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Distribution of T, B and 'null '  lymphocytes in maintenance helnodialysis patients 
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Groups 
Total lymphocytes T lymphocytes B lymphocytes 
per m m  3 (mean -6 SE) (mean 4- SE) 
(mean -6 SE) % per nlm 3 �9 % per m m  8 

'Null '  lymphocytes 
(mean -6 SE) 
% per mms 

Control (n 24) 2577 -6 124 38.4 -6 1.9 974 4- 51 24.1 4- 2.4 611 4- 71 37,5 -6 3.4 992 • 115 
Nephritis (n = 23) 1691 4- 361 26.2 ~ 4.0 664 4- 216 18.3 -6 2.5 329 -6 86 55,5 • 4.6 697 ~ 120 
P-value b < 0.0125 % 0.005 ~ 0.10 < 0.05 < 0.01 % 0.0025 ~ 0.05 

~The mean was calculated from each individual 's value, bAccording to Student 's  t-test. 

s e r a  of  p a t i e n t s  w i t h  S L E L  l ipo id  n e p h r o s i s ,  a n d  g lo-  
m e r u l o n e p h i t i s  s. LIES e t  a12 d e m o n s t r a t e d  t h a t  t h e s e  
l y m p h o c y t o t o x i c  a n t i b o d i e s  w e r e  d i r e c t l y  f o r m e d  a g a i n s t  
T cells .  

I t  h a s  b e e n  p o s t u l a t e d  t h a t  i n f e c t i o n  b y  a l a t e n t  v i r u s  
m a y  a l t e r  t h e  T cei ls  in  s u c h  a w a y  as  to  t r i g g e r  t h e  f o r m a -  
t i o n  of  T cell  spec i f i c  c y t o t o x i n s  in  S E E  1~ T h e s e  t o x i n s  
c a n  d e s t r o y  t h e  T cells.  T h i s  d e s t r u c t i o n  r e s u l t e d  a 
d e c r e a s e  in  t h e  T cei ls  as  o b s e r v e d  in  o u r  p a t i e n t s .  O n  t h e  
o t h e r  h a n d ,  t h e  d e c r e a s e  in  T cel ls  m a y  be  a s s o c i a t e d  w i t h  
a d e f i c i e n c y  in  s u p p r e s s o r  T cel ls  n .  T h i s  d e f i c i e n c y  a l l ows  
t h e  B cel ls  t o  p r o d u c e  a v a r i e t y  of  a u t o a n t i b o d i e s .  T h e s e  
a u t o a n t i b o d i e s ,  s u c h  as  a n t i n u c l e a r  a n t i b o d y ,  c o u l d  
p a r t i c i p a t e  in  t h e  p r o d u c t i o n  of  i m m u n e  c o m p l e x  d i s e a s e  
s u c h  as  g l o m e r u l o n e p h r i t i s  12. T h i s  i n t e r p r e t a t i o n  is 
s u p p o r t e d  b y  a r e c e n t  r e p o r t  of  H u s ' r E D  e t  al.  13 w h o  
o b s e r v e d  a n  i n c r e a s e d  i n c i d e n c e  of  a n t i n u c l e a r  a n t i b o d i e s  
in  c h r o n i c  d i a l y s i s  p a t i e n t s .  

I n  c o n c l u s i o n ,  we  o b s e r v e d  a d e c r e a s e  in  t h e  c i r c u l a t i n g  
T a n d  B l y m p h o c y t e s  in  a g r o u p  of p a t i e n t s  w i t h  c h r o n i c  
r e n a l  f a i l u r e  w h o  we re  b e i n g  m a i n t a i n e d  on  h e m o d i a l y s i s .  
A c c o m p a n i e d  b y  t h e  d e c r e a s e  in  t h e  T a n d  B cells ,  t h e r e  
w a s  a n  i n c r e a s e  in  t h e  p e r c e n t a g e  of  t h e  ' n u l l '  cel ls .  T h e  
c a u s e  of  t h e  r e n a l  d i s e a s e  in  t h e s e  p a t i e n t s  w a s  t h e  r e s u l t  
of  v a r i o u s  f o r m s  of i m m u n o l o g i c  g l o m e r u l o n e p h r i t i s .  
T h e r e f o r e ,  a d d i t i o n a l  s t u d i e s  a r e  n e e d e d  t o  d e t e r m i n e  
w h e t h e r  s i m i l a r  c h a n g e s  in  T,  B,  a n d  ' n u l l '  cel ls  a lso  o c c u r  
in  r e n a l  f a i l u r e  d u e  t o  n o n - i m m u n o l o g i c  c a u s e s .  

