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ABSTRACT

This s tudy  p r e s e n t s  a new animal model f o r  e r y t h r o b l a s t i c  stem c e l l  

leukemia.  Young a d u l t  r a t s  i n j e c t e d  in t r a v e n o u s l y  with 5x10 tumor c e l l s  

developed e r y t h r o b l a s t i c  leukemia (EBL) with tumor c e l l s  i n f i l t r a t i n g  

th e  bone marrow, s p l e e n ,  and l i v e r .  The pa thogenes is  was monitored by 

examining p e r ip h e ra l  blood changes with d i s e a s e  p r o g r e s s i o n .  Levels o f  

c i r c u l a t i n g  r e t i c u l o c y t e s  dropped s h a r p ly  by day 6 p o s t - i . v . ,  i n d i c a t i n g  

a correspond ing  drop in e r y t h r o i d  p ro d u c t io n .  Hemolytic anemia was a l s o  

symptomatic o f  th e  d i s e a s e ,  w i th  54% o f  th e  animals  dem onst ra t ing  a sharp 

dec rea se  in  h e m to c r i t  l e v e l s  by day 8 p o s t - i . v .  P e r ip h e ra l  white  blood 

c e l l  counts  a long w i th  d i f f e r e n t i a l s  i n d i c a t e d  t h a t  g r a n u lo p o ie s i s  was
3

s t i m u l a t e d .  Levels o f  whi te  blood c e l l s  were g r e a t e r  than 40,000/mm , 

while  b l a s t s  in  the  c i r c u l a t i o n  did  no t  exceed 16%. Examination o f  the  

c e l l u l a r  composi t ion o f  the  hem atopo ie t ic  organs showed no s i g n i f i c a n t  

changes in the  e a r l y  phase o f  the  d i s e a s e .  A marked d e c rea se  o f  n u c l e a ­

t e d  e r y t h r o i d  c e l l s  in  th e  l a t e  phase was e v i d e n t .  The stem c e l l  com­

par tm ents  assayed  f o r  colony formation on plasma c l o t s ,  o r  methyl c e l l u ­

lo s e  in v i t r o , were a l s o  a f f e c t e d .  Bone marrow e r y t h r o i d  p r o g e n i to r s  

(CFU-E) were s h a r p ly  r e p r e s s e d ,  whereas g r a n u lo c y t i c  p re c u r s o r s  (CFU-C) 

l e v e l s  were in c re a s e d .  The s p l e e n ,  which i s  normally no t  h e m a to p o ie t i c ,  

demonstra ted  in  many cases  compensatory hem atopo ies is ;  CFU-Es were found 

a t  days 4 - 5 ,  while  CFU-Cs were found a t  days 7-8 .  I t  was proposed t h a t  

e r y t h r o i d  i n h i b i t i o n  may be due to  th e  d i r e c t  a c t i o n  o f  an EBL c e l l  p ro­

d u c t .  CFU-Es from normal bone marrow, grown in th e  p resence  of  20% EBL 

c o n d i t io n e d  media were r e p re s se d  by 65%; a myeloid tumor (Shay)



c o n d i t io n e d  media was c a p a b le  o f  r e p r e s s i n g  CFU-E growth by o n ly  25%.

In c o n c lu s io n ,  the  r e s u l t s  o f  th e  p r e s e n t  s tudy  sugges t  a s p e c i f i c  

p a t t e r n  to  the  pa thogenes i s  o f  t h e  EBL which may b e s t  be d e sc r ib e d  as 

s p e c i f i c  r e p r e s s i o n  o f  normal e r y t h r o i d  d i f f e r e n t i a t i o n  concomitant 

wi th  p ro g r e s s iv e  i n c r e a s e  in  leukemic c e l l  growth. Fur thermore ,  the  

EBL may a l s o  se rve  as an e f f e c t i v e  model f o r  OiGuglie lmo's syndrome,- a 

human leukemia,  which has a l s o  been c h a r a c t e r i z e d  by i n e f f e c t i v e  e ry -  

t h r o p o i e s i s .
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AN ANIMAL MODEL OF ERYTHROBLASTIC LEUKEMIA IN THE RAT

