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receptors  for normal  and  s t imula ted  macrophages  is 
s imilar  in the  two  groups.  Apparen t ly ,  ac t iva t ion  of 
macrophages  by  endo tox in  does not  s ignif icant ly  a l ter  the  
num ber  of avai lable con-A b inding  sites on the  m e m b r a n e  
surface. Since con-A binds  specifically to a -methy l -  
mannos ide  and to  a lesser degree a-D-glucose like residues 7, 
it  is not  possible  to  specula te  if o ther  g lycoprote in  re- 

Table II. The ratio of (vz~I)-con-A bound (cpm) to the content of 
DNA (/xg/ml) from normal and endotoxin stimulated macrophages. 

(125I) (cpm) DNA [zg/ml (DNA/nSI cpm) X 10 s 

Normal 
7321 0.94 7.80 
9525 1.19 8.01 
7911 1.08 7.35 
8003 1.19 7.20 
7422 0.98 7.50 
7984 0.98 8.13 
8682 1.22 7.10 
7917 1.14 6.95 

x = 7.514-0.51 

Stimulated 
5696 0.92 6.30 
5372 0.74 7.28 
6117 0.82 7.50 
6178 0.75 8.25 
7182 0.96 7.50 
6131 0.78 7.82 
7303 0.90 8.10 
6088 0.83 7.35 
6016 0.75 8.05 

x =  7.574-0.19 

50 [zg/ml (1~5I)-con-A was used in all binding assays, x ~ SE. 

ceptors  are involved.  Such a l tera t ions  in g lycoprote in  
migh t  be expec ted  if the  mucopolysacchar ide  coat  of the  
s t imula ted  macrophage  were quan i t a t i ve ly  or qual i ta-  
t ive ly  di f ferent  f rom t h a t  of the  normal  macrophage .  

I t  is of in te res t  t h a t  ex tens ive  m e m b r a n e  spreading  of 
normal  macrophages  does no t  a l ter  the  b inding  of the  
agglut inin  8. Resul ts  ind ica ted  t h a t  the  number s  of 
m e m b r a n e  receptors  for con-A were similar  for macro-  
phages  in the  round  as in the  spread  configurat ions.  Such 
conf igura t ions  are t h o u g h t  to  involve changes  in the  
reserve membrane .  A similar  condi t ion  m a y  exist  for the  
endo tox in  s t imula ted  macrophage .  This is ev ident  since 
the  a m o u n t  of con-A bound  (or the  n u m b e r  of con-A 
receptors)  was the  same for both groups  even  t h o u g h  
s t imula ted  macrophages  are known to  possess grea ter  
ruff l ing (reserve membrane)  and a grea ter  abi l i ty  to 
spread  ~. 

Zusammen/assung. Nachweis,  dass normale  und mi t  
E n d o t o x i n  s t imul ier te  Makrophagen  des M/iusebauchfells 
in ihrer  Bindungskapaz i t / i t  yon  Concanaval in-A n ich t  
s ignif ikant  divergieren,  was darauf  hinweist ,  dass durch  
ihre Akt iv ie rung  die Anzahl  yon  Glykopro te in -Rezep to -  
ren  Iiir Con-A n ich t  ~indert. 
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/ 
Synthesis of a Pregnancy-Associated a-Macroglobulin by Human Leucocytes 

The exis tence of a p r egnancy  associated serum pro te in  
was f irs t  no t ed  by  SMITHIES 1 in 1959 using s ta rch  gel 
e lectrophoresis .  Since t h a t  t ime  m a n y  inves t iga tors  have  
s imilar ly  r epor ted  t h a t  h u m a n  p regnancy  serum conta ins  
one and  somet imes  more  t h a n  one addi t iona l  p ro te in  (for 
example  refs3-1~ 

The serum pro te in  mos t  c o m m o n l y  de tec tab le  in late  
p r egnancy  serum was recen t ly  isolated and charac-  
ter ized ~. I t  was shown to be a h igh molecular  weigh t  e- 
globulin conta in ing  10% ca rbohydra te .  This  p r egnancy  
associa ted r  (PAM) has  been  q u a n t i t a t e d  
in the  blood of subjec ts  in m a n y  physiological  s ta tes  and 
found to be qui te  widely  d i s t r ibu ted  s,~~ ~a. I t  can be 
readi ly  ident i f ied of b o t h  males  and  females receiving 
oest rogen t r e a t m e n t  bu t  it  does no t  appear  to be involved 
in t he  t r a n s p o r t  of s teroids~-~% The biological role of 
PAM has not  as ye t  been clarified a l though  i t  has  been 
suggested t h a t  it  m a y  func t ion  in the  regula t ion  of the  
im m une  response  6. 