Summary. T h e  T a n d  B l y m p h o c y t e s  in  p e r i p h e r a l  
b l o o d  w e r e  r e d u c e d  in  p a t i e n t s  w i t h  g l o m e r u l o n e p h r i t i s  
t r e a t e d  w i t h  h e m o d i a l y s i s  a s  c o m p a r e d  t o  n o r m a l s .  
A l t h o u g h  t h e  a b s o l u t e  n u m b e r  of  ' n u l l '  cel ls  w a s  a l so  
d e c r e a s e d ,  t h e  p e r c e n t a g e  of  ' n u l l '  cel ls  w a s  i n c r e a s e d  in  
t h e s e  p a t i e n t s .  
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Fetal  Calf S e r u m  Alters  Cyclic Adenos ine  3 ' , 5 ' -Monophosphate ' s  Effect on H e m e  Synthes i s  in v i tro  ~ 

R e p o r t s  a r e  o f t e n  c o n t r a d i c t o r y  a b o u t  t h e  e f f ec t  of  
cyc l ic  a d e n o s i n e  3 ' , 5 ' - m o n o p h o s p h a t e  ( cAM P )  o n  h e m e  
s y n t h e s i s  in  v i t r o .  GORSHEIN a n d  GARDNER 2, for  e x a m p l e ,  
s h o w e d  t h a t  c A M P  s t i m u l a t e s  r a d i o i r o n  i n c o r p o r a t i o n  
i n t o  h e m e  of  h u m a n  m a r r o w  cells.  DUKES 3 i l l u s t r a t e d  
t h a t  d i b u t y r y l  c A M P  p o t e n t i a t e s  t h e  e f f ec t  of  e r y t h r o -  
p o i e t i n  ( E P O )  o n  h e m e  s y n t h e s i s  of  r a t  m a r r o w  cells .  
BYRON4 s h o w e d  t h a t  c A M P  i n c r e a s e s  t h e  s e n s i t i v i t y  of  
m o u s e  m a r r o w  cel ls  to  t r i t i a t e d  t h y m i d i n e  su ic ide .  A m o n g  
t h o s e  f i n d i n g  n o  e f f ec t  a re  GRABER e t  al.  5 a n d  BOTTOMLEY 
e t  al.  ~. 

T h i s  p a p e r  p r e s e n t s  n e w  d a t a  o n  t h e  ro le  of  c A M P  in  
e r y t h r o p o i e s i s  in  v i t r o .  I t  a l so  h i g h l i g h t s  t h e  i m p o r t a n c e  
o f  GOLDWASSER'S 7 a d v i c e  a b o u t  i n d e p e n d e n t l y  e v a l u a t i n g  
e a c h  lo t  of  f e t a l  ca l f  s e r u m  u s e d  in  e r y t h r o p o i e t i c  s t u d i e s ,  
p e r h a p s  e x p l a i n i n g  or  r e c o n c i l i n g  s u c h  i n c o n s i s t e n c i e s  in  
t h e  l i t e r a t u r e .  

Materials and methods, l~a t  m a r r o w  cel ls  w e r e  c u l t u r e d  
b y  a v a r i a t i o n  of  t h e  t e c h n i q u e  d e s c r i b e d  b y  GOLDWASSER 
a n d  GROSSS. D e t a i l s  of  t h e  p r o c e d u r e  a r e  p r e s e n t e d  b y  
OLANDER 2. S t a n d a r d  m e d i u m  c o m p r i s e d  6 5 %  N a t i o n a l  