INTRODUCTION

A. Ervthroleukemia
— «■» -  ...................

The concept  t h a t  the  e r y t h o r i d  compartment o f  the  bone marrow could 

p r o l i f e r a t e  abnormally and develop i n to  a leukemic d i s e a s e  was f i r s t  

d e sc r ib e d  by DiGuglie lno in 1917. Erythro leukemia  a l s o  r e f e r r e d  to  as 

DiGuglie lmo's  syndrome, has been d e f in e d  by Dameshek (1969) as a " s e l f -  

p e r p e t u a t i n g  m y e l o p r o l i f e r a t i v e  d i s o r d e r  o f  undetermined o r i g i n " .  Typi­

c a l l y ,  e r y t h r o b l a s t i c  h y p e rp la s i a  o f  th e  bone marrow, c o n s i s t i n g  o f  mega­

l o b l a s t i c  and norm oblas t ic  c e l l s  i s  seen* and in some i n s t a n c e s ,  abnormal 

m u l t i n u c l e a t e  e r y t h r o b l a s t s  a r e  found in th e  bone marrow and in the c i r ­

c u l a t i o n .  The development o f  anemia,  which a lmost  always o c c u r s ,  i s  

s t r i k i n g  in l i g h t  o f  t h e  f a c t  t h a t  t h e  bone marrow abounds with immature 

e r y t h r o b l a s t s .  These b l a s t s ,  however, dem onst ra te  va r io u s  d e f i c i e n c i e s  

in heme s y n t h e s i s ,  i r o n  metabolism, and o t h e r  enzymatic a b n o rm a l i t i e s  

(Dameshek, 1969). I t  i s  c u r r e n t l y  b e l i e v ed  t h a t  th e  g en es i s  o f  

DiGuglie lmo's  syndrome, as w i th  o t h e r  leukemic d i s e a s e s ,  i s  due p r im a r i l y  

to  the  i n a b i l i t y  of  t h e  b l a s t  to  d i f f e r e n t i a t e  i n to  a mature f u n c t i o n ­

ing c e l l ,  r a t h e r  than to  th e  expanded p r o l i t e r a t i o n  o f  b l a s t s  (Gunz, 1973).
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Thus, Q u ie sse r  e t  a l .  (1975) i n v e s t i g a t e d  the  c e l l  c y c le  o f  e r y t h r o -  

b l a s t s  in e ry th ro leukem ia  by examining l a b e l l i n g  in d ic e s  o f  th e  hema­

t o p o i e t i c  c e l l s  o f  th e  bone marrow. A comparison o f  th e  p e rc e n t  of  

e r y t h r o i d  p r e c u r so r s  in th e  S-phase  o f  the  c e l l  c y c le  (assayed  by H- 

thymid ine  i n c o r p o r a t io n )  to  th e  amount o f  DNA p r e s e n t  in  the  p r e c u r so r  

c e l l s  (assayed  by cytophotometry  o f  Feulgen s t a i n i n g )  showed a marked 

d e c r e a se  in th e  l a b e l l i n g  index from th e  b a s o p h i l i c  e r y t h r o b l a s t  to  

the  po ly ch ro m a to p h i l i c  e r y t h r o b l a s t .  A c o n s id e ra b le  p ro p o r t io n  o f  

u n l a b e l l e d  d i p l o i d  c e l l s  in  th e  e a r l y  polychromatophil  i c  e r y t h r o b l a s t  

compartment was a l so  e v i d e n t ,  i n d i c a t i n g  t h a t  t h e se  c e l l s  were not in 

c y c l e .  These s t u d i e s  show t h a t  l e v e l s  o f  e a r l y  e r y t h r o b l a s t  p r o l i f ­

e r a t i o n  a r e  s u b s t a n t i a l l y  lower than normal,  w h i le  more mature e r y ­

t h r o i d  p r e c u r so r s  (po lych rom atoph i l i c  e r y t h r o b l a s t s )  a r e  blocked in  

62 , as e v id e n t  by a s t r i k i n g  e l e v a t i o n  o f  DNA c o n te n t  in t h e s e  c e l l s .