The sites of syn thes i s  of m a n y  indiv idual  se rum prote ins  
have  a l ready  been  es tabl ished 17-2~ and  this  r epor t  
provides  s t rongly  suggest ive  evidence for the  synthes is  of 
PAM by  per iphera l  blood leucocytes.  

Hepar in ized  blood, ob ta ined  f rom hea l thy  males, con- 
t r acep t ive  s teroid  t r ea t ed  females  (Norinyl) and  p r e g n a n t  
w o m e n  (38-40 weeks pregnant ) ,  was allowed to  sed imen t  
a t  37 ~ for 90 rain, Leucocytes  were recovered f rom the  
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Table I. Incorporation of labelled glutamine into cell cultures 

EXPERIENTIA 31/3 

Additions to culture medium 

Type and source of cultured cells 

Leucocytes Lymphocytes 

Males Contraceptive steroid treated females Pregnant females Pregnant females 
(dpm]106 cells) (dpm]10 ~ cells) (dpm[10 s cells) (dpm]10 ~ ceils) 

1. No additions M 17 ( 15, 2, 34) 48 ( 42, 52, 49) 48 ( 41, 34, 68) 21 (15, 40, 8) 
MS 11 ( 18, 1, 13) 58 ( 41, 71, 62) 76 ( 72, 66, 90) 18 (4, 14,30,23) 

2. Mestranol M 63 ( 48, 56, 85) 73 ( 91, 41, 86) 94( 71, 98,113) 25 (17, 44, 13) 
MS 115 (122,123,101) 133 (117, 150, 132) 141 (115: 137, 170) 15 (1, 3, 24, 30) 

3. Mestranol(labelledglutamine M 7 ( 1, 9, 10) 9( 15, 1, 12) 4( 2, 9, 2) -- 
addedafterincubationeompleted) MS 5 ( 8, 5, 3) 13( 6, 25, 9) 8 ( 5, 11, 7) -- 

4. Mestranol + puromyein ~S  -- -- 5 ( 3, 4, 8) -- 

Figures in parentheses are the results of individual experiments carried out in duplicate. M, cultured in medium alone; MS, cultured in 
medium + 15% autologous serum. 

p l a s m a  layer  b y  cen t r i f uga t i on  (150 g, 10 mill) an d  
l y m p h o c y t e s  were p r e p a r e d  b y  use of Ficol l-I-Iypaque 
g r ad i en t  ~t. B o t h  were t h e n  washed  6 t imes  in W a y m o u t h ' s  
M13 752/1 cu l tu re  med ium.  Cells (2 • 10G/ml) were cu l tu red  
w i t h  3 ~Ci, U-*4C g l u t a m i n e  or U-SH leucine e i the r  in  
cu l ture  m e d i u m  alone or in  m e d i u m  c o n t a i n i n g  15% 
au to logous  serum.  F u r t h e r  add i t ions  of m e s t r a n o l  (0.25 
~M) or p u r o m y c i n  (1 m M )  2~- were m a d e  to a p p r o p r i a t e  
cul tures .  I n c u b a t i o n  was t h e n  car r ied  ou t  a t  37~ in a 
5% CO2/95 % air  a t m o s p h e r e  for 5 days.  

