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complement .  Fur ther ,  t he  cells cons i s tan t ly  fail to  pro- 
voke tumors  in appropr ia te  hosts ,  and  have  been  main-  
t a ined  for up  to 20 m o n t h s  and  27 pasages  in cu l tu re .  
These normal  character is t ics  have  been re ta ined  despi te  
the  fact  t h a t  the  only  difference in t r e a t m e n t  of these  
contro l  cells f rom t h a t  of the  t r ans fo rmed  cells was the  
presence  or absence  of benzo(a)pyrene.  

DIPAOLO et  al. 8,9 pe r fo rmed  chromosomal  analyses  of 
chemical ly  t r ans fo rmed  h a m s t e r  and r a t  cul tures  and of 
t umor s  induced  b y  these  ceils. They  found  t h a t  the  cells 
were, generally,  near-diploid.  Analysis  of our t r ans fo rmed  
cul tures  show chromosomal  anomal ies  in 83% of the  
d ividing cells, including 5 different  types  of aberra t ions .  
We are cur ren t ly  engaged in ch romosomal  analysis  of 
o ther  t r ans fo rmed  h a m s t e r  cell lines to  de te rmine  if these  
aber ra t ions  are specific for B(a)P  induced t r an s fo rma t i o n  
or are c o m m o n  to o the r  t r ans fo rma t ions  in culture.  

In  the  p re sen t  work,  the  successful ma in t enance  of 
normal  character is t ics  in the  contro l  cell lines, grown for 
ex t ended  periods,  m a y  be due to the  ut i l izat ion of an 
improved  Eagle ' s  med ium and  ex tended  t ime  be tween  
passages.  Bo th  of these  factors  appa ren t l y  facil i tate 
a d a p t a t i o n  of hams t e r  embryo  cells to  cul ture condit ions.  

Summary. Two normal  diploid control  cell lines and a 
he te roplo id  ma l ignan t  t r ans fo rmed  cell line f rom B(a)P 
t r ea t ed  h a m s t e r  embryo  cell cul tures  were es tabl ished.  
The 14-month-old  B(a)P  t r ans fo rmed  cell line grew 8- 
t imes  fas ter  t h a n  the  20-month-old  control  cell line. The 
contro l  cell line showed normal  diploid chromosome 

c o m p l e m e n t  ill 93% cells and  he te rop lo idy  in 7% cells 
while B(a)P t r ea t ed  line showed 83% he te roplo id  cells 
and  only  17~o diploid cells. This is the  f i rs t  r epor t  on the  
e s t ab l i shmen t  of diploid h a m s t e r  cell cul tures  grown for 
e x t e n d e d  period.  
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Potency of Thyroid Hormone Analogues in Suppressing Prolactin-Mediated Mammary  
Growth in Thyroidectomized Rats 

I t  has  been recent ly  d e m o n s t r a t e d  t h a t  following 
t h y r o i d e c t o m y  the  m a m m a r y  ep i the l ium of the  r a t  
undergoes  ex tens ive  g rowth  due to  an increased sens i t iv i ty  
to  endogenous  prolac t in  L Admin i s t r a t i on  of r ep l acemen t  
doses of t hy rox ine  to  such animals  p r even t s  th is  exag-  
gera ted  m a m m a r y  g rowth  response.  A similar  pro lac t in-  
t hy rox ine  an t agon i sm m a y  be impl ica ted  in t he  pa tho -  
genesis of h u m a n  beas t  cancer  ~,3. ]~ERN et  al. 4,5 and  
MITTRA 1 have  proposed  t h a t  p ro lac t in - thy rox ine  inter-  
ac t ion  a t  t he  level of t he  m a m m a r y  ep i the l ium m a y  be 
analogous t o  t h a t  known  to  occur in a m p h i b i a n  t issues a t  
me tamorphos i s .  I t  was therefore  of in te res t  to inves t iga te  
the  effect  on m a m m a r y  ep i the l ium of two  thyro id  
ho rmone  analogues,  3, 5, 3 ' - t r i iodothyropropionic  acid 
( T R I P R O P )  and  3, 5, 3 ' - t r i iodothyroace t ic  acid (TRIAC), 
which  have  re la t ively  weak  calorigenic and goi t re  pre- 
ven t ion  act ivi t ies  in t he  ra t  s , while  the i r  p o t e n c y  in 
inducing tadpole  me t amorphos i s  is comparab le  to  7, or 
even grea te r  t h a n  s, t h a t  of the  na tu ra l  t hy ro id  ho rmones  
t h y r o x i n e  (T,) and  t r i iodo thyron ine  (Ta). 