Co l l e c t i on  T y p e  C u l t u r e  109 (Micro B i o l o g i c a l  A s s o c i a t e s )  
c o n t a i n i n g  100 u n i t s  pen i c i l l i n  a n d  100 txg s t r e p t o m y c i n  
p e r  ml ,  3 0 %  f e t a l  ca l f  s e r u m  ( L o t  R 2 2 3 0 U  or  L o t  C 2 2 2 0 L ,  
G r a n d  I s l a n d  Bio log ica l )  a n d  5 %  i s o l o g o u s  r a t  s e r u m .  
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R a t  s e r u m  w a s  p r e i n c u b a t e d  for  30 m i n  a t  37~  in  t h e  
p r e s e n c e  of  f e r r i c  n i t r a t e  t o  m a k e  a f i na l  fe r r ic  i on  c o n -  
c e n t r a t i o n  of  0.2 Fg p e r  m l  o f  c o m p l e t e  m e d i u m .  I n  s o m e  
e x p e r i m e n t s  t h e  s t a n d a r d  m e d i u m  w a s  m o d i f i e d  b y  
s u b s t i t u t i n g  a m o r p h o u s  z i nc - f r ee  i n s u l i n  for  f e t a l  ca l f  
s e r u m  in  a f i na l  c o n c e n t r a t i o n  o f  0.5 txg p e r  m l .  

M a l e  L o n g - E v a n s  r a t s  b e t w e e n  180 a n d  220 g we re  
s a c r i f i c e d  b y  a s h a r p  b l o w  t o  t h e  b a s e  of  t h e  sku l l .  M a r r o w  
cel ls  w e r e  f l u s h e d  f r o m  a s e p t i c a l l y  r e m o v e d  t i b i o f i b u l a e  
o r  f e m o r a  b y  i n j e c t i n g  m e d i u m  i n t o  t h e  e n d  w i t h  a 23- 
g a u g e  need l e .  P a s s i n g  t h e  m a r r o w  s u s p e n s i o n  t h r o u g h  
t w o  1 0 0 - m e s h  s t a i n l e s s  s t e e l  s c r e e n s  r e m o v e d  b o n e  ch ips ,  
cel l  c l u m p s  a n d  deb r i s .  
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Fig. 1. Effect of cAMP on the 4-hour rate of heine synthesis of rat 
bone marrow cells. Cells were cultured for 24 h in medium containing 
fetal calf serum; 59Fe was added 4 h before termination. Counts per 
rain per ml of eyclohexanon e are plotted against cAMP concentration. 
Initial concentration was 30.0 • 106 nucleate cells per ml. Broken line 
denotes control values. Solid line denotes experimental values. Each 
point represents the mean of 5 cultures. Bars indicate SD. 
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Fig. 2. EPO dose-response curves comparing the effects of 2 lots of 
fetal calf serum on the 4-hour rate of heme synthesis of rat  bone 
marrow cells. Ceils were cultured for 24 h; 59Fe was added 4 h before 
termination. Counts per min per ml of eyclohexanone are plotted 
against EPO dosage. Initial concentration was 10 • 10 ~ nucleate cells 
per ml. m, Lot R2230U; O, Lot C2220L. Each point represents the 
mean of 5 cultures. Bars indicate SD. 

i m l  of  r a t  m a r r o w  cel l  s u s p e n s i o n  (10 -30  • 106 n u c l e a t e  
cells) w a s  d i s p e n s e d  i n t o  e a c h  3 5 - m m  d i a m e t e r  g l a s s  
C a r r e l  f l a sk .  C u l t u r e s  w e r e  i n c u b a t e d  a t  37 ~ in  a h u m i d i -  
f ied  a t m o s p h e r e  of  10~o CO s a n d  90~o air .  100 ~l of  E P O  
or  c A M P  s o l u t i o n  we re  a d d e d  t o  e a c h  c u l t u r e  a t  i n i t i a t i o n .  
R a t  s e r u m  w a s  l a b e l e d  b y  i n c u b a t i n g  i t  w i t h  59FeCls 
(15 .1 -16 .5  ~Ci p e r  m g  Fe)  for  30 m i n  a t  37 ~ 50 V1 of  t h i s  
t r a n s f e r r i n  ( a p p r o x i m a t e l y  1.0 ~zCi) we re  a d d e d  t o  e a c h  
c u l t u r e  4 h b e f o r e  i t s  t e r m i n a t i o n .  