With t h e  knowledge t h a t  both p r o l i f e r a t i o n  and m a tu ra t io n  o f  

• e r y t h r o p o i e t i c  p r o g e n i to r s  i s  dependent on th e  hormone e r y t h r o p o i e t i n  

( e p o ) ,  Adamson and Finch (1970) s t u d i e s  l e v e l s  o f  e r y t h r o p o i e t i n  in 

p a t i e n t s  with  DiGuglie lmo's  syndrome, to  de termine  whether th e  f a i l u r e  

o f  red blood c e l l  p r e c u r so r s  to  mature could be a s c r ib e d  to  hormonal 

d e f i c i e n c i e s .  They r e p o r te d  t h a t  as  with  p a t i e n t s  who a r e  anemic 

from causes  o t h e r  than leukemia ( e . g .  blood l o s s ,  v i tam in  d e f i c i e n c y ,  

e t c . ) ,  l e v e l s  o f  e r y t h r o p o i e t i n  were h ig h ly  e l e v a t e d .  Fur thermore ,  

e r y t h r o p o i e t i n  p roduc t ion  was re spons ive  to  l e v e l s  o f  e r y t h r o c y t e s  in
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the  p e r ip h e r a l  blood e v id e n t  by th e  drop in epo l e v e l s  a f t e r  whole 

blood t r a n s f u s i o n .  Perhaps even more i n t e r e s t i n g  was t h e  f i n d i n g  t h a t  

changes in  t h e  c i r c u l a t i n g  l e v e l s  o f  epo a f f e c t e d  e r y t h r o i d  b l a s t  p ro ­

l i f e r a t i o n  in the  bone marrow. A f t e r  t r a n s f u s i o n ,  l e v e l s  o f  marrow 

e r y t h r o i d  p r e c u r s o r s ,  i ro n  tu r n o v e r ,  and l e v e l s  o f  r e t i c u l o c y t e s  a l l  

de c rea se d .  In a d d i t i o n ,  l e v e l s  o f  abnormal m u l t i n u c l e a t e  e r y t h r o i d  

p re c u r s o r s  c h a r a c t e r i s t i c  o f  e ry th ro leukem ia  a l s o  d ec rea se d .  These 

f i n d i n g s  were i n t e r p r e t e d  to  show t h a t : i )  th e  e r y t h r o i d  h y p e rp la s i a  

o f  DiGuglie lmo's syndrome i s  to  some e x t e n t  r e sp o n s iv e  to  p h y s io lo g ic  

c on t ro l  by th e  hormone epo; i i )  th e  e ry th ro leukem ia  may well be s e l f -  

p e r p e t u a t i n g ;  the  f a i l u r e  o f  th e  e r y t h r o i d  c e l l s  to  mature i n to  func­

t i o n a l  red  blood c e l l s  r e s u l t s  in in c re a se d  epo p roduc t ion  ( th e  normal 

re sponse  to  e r y t h r o i d  d e f i c i e n c y ) .  The hormone then f u r t h e r  s t i m u l a t e s  

e r y t h r o i d  b l a s t  p r o l i f e r a t i o n ,  but due to  th e  i n t r i n s i c  d e f e c t  in the  

n a tu r e  o f  th e  leukemic b l a s t ,  cannot push the  c e l l s  toward m a tu r i t y  to  

su bsequen t ly  c u r t a i l  hormone p ro d u c t io n .  Thus, th e  p ro g r e s s i o n  o f  the  

leukemic d i s e a s e  involves  two b a s ic  d e f i c i e n c i e s ,  the  f a i l u r e  o f  the  

abnormal c e l l  t o  develop i n t o  f u n c t i o n a l l y  d i f f e r e n t i a t e d  c e l l s ,  and 

the  i n a b i l i t y  o f  normal p re c u r so r s  t o  respond t o  p h y s io lo g ic a l  c o n t ro l  

mechanisms such as hormonal r e g u l a t i o n  o f  e r y t h r o p o i e s i s .

