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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  h e m e  synthes i s  is p re sen ted  in F igure  
3. Fe ta l  calf se rum alters  t he  di rect 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  m ed ium wi thou t  fetal  calf se rum sus ta ined  
contro l  and  EPO- induced  heme synthes is  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  
m e d i u m  cAMP s t imula ted  a ra te  of h e m e  synthes i s  
a lmos t  2 t imes  grea ter  t h a n  the  contro l  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  ~* or to calcium 
ion concen t ra t ion  ~. 

Because cAMP affects mi tos is  ~6 and  pos tconf luence  
inhibi t ion of cell division ~ 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  the  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  systems~2 or otherwise.  

Never theless ,  the  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 cells 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 
heine synthes is  of r a t  bone  mar ro w  cells revealed t h a t  
a t  l0  -~ 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-* 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. 

C. ~:). OLANDER 19 

Department of Biology, Austin College, 
Sherman (Texas 75090, USA), 2 April 1975. 

14 S. E. GRABER, M. CARRILLO and S. B. KRANTZ, J.  Lab. elin. Med. 
83, 288 (1974). 

15 A. D. PERRIS and J. F. WHITFIELD, Can. J. Physiol. Pharmae. 49, 
22 (1971). 

16 J .  OTTEN, G. S. JOltNSON and I. PASTAN, Biocheln. biophys. Res. 
Cornmun. dd, 1192 (1971). 

1~ j .  R. SHEPPARD, Nature New Biol. 236, 14 (1972). 
is S. C.-S. CHANG, D. SIKKEMA and E. GOLDWASS~R, Bioehem. bio- 

phys. Res. Commun. 57, 399 (1974). 
19 The author thanks Dr. EARL BARNAWELL Of the University of 

Nebraska-Lincoln for donating the zinc-free insulin, a gift to him 
from Dr. WILLIAM BROMER of Eli Lilly; Dr. EUGENE GOLDWASSER 
of the University of Chicago for his gift of EPO to the Laboratory 
of Experimental Hematology; SPARROW BUSH of Austin College for 
preparing the illustrations; Mr. LARRY PAULK for computer pro- 
granmling; and JANETTE L. FORGY for editorial advice and prepa- 
ratiou of the manuscript. 

M y c o b a c t e r i a l  A d j u v a n t  a nd  i t s  C a r r i e r  

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-~. Mycobacteria are the  essent ial  cons t i tuen t s  
of FCA 4-6. The increase of immune  responses  induced  by  
an ant 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. Inclus ion of th is  
fract ion,  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 immune  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 ,  t he  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 
GUI~RIN (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. 

Purification o/ the extract by ultracentri/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. 

A nalyticalmethods. P a p e r  c h r o m a t o g r a p h y  for d e t e c t i o n  
of amino acids, amino sugar  and neu t ra l  sugars was carr ied 
ou t  as descr ibed prev ious lyL The lipid co n t en t  was de ter -  
mined  by  TAKEYA'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  af ter  f lushing 
wi th  ni t rogen.  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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Immunological tests. Female  albino guinea-pigs of 400 
to  500 g were  sensi t ized b y  in jec t ion  in to  each h ind  foot-  
pad  of 0.1 ml of a water- in ,oi l  emulsion consis t ing of 1 
p a r t  of paraff in  oil con ta in ing  LF,  2 pa r t s  of Tween  80 and  
7 pa r t s  of saline conta in ing  the  p ro te in  ant igen,  crystal l ine 
egg whi te  a lbumin  (CEWA). On d a y  21 af ter  sensi t izat ion,  
t he  animals  were skin t e s t ed  b y  in t r ade rma l  inject ion of 
var ious  a m o u n t s  of C E W A  in 0.1 ml  saline into t he  cl ipped 
f lank of t he  guinea-pigs;  t he  react ions  were read 24 and  
48 h later.  

