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10% pyr id ine .  Care was t a k e n  to  exclude  a n y  inf luence  
of impur i t i e s  f rom t he  c h r o m a t o g r a p h y  pape r  on to  wh ich  
G I F  was adso rbed  pr ior  to  ex t rac t ion .  T he  resu l t s  ob-  
t a i n e d  are g iven  in F igure  1. G I F  seems to  be  e x t r a c t e d  
a l m o s t  q u a n t i t a t i v e l y  i n t o  t he  so lven ts  used. Th i s  is in 
accordance  w i t h  t he  obs e r va t i ons  m a d e  w i t h  t i le 1 -bu tano l  
ex t rac t ions ,  where  a h igh  a f f in i ty  to  t he  aqueous  phase  
was found.  The  10% acet ic  acid e x t r a c t  exh ib i t s  a v e r y  
s t rong  inh ib i t i on  as c o m p a r e d  to  the  cont ro ls  a n d  t he  
o t h e r  ex t rac ts .  Th i s  m a y  be  due to t races  of ace t a t e  ion 
w h i c h  could n o t  be  r e m o v e d  by  e v a c u a t i o n  over  K O H  
pellets.  Ace ta t e  ion has  been  found  to  i nh ib i t  t he  t hy -  
mid ine  inco rpora t ion  in to  bone  m a r r o w  cells a t  concen-  
t r a t i o n s  as low as 10 -5 M ~. The  presence  of ace t a t e  ion 
m a y  resu l t  f rom p H  shif ts  a t  t he  f ina l  s tages  of evapo ra -  

t i o n  w h e n  p h o s p h a t e  buf fe r  sal ts  (pH 7.4) and  acet ic  acid 
are p r e sen t  a t  c o m p a r a b l e  concen t ra t ions ,  a n d  p a r t  of t he  
acet ic  acid is c o n v e r t e d  to sod ium ace t a t e  which  is no t  
volat i le .  These  effects  are diff icul t  to  con t ro l  a n d  re- 
p roduce ,  wh ich  m a y  exp la in  t he  obse rved  d iscrepancies  
be tween  cont ro l  and  e x p e r i m e n t a l  values.  Fo r  th i s  
reason,  i t  m a y  be  a d v a n t a g e o u s  to  avo id  acet ic  acid as a 
so lven t  dur ing  c h r o m a t o g r a p h y  of G I F  2. 

Solubility o/ GIF in organic solvents. The  so lubi l i ty  of 
G I F  in so lvents  of decreas ing  polar i ty ,  a) e thano l - ace tone  
(9: 1) 15 b) c h l o r o f o r m - m e t h a n o l  (1:1),  and  c) ch lo roform 
is g iven  in F igure  2. F r o m  these  resul t s  i t  appea r s  t h a t  
G I F  (adsorbed on to  cellulose) can  be  e x t r a c t e d  a l m o s t  
q u a n t i t a t i v e l y  in to  organic  so lvents  of no t  too low po- 
la r i ty .  The  q u a n t i t a t i v e  r ecovery  of G I F  a f te r  e x t r a c t i o n  
w i t h  a 1 : 1 m i x t u r e  of ch lo ro fo rm and  m e t h a n o l ,  however ,  
m a k e s  i t  possible  to  e x t r a c t  th i s  i nh ib i t o r  f rom t issue  
h o m o g e n a t e s  w i t h o u t  co -ex t r ac t ing  large a m o u n t s  of 
a c c o m p a n y i n g  mate r ia l .  A crucia l  s tep  du r ing  the  purif i -  
ca t ion  of G I F  m i g h t  t h u s  be s impl i f i ed  to a cons iderab le  
ex ten t .  

The  p r e p a r a t i o n s  of G I F  used in these  i nves t iga t ions  
show a r a t h e r  h i g h  i n h i b i t o r y  a c t i v i t y  of a p p r o x i m a t e l y  
70%.  Since, w i t h  pu re  GIF ,  i n h i b i t i o n  should  be well  
be low 50%, o the r  i n h i b i t o r y  subs t ances  seem to  be  p r e sen t  
in  t he  G I F  solut ions .  A n  e ry th ropo ies i s  i n h i b i t i n g  fac to r  
ha s  been  descr ibed  1" wh ich  e lu tes  in  t he  same region as 
GIF .  The  G I F  p r e p a r a t i o n  used in these  e x p e r i m e n t s  is 
n o t  cy to toxicT~s  judged  b y  t he  m e t h o d  of PACSA 17, which  
uses a co lor imet r ic  assay  for  cell r esp i ra t ion  for the  
de t ec t ion  of cy to tox ic i ty .  Me thods  for t he  comple te  
pur i f ica t ion  of GIF ,  especial ly  t he  r e m o v a l  of a n y  o t h e r  
i n h i b i t o r y  subs tances ,  will be  sub j ec t  of fu tu re  research.  