Material and methods. Virgin, female Sprague-Dawley  
ra ts  weighing abou t  200 g were used for t he  expe r imen t  
and  were fed on a commercia l  diet. All ra t s  were  given 
oestradiol-17fl  (in 50% propylene  glycol) 8 ~g s.c. dai ly 
f rom D a y  1 to  Day  10 and  killed a t  t he  t e r m i n a t i o n  of 
the  e x p e r i m e n t  on D a y  16. Ra t s  in Group I (Figure 1) 
received no fu r the r  t r e a t m e n t  and  were allowed t a p  wa te r  
ad libitum. The remainder  were surgical ly t hy ro idec tom-  
ized on D a y  I and,  to ensure comple te  endogenous  thy ro id  
ho rmone  deficiency,  were concur ren t ly  s t a r t ed  on 3- 
amino- l ,  2, 4-triazole (0. i % solution) in the  dr ink ing  wa te r  
unt i l  comple t ion  of t he  exper iment .  This an t i - t hy ro id  
d rug  has  been  shown to  have  l i t t le  effect  on the  pe r iphera l  

de iodina t ion  of T49. The thy ro idec tomized  animals  were 
d iv ided  into 9 groups (Group I I -X,  Figure 1). Group II  
received no o ther  t r e a t m e n t  while t h e  r emainder  received 
var ious ly  T~, T 3, T R I P R O P  and  T R I A C  a t  dose levels of 
2.0 and  0.2 [zg/100 g b o d y  wt. ,  i.p. dai ly f rom D a y  1 to  
D a y  15 (Figure 1). At  comple t ion  of the  expe r imen t  the  
left thoracic  m a m m a r y  glands  were excised and processed 
for whole m o u n t  p repara t ion .  The degree of m a m m a r y  
gland deve lopmen t  was  ra ted  on the  s t anda rds  shown in 
F igure  2 by  an i n d e p e n d e n t  observer .  The m a m m a r y  
scores of ra t s  in the  var ious  groups were compared  wi th  
those  of Group II  using a one-way  analysis  of var iance  
of no rma l  scores1~ 
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Results.  As shown previously  1, in oes t rogen t r e a t ed  
ra ts  t h y r o i d e c t o m y  leads to  marked  s t imula t ion  of 
m a m m a r y  g rowth  (Figure 1). In  t he  t hy ro idec to mi zed  
animals  admin i s t r a t ion  of all the  c o m p o u n d s  t e s t ed  
inh ib i ted  th is  m a m m a r y  s t imula t ion  at  a dose of 2 lxg/ 
100 g b o d y  wt.  This  is within the  accepted  dose of T 4 
required to ma in t a in  eu thyro id i sm in t hy ro idec tomized  
rats,  and hence  th is  dose of T 4 and  also Ts, which  is 
several  t imes  more  act ive  t h a n  T~ ~, were capable  
of p reven t ing  m a m m a r y  g rowth  in these  animals.  How-  
ever, i t  is of in te res t  t h a t  T R I P R O P  which  has  been  
repor ted  to have  only 10% of the  metabol ic  po t en cy  of 
T 4, and 0.8% of T s, and  T R I A C  21% and  2.6% of t he  
metabol ic  potencies  of T 4 and  T 3 respec t ive ly  ~, were  
also capable  of p reven t ing  m a m m a r y  s t imula t ion  in the  
thy ro idec tomized  ra ts  (Figure 1). Moreover,  when 1/10 
of the  above dose was used (0.2 ~zg/100 g), T R I P R O P  
still had  an effect comparab le  to t h a t  of T a (Figure 1), 
a l though th is  dose of T R I P R O P  could have  had  l i t t le 
effect  on oxygen  consumpt ion .  At  th is  lower dose, how-  
ever, ne i ther  T R I A C  nor T 4 had  any  s ignif icant  suppres-  
sive effect  on m a m m a r y  growth.  