B. Animal Models o f  Ery thro leukem ia:  Fr iend and Rauscher Leukemias

The n a tu re  o f  t h e se  d e f i c i e n c i e s  has been i n v e s t i g a t e d  in d e t a i l  by 

u s ing  animal models as an analog to  human leukemias .  In p a r t i c u l a r ,  the  

s t u d i e s  on animal models o f  e ry th ro leukem ia  have c o n c e n t r a t e d  on d e f in in g
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th e  s p e c i f i c  p r o p e r t i e s  o f  t h e  t ransformed  leukemic c e l l  which p r o h i b i t  

normal d i f f e r e n t i a t i o n  and m a in ta in  t h e  c e l l  in  the  b l a s t  s t a t e ,  with 

the  u l t im a te  goal o f  e l u c i d a t i n g  th e  con t ro l  mechanisms involved in the  

exp re ss ion  o f  d i f f e r e n t i a t i o n .  For example,  Fr iend (1957) de sc r ibed  a 

mouse leukemia which was c h a r a c t e r i z e d  as an e r y t h r o b l a s t o s i s  accompanied 

by anemia. I n f i l t r a t i o n  o f  the  s p l e e n ,  l i v e r  and bone marrow by leukemic 

c e l l s  was e v id en t  a t  th e  te rm ina l  s t a g e s .  Fragments o f  th e se  organs im­

p lan ted  subcutaneously  r e s u l t e d  in tumor development a t  the  s i t e  o f  the  

t r a n s p l a n t .  The c e l l s  resembled r e t i c u l a r  c e l l s  and the  tumor appeared 

devoid o f  e r y t h r o i d  e lem en ts .  However, m a tura t ion  could be induced by 

th e  adopt ive  t r a n s f e r  o f  Fr iend c e l l s  i n to  l e t h a l l y  i r r a d i a t e d  mice.

In t h i s  case ,  both n o n - d i f f e r e n t i a t e d  n e o p l a s t i c  c e l l s  and e r y t h r o i d  p r e ­

c u r s o r s ,  e . g .  n r o e r y t h r o b l a s t s  and normoblas ts  formed co lo n ie s  on the  s u r ­

face  o f  the  s p lee n ,  and th e  tumor o r i g i n  o f  th e se  c o lo n ie s  was c l e a r l y  

demonst rable  by the  presence  o f  tumor an t ig e n  on the s u r f a ce  o f  t h e se  

c e l l s  (Rossi and F r iend ,  1970; Fr iend  e t  a l .  1974)

In d e sc r ib in g  the  c o n t ro l  p rocess  o f  Fr iend v i ru s  i n f e c t i o n ,  i t  

became c l e a r  t h a t  Fr iend v i ru s  a c t u a l l y  comprised a complex o f  v i r u s e s .

Mi rand (1968) while  working with Fr iend v i ru s  in f e c t e d  sp leen  f i l t r a t e s ,  

d i scovered  a s t r a i n  o f  v i ru s  which has p r e c i s e l y  the  o p p o s i te  e f f e c t  o f  

DiGuglielmo's syndrome. Mirand d e s ig n a te d  th e  v i ru s  o r i g i n a l l y  r e p o r te d  

by F r iend ,  which produces lym phocy tos is , e r y t h r o b l a s t o s i s  and anemia as 

FV-A, and the  second s t r a i n  which produces polycythemia a long with granu­

lo c y t o s i s  and re t i cu lum  c e l l  p r o ! i t e r a t i o n  as FV-P. These responses  were 

s ep a ra te d  b i o l o g i c a l l y  by i n f e c t i n g  pregnant  mice with FV-P. These a n i -
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mals developed polycythemia ,  whi le  the  o f f s p r i n g  developed anemia.

Passage o f  f i l t r a t e  from leukemic o f f s p r i n g  no longer  gave r i s e  to  

the  polycythemic re sponse ,  i n d i c a t i n g  l o s s  o f  the  FV-P v i r u s .  FV-P 

which does no t  c ro s s  the  p l a c e n ta l  b a r r i e r ,  i n i t i a t e d  e r y t h r o p o i e s i s  

in h y p e r t r a n s fu se d  o r  exhypoxic an im als ,  mimicking th e  a c t i o n  o f  e ry ­

t h r o p o i e t i n .  S t im u la t io n  o f  the  e r y t h r o i d  compartment by i n j e c t i o n  

o f  epo p r i o r  to  v i ru s  i n f e c t i o n ,  enhanced th e  e f f e c t i v e n e s s  o f  FV-P 

v i ru s  and r e s u l t e d  in  an e a r l i e r  development o f  d i s e a s e  symptoms, i . e .  