Summary. The  so lub i l i ty  of granulopoies is  i n h i b i t i n g  
fac to r  (GIF)  in va r ious  aqueous  a n d  organic  so lven ts  was 
inves t iga ted .  G I F  is soluble in  water ,  10% acet ic  acid, 
a n d  10% pyr id ine .  I t  is n o t  e x t r a c t a b l e  b y  I - b u t a n o l  a t  
low and  h i g h  pH.  A h igh  so lub i l i ty  was found  in polar  
organic  so lven t s  ( e thano l -ace tone  9:1,  a n d  ch lo roform-  
m e t h a n o l  1 : 1), whereas  G I F  seems to  be inso luble  in pure  
chloroform.  
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Ring C h r o m o s o m e s  and Leukaemia  

T h r o u g h  the  app l i ca t ion  of b a n d i n g  techniques ,  some 
types  of acute  l eukaemia  h a v e  been  classified, a t  leas t  
t e n t a t i v e l y ,  accord ing  to  t h e i r  c h r o m o s o m e  p a t t e r n  ~, 
b u t  t he  r e l a t ionsh ip  b e t w e e n  specific a b e r r a t i o n s  and  
c l in ica l -haemato log ica l  course  r em a i ns  obscure  in mos t  
eases. 

R i n g  ch romosomes  h a v e  been descr ibed  in a few cases 
of e r y t h r o l e u k a e m i a  (EL) " 4  a n d  acute  mye logenous  
l e u k a e m i a  (AML)~,a; t h e i r  p resence  p r o b a b l y  has  un-  
f a v o u r a b l e  p rognos t i c  signif icance.  W e  h a v e  obse rved  
r ing  ch romosomes  in 2 o u t  of 100 cy togene t i ca l ly  s tud ied  
cases of acu te  l eukaemias .  

Case I .  A 68-years-old f a r m e r  was a d m i t t e d  to hosp i t a l  
in  December  1973, because  of weakness ,  precord ia l  pains ,  
a r th ra lg ias ,  severe a n a e m i a  and  hepa tosp lenomega ly .  
Blood  e x a m i n a t i o n  revea led  : H b  = 6.5 g%,  W B C  = 2,100/ 
ml,  w i t h  l y m p h o c y t e s  70%, m o n o c y t e s  17%, neu t roph i l s  
13% ; p la te le t s  95,000/ml.  Bone  m a r r o w  was hypocel lu lar .  
The  e ry th rob l a s t i c  series was d o m i n a t e d  b y  ear ly  e ry th ro -  
blas ts ,  w i t h  increased  nuc l eo - cy t op l a s m a t i c  rat io,  mul t i -  
nuc lea t ion ,  de l ica te  c h r o m a t i n  ne twork ,  mega lob las tos i s  
a n d  a typ i ca l  mitoses .  A n u m b e r  of 'b las t s ' ,  m o n o c y t o i d  
in appea rance ,  were found.  The  g ranu locy t i c  and  mega-  
ka ryocy t i c  series were scan ty ,  b u t  normal .  The  p a t i e n t  
was  t r e a t e d  w i t h  cor t icos tero ids  and  androgens .  Two 
s u b s e q u e n t  bone  m a r r o w  biopsies  in Apri l  and  May  1974 
revea led  a p ic tu re  closely c o m p a r a b l e  w i th  t h a t  o b t a i n e d  
in t he  f i rs t  s tudy ,  w i t h  a n  increase  of ' b l a s t '  cells. On the  

basis of cy tochemica l  and  c y t o e n z y m a t i c  da ta ,  a d iagnosis  
of acu te  E L  was posed.  The  cond i t ions  of t he  p a t i e n t  
r ap id ly  worsened,  w i th  increas ing  anaemia ,  l eucopen ia  
a n d  presence  of b la s t s  and  e r y t h r o b l a s t s  in t he  pe r iphe ra l  
blood, a n d  he  died in S e p t e m b e r  1974. 

Chromosome  s tudies  were pe r fo rmed  on  d i rec t  bone  
m a r r o w  p r e p a r a t i o n s  in Apr i l  and  in M a y  1974. In  t he  
f i rs t  p r e p a r a t i o n  25 m e t a p h a s e s  were ana lyzed :  ch romo-  
some n u m b e r  r anged  f rom 34 to 92, w i th  a m o d a l  n u m b e r  
of 43 in 13 cells. One more  rings,  t h e  size of a G- or oc- 
cas iona l ly  of a n  E -g roup  chromosome,  were obse rved  in 
13 cells (Figure  1), 15 ceils were ana lyzed  f rom t h e  second 
p r epa ra t i on .  Chromosome  n u m b e r  r anged  f rom 38 to 83, 
w i t h  a p r e v a l a n c e  of mi toses  w i t h  40 chromosomes .  One 
or  more  r ings  were obse rved  in 14 me taphases .  
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Case I I .  A 76-year-old housewife  was hosp i t a l i zed  in  
J u n e  1974 for a n a e m i a  a n d  ce rebra l  i schaemia .  A t  t h e  
f i rs t  b lood e x a m i n a t i o n ,  H b  was 8.6 g%,  W B C  7,100/ml, 
w i t h  severa l  a t yp i ca l  ' m o n o c y t o i d '  cells. 2 weeks later ,  
W B C  were 12,000/ml, w i t h  ' m o n o c y t o i d '  cells 25%, 
mye locy te s  3% a n d  e r y t h r o b l a s t s  2%.  Cy tochemic a l  a n d  
c y t o e n z y m a t i c  s tud ies  sugges ted  a diagnosis  of acu t e  
m y e l o - m o n o c y t i c  l eukaemia .  Bone  m a r r o w  inves t i ga t i ons  
were n o t  pe r fo rmed  because  of t he  poor  cl inical  cond i t ion  
of t he  p a t i e n t .  She was t r e a t e d  w i t h  cor t icos tero ids  a n d  
b lood  t rans fus ions .  I n  S e p t e m b e r  1974, W B C  were 
180,000/ml, w i t h  ' b l a s t '  cells 55% ; p la te le t s  90,000/ml. She 
died  on  20 S e p t e m b e r  1974 of ce rebra l  h a e m o r r h a g e ,  
when  W B C  were 280,000/ml.  

