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Fig. 4. Two synaptic junctions (arrows) in the layer XI of the optic rectum from an 18th incubation day chick embryo. • 31,000. 

typ ica l  d i la ted  port ions.  A smaI1 n u m b e r  of t e rmina ls  in 
th is  group could be recognized as segments  of f ibres 
runn ing  in the  s t r a t u m  op t i cum and  m a y  be considered 
as re t ino- tec ta l  synapses :  the  presence  of synap t i c  te rmi-  
nals f rom o the r  sources,  however,  canno t  be excluded.  
The origin of the  p re - synap t i c  t e rmina l s  in group b) and c) 
junc t ions  canno t  ye t  be ident id ied.  Whereas  fibres of 
re t ina l  origin are cer ta in ly  no t  involved in the  synapses  
of group a) 1,10, t h e y  could represen t  a t  least  p a r t  of those  
of group b). A q u a n t i t a t i v e  eva lua t ion  of changes  in sy- 
nap t ic  dens i ty  has no t  ye t  been done:  however ,  synap t i c  
junc t ions  were few unt i l  the  14th incuba t ion  day ;  dur ing  
the  14 th-18 th  day  per iod s imilar  axodendr i t i c  junct ions  
were observed  t h r o u g h o u t  the  o the r  layers.  A crit ical 
increase in num ber  was then  observed  be tween  the  day  18 
and the  f irs t  hours  af ter  ha t ch ing  (Figure 4). 

Our observa t ions  may  be summar ized  thus :  the  synap-  
t ic junc t ions  in the  developing chick opt ic  r ec tum dis- 
p layed  the  essent ial  fea tures  of developing synapses  
previous ly  observed in o ther  pa r t s  of the  CNS 11-13. They  
appear  a t  only a re la t ive ly  late s tage of t ec ta l  neuron 
ma tu ra t ion ,  par t icu lar ly  in the  case of the  large mult i -  
polar  cells of the  s t r a t u m  gr iseum centrale.  They  could 
be recognized when  cell prol i fera t ion has ceased in the  
neural  ep i the l ium 7 and the  essent ial  s teps  in the  distri-  
bu t ion  of the  migra t ing  neurons  into the  6 major  s t r a t a  
of the  t e c t n m  14 have  been  accomplished.  In  addi t ion,  a 
marked  delay be tween  the  t ime  of arr ival  of re t ina l  f ibres 
and  the  appea rance  of re t ino- tec ta l  synapses  was observed.  

Al though  the  ident i f ica t ion  of m o s t  pre-  and post-  
synap t ic  c o m p o n e n t s  is still diff icult  in m a n y  junct ions ,  

one m a y  safely claim t h a t  f ibres of ve ry  dissimilar  origin 
(such as those  of groups a) and c ) ) fo rm synap t ic  conne- 
ct ions in the  same period of t ime.  

Last ly ,  it  should be no ted  t h a t  the  first  junc t ions  be- 
tween  re t ina l  f ibres and  the  tec ta l  neurons  appear  a t  an 
earlier s tage t h a n  t h a t  in which  the  fo rmat ion  of in t ra-  
re t ina l  synapses  was d e m o n s t r a t e d  15. 

Riassunto. Giunzioni s inapt iche  compaiono  in d i f ferent i  
s t ra t i  plessiformi del t e t t o  ot t ico de l l ' embr ione  di pollo, a 
pa r t i re  dal  12 ~ giorno di  i .ncubazione: a u m e n t a n o  di 
numero  f r a i l  12 ~ ed il 18 ~ giorno e, in man ie ra  cri t ics ,  I r a  
questo  e le p r ime  ore dopo la schiusa. 
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H u m a n  Sp leen  Inh ib i tor  of  L e u k a e m i c  Cell  G r o w t h  

In  recen t  years  much  in fo rmat ion  has been  ob ta ined  to  
indica te  t h a t  cer ta in  t issues conta in  subs tances  t e rmed  
chalones,  which  depress  or inh ib i t  celt divis ion act ing in 
a nega t ive  feedback  mechanism1-4.  