splenomegaly,  polycythemia ,  e t c .  These s t u d i e s  sugges ted  the  hypo­

t h e s i s  t h a t  t h e  t a r g e t  c e l l  f o r  FV-P v i ru s  was a l so  the  e r y t h r o p o i e t i n  

re spons ive  c e l l  (ERC), so t h a t  s t im u la t io n  o f  th e  ERC compartment i n ­

c reased  th e  number o f  t a r g e t s  f o r  FV-P i n f e c t i o n .  Thus, i n f e c t i o n  of  

the  same t a r g e t  c e l l  popu la t ion  by e i t h e r  s t r a i n  o f  v i r u s  appears  to  

have comple te ly  opposing e f f e c t s  o f  the  developmental c a p a c i ty  o f  the  

e r y t h r o i d  c e l l s .  FV-A i n f e c t i o n  blocks complete exp ress ion  o f  e r y t h r o i d  

c h a r a c t e r i s t i c s  and anemia deve lops ,  whi le  FV-P d e re p re s s e s  the  c on t ro l  

mechanisms to  a llow u n r e s t r i c t e d  e r y t h r o i d  c e l l  ex p re ss io n  and p r o l i f e r a ­

t i o n ,  independent  o f  p h y s io lo g ic  con t ro l  and polycythemia develops .

While the  in  vivo exper iments  de sc r ibed  above have shown t h a t  Fr iend 

c e l l s  main ta in  t h e i r  c a p a c i ty  f o r  d i f f e r e n t i a t i o n ,  in v i t r o  s t u d i e s  have 

a t tempted  to  d e l i n e a t e  th e  c e l l u l a r  s i t e  where ind u c t io n  f o r  d i f f e r e n t i a ­

t i o n  o ccu rs .  Fr iend c e l l s  have been s u c c e s s f u l l y  main ta ined  in  c u l t u r e  

and va r ious  c lones  o f  FV-A c e l l s  have been induced to  d i f f e r e n t i a t e  i n t o  

r e c o g n izab le  e r y t h r o i d  p re c u rso r s  through the  normoblas t  s t a g e  (Fr iend  

e t  a l .  1971). D i f f e r e n t i a t i o n  o f  e r y t h r o b l a s t s  and hemoglobin s y n th e s i s  

has been ob ta ined  by c u l t u r i n g  c e l l s  in  a v a r i e t y  o f  p o l a r  and n o n -p o la r



-  6 -

compounds e . g . ,  DMSO, b u t y r i c  a c i d ,  e th y l e n e  g l y c o l ,  e t c .  (Leder and 

Leder,  1975, P r e i s l e r  and Lyman, 1975, Tanaka e t  a l . 1975).  While the  

mechanism o f  a c t i o n  o f  t h e s e  inducers  i s  s t i l l  no t  c l e a r ,  many hypothe­

ses  have been proposed .  Due to  the  c r y o p r o t e c t i v e  n a tu r e  o f  many o f  the  

inducing  compounds, i t  has been sugges ted  t h a t  t h e  s i t e  o f  a c t i o n  i s  a t  

t h e  leve l  o f  th e  c e l l u l a r  membrane. They p o s t u l a t e  t h a t  the  c e l l u l a r  

membrane may have a primary r o l e  in  the  a b i l i t y  o f  the  c e l l  to  d i f f e r e n ­

t i a t e ,  perhaps by f a c i l i t a t i n g  changes in ion f low ,  o r  n u t r i e n t  i n c o r p o r ­

a t i o n  in to  the  c e l l  ( P r e i s l e r  and Lyman, 1975). However, Travers  (1974) 

has proposed t h a t  the  inducers  may a c t  a t  the  l e v e l  o f  th e  DMA by opening 

up th e  promoter r e g io n ,  which then a l lows  t r a n s c r i p t i o n  o f  th e  d i f f e r e n -  

t i a t i v e  i n fo r m a t io n .  I t  may well  be t h a t  in t rans fo rm ed  leukemic c e l l s ,  

t r a n s c r i p t i o n  o f  normal e r y t h r o c y t i c  g e n e t i c  in fo rm a t io n  i s  blocked by 

th e  v i ru s  and chemical inducers  may i n t e r f e r e  w i th  t h i s  i n h i b i t i o n  to  

a l low the  d e re p r e s s io n  o f  gene e x p re s s io n .  F u r th e r  su p p o r t  f o r  t h i s  

hypo thes i s  comes from work by A l t e r  and Goff (1976) who re p o r te d  t h a t  FV-A 

in f e c t e d  c e l l s  grown in  th e  p resence  o f  v a r io u s  chemical inducers  express  

d i f f e r e n t  s p e c i e s  o f  hemoglobin upon i n d u c t io n .

