.05 > P > 0.02). The  a d m i n i s t r a t i o n  of glucocort i -  
cos teroids  suppresses  i n f l a m m a t o r y  response  and  increases  
suscep t ib i l i t y  to  infect ion.  On macrophages ,  t he  chief  
effect  is a d i m i n i s h e d  in f lux  of such  cells f rom the  b lood 
to  t he  si te  of i n f l a m m a t i o n .  3 The  suppressed  r educ t i on  of 
n i t r ob lue  t e t r a z o l i u m  b y  PlVINs of p a t i e n t s  r ece iv ing  
s te ro ids  ~ a n d  t he  in v i t ro  i n h i b i t i o n  b y  hyd roco r t i sone  of 
N A D H  oxidase  ~ are a p p a r e n t l y  incongruous  w i t h  our  
da ta .  The  d i c h o t o m y  b e t w e e n  r e d u c t i o n  of n i t r o b l u e  
t e t r a z o l i u m  and  bac te r i c ida l  c apac i t y  is well  k n o w n  in 
ch i ld ren  w i t h  chronic  g r a n u l o m a t o u s  disease 6, ~. The  im- 
p r o v e d  bac te r i a l  k i l l ing  b y  mic rophages  of neph ro t i c s  on 
s te ro id  t h e r a p y  could be due to  an  a c t u a l  or i m p e n d i n g  
ame l io ra t i on  in t he  u n d e r l y i n g  rena l  disease a n d  i ts  
consequences  on  p ro t e in  me tabo l i sm,  or i t  m i g h t  be  t h e  
resu l t  of s t ab i l i za t ion  of lysosomal  m e m b r a n e s  inside t he  
cells s. 

Zusammen/assung. Es  wird  der  Nachweis  e rb r ach t ,  dass  
die bak t e r i z ide  W i r k u n g  der  p o l y m o r p h - k e r n i g e n  Leuko-  
zy ten  bei  P a t i e n t e n  m i t  n e p h r o t i s c h e m  S y n d r o m  ve rmin -  
de r t  is t  und  dass  P redn i so lon  e inen  gfiinstigen Einf luss  
auf  die Bak te r i z id ie  p o l y m o r p h - k e r n i g e r  L e u k o z y t e n  be im  
n e p h r o t i s c h e n  S y n d r o m  ha t .  
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Intracellular bacterial killing by PMNs expressed as the ratio-num- 
ber of viable intracellular bacteria at 140 rain/number at 20 rain of the 
culture 

Group Number Bactericidal capacity 

Range Geometric 
mean 

Healthy subjects 24 0.02-0.21 0.07 
Nephrotic syndrome 12 0.10-0.54 0.33 
Nephrotics receiving 16 0.03-0.64 0.25 
prednisolone 
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Effect of Serum from T u m o r - B e a r i n g  Mice on the 

The  g rowth  of a t r a n s p l a n t e d  syngene ic  t u m o r  is k n o w n  
to induce  a m a r k e d  a t r o p h y  of t he  t h y m u s 1  3. B i l a t e ra l  
a d r e n a l e c t o m y  reduces  th i s  p h e n o m e n o n  ~ and  cort ico-  
s tero id  h o r m o n e s  are  t h u s  p r o b a b l y  involved .  Yet ,  a n o t h e r  
fac to r  m u s t  ope ra te  since t he  t o t a l  n u m b e r  of c i rcu la t ing  
l y m p h o c y t e s  increases  d u r i n g  t h e  course of t u m o r  devel-  
o p m e n t  3. I t  can  be  p o s t u l a t e d  t h a t  a n  increased  m i g r a t i o n  
of t he  t h y m i c  l y m p h o c y t e s  to  t he  p e r i p h e r y  m i g h t  also 

in vitro Migration of Thymocytes  

account for the depletion of the thymus in this situation. 
One could f u r t h e r  imag ine  t h a t  some changes  in t h e  
p roper t i e s  of t he  se rum m i g h t  m e d i a t e  t he  p h e n o m e n o n .  