The possibi l i ty  t h a t  t he  spleen m a y  produce  a diffusi- 
able subs tance  wi th  inh ib i to ry  or cy to tox ic  effects on 
haematopo ie t i c  cells has  been suggested on the  basis of cli- 
nical observat ions .  We  have  been inves t iga t ing  whe the r  or 
no t  such a fac tor  was p resen t  in the  spleens of 2 pa t i en t s  

suffer ing f rom chronic myelocyt ic  leukaemia  (CML), 
2 wi th  p r i m a r y  hyper sp len i sm and  4 normal  persons  
undergoing  surgery as a result  of t r auma .  For  compar i -  
son, 2 bovine  spleens were also s tudied.  Ano the r  impor-  
t a n t  objec t ive  of our  p ro jec t  was to develop long- te rm 
cultures of h u m a n  CML ceils and  mul t ip le  my e l o ma  ceils 
to t e s t  the  effect  of the  splenic inhibi tor  (SI). Each  of the  
spleens were surgically removed,  processed and t e s t ed  
separately .  The spleens were homogen ized  in disti l led 



88 Specialia EXPERIENTIA 29/1 

w a t e r  a n d  t he  cells d i s r u p t e d  b y  sonica t ion .  T he  homo-  
gena te  was cen t r i fuged  a t  16,000 g for  20 rain,  and  t h e  
s u p e r n a t a n t  pa r t i a l l y  depro te in ized  b y  a d d i n g  e t hano l  
to  a c o n c e n t r a t i o n  of 65%.  The  p rec ip i t a t e  was  d i sca rded  
and  the  s u p e r n a t a n t  e v a p o r a t e d  u n d e r  v a c u u m .  The  
p o w d e r  was dissolved in R inge r ' s  so lu t ion  a n d  t he  undis -  
so lved m a t e r i a l  r e m o v e d  b y  cen t r i f uga t i on  a t  2,000 g for  
15 min.  The  s u p e r n a t a n t  was pur i f ied  b y  c o l u m n  (2.5 • 
100 cm) c h r o m a t o g r a p h y  on  S e p h a d e x  G-50 m e d i u m  
( P h a r m a c i a  F ine  Chemicals ,  P i s ca t away ,  N.J . )  a n d  e lut -  
ed w i th  0.01 M NH4HCO a. A l t e r n a t i v e l y  t h e  s u p e r n a t a n t  
was  sub j ec t ed  to  molecu la r  s ieving v ia  m e m b r a n e  f i l t ra-  
t i on  (Diaflo PM-10, A m i c o n  Corpora t ion) ,  a process  t h a t  
y ie lded  subs t ances  w i t h  a molecu la r  w e i g h t  (MW) of 
less t h a n  10,000 da l tons .  T he  vo id  v o l u m e  (Vo) of Sepha-  
dex co lumn was  d e t e r m i n e d  w i t h  b lue  d e x t r a n  2,000. T h e  
cy to tox ic  f r ac t ion  e lu ted  b y  gel - f i l t ra t ion  b e t w e e n  330 a n d  
430 ml  (Vo = 165 ml) or b y  u l t r a f i l t r a t i o n  was lyophi l ized  
a n d  f u r t h e r  pur i f ied  b y  use of S e p h a d e x  G-25 fine. The  
cy to tox ic  f rac t ion  was  Muted  w i t h  NH4HCO a b e t w e e n  
250 and  430 ml  (Vo = 212). T he  ac t ive  pro te in- f ree  SI  
was lypophi l i zed  a n d  s tored  a t  -20~ u n t i l  used. I t s  M W  
was e s t i m a t e d  b y  t h e  A n d r e w ' s  t e c h n i q u e  on  p rev ious ly  
ca l ib ra t ed  co lumns  of G-25. All p rocedures  were car r ied  
ou t  a t  4~ 

The  ac t ive  f r ac t ion  i so la ted  b y  ge l - f i l t ra t ion  on  Sepha-  
dex  G-25 r ep resen t s  2% of t he  we t  spleen weight .  This  
f r ac t ion  is a wh i t e  p o w d e r  h igh ly  soluble in w a t e r  a n d  
insoluble  in organic  so lvents ,  wh ich  con t a in s  approx i -  
m a t e l y  4 0 %  oI n i n h y d r i n  pos i t ive  subs t ances  a n d  6% to  
8% of c a r b o h y d r a t e s  ( a n t h r o n e  reagent ) .  The  SI  does no t  
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con t a in  pro te ins ,  h e x o s a m i n e s  and pentoses .  I t  has  a M W  
of less t h a n  1,000 da l tons .  These  resu l t s  i nd i ca t e  t h a t  t he  
SI is a sma l l  pep t ide  or g lycopept ide .  