Table I. Scheme for isolation of LF, an adjuvant fraction from BCG 

Viable 
BCG (25g) 

1. Washed copiously with distilled water; 
2. killed by immersion in ether-ethanol (1:1, v/v) for 3 weeks; 
3. exhaustively extracted with ether-ethanol (1 : 1, v/v) and with 

chloroform. 
-+ 

SWB BMP 

1. Treated with 200 ml chloroform-methanol (1:1, v/v) con- 
taining 0.5% HC1 at 53~ for 3h; 

2. filtered then washed 3 times with 100 ml chloroform-methanol 
(1 : 1, v/v) ; 

3. exhaustively extracted with chloroform. 
-+ 

Chloroform extracts 

1. Evaporated in vacuo to dryness; 
BB 2. treated with 50 ml hot acetone 

(3 times). 

Hot acetone Hot acetone 
insoluble extracts soluble extracts 

I extracted with ether. exhaustively 

% 
Ether-soluble 
extract 

Ultracentrifugated in ether at 40,000 g for 10 min 

Supern at.ant 

~ Evaporated in vacuo to dryness then 
ebromatographd on silicic acid colmnn. 

LF (lipid fraction) 

SWB, solvent washed bacillus; BMP, bacterial metabolic products; 
BB, bacterial body (BCG free from LF). 

Specialia EXPERIENTIA 31/8 

F1 (DBA/2 • mice weighing a p p r o x i m a t e l y  
20 g were in jec ted  i.p. w i th  100 sheep red  blood cells 
(SRBC)/an imal ;  a t  15 min in tervals  various amo u n t s  of 
a d j u v a n t s  in 0.1 ml  of water- in-oi l  emulsion was given b y  
i.p. inject ion.  Af te r  4 days,  the  animals  were  killed and  
the  n u m b e r  of spleen cells forming or releasing an t i b o dy  to  
SRBC was  de t e rmined  by  the  JERNE and NORDIN tech-  
n ique  9. 

Results. L F  is a pept idoglycol ip id  consis t ing of f a t t y  
acid esters  of mucopolysacchar ide  wi th  t he  following 
charac te r i s t i c s :  [e~0 (CHCla) = 14~ mel t ing  po in t  
186-189~ solubil i ty,  3.2 g/100 ml CHC13 a t  20~ wi th  an 
a p p r o x i m a t e  molecular  weight  of 57,000 (de termined b y  
analy t ica l  u l t racent r i fugat ion) .  94 to  96% arabinose  and  
galactose (approx imate  molar  ra t io  1 : 2) were found in t he  
mucopolysacchar ide  moie ty .  P a p e r  ch romatograph ic  
analysis  revealed the  presence  of alanine,  g lu tamic  acid, 
meso-e-e'-diaminopimelic acid and  galactosamine.  L F  
conta ins  40% of f a t t y  acids ma in ly  composed  of mycolic 
acids (by e l emen ta ry  analysis  and  b y  ident i f ica t ion wi th  
infra-red s p ec t ru m of an au then t i c  mycolic  acid specimen).  

W h e n  0.1 mg of an t igen  was used in skin tes ts ,  s t rong 
react ions  were observed in all animals  excep t  those  sen- 
si t ized wi th  an t igen  alone or an t igen  conta in ing  BB;  wi th  
t e s t  an t igen  dose of 3 ~g, skin reac t ions  were modera te ly  
posi t ive  in t he  group which  had  received the  lipid ex t rac t  
L F  as an ad juvan t .  W h e n  the  dose of t e s t  an t igen  was  
reduced  to  0.2 ~g, no visible skin reac t ion  was observed 
in animals  previous ly  sensi t ized wi th  L F  alone, while 
animals  sensi t ized wi th  B B - L F  toge the r  p roduced  posi t ive 
skin react ions  (Table I1). 