Pu re  P A M  ~1 a n d  F r e u n d ' s  comple te  a d j u v a n t  were 
used for i m m u n i z i n g  r a b b i t s  a n d  t he  r e s u l t a n t  a n t i s e r u m  
was p r e p a r e d  b y  50% a m m o n i u m  su lpha te  p r ec ip i t a t i on  
a n d  DEAE-ce l ln lose  f r a c t i o n a t i o n  of t he  se rum ob t a ined  23. 
The  a n t i - P A M  was abso rbed  4 t imes  w i t h  413 Sepharose  
coupled  b y  the  cyanogen  b romide  m e t h o d  =~ to  male  s e rum 
pro te ins .  The  specif ic i ty  of t he  a n t i s e r u m  was checked  b y  
two d imens iona l  immunoe lec t rophore s i s  25 and  KRAUSE 
a n d  R~-UNZo's i m m n n o d i f f u s i o n  technique2% 

On comple t i on  of t he  i n c u b a t i o n  per iod  t he  cul tures  
were cen t r i fuged  and  t he  s u p e r n a t a n t s  t r e a t e d  w i t h  
NaC1 to a c o n c e n t r a t i o n  of 0.5 M.  15% au to logous  se rum 
or 15% p r e g n a n c y  se rum was t h e n  added  to t he  super-  
n a t a n t s  of t he  cells cu l tu red  in m e d i u m  a lone  or male  
leucocytes  respect ive ly .  F ina l ly ,  a p r e d e t e r m i n e d  q u a n t i t y  
of specific a n t i s e r u m  was added  so as to  a t t a i n  t he  an t igen-  
a n t i b o d y  equ iva lence  p o i n t  in  each  case. the  p rec ip i t a t e s  
t h a t  fo rmed  on i n c u b a t i o n  (37~ 1 h) were w a s h e d  3 
t imes  in e i the r  0.5 % g l u t a m i n e  or leucine solut ion,  con ta in -  
ing 0.5 M NaC1 a n d  t h e n  coun t ed  on a l iquid  sc in t i l l a t ion  
counter .  

A u t o r a d i o g r a p h y  was pe r fo rmed  as p rev ious ly  describ-  
ed lL  Leucocy tes  (5X106/ml)  f rom a p r e g n a n t  w o m a n  
were cu l tu red  ,as i nd i ca t ed  above ,  in  t h e  presence  of 15% 
au to logous  serum,  4 ~Ci U-14C g l u t a m i n e  an d  mes t rano l .  
The  P A M  in t h e  s u p e r n a t a n t  was  c o n c e n t r a t e d  b y  precipi-  
t a t i o n  w i t h  a m m o n i u m  s u l p h a t e  11 a n d  t h e n  sulojected to  
i m m u n o e l e c t r o p h o r e t i c  ana lys i s  aga ins t  t h e  specific an t i -  
serum.  

I t  h a s  a l r eady  been  shown  t h a t  levels of P A M  in t he  
b lood  are a t  leas t  pa r t i a l l y  d e p e n d e n t  u p o n  oes t rogen  
concen t r a t ion ,  specif ical ly t h a t  oral  co n t r acep t i v e s  a n d  
m e s t r a n o l  resu l t s  in  t h e  a p p e a r a n c e  of t h e  p r o t e i n  in  
females  while  s t i lboes t ro l  causes a n  increased  concen t r a -  
t i on  in males  unde rgo ing  t r e a t m e n t  for p r o s t a t e  cancer  10,1a. 

Tab le  I s u m m a r i z e s  t h e  resu l t s  o b t a i n e d  f rom a series 
of e x p e r i m e n t s  employ ing  label led  g lu tamine .  Leucocy tes  
f rom b o t h  p r e g n a n t  a n d  c o n t r a c e p t i v e  s tero id  t r e a t e d  
w o m e n  gave s ign i f ican t ly  more  s u p e r n a t a n t  coun t s  com- 
p a r e d  w i t h  t h e  male  cells, whose  levels  were  s imi la r  to  
those  o b t a i n e d  if label led  g l u t a m i n e  was added  o n  com- 
p le t ion  of t h e  i n c u b a t i o n  (i.e. b a c k g r o u n d  level). This  mos t  
p r o b a b l y  occur red  because  t h e  female  leucocytes  were 
a l r eady  ' p r i m e d '  to  p roduce  P A M  b y  be ing  ill co n t ac t  w i t h  
h igh  co n cen t r a t i o n s  of oes t rogen  in vivo,  whereas  t he  
male  cells n a t u r a l l y  h a d  not .  However ,  when  leucocytes  
f rom all t h r ee  sources were cu l tu red  in t h e  presence  of 
m e s t r a n o l  s u b s t a n t i a l  rises in  all t h e  s u p e r n a t a n t  coun t s  
were achieved.  This  oes t rogenic  s t i m u l a t i o n  of P A M  
p r o d u c t i o n  is t y p i ca l  of t h a t  o b t a i n e d  in t h e  in v ivo  
s tudies  m e n t i o n e d  above  a n d  t h e  fac t  t h a t  t h e  ma le  
leucocytes  also p roduced  h igh  coun t s  ill t h e  s u p e r n a t a n t s  
a f t e r  5 days  cu l t u r i ng  cor re la tes  w i t h  t h e  o b s e r v a t i o n  t h a t  
t h e  g lycopro te in  becomes  i m m u n o c h e m i c a l l y  de t ec t ab l e  
in  v ivo  a p p r o x i m a t e l y  7 days  a f t e r  oes t rogen  a d m i n i s t r a -  
t i on  13. Th i s  ev idence  is s u b s t a n t i a t e d  b y  t h e  resu l t s  f rom 
t h e  t r i t i a t e d  lencine i n c o r p o r a t i o n  e x p e r i m e n t s  (Table  II) ,  
where  a s imi la r  p a t t e r n  to  t h a t  n o t e d  w i t h  label led  g luta-  