Discussion.  The presen t  expe r imen t  d e m o n s t r a t e s  t h a t  
T R I P R O P  and  TRIAC,  despi te  the i r  re la t ive ly  weak 
calorigenic and  go i t re -prevent ion  activi t ies,  have  an 
inh ib i to ry  effect  on m a m m a r y  growth  which  is comparab le  
to t h a t  of T a and T 4. This preferent ia l  effect  of the  two  
analogues on the  m a m m a r y  gland would appear  to  be 
due to a selective aff ini ty  of these compounds  for m a m m a r y  
epithelial  cells, compared  wi th  t h a t  for o ther  t issues 
pr imar i ly  responsible  for media t ion  of calorigenic action.  
However ,  no in fo rmat ion  regarding the  po t en cy  of 
T R I P R O P  and T R I A C  in specifically s t imula t ing  
oxygen consumpt ion  of m a m m a r y  cells is p resen t ly  
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Fig. 1. Histogram showing the suppressive effect on thyroidectomy- 
induced mammary stimulation of T4, T:,, TR1PROP and TRIAC in the 
rat. The columns represent mean mammary score in each group; the 
dots, manmmry score of individual rats. All rats received oestradiol 
(OE) daily from Day 1 to Day 10 and were killed on Day 16. Groups 
II X were thyroideetomized (t) on Day 1 and maintained on the 
anti-thyroid drug Aminotriazole until Day 16. For dosage of oestra- 
diol and Amiuotriazole see text. The various thyro-aetive compounds 
were given daily in a dose of 2.0 tag/100 body wt. to groups III VI 
and 0.2 ~zg/100 g body wt. to groups VII-X. The compounds were 
dissolved in a minimum volume of 0.1 N NaOH, diluted to attain the 
required concentration and neutralized with 0.1 N HC1. The final 
volume injected per rat was 0.2 ml. **indicates p ~.. 0.01 and *indi- 
cates p < 0.05 significant difference in mammary grading compared 
with group II. 

available.  In  any  event ,  th i s  ' an t i -g rowth '  effect  of 
T R I P R O P  and T R I A C  on m a m m a r y  ep i the l ium would  
be med i a t ed  via  per iphera l  b lockade  of pro lac t in  act ion,  
s imilar  to t h a t  d e m o n s t r a t e d  for t hy rox ine  1, 5, n 

The induct ion  of t adpole  me tamorphos i s  by  thy ro id  
ho rmones  is considered to  represen t  a change  in genet ic  
expression,  a l though  there  is no convincing  evidence to  
suggest  a d i rect  in te rac t ion  be tween  thy ro id  ho rmones  
and  genes responsible  for th is  t rans i t ion  12. Prolac t in  on 
the  o ther  h a n d  can p r ev en t  cer ta in  of t he  m e t a m o r p h i c  
changes  in the  amphibia ,  par t i cu la r ly  tai l  resorp t ion  12-15, 
by  an tagoniz ing  t hy rox ine  a t  the  per iphera l  t issue level, 
and is considered to  be a h o rmo n e  responsible  for s t imula-  
t ion of g rowth  of larval  s t ruc tures  4. One m a y  specula te  
t h a t  pro lac t in  while s t imula t ing  larval g rowth  acts  as an 
obl iga tory  repressor  of cer ta in  of the  genes t h a t  de ter -  
mine  me tamorphos i s  to  an adul t  frog, and  t h a t  t h y ro id  
hormones ,  which  reach an op t imal  concen t ra t ion  at  
me tamorphos i s  14, br ing  abou t  the i r  express ion essent ia l ly  
by  an tagoniz ing  pro lac t in  a t  the  t issue level, t h e r e b y  
indi rec t ly  ac t iva t ing  genet ic  expression.  The s i tua t ion  
would  then  by  analogous to  t h a t  in insects  13,14 where  
me tamorphos i s  of larvae  is p rec ip i ta ted  by  the  ' t u rn ing  
off'  of juven i le -hormone  which  is assumed to occur in t h e  
presence of a high t i t e r  of ecdyson16. The presen t  exper i -  
m e n t  demons t r a t e s  t h a t  in addi t ion  to  the  na tu ra l  
t hy ro id  hormones  cer ta in  of the i r  analogues,  despi te  a 
weak calorigenic effect,  are equal ly  capable  of an tag-  
onizing prolactin.  Pe rhaps  i t  is this  an t i -pro lac t in  r a the r  
t h a n  t h y r o m i m e t i c  p r o p e r t y  of the  two analogues  
s tudied,  and poss ib ly  of o the r  s t ruc tura l ly  re la ted  
compounds  s, 17, is which  is responsible  for the i r  re la t ive ly  
high p o t en cy  in inducing tadpole  me tamorphos i s ,  
especially when  measured  in t e rms  of tail  regression s,ls. 