Cel ls  we re  l o o s e n e d  f r o m  t h e  s u r f a c e  of  e a c h  f l a s k  b y  t h e  
a d d i t i o n  o f  1.0 m l  of  0.25~o t r y p s i n  in  Ca  ++-, Mg++- f r ee  
p h o s p h a t e - b u f f e r e d  s a l i n e  s o l u t i o n  (PBS)10.  A f t e r  15 m i n  
f u r t h e r  i n c u b a t i o n  a t  3 7 ~  t h e  cel ls  we re  h a r v e s t e d  b y  
g e n t l y  f l u s h i n g  e a c h  f l a s k  w i t h  30 m l  P B S  in  5 - m l  a l i q u o t s  
a n d  c o l l e c t e d  b y  c e n t r i f u g a t i o n .  T h e  cell  p e l l e t s  w e r e  
r e s u s p e n d e d  in  5 m l  of  P B S  a n d  r e - co l l e c t ed  b y  c e n t r i -  
f u g a t i o n .  T h e  cel ls  w e r e  l y s e d  b y  1.0 m l  o f  DRABKIN'S zz 
s o l u t i o n .  T h e  l y s a t e  w a s  ac id i f i ed  w i t h  0.2 m l  of  1.0 N HCI.  
T o  e a c h  ac id i f i ed  l y s a t e  2.0 m l  of  c y c l o h e x a n o n e  w e r e  
a d d e d .  T h e  r a d i o i r o n  in  1.0 m l  of  t h e  o r g a n i c  p h a s e  w a s  
c o u n t e d  b y  a s p e c t r o m e t e r  w i t h  a 3- in  NaI(T1)  c r y s t a l .  
V a l u e s  of  c o n t r o l  a n d  e x p e r i m e n t a l  s a m p l e s  w e r e  c o m p a r e d  
b y  S t u d e n t ' s / - t e s t .  

Resul ts  and  discussion.  F i g u r e  1 i l l u s t r a t e s  a r a n g e  o f  
c A M P ' s  e f f ec t s  o n  in  v i t r o  h e m e  s y n t h e s i s  of  r a t  m a r r o w  
cells.  A t  10 .3 M c A M P  i n h i b i t e d  (p < 0.001) h e m e  s y n -  
t h e s i s .  T h e  a p p a r e n t  o p t i m u m  a t  10 -~ M ,  a l t h o u g h  h i g h e r  
t h a n  p h y s i o l o g i c  l eve l s  z2, ~a, is  w i t h i n  t h e  r a n g e  fo r  e n -  
h a n c e d  & a m i n o l e v u l i n i c  a c i d  s y n t h e t a s e  a c t i v i t y  in  r a b b i t  
m a r r o w  cel ls  in  v i t r o  s. S u r p r i s i n g l y ,  w h e n  t h i s  e x p e r i m e n t  
w a s  c o n d u c t e d  w i t h  a n o t h e r  lo t  of  f e t a l  ca l f  s e r u m  f r o m  
t h e  s a m e  s u p p l i e r ,  c A M P  h a d  n o  e f fec t .  

H e e d i n g  GOLDWASSER'S 7 a d v i c e ,  I c o m p a r e d  t h e  l o t s  t o  
see  h o w  wel l  t h e y  s u s t a i n e d  h e m e  s y n t h e s i s  ( F i g u r e  2). 
C o n t r o l  a n d  e x p e r i m e n t a l  r a t e s  of  h e m e  s y n t h e s i s  of  t h e  
s a m e  cell  p o p u l a t i o n  d i f f e r ed  m a r k e d l y  (p < 0.005) a t  a l l  
E P O  c o n c e n t r a t i o n s  t e s t e d .  T h e  d e v i a t i o n  f r o m  l i n e a r i t y  

lo L. M. RINALDINI, Expl. Cell Res. 16, 477 (1959). 
xz D. L. DRABKIN and J. H. AVSTIN, J. biol. Chem. 98, 719 (1932). 
12 j .  G. HAI~DMAN, G. A. ROBISON and E. W. SUTrrERLAND, A. Rev. 