Autoradiograph of immunoelectrophoretie pattern prepared with 
culture fluid from the leucocytes of a pregnant woman. The pattern 
was developed with specific antiserum to PAM. 
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15.3. 1975 

Table II. Incorporation of labelled leucine into celI cultures 

Specialia 373 

Additions to culture medium Leucocyte source 

~ales 
(dpm/106 cells) 

Contraceptive steroid treated females 
(dpm/106 cells) 

1. No additions M 14 
KS 20 

2. Mestranol M 68 
MS 90 

3. Mestranol (labelled leucine added after incubation completed) M 8 
MS 11 

34 
58 

62 
93 

7 
4 

Each experiment was carried out in duplicate. M, cultured in medium alone; MS, cultured in medium + 15% autologous serum. 

mine  was ob ta ined .  Also t he  a u t o r a d i o g r a p h  (Figure) 
i l lus t ra tes  t h a t  t h e  cu l tu re  f lu id  f rom m e s t r a n o l  t r e a t e d  
leucocytes  fo rmed  a labe l led  p rec ip i t i n  l ine aga i n s t  t he  
specific a n t i - P A M  serum.  I n  order  to  a sce r t a in  w h e t h e r  
i t  was t h e  l y m p h o c y t e  p o p u l a t i o n  in  t h e  leucocytes  wh ich  
was respons ib le  for  P A M  produc t ion ,  i so la ted  cells were 
cu l tu red  w i t h  a n d  w i t h o u t  mes t rano l .  T he  resu l t s  s h o w n  
in Tab le  I p rov ide  no  i n d i c a t i o n  of t he  p ro t e in ' s  synthes is .  

The  poss ib i l i ty  of p r o t e i n - p r o t e i n  and  p ro te in - l abe l l ed  
a m i n o  acid i n t e r ac t i ons  w i t h  P A M  in  the  car r ie r  s e rum 
could h a v e  lead to  e r roneous  i den t i f i c a t i on  of label led  
pro te in .  Fo r  example ,  l abe l l ing  of e2-maeroglobul in  a n d  
l i pop ro t e in  ha s  been  obse rved  in m a n y  cu l tures  of l iv ing  
ceils as a resu l t  of t h e i r  c a p a c i t y  to  b i n d  enzymes  ~7,18, 20. 
These  effects how eve r  were no t  cons idered  to  h a v e  
occur red  to  a n y  s ign i f ican t  e x t e n t  on a c c o u n t  of t h e  use 
of a h igh  m o l a r i t y  of NaC1 in b o t h  t he  a n t i b o d y  prec ip i ta -  
t i on  a n d  cold a m i n o  acid w as h i ng  stages.  Thus ,  p u r o m y c i n  
i n h i b i t e d  cells a n d  u n s t i m u l a t e d  male  leucocytes  p roduced  

27 We thank Dr. J. E. O'GRADY and Dr. A. SHEPHARD for obtaining 
the blood samples. This work was supported by a grant from the 
Scottish Home and Health Department. 