Another  murine e ry th ro leukem ia  which has been s t u d i e d  e x t e n s i v e l y  i s  

induced by Rauscher leukemia v i r u s  (RLV). I n f e c t i o n  with  RLV t y p i c a l l y  

r e s u l t s  in i n e f f e c t i v e  e r y t h r o p o i e s i s ,  e r y t h r o b l a s t o s i s  in  sp leen  f o l ­

lowed by anemia a t  t h e  te rm in a l  s t a g e s  (Rauscher ,  1962). Both Fr iend  and 

Rauscher d i s e a s e s  a r e  s i m i l a r  and w h i le  many s t u d i e s  have been undertaken 

t o  d e f in e  d i f f e r e n c e s  in  t h e  two systems,  t h e  approach taken  in  th e se  i n ­

v e s t i g a t i o n s  has b a s i c a l l y  been analogous .  For example,  Nooter and Ghio 

(1975) r e p o r t e d  t h a t  bone marrow c e l l s  from RLV i n f e c t e d  animals grown
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in v i t r o  on methyl c e l l u l o s e  developed e r y t h r o i d  c o lo n ie s  in th e  absence 

o f  exogpnoys e r y t h r o p o i e t i n .  Fur thermore ,  normal bone marrow c e l l s  i n c u ­

bated in  v i t r o  w i th  RLV could  be t ransformed  and would su bsequen t ly  grow 

i n to  e r y t h r o i d  c o lo n ie s  in  th e  absence  o f  epo. This e f f e c t  cou ld  be e r a ­

d i c a t e d  by n e u t r a l i z i n g  th e  v i r u s  w i th  anti-RLV an t i se ru m  (Nooter and Bent- 

v e lzen ,  1976).  S im i l a r  f i n d i n g s  by Axel rad and h is  c o l le ag u e s  showed th e  

growth o f  FV-P t rans fo rm ed  c e l l s  on plasma c l o t s  a l s o  independent  o f  epo 

s t i m u l a t i o n  (Liao and Axel r a d ,  1975, Clarke e t  a l . 1975). FV-A i n f e c t e d  

c e l l s  could a l s o  be induced to  d i f f e r e n t i a t e  i n t o  e r y t h r o i d  c o lo n ie s  a f t e r  

exposure  to  DMSO and developed e r y t h r o p o i e t i n  re spons iveness  (G o ld s te in  

e t  a l .  1974).

In summary, the  s t u d i e s  p r e s e n te d  above u t i l i z i n g  both v i r a l  models f o r  

the  e ry th ro leu k em ic  d i s e a s e  have e s s e n t i a l l y  focused  on e l u c i d a t i n g  mechan­

isms o f  developmental  r e g u l a t i o n  a t  th e  c e l l u l a r  l e v e l .  The i n v e s t i g a ­

t i o n s  have a l s o  shown t h a t  in  vivo m an ipu la t ions  such as p l e t h o r a  induc­

t i o n  in exhypoxic an im a ls ,  o r  anemia in d u c t io n  by phenyl hydraz ine  t r e a t ­

ment o r  r e p e a te d  b l e e d i n g s ,  i n f l u e n c e  both t h e  s u s c e p t i b i l i t y  o f  t h e  h o s t  

to  v i r a l  i n f e c t i o n s  and the  t ime course  o f  t h e  d i s e a s e  development ( S i e d e l ,  