The  CML cell-line deve loped  in our  l a b o r a t o r y  is on t he  
79th  serial  passage  a n d  has  t he  fol lowing charac te r i s t i c s :  
1. i t  p ro l i fe ra tes  v e r y  r ap id ly  in t h e  m e d i u m  as suspens ion  
cul tures ,  2. t h e  n u m b e r  of cells increases  10 t i m e s  in 
8 days  on each  passage,  3. t he  m a j o r i t y  of t he  cells are 
h igh ly  und i f f e ren t i a t ed ,  a n d  t he  m i n o r i t y  are p romyelo-  
cy tes  or mye locy tes  w i t h  basoph i l i c  granules,  4. t he  
k a r y o t y p e  of all t h e  cells e x a m i n e d  showed t he  Phi la -  
de lph ia  c h r o m o s o m e  a n d  a long m a r k e r  D ( D q + ) ,  wh ich  
rep resen t s  a c lonal  evo lu t ion  of t he  leukemia .  

Cy to tox i c i t y  was t e s t ed  b y  expos ing  3 • 105 CML ceils 
to var ious  a m o u n t s  of the SI in  20 m l  of the medium.  The 
t o t a l  n u m b e r  of v iab le  cells was  m e a s u r e d  b y  t h e  t r y p a n  
blue  dye  exclusion t echn ique .  The  resul t s  are i l l u s t r a t ed  
in t he  Figure.  Cul tures  of CML cells used as cont ro ls  were 
grown wi th  and  w i t h o u t  t he  a d d i t i o n  of f rac t ions  e lu ted  
b y  ge l - f i l t ra t ion  before  a n d  a f t e r  e lu t ion  of t he  ac t ive  
f ract ion.  A t  t he  dose of 0.25 m g / m l  of t he  cu l tu re  m e d i u m  
the  SI  f rom a leukemic  spleen produces  no effect  on  t he  
g r o w t h  of CML cells. A decrease  in t he  t o t a l  n u m b e r  of 
v iab le  cells was  obse rved  2 days  a f t e r  exposure  of t he  
cells to  0.5 m g / m l  of t h e  m e d i u m .  The  l e tha l  effect was  
s ign i f i can t ly  greater ,  however ,  a f t e r  exposure  of the  same 
n u m b e r  of ceils to  1.0 and  2.5 m g / m l  of t he  St.  A t  t h e  
h ighes t  dose used  (5 mg/ml)  t he  n u m b e r  of v iab le  leuke- 
mic  cells was  g rea t ly  r educed  a t  24 h a n d  all  t h e  l eukemic  
cells were dead a t  48 h.  N o r m a l  spleens  h a v e  twice  as 
m u c h  cy to tox ic  a c t i v i t y  w h e n  c o m p a r e d  to t he  abnor -  
ma l  spleens on d ry  we igh t  basis.  