Two d i r ec t  c h r o m o s o m e  p r e p a r a t i o n s  were o b t a i n e d  
f rom p e r i p h e r a l  b lood  in S e p t e m b e r  1974. 22 m e t a p h a s e s  
were ana lyzed ;  c h r o m o s o m e  n u m b e r  r anged  f rom 44 to  
49 w i t h  a mode  a t  47 chromosomes .  S t r u c t u r a l  r ea r r ange -  
m e n t s  were obse rved  in a lmos t  all  groups ,  t o g e t h e r  w i t h  
t h e  c o n s t a n t  presence  of a r ing  chromosome,  t h e  size of a n  
E-or  G-group  c h r o m o s o m e  (Figure 2). 

F r o m  ava i l ab le  da t a ,  some conclus ions  can  be  d r a w n  
conce rn ing  t h e  assoc ia t ion  be tween  r ing  ch romosomes  a n d  
l eukaemia  : 1. The  presence  of r ings  in m a l i g n a n t  h a e m o t o -  
logical  d isorders  is rare .  2. 2 o u t  of 3 A ML  w i t h  r ings  
could be  in connec t ion  w i t h  p rev ious  a n t i m i t o t i c  t r e a t -  
meri t  5 or  exposure  to  ionizing rad ia t ions% 3. R ings  h a v e  
been  r epo r t ed  in assoc ia t ion  w i t h  4 cases of u n t r e a t e d  
acu te  EL.  R e m e m b e r i n g  t h a t  in EL,  as in mega lob las t i c  
anaemia ,  t h e r e  are signs of impa i r ed  D N A  a n d  nuc lea r  
m e t a b o l i s m  4, an d  t h a t  c h r o m o s o m e  b reaks  are f r e q u e n t  
in bone  m a r r o w  prepara t ions~ ,  i t  is conce ivab le  t h a t  t h e  
p re fe ren t i a l  assoc ia t ion  of r ings  w i t h  E L  m i g h t  be  sec- 
o n d a r y  to  t h e  c h r o m o s o m a l  ins tab i l i ty .  4. R ings  occur  
in  e lder ly  p a t i e n t s  (mean  age 65 years)  an d  t h e i r  p resence  
is assoc ia ted  wi th  a sho r t  su rv iva l  ( abou t  4 mon ths ) .  T h e y  
a p p e a r  w h e n  the  m a l i g n a n t  process  h a s  evo lved  to a 
p r e t e r m i n a l  stage,  m a r k i n g  a p ic tu re  of gross c h r o m o s o m e  
r e a r r a n g e m e n t s .  Since t h e  m e d i a n  su rv iva l  is s ign i f i can t ly  
sho r t e r  in  p a t i e n t s  w i t h  acu te  l eukaemias  who n e v e r  h a d  
n o r m a l  m e t a p h a s e s  in t he i r  bone  m a r r o w  d u r i n g  t he  
course of t h e  disease, w h e n  c o m p a r e d  w i t h  sub jec t s  w i t h  
b o t h  a b n o r m a l  an d  n o r m a l  me taphases ,  or those  w i t h  
on ly  n o r m a l  m e t a p h a s e s  s, t h e  u n f a v o u r a b l e  p rognos t i c  
s ignif icance of t h e  presence  of r ings  could no t  be  d i r ec t ly  
r e l a t ed  to  t h e  r ings  themse lves ,  b u t  to  t h e  c h r o m o s o m e  
u n b a l a n c e  of which  r ings  are an  u n c o m m o n  epiphellO- 
menon .  

Fig. 1. Case I : partial metaphase plates showing ring chromosomes. 

Summary. The  o b s e r v a t i o n  of 2 l eukaemic  p a t i e n t s  
w i t h  r ing  chromosomes ,  a n d  the i r  compar i son  w i t h  a 
few p rev ious ly  r epo r t ed  cases, suggests  a close assoc ia t ion  
b e t w een  th i s  rare  c h r o m o s o m a l  a b n o r m a l i t y  a n d  ery-  
t h r o l e u k a e m i a  and  ind ica te  a poor  p rognos t ic  s ignif icance 
of th i s  f inding.  
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Fig. 2. Case II: partial metaphase plates showing ring chromosomes. 
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