The  p r e sen t  work  was u n d e r t a k e n  in order  to  e x a m i n e  
th i s  l as t  poss ibi l i ty .  W e  h a v e  s tud ied  t he  m i g r a t i o n  of 
n o r m a l  mouse  t h y m u s  ceils ou t  of cap i l l a ry  t ubes  on to  
glass in  cu l tu re  c h a m b e r s  c o n t a i n i n g  d i lu ted  syngeneic  
s e rum 5. Th i s  t e c h n i q u e  al lowed us to  compa re  t he  effect  
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Figure 1, Weight (mean ~ S.E.) of thymus 
(0) and spleen (�9 as a function o1 tumor- 
growth. The number of TP8 bearing Swiss B 
mice studied for each point is indicated in 
parentheses. The shaded bars represent, the 
ranges (mean ~ 2 S.D.) of thymus and spleen 
weight in 60 normal 2 months-old, Swiss B 
female mice. 

a) 

on t h y m o c y t e s  mig ra t ion ,  of t he  sera  f r om n o r m a l  mice  
or f r o m  ind iv idua l s  g ra f t ed  w i th  a c h e m i c a l l y - i n d u c e d  
syngene i c  t u m o r .  

Mater ia l  and methods. T w o - m o n t h - o l d  t ema le  mice  of 
t he  inbred  s t r a i n  Swiss B were used  in  all  e x p e r i m e n t s .  
T h e  t u m o r  T P 8  was  i nduc e d  b y  m e t h y l c h o l a n t h r e n e  a n d  
m a i n t a i n e d  b y  ser ial  t r a n s p l a n t a t i o n  on synge ne i c  h o s t s  ~. 
1 m m  3 of t h i s  t u m o r  was  g ra f t ed  s u b c u t a n e o u s l y  in to  t h e  
ba c k  of t he  mouse .  The  sera  f r o m  t u m o r - b e a r i n g  a nd  
cont ro l  mice  were col lected u n d e r  asep t ic  cond i t ions  a n d  
s to red  a t  - -20~  un t i l  used.  For  t h e  m i g r a t i o n  tes t s ,  t h e  
sera  were  d i lu ted  1/10 in R P M I  1640 M e d i u m  s u p p l e m e n t -  
ed w i t h  an t ib io t ics .  

Capi l la ry  t u b e s  were filled w i t h  a s u s p e n s i o n  in s e r u m -  
free cu l tu re  m e d i u m  of n o r m a l  m o u s e  t h y m o c y t e s  
(10 s cells/ml),  sealed a t  one  end  w i t h  m e l t e d  p a r a f f i n  a n d  
cen t r i fuged  a t  220 g for 10 min .  The  t u b e s  were cu t  a t  t he  
cell-f luid in te r face  a n d  f a s t e ne d  in M a c k a n e s s - t y p e  
c h a m b e r s  (2 t u b e s  pe r  chamber ) .  E a c h  c h a m b e r  was  filled 
w i t h  the  d i lu ted  s e r u m  u n d e r  tes t .  T h e  c h a m b e r s  were 
i n c u b a t e d  for 36 h a t  37~ a n d  t he  a reas  of m i g r a t i o n  
m e a s u r e d  b y  p l a n i m e t r y .  T h e  resu l t s  were expressed  as 
pe r c e n t a ge  of m i g r a t i o n  accord ing  to t he  f o r m u l a :  

Percent migration increase = 

Mean migration with serum tested 
x 100 - -  i 00  

Mean migration with control serum 

T h e  n o r m a l  r a nge  of m i g r a t i o n  was  c o m p u t e d  b y  
s t u d y i n g  t he  m i g r a t i o n  of 40 con t ro l  cap i l l a ry  tubes  
m a i n t a i n e d  in  ident ica l  cond i t ions  w i th  n o r m a l  se rum.  
T h e  s t a n d a r d  de v i a t i on  w a s  found  to be 6%, so t h a t  a t  a 
s igni f icance  level  of 0.01, the  conf idence  i n t e rva l  is 

b) 
Figure 2. Normal Swiss B mice thymocytes migrations as observed at 
36 h.a) In 10% normal Swiss B mouse serum, b) In 10% serum from a 
Swiss B mouse bearing a 4 g TP8 sarcoma. 
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~= 16%. Thus,  we cons idered  as s ignif icant ,  a response  
g iv ing  more  t h a n  a 16% increase  in migra t ion .  