The Figure  i l lustrates  the  inf luence of L F  and  B B - L F  
on the  average  n u m b e r  of p laque- forming  cells (PFC) in 
mice 4 days  af ter  immuniza t ion  w i t h  SRBC. W h e n  BB 
was  used to  adsorb  ( 'carry ')  LF,  the  resul t ing B B - L F  was 
found  to be a b e t t e r  a d j u v a n t  of the  p roduc t ion  of immune  
a n t i b o d y  to  SRBC. 

Discussion. I t  has  been shown t h a t  ' W a x  D fract ions '  
(i.e. ch loroform soluble and ho t  ace tone  insoluble fractions) 
ex t r ac ted  f rom bacter ia l  metabol ic  p ro d u c t s  (BMP) of 
the  n o n - h u m a n  BCG st ra in  of Mycobacteria failed to 
increase e i ther  ce l l -media ted  or humora l  i mmu n e  responses 
under  condi t ions  in which  W a x  D fract ions f rom B M P  of 
var ious  h u m a n  s t ra ins  of mycobac te r i a  exh ib i ted  a marked  
a d j u v a n t  effect.  I n a c t i v i t y  of W a x  D f rom BCG st ra in  
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"Fable II. Mean diameter of induration in guinea-pig skin at sites of 
injection of various amounts of test antigen CEWA = in saline 

Sensitization Delayed-skin reactions 

No. of Sensitizing Adjuvant Test antigen 
animals antigen incorporated (mg/O.1 ml) 

(1 rag/animal) in antigen 0.1 mg 3 ~g 
(0.5 mg/animal) 

0.2 ~g 

6 CEWA LF 17.5 (N) b 5 0 
6 CEWA BB-LF 18.5 (N) 15 9.5 
6 CEWA BB 0 0 0 
6 CEWA None 0 0 0 

= Crystalline egg white albumin; b Mean diameter of induration (mm) 
at 48 h, (N) : central necrosis. LF, lipid fraction extracted from BCG; 
/313, bacterial body (BCG free from LF). 

P F C ( r )  
5 !I 

0.65 0'.2 o.'2s d.4n   
Adjuvant dose 

Influence of various amounts of LF, DB and BB-LF on the average 
number of plaque forming cells (PFC) in mice 4 days after immuniza- 
tion with sheep red blood cells (SRBC). PFC (r): PFC per spleen 
(tested mice)/PFC per spleen (control). a) 1313; b) LF; c) BB-LF. 
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was a t t r i b u t e d  to  the  lack of a pep t ide  por t ionl~  11. The 
resul ts  r epor ted  here suggest  t h a t  the  pep t ide -con ta in ing  
and wax  D-similar  ac t ive  fract ion,  LF,  f rom BCG was 
incorpora ted  into the  cellular s t ruc ture  in such a man n e r  
t h a t  it  can only  be ex t r ac t ed  af ter  the  whole  ceils of BCG 
have  been t r ea ted  w i t h  d i lu ted  acid in a sui table  organic 
so lvent  mixture .  

The loss of a d j u v a n t  ac t iv i ty  of BCG af ter  ex t r ac t ion  
of L F  suggests  t h a t  L F  is the  only a d j u v a n t  f ract ion 
p resen t  in the  bacillus. Never theless ,  B B - L F  toge the r  
are more  act ive t h a n  L F  alone. L F  is a free molecule,  its 
modera t e  ad juvan t i c i t y  m a y  be due in pa r t  to its rapid 
el iminat ion.  The B B - L F  aggregate  appears  to be consti-  
t u t ed  wi th  an a d j u v a n t  agent ,  LF,  located on the  bacter ia l  
body,  BB. This la t te r  has  no a d j u v a n t  ac t iv i ty  bu t  it  
p robab ly  acts  as an immunologica l  carrier wh ich  p ro tec t s  
the  a d j u v a n t  molecule and  delivers it  to a d j u v a n t  sensi t ive 
cells. 