The  effect  of t he  SI on  nucleic  acid syn thes i s  was  inves-  
t i g a t e d  b y  pulse  labe l ing  3 X 105 CML cells w i t h  15 t~Ci 
of ~ H - t h y m i d i n e  (~HT) or 3H-ur id ine  (sHUt) .  The  incor-  
p o r a t i o n  of labeled  precursors  was ana lyzed  b y  au to rad io -  
g raph ic  t echn iques  a t  va r ious  i n t e rva l s  a f te r  t he  a d d i t i o n  
of 2.5 m g / m l  of t he  SI  to  t he  cul tures .  The  i n c o r p o r a t i o n  
of 3HUr  was  i m p a i r e d  as ea r ly  as 3 h a n d  suppressed  
a f te r  15 h, a t i m e  a t  w h i c h  50% of t h e  cells were un labe led  
and  a n o t h e r  48% h a d  less t h a n  20 grains .  The  mi to t i c  
i ndex  fell to  2% (control  7 % - 8 % ) .  A t  t h e  same  t ime,  
65% of n o n t r e a t e d  con t ro l  cells h a d  more  t h a n  200 gra ins  
and  only. 4 %  were un labe led .  No change  in D N A  s y n t h e -  
sis was  seen before  24 h. A t  th i s  t ime,  m a r k e d  decrease  in 
t he  3t-IT i n c o r p o r a t i o n  was observed .  The  m a j o r i t y  of 
t h e  labe led  cells h a d  less t h a n  100 grains ,  whi le  all con t ro l  
l abe led  cells h a d  300 or more  grains .  T h e  n u m b e r  of 
un l abe l ed  cells was s imi la r  (57%) in t r e a t e d  and  con t ro l  
cul tures .  B y  72 h, t h e  m a j o r i t y  of t he  cells showed  
degene ra t i ve  changes  and  m a n y  cy top l a smic  masses  
w i t h o u t  nucle i  were  observed .  

Recen t ly ,  t h e  i n h i b i t o r y  a c t i o n  of p ro te in - f ree  spleen 
e x t r a c t s  on  g ranu locy t i c  ceils in  v i t ro  h a v e  been  ascr ibed  
to  t h e  p resence  of cy to tox ic  p o l y p e p t i d e s  in those  p repa -  
r a t ions~ ,<  The  chemica l  compos i t i on  of those  ex t rac ts ,  
however ,  ha s  no t  ye t  been  explored.  

Specific i nh ib i t o r s  of cell p ro l i fe ra t ion  h a v e  been  isolat-  
ed f rom d i f fe ren t  n o r m a l  m a m m a l i a n  tissues.  These  
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Cytotoxiclty of the SI, obtained from normal spleens and those from 
patients with chronic myelocytic leukemia (CML), primary hyper- 
splenism (P.H.) and bovine spleens on CML ceils containing the 
Philadelphia chromosome as a marker. The lines represent the number 
of viable cells. The dose of the SI used is given in mg/ml of the culture 
medium. 20 ml of the medium was used in each experiment. 
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substances ,  called chalones  7-1~ inhib i t  D N A  synthes i s  
w i thou t  af fect ing R N A  or p ro te in  synthesis .  They  are 
t issue-specif ic  b u t  no t  species-specific.  

A non-specif ic  inhib i tor  of cell g rowth  ident i f ied as a 
me thy l -g lyoxa l  analog has also been  repor teda ,  4. 

The inh ib i to r  of the  R N A  synthes i s  isolated at  our 
l abora to ry  has  a M W  lower t h a n  chalones  and  higher  
t h a n  ke toa ldehydes .  There  are also marked  differences in 
the i r  mode  of act ion.  Methyl -g lyoxal  and  o the r  m-ketoal- 
dehydes  seem to in te rac t  wi th  SH groups,  inhib i t ing  cell 
prol i fera t ion  by  in ter ference  wi th  p ro te in  synthes is  and, 
only mode ra t e ly  affect  D N A  and  1RNA synthes i s  3,4. All 
known  chalones  have  been  found to inhibi t  D N A  synthe-  
sis, while t he  inhib i tor  descr ibed herein  affects  p r imar i ly  
R N A  synthes is ,  thus  in i t ia t ing a series of even ts  leading 
to  the  inh ib i t ion  of D N A  synthes i s  and cell death .  

The presence  of a nega t ive  feedback  mechan i sm which 
is capable  of regula t ing cell g rowth  t h rough  inhib i t ion  of 
R N A  synthes i s  has  no t  been previous ly  repor ted .  The 
inh ib i t ion  of R N A  synthes i s  may,  however ,  be  of signi- 
f icance in the  contro l  of ma l ignan t  g rowth  since differ- 
ences in R N A  me tabo l i sm  have  been  ' found  be tween  
normal  and cancer  cel ls~.  