Results and discussion. As dep ic ted  by  F i g u r e  1, TP8  
induces  d u r i n g  i t s  g r o w t h  in  Swiss t~ mice, t h e  t h y m i c  
a l t e r a t i on  as well  as t he  s p l enom ega l y  a l r eady  r epo r t ed  
b y  o thers  for va r ious  t r a n s p l a n t e d  syngene ic  t u m o r s  ~-a, ~. 

F igure  2 shows t h e  r e s u l t s o f  a t yp i ca l  e x p e r i m e n t  
where  we h a v e  c o m p a r e d  t he  m i g r a t i o n  of t h y m o c y t e s  
f rom n o r m a l  mice  in t he  p r e s e n c e  of s e rum f rom mice  
bea r ing  th i s  t u m o r  b) to  t h e  m i g r a t i o n  of t h e  same  
t h y m o c y t e s  in  t h e  p resence  of s e r u m  f rom h e a l t h y  con t ro l  
mice a). The  m e a n  m i g r a t i o n  area  ( •  S.E.) for  10 
cap i l l a ry  t ubes  was found  to be  972 4 - 2 5  ( a r b i t r a r y  
uni ts)  in  b) a n d  540 Jc 12 in a), wh ich  cor responds  to  
a 80% increase  of t he  t h y m o c y t e  m i g r a t i o n  in t h e  s e rum 
f rom t h e  cancerous  mouse  as c o m p a r e d  to t he  m i g r a t i o n  
in n o r m a l  serum.  

As r ep re sen t ed  b y  F igu re  3, t h i s  t h y m o c y t e - m i g r a t i o n -  
increas ing  effect  of t he  s e rum f rom mice  bea r i ng  TP8  
depends  on  t he  we igh t  of t he  t umor .  T he  pe rcen t  m i g r a t i o n  
increase  reaches  t he  t h r e sho ld  of 16% w h e n  t h e  t u m o r  
weighs 1 g, and  t h e n  rises progress ive ly  to a m a x i m a l  
m e a n  va lue  of 55% w h e n  t he  t u m o r  weighs  4 g. Subse-  
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Figure 3. Percent increase of the migration of normai Swiss B thymo- 
cytes in 1/10 diluted serum from TPS-bearing Swiss B mice as a func- 
tion of tumor-weight. Each point represents the mean ( •  S.E.) for 
the number of experiments indicated in parentheses. Every experi- 
ment included at least 6 capillary tubes in the serum under test and 
6 capillary tubes in control normal serum. The dotted line gives the 
upper limit (2.6 S.D.) of the range for 40 capillary tubes maintained 
in normal serum. 

quen t ly ,  t he  effect  seems to fal l  s l ight ly .  W e  o b t a i n e d  
s imi la r  resul t s  us ing  a n o t h e r  m e t h y l c h o l a n t h r e n e - i n d u c e d  
tumor .  

Th i s  ac t ion  of t he  se rum f rom t u m o r - b e a r i n g  mice  on 
t he  m i g r a t i o n  of t h y m o c y t e s  m i g h t  be  i n t e r p r e t e d  in 
2 oppos i te  ways :  e i t he r  as a t r ue  s t i m u l a t i o n  or as t he  
suppress ion  of a n  inh ib i t ion .  The re  could exis t  e i the r  a 
t h y m o c y t e - s t i m u l a t o r y  s u b s t a n c e  in t h e  s e rum f rom 
t u m o r - b e a r i n g  mice,  or t he  reverse,  a n  i n h i b i t o r y  one in 
t he  n o r m a l  se rum w h i c h  would  d i s a p p e a r  w h e n  t he  t u m o r  
is f lour ishing.  W e  h a v e  ev idence  in f a v o u r  of th i s  second 
hypothes i s .  W e  found  t h a t  n o r m a l  mouse  s e rum con t a in s  
some fac to r  i n h i b i t i n g  t he  in v i t ro  m i g r a t i o n  of syngene ic  
or al logeneic t h y m o c y t e s .  Th i s  f ac to r  is s t ab l e  for a t  leas t  
i m o n t h  a t  - -20~ a n d  can  be  r ead i ly  de s t royed  b y  
h e a t i n g  to 56~ for 30 min  s. I t s  a m o u n t  in  t he  s e rum 
could  s u b s t a n t i a l l y  decrease  w h e n  t h e  t u m o r  has  r e ached  
a cr i t ica l  size, b u t  t h i s  r e m a i n s  to  be  es tab l i shed .  