Physiol. 3,3, 311 (1971). 
18 G. A. ROBISON, R. W. BUTCHER and E. W. SUTHERLAND, Cyclic 

A M P  (Academic Press, New York 1971), p. 29. 
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Fig. 3. Effect of fetal calf serum on heme synthesis of rat  bone marrow 
cells. Cells were cultured for 24 h in media with different lots of fetal 
calf  serum or medium with 0.5 p~g insulin per ml; 59Fe was added 4 h 
before termination. Mean • SD cpm per ml of cyclohexanone are 
shown for the various culture conditions: Initial concentration was 
13.4 i 1.99 • l0 s nucleate cells per ml. n ' s  are indicated on the ab- 
scissa. 
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a t  h igher  concen t ra t ions  of E P O  does no t  inva l ida te  the  
compar i son  and  has  been a t t r i b u t e d  by  GOLDWASSER ~ tO 
impuri t ies .  

A compar i son  of t he  effects of fetal  calf se rum on cAMP- 
and  E P O - s t i m u l a t e d  heme  synthes i s  is p re sen ted  in F igure  
3. Fe ta l  calf se rum alters  t he  direct ion and  degree of  
s t imulat ion.  Oddly,  Lo t  C2220L, which  gave lower E P O  
rates,  sus ta ined  h igher  cAMP rates ;  and in Lo t  R2230U, 
which  p roduced  h igher  E P O  rates,  cAMP had  a lmos t  no 
effect. A l though  med ium wi thou t  fetal  calf se rum sus ta ined  
control  and  E P O - i n d u c e d  heme synthes i s  a lmos t  5 t imes  
less eff icient ly t h a n  b o t h  o ther  media,  in th i s  serum-free  
med ium cAMP s t imula ted  a ra te  of h e m e  synthes i s  
a lmost  2 t imes  grea ter  t han  the  control  level. 

The obse rva t ion  t h a t  some lots of fetal  calf  se rum are 
inh ib i to ry  to cAMP s t imula t ion  of heme synthes i s  m a y  
explain  t he  cont rad ic t ions  in the  l i te ra ture  abou t  cAMP's  
effect  on m ar row  cells. The act ive cons t i t uen t  of se rum 
responsible  for th is  effect  is unident i f ied.  The  effect  m a y  
be re la ted  to phosphodies te rase  ac t iv i ty  ~4 or to calcium 
ion concen t ra t ion  ~. 

Because cAMP affects mi tos is  16 and pos tconf luence  
inhibi t ion of cell d/vision ~7 in nonhema topo ie t i c  cell 
sys tems,  s t imula ted  heme synthes is  could be a d i rec t  
man i fe s t a t ion  of these p h e n o m e n a ;  therefore ,  cAMP m a y  
be indi rec t ly  re la ted  to  erythropoies is  in vi t ro .  On the  
o the r  hand ,  CHANG et  al. ~s have  shown t h a t  E P O  exer ts  
its effect  f rom outs ide  tile cell; addi t iona l  expe r imen t s  
m u s t  be conduc ted  to demons t r a t e  if cAMP plays  a role, 
as in o the r  ho rmone  sys tems  12 or otherwise.  

Never theless ,  t he  fact  t h a t  some c o m p o n e n t  of fetal  
calf se rum modifies cAMP's  effect  on heme synthes i s  in 

r a t  mar row cel ls  i l lus t ra tes  the  need for a chemical ly  
def ined med i u m for accura te  a ssessment  of the  func t ion  
of cAMP in ery thropoies is  in vi tro.  

Summary. An inves t iga t ion  of t he  effect  of cAMP on 
heme  synthes is  of r a t  bone  mar ro w  cells revealed t h a t  
a t  10 -2 M this  cyclic nucleot ide  inhibi ts  heme  synthes i s  
and  t h a t  o p t i m u m  s t imula t ion  occurs a t  10 -4 M. Some 
unident i f ied  cons t i t uen t  of fetal  calf se rum in the  cul ture  
med i u m modifies t he  di rect ion and degree of cA MP ' s  
effect. 
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M y c o b a c t e r i a l  Adjuvant  and its  Carr ier  

F r e u n d ' s  comple te  a d j u v a n t  (FCA) has been widely  
used in expe r imen ta l  immunology  to influence immu n e  
responses  1-3. Mycobacteria are the  essent ial  cons t i tuen t s  
of FCA 4-s. The increase of immune  responses  induced  by  
an an t igen  in FCA is a t t r i bu t ed  to the  presence  of Myco- 
bacter ia .  