The results  indicate  tha t , ' i ndeed ,  a cy to tox ic  factor  for 
CML cells is p resen t  in h u m a n  spleens. In  addi t ion,  a line 
of CML cells is m a d e  avai lable for the  first  t ime  1~. 

Resumen. E n  este t r aba jo  se descr ibe la purif icaci6n de 
un inhib idor  de la s lntesis  de A R N  que afecta  secundar ia-  

m e n t e  la slntesis de A D N  y ac t iv idad  mitdt ica .  E1 fac tor  
ha  sido aislado de ocho bazos humanos ,  comprend iendo  
dos de enfermos con leucemia  mielocl t ica cr6nica (LMC) 
dos con h iperesp len ismo primario,  y cuatro  de personas  
sanas, en los cuales se efectu6 la esp lenec tomia  por  r u p t u r a  
traum~.tica del bazo. E1 inhibidor  espl6nico posee fuer te  
c i to toxic idad  sobre c61ulas en cult ivo p roven ien tes  de 
enfermos con LMC. Es tas  c61ulas t i enen  el c romosoma  de 
Phi ladelphia .  E1 inhibidor  espl6nico t iene  un peso mole- 
cular de a l rededor  de 1,000 y e s  p robab l aemen te  un p6pt ido 
o glicop6ptido. 
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Inhibit ion by Terephthal ic  Acid of Spontaneous  M a m m a r y  T u m o r i g e n e s i s  in Mice 

I t  is general ly  bel ieved t h a t  spon taneous  m a m m a r y  
t umor s  in mice are more  res i s t an t  to c h e m o t h e r a p y  t h a n  
t r a n s p l a n t e d  expe r imen ta l  tumors .  None  of several  ant i -  
t u m o r  agents  involving 5-FU and  mi tomycin-C,  which  
are widely  used for clinical purposes ,  showed any  inhibi-  
t o r y  effect  on the  au tograf t s  of spon taneous  m a m m a r y  
t umor s  in Swiss mice 1. Tereph tha l i c  acid (TPA) has been  
found  in ra t s  to p r e v e n t  p -d~methy laminoazobenzene  
(DAB) metabol iz ing  enzymes  in t he  l iver f rom the  
decrease of act ivi t ies  by  DAB, and  to resul t  in suppress ion 
of p ro t e in -bound  dye format ion ,  a l though  T P A  did no t  
increase the  act ivi t ies  of these  enzymes  under  t he  normal  
condit ions2,  3. T P A  encouraged  the  g rowth  of the  fowl 
w h e n  i t  was fed on unde rnu t r i t i ona l  food 4. No tox ic i ty  

of T P A  was ascer ta ined  in mice 5. These results  s t rongly  
suggest  an i m p o r t a n t  role of T P A  in ma in t enance  of 
homeos tas i s  of the  body.  The p resen t  expe r imen t  was 
carried out  in order  to  inves t iga te  w h e t h e r  or no t  T P A  
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Mammary tumor incidence in each group 

Total No. Mammary tumor incidence at each months of age (%) ~ 

Group of mice 4 5 6 7 8 . 9 10 11 12 13 14 15 16 
examined 

Control 116 1.7 6.9 20.7 37.1 51.7 64.7 72.4 75.0 77.6 81.0 81.0 83.6 85.3 
(2) (8) (24) (43) (60) (75) (84) (87) (90) (94) (94) (97) (99) 
[113] [105] [86] [61] [44] [17] [17] [12] [9] [5] [5] [2] [0] 

31 0 0 3.2 9.7 16.1 32.3 41.9 45.2 48.4 51.6 58.1 61.3 64.3 
(0) (0) (1) (3) (5) (10) (13) (14) (15) (16) (18) (19) (20) 
[28] [28] [25] [23] [19] [14] [10] [9] [8] [6] [4] [3] [0] 

TPA 

Significance of difference 
between groups by z2-test NS NS " P < 0.01 - -  r " P < 0.05 r 

Mammary tumor incidence = (Cumulative number of mice with tumors / Total number of mice examined) • 100. All the mice had mammary 
tumors or died by the end of 16 months. (), Cumulative number of mice with tumors; [ ], Number of surviving mice without tumors. 