A l t h o u g h  t he  phys io logica l  m e a n i n g  of these  changes  
in t he  p roper t i e s  of t he  se rum is st i l l  obscure,  t he  com- 
pa r i son  of F igure  3 w i t h  F igure  1 reveals  a s t r i k ing  
para l l e l i sm be tween  t he  evo lu t ion  of t he  ac t ion  of t h e  
se rum on t he  in v i t ro  m i g r a t i o n  of t h y m o c y t e s  a n d  t he  
b e h a v i o r  of t h e  t h y m u s .  The  t h y m u s  beg ins  to  i n v o l u t e  
w h e n  t he  increase  of in  v i t ro  m i g r a t i o n  beg ins  to  r ise 
s igni f icant ly .  Moreover,  t he  onse t  of th i s  p h e n o m e n o n  
seems to  coincide w i t h  t he  peak  of sp lenomegaly .  I t  would  
p r o b a b l y  be  a s imple  v iew to consider  t he  cap i l l a ry  t u b e  
s y s t e m  as a n  exac t  model  of w h a t  occurs  in  t h e  organism.  
Never the less ,  t h i s  increased  m o t i l i t y  of t h y m o c y t e s  in  t he  
sera  f rom our  t u m o r - b e a r i n g  mice  m i g h t  be  of i m p o r t a n c e  
in t h e  m e c h a n i s m  of progress ive  i n v o l u t i o n  of t h e  t h y m u s  
du r ing  t u m o r  d e v e l o p m e n t  9,10 

Rdsumd. La  m i g r a t i o n  in v i t ro ,  hors  de t u b e s  capil laires,  
des t h y m o c y t e s  de souris es t  p lus  i m p o r t a n t e  en  pr6sence 
du  s6rum de souris  p o r t e u s e s  d ' u n e  t u m e u r  syng6n ique  
t r a n s p l a n t 6 e  ch imio - indu i t e  q u ' e n  p%sence  de s6rum nor-  
mal .  Ce ph6nom&ne,  qu i  es t  fonc t ion  du  po ids  de  la tu -  
meur ,  p o u r r a i t  6tre en r a p p o r t  avec  l ' i n v o l u t i o n  t h y m i q u e  
a c c o m p a g n a n t  la croissance tumora le .  
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Sti lboestrol-Induced Depression of the Antibody Response 

I n v o l u t i o n  of t he  t h y m u s  is a well  e s t ab l i shed  conse- 
quence  of a d m i n i s t r a t i o n  of n a t u r a l  or s y n t h e t i c  oestro-  
genie c o m p o u n d s  to  e x p e r i m e n t a l  an i m a l s  1. Such  t r ea t -  
m e n t  is also k n o w n  to induce  a w a s t i n g  s y n d r o m e  in 
n e o n a t a l  an ima l s  2, s imi la r  to  t he  p o s t - t h y m e c t o m y  
wasting a, which appears to be partly due to increased 
susceptibility to infection of such animals ~. Although 
administration of oestrogens has been reported to induce 
l y m p h o p o e n i a  in  adu l t  an ima l s  5, t h e i r  effects, on pert-  

phe ra l  l y m p h o i d  t issues are r a t h e r  va r i ab l e  t, 6, ~. R e p o r t s  
conce rn ing  effects of oes t rogens  on i m m u n i t y  h a v e  also 
b e e n  s o m e w h a t  con t r ad i c to ry .  Res i s t ance  to  in fec t ion  in 
adu l t  an ima l s  is genera l ly  increased  s, b u t  a n t i b o d y  re- 
sponses  h a v e  been  found  to be  unaf fec ted  9, increased  10 
or decreased  lz. 

I l l  t h e  p r e sen t  work  we r e p o r t  resul t s  o b t a i n e d  on  t h e  
h u m o r a l  a n t i b o d y  response  to sheep e r y t h r o c y t e s  in  mice  
and  r a t s  p r e t r e a t e d  w i t h  s t i lboes t ro l  (d ie thyls t i lboes t ro l ) .  