P ro lac t in  is an essent ial  fac tor  for p romot ion  of g rowth  
in carc inogen- induced h o r m o n e - d e p e n d e n t  m a m m a r y  
tumours  in the  rat,  and exper imen ta l  reduc t ion  of pro-  
lact in  secret ion resul ts  in regression of such tumours  12, 2o. 
Aboli t ion of prolac t in  secret ion m a y  cause regression of 
h u m a n  breas t  cancer  2~ T r e a t m e n t  w i th  t h y r o a c t i v e  
substances ,  on the  o ther  hand ,  is t h o u g h t  to have  l i t t le  
effect  on the  progress ion of m a m m a r y  cancer  21,22. But ,  
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th i s  bel ief  is ba sed  on  s tud ies  on  t r a n s p l a n t e d  mouse  
m a m m a r y  t u m o u r s  ~2 t h a t  become  essent ia l ly  h o r m o n e  
i n d e p e n d e n t  a f t e r  i n d u c t i o n  ~a, or w i t h  t he  use of on ly  
physiological  doses in t he  r a t  24 and  man~5-2L JULL an d  
HIJGGINS 2s, however ,  r epo r t ed  t h a t  t h y r o x i n e  g iven  in 
supraphys io log ica l  levels d ras t i ca l ly  inh ib i t s  t he  g r o w t h  
of ca rc inogen- induced  m a m m a r y  t u m o u r s  in  t he  Sprague-  
Dawley  ra t .  Similar ly ,  oest rogen,  wh ich  inh ib i t s  m a m m a r y  

t u m o u r  g r o w t h  b y  b lock ing  t h e  pe r iphe ra l  ac t ion  of 
prolac t in tg ,  29, is on ly  effect ive  w h e n  g iven  in p h a r m a -  
cological doses 19. I t  may ,  therefore ,  be  f ru i t fu l  to  s t u d y  
t h e  effect  of large  doses of a su i t ab le  t h y r o i d  h o r m o n e  
analogue,  w i t h  d ive rgen t  calor igenic  a n d  m a m m a r y  an t i -  
p ro l ac t in  effects, on  e x p e r i m e n t a l  an d  h u m a n  m a m m a r y  
cancer ,  p e r h a p s  in con juc t ion  w i t h  a n  a g e n t  t h a t  will, 
add i t iona l ly ,  r educe  p i t u i t a r y  p r o l a c t i n  secret ion.  

Fig. 2. Representative photographs of whole-mount preparations of rat mammary gland ( • 50) depicting various grades of development and 
stimulation, a) Grade 1, a few duets and end buds. b) Grade 2, moderate number of duets and end buds. e) Grade 3, numerous ducts and 
end buds, no lobulo-alveolar development, d) Grade 4, minimal lobulo-alveolar development, e) Grade 5, moderate lobulo-alveolar develop- 
ment. f) Grade 6, marked lobulo-alveolar development. 
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Summary. An an t agon i sm be tween  pro lac t in  and 
thyroxine ,  s imilar  to  t h a t  found  in a m p h i b i a n  t issues a t  
a t  me tamorphos i s ,  has  been  recent ly  shown to occur a t  the  

23 O. MUHLBOCK, J. natn. Cancer Inst. 48, 1213 (1972). 
24 W. C. NEWMAN and R. C. MOON, Cancer Res. 28, 864 (1968). 
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z8 j .  W. JULL and C. HUOGINS, Nature, Lend. 188, 73 (1960). 
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3o I am much indebted to Dr. J. R. TATA of National Institute of 

Medical Research, London and Professor H. A. BERN of University 
of California at Berkeley for helpful criticism of the manuscript. 