Rdsumd. Une f rac t ion pept idoglycol ip id ique  p e u t  ~tre 
ex t ra i t e  g pa r t i r  du BCG par  ddcapage acide darts un  
mdlange de so lvants  f o r t emen t  lipophiles.  Cette  f ract ion 
appelde ~,I,F,> p e u t  reprodui re  l ' ac t iv i td  ad juvan t e  du 
BCG ent ier  darts les rdact ions immuni t a i r e s  g mddia t ion  
cellulaire et  humorale .  L 'ac t iv i td  a d j u v a n t e  du BCG 
appa ra i t  comme lide g ce composan t  actif, LF ,  car apr~s 
son ext rac t ion ,  le rdsidu bacillaire (BB) est  ddpourvu  
d ' ac t iv i td  ad juvan te .  Ndanmoins  lorsque BB est  utilisd 
pour  adsorber  (<~vdhiculer~>) LF,  le complexe  B B - L F  s 'es t  
rdvdld le meilleur ad juvan t .  
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C o l o s t r u m - C e l l  and Leucocy te  A s s o c i a t i o n s  in M a n  

The origin of co los t rum cells has been  cont rovers ia l  
since the i r  cellular na tu re  was f irs t  pos tu la t ed  in 18471. 
Such cells possess f inely vacuolar  cy top l a sm and  sharp  
cell marg ins  (Figure), and  are widely  found  in undra ined  
m a m m a r y  secret ions (colostrum)2. Numerous  s tudies  of 
the  cells a 6 in man,  domes t ic  ungulates ,  and  l abo ra to ry  
roden t s  have  yielded confl ic t ing views as to  whe the r  the  
co los t rum cells are der ived f rom m a m m a r y  ep i the l ium or 
f rom inf i l t ra t ing  leucocytes.  

Benign  m a m m a r y  dysplas ia  v, a c o m m o n  disease of t he  
b reas t  in women,  of ten  fea tures  accumula t ion  of un- 
d ra ined  m a m m a r y  secret ion and  of co los t rum cells. In  
view of its var iable  morpho logy  and the  large n u m b e r  of 
lesions avai lable  for s tudy ,  the  cond i t ion  is well sui ted  to  
inves t iga t ion  of t he  re la t ionship  be tween  colos t rum cells 
and i n f l a m m a t o r y  cells t h a t  m a y  be found  in the  lesions. 
The three  i n f l a m m a t o r y  cel l- types found  in per iduc ta l  
t issue considered here are:  small  round  cells s w i th  in- 
conspicuous  cy toplasm,  cells wi th  ochre cy top lasmic  
p i g m e n t  (ochrocytes) S, and cells wi th  p r o m i n e n t  foamy  
cy top la sm lacking p i g men t  (foam cells)10. 

An unselected  consecut ive  4-year series of 212 benign  
m a m m a r y  dysplas ias  f rom women  over  the  age of 40 
years  received in the  Unive r s i ty  D e p a r t m e n t  of His to-  
pa tho logy  at  the  Bris tol  Royal  I n f i r m a r y  was s tudied.  
The t issues were fixed in buffered 10% formal in  and  
e m b e d d e d  in paraf f in  wax.  H a e m a l u m  and  eosin-s ta ined 
sect ions of lesions f rom which at  least  2 paraf f in  blocks 
had  been p repa red  were sys temat i ca l ly  examined  in a 
rect i l inear  pa t t e rn .  E a c h  lesion was assessed for the  pre-  
sence or absence of co los t rum ceils in the  duc ta l  secret ions,  
and independen t ly ,  for the  presence  or absence of ochro-  
cytes,  and small  round  cells and  foam cells in a band  
exceeding 0.125 m m  radial  w i d t h  in t he  per iduc ta l  
connect ive  tissue. 

Colostrum cells in duct which is surrounded by small-round-cell 
infiltrate. Haemalmn and eosin, x 150. 
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