s imi la r  coun t s  to  t he  b a c k g r o u n d  levels a n d  w h e n  NaC1 
was added  to  t he  cu l tu re  s u p e r n a t a n t s  before t h e  ca r r ie r  
serum,  t he  expec t ed  p a t t e r n s  of label l ing,  i nd i ca t i ng  P A M  
synthes is ,  were aga in  ob ta ined .  The  fac t  t h a t  t h e  coun t s  
were d imin i shed  in t he  s e rum free cu l tu res  is p r o b a b l y  a n  
i nd i ca t i on  t h a t  t h e  p r o d u c t i o n  of th i s  s e rum prote in ,  as 
w i t h  o thers  t h a t  h a v e  been  s tud ied  xg, is e n h a n c e d  if s e rum 
is added  to  t h e  cu l tu re  med ium.  

The  e x p e r i m e n t a l  d a t a  p r e sen t ed  above  ind ica tes  t h a t  
th i s  s e rum ~-globulin,  c o m m o n l y  associa ted  w i t h  preg-  
nancy ,  can  be syn thes ized  b y  pe r iphe ra l  b lood leucocytes.  

Rdsumd. Le sang  des f emmes  ence in tes  p e u t  con ten i r  
p lus ie rus  pro t6 ines  s6riques un iques  en leur  genre.  Celle 
qu i  se p r6sen te  le p lus  s o u v e n t  est  une  a-globul ine  de 
g r a n d  poids  mol6culaire.  U n  t e s t  in  v i t ro  u t i l i s an t  l ' incor-  
p o r a t i o n  de 14C-glutamine ou 3t t - leucine darts la glyco- 
p ro t6 ine  a m o n t r 6  que  celle-ci p e u t  gtre syn th6 t i s6e  p a r  
des leucocytes .  
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Royal College Building, 204 George Street, 
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Transferr in  Behav iour  in P r i m a r y  H a e m o c h r o m a t o s i s  

I n  P r i m a r y  H a e m o c h r o m a t o s i s  (PH),  a disease due  to  
a congen i t a l ly  a u g m e n t e d  i ron absorp t ion ,  s e rum t r a n s -  
fe r r in  is o f ten  r educed  to  v e r y  low levels 1,2, before  a n d  
i n d e p e n d e n t l y  of l iver  fa i lure  due  to  la te  cirrhosis  1. Mild 
r educ t ions  be low n o r m a l  r ange  h a v e  also been  obse rved  in 
some re la t ives  1, 2. I n  order  to  exp la in  these  decreases,  t he  
ex is tence  of a congen i t a l l y  i m p a i r e d  syn thes i s  of t r a n s -  
ferrin,  i.e. a n  i n b o r n  er ror  of m e t abo l i s m ,  has  been  
proposed  2. 

However ,  f i r s t ly  a decrease  of s e rum t r a n s f e r r i n  a n d / o r  
t o t a l  i ron  b i n d i n g  capac i t y  (TIBC) is no t  a c o n s t a n t  
f i nd ing  in P H  a n d  n o r m a l  levels h a v e  been  r e p o r t e d  1, 3-7, 
also in 2 ma le  t w i n s  w i t h  t he  disease 6. Secondly,  t he  
s tored  i ron  i tself  seems to  affect  s e rum t r a n s f e r r i n :  
1. a n e g a t i v e  cor re la t ion  b e t w e e n  non -he ro in  l iver  i ron  a n d  
T I B C  exis ts  in n o r m a l  subjec tsS;  2. in  a n a e m i a  due  to i ron  
deficiency,  s e rum t r a n s f e r r i n  is increased  b u t  i t  falls to  
n o r m a l  a f t e r  i ron s tores  h a v e  b e e n  t h e r a p e u t i c a l l y  re- 
c o n s t i t u t e d  9,10; 3. p a r e n t e r a l l y  i ron load ing  is assoc ia ted  
in t he  r a t  w i t h  a suppres s ion  of t r a n s f e r r i n  synthesis11;  

and  4. in  h u m a n  i ron over load  seconda ry  to b lood t r ans -  
fusions,  to  excessive i ron t h e r a p y  or chronic  haemolys i s  
t r a n s f e r r i n  or T I B C  is lower  t h a n  in no rma l s  1, 3,12. 
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