level of the  ra t  m a m m a r y  epi thel ium.  This  p h e n o m e n o n  
m a y  be impl ica ted  in the  pa thogenes i s  of h u m a n  b reas t  
cancer.  This expe r imen t  d e m o n s t r a t e s  t h a t  two analogues 
of thy ro id  hormone ,  t r i iodo thyroprop ion ic  acid and  tr i -  
iodo thyroace t ic  acid, which  are re la t ive ly  ve ry  weak in 
the i r  calorigenic action,  are as p o t e n t  as t h y r o x i n e  and  
t r i i odo thyron ine  in inhib i t ing  the  p ro lac t in -med ia t ed  
m a m m a r y  g ro w t h  in t hy ro idec tomized  rats.  The possible 
impl ica t ion  of th is  f inding in the  t r e a t m e n t  of m a m m a r y  
cancer  is discussed. 

I. MITTRA a0 

Imperial Cancer Research Fund, Breast Cancer Unit, 
Guy's Hospital, London, SE7 9 R T  (England), 
16 May 7975. 

Preliminary P u r i f i c a t i o n  a n d  D o s a g e s  of  t h e  E r y t h r o p o i e t i c  F a c t o r  f r o m  O x - S p l e e n  

The exis tence of a splenic e ry thropoie t ic  s t imula t ing  
factor  is well known;  in fact, since 1926, KRUMBHAAR I 
emphas ized  the  indi rec t  influence of the  spleen on blood 
fo rmat ion  t h rough  a s t imula t ing  act ion on bone marrow.  
La te r  GLEY, ~)ELOR and LAUR and I~UHENSTROTH- 
BAUER 2 concluded t h a t  the  spleen m a y  represen t  one of 
the  sites p roduc ing  an e ry th ropo ie t i c - s t imula t ing  factor.  
More recent ly  DE FRANCISCIS 3,4 repor ted  the  results  of 

his inves t iga t ions :  Acellular ox spleen homogena te ,  when  
in jec ted  i.p. in rats,  caused a grea t  increase of reticul-  
ocytes  in per ipher ic  blood. In  mice there  was no increase 
of re t iculocyte  concen t ra t ion  af ter  t r e a t m e n t  wi th  
homogena t e s  of kidney,  muscle or liver of sp lenec tomized  
animals  ; there was, on the  cont rary ,  a p ronounced  and  sig- 
n i f icant  re t iculocyte  increase in the  animals  t r ea t ed  wi th  
spleen ex t r ac t  or wi th  liver of normal  rats.  

Table t. Acellular ox-spteen homogenate 
1 

50%(NH4)2SO4 sat. 

Centrifuged 
(19,600 x9) 

~ ' ~  Proteins A 
~ (active) 

Supernatant [ 

up to100% 
(NH4)2SO 4 sat. 

~ ' ~  Pr0teins B 
(inactive) 

Supernatant ]]" 
discarded 

50%(NH4) ,SO4 sat. 

Centrifuged 
(19.600• 

~ 
" ~  Supernatant I 

discarded 
Proteins A 

disse]ved in phosphate 
buffer pH 7.4+35%(NH4)2SO 4 sat. 

Centrifuged 
(t9,600xg) 

Supernatant It 
(discarded) . 

Proteins C 
(active) ~ pH 5.0 

Precipitate 
(discarded) 

Filtrate D 
(active) 

In  th is  work we proposed  to s t u d y  a pur i f icat ion m e t h o d  
for th is  act ive factor  and to assay its e ry thropoie t i c  
ac t iv i ty  wi th  d i f ferent  methods .  

Materials and methods. An acellular ox-spleen homo-  
gena te  was p repa red  by  homogeniza t ion  of the  organ, 
immed ia t e ly  r emoved  af ter  the  animals  death ,  w i th  2 
vo lumes  of dist i l led wa te r  in a b lender  a t  15,000 r p m  for 
2 min  and a t  0~ The coarse homogena t e  was then  
cent r i fuged for 90 min at  54 ,000•  and at  0~ The 
acellular s u p e r n a t a n t  was p rec ip i ta ted  by  d i t ferent  

percentages  of a m m o n i u m  su lpha te  following the  r epor ted  
outl ine (Table I). 
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