This p a p e r  repor t s  the  isolation of a lipid f rac t ion f rom 
Mycobacteria of a bovine strain,  BCG. Inclusion of th is  
fraction,  called 'LF ' ,  in an t igen  in jec t ion  resul ted  in 
s t rong  skin reac t iv i ty  of de layed type  hype r sens i t i v i t y  
(DTH). L F  exh ib i t ed  an a d j u v a n t  effect  also on the  
p roduc t ion  of im mune  an t i body  to  sheep red blood cells 
(SRBC). The abi l i ty  of BCG to ac t  as an a d j u v a n t  appears  
to  be re la ted  to th is  act ive componen t ,  LF,  since a com- 
plete  d i sappearance  of a d j u v a n t  ac t iv i ty  of the  bacter ia l  
body  (BB) is observed when  L F  is ex t rac ted .  Never theless ,  
when BB was used to adsorb  ( 'carry ')  LF,  the  resul t ing 
' B B - L F '  was  found  to be a be t t e r  a d j u v a n t  t h a n  free LF.  

Materials and methods. Extraction. The bac te r ia  used in 
the  p resen t  inves t iga t ion  were Bacillus of CALMETTE and 
GUgRIN (BCG) f rom the  Pas t eu r  Ins t i tu te ,  Paris.  The 
organism,  grown in Sau ton ' s  med ium for 17 days  a t  37~ 
was collected b y  f i l t rat ion,  washed  copiously wi th  disti l led 
wa te r  and  killed by  immers ion  in e the r -e thano l  (1 : 1, v/v) 
for 3 weeks. Bacter ia l  metabol ic  p roduc t s  (BMP) were  
r emoved  f rom the  killed BCG b y  exhaus t ive  ex t rac t ion  
wi th  e the r -e thano l  (1 : 1, v/v) and wi th  chloroform.  F r o m  
the  so lvent  washed  bacillus (SWB) thus  obta ined ,  an 
a d j u v a n t  f rac t ion called lipid f rac t ion (LF) was isolated 
according  to the  procedure  shown in Table  I. 

Puri/ication of the extract by ullracentri/ugation and 
column chromatography. Pur i f ica t ion  of L F  was achieved 

by  u l t racen t r i fuga t ion  in e ther  a t  40,000 g for 10 min and  
c h r o m a t o g r a p h y  of t he  s u p e r n a t a n t  on a silicic acid co lumn 
eluted wi th  ch lo ro fo rm-methano l  (95:5, v/v).  The sub-  
s tance  was ob ta ined  in pure  form as de t e rmined  by  th in -  
layer  c h r o m a t o g r a p h y  on Silica-gel GF-254. 

Analyticalmethods. Pape r  c h r o m a t o g r a p h y  for de tec t ion  
of amino acids, amino sugar  and neu t ra l  sugars was carr ied 
ou t  as descr ibed prev ious ly  ~. The lipid co n t en t  was de ter -  
mined  by  TAKEVA'S m e t h o d  8. 

Preparation o/ B B - L F .  In to  a 25 ml  'Quick-Fi t '  f lask 
200 mg of BB (bacterial  body,  see Table  I) was t aken  up  
in 15 ml  e thanol .  The flask was t h e n  connec ted  to  a 
n i t rogen source and  s t i r red  magne t ica l ly  a f te r  f lushing 
wi th  nitrogen.  Af ter  3 h, e thanol  was r emoved  b y  centr i f -  
ugat ion  and 200 mg  of L F  in 15 ml  e ther  were added.  The 
mix tu re  was t h e n  s t i r red  magne t ica l ly  under  n i t rogen  
a tmosphe re  for 6 h and  centr i fuged.  The residue (BB-LF)  
was washed  3 t imes  wi th  ether,  t h e n  dr ied in vacuo.  
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