1976; Weitz-Hamburger e t  a l .  1975). While t h e s e  s t u d i e s  may have been 

designed to  dem ons t ra te  in  v ivo  f a c t o r s  which may a f f e c t  the  d i f f e r e n t i a -  

t i v e  c a p a c i ty  o f  v i r u s  i n f e c t e d  c e l l s ,  i t  has a l so  been determined t h a t  

the  in vivo m an ip u la t io n s  a r e ,  in f a c t ,  a f f e c t i n g  the  s i z e  o f  th e  t a r g e t  

c e l l  pool.  Moreover,  i n c r e a s e s  in numbers o f  leukemic c e l l s  have been 

found to  be p r i m a r i l y  due t o  ongoing v i r a l  i n f e c t i o n  o f  c e l l s  d u r ing  d i ­

s ease  development (Tambourin and Wendling,  1971).  While th e  u t i l i z a t i o n  

o f  t h e se  leukemic models has enab led  the  examination o f  t h e  n a tu r e  o f
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leukemic c e l l s ,  d i f f e r e n t i a t i o n  r e s t r i c t i o n ,  c e l l  c y c le  pa ram ete rs  o f  

i n f e c t i o n  e t c . ,  th e  h o r iz o n ta l  i n f e c t i o n  o f  the  hem atopo ie t i c  stem c e l l  

compartments by v i r u s  in t r o d u c e s  a new com pl ica t ing  f a c t o r  g e n e r a l l y  not 

ana logous to  the  human d i s e a s e .  Thus, w h i le  t h e r e  a r e  i n s t a n c e s  r e p o r te d  

in  t h e  l i t e r a t u r e  which i n d i c a t e  a v i r a l  e t i o l o g y  f o r  human leukem ias ,  

e . g . ,  th e  involvement  o f  Eps te in  Barr  v i r u s  in B u r k i t t ' s  lymphoma (Fenner 

and White,  1970) ,  t h e r e  i s  s t ro n g  evidence  supported  by chromosomal 

s t u d i e s  to  i n d i c a t e  a c lona l  o r i g i n  f o r  AML, CML, and e ry th ro leukem ia  

(Rundles ,  1973).  Another major i s s u e  which the  v i r a l  model l eaves  unre­

so lved  i s  why the  e x p re s s io n  o f  "normal" hemic e lements  i s  r e s t r i c t e d  by 

leukemic c e l l s ,  and what i s  the  mechanism o f  t h i s  r e s t r i c t i o n .  The pur­

pose o f  th e  p r e s e n t  s e r i e s  o f  s t u d i e s  i s  t o  d i r e c t l y  add re ss  t h e se  i s su e s  

by us ing  a n o th e r  c l a s s  o f  animal model f o r  e ry th ro le u k e m ia .  Here a l i m i t ­

ed number o f  leukemic c e l l s  a re  in t roduced  i n t o  normal animals  ( r a t s ) .

This  a llows i n v e s t i g a t i o n  o f  t h e  dynamic p rocess  o f  leukemogenesis as well  

as  the  i n t e r a c t i o n s  between leukemic and normal h em atopo ie t ic  c e l l s .  Fur­

th e rm o re ,  u t i l i z a t i o n  o f  the  r a t  as hos t  f o r  e ry th ro leu k em ic  d i s e a s e  e l i m i ­

n a t e s  th e  com pl ica t ion  o f  " h o r i z o n t a l "  i n f e c t i o n  of  hem ato p o ie t i c  c e l l s  

w i th in  the  h o s t ,  r e p o r t e d  to  occur  in Fr iend  and Rauscher i n f e c t i o n s .  This 

i s  due t o  th e  f a c t  t h a t  the  r a t  does n o t  r e a d i l y  shed v i r u s  even when c -  

type  p a r t i c l e s  a re  e v id e n t  as found in  Shay ch loro leukem ic  i n f e c t i o n  (Chen 

e t  a l . 1972).  Whereas t r a n s p l a n t a b l e  models f o r  myeloid and lymphoid l e u -  

kemias have been a v a i l a b l e  f o r  s tudy  e . g . ,  Shay ch lo ro leukem ia ,  L5222, 

L1210, a t r a n s p l a n t a b l e  model f o r  DiGuglie lmo's  syndrome u n t i l  now has 

no t  been a v a i l a b l e .
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C. Background o f  the  E r y t h r o b l a s t i c  Leukemia (EBL)

The e r y t h r o b l a s t i c  stem c e l l  leukemia was o r i g i n a l l y  induced by

Huggins and Sugiyama (1966) who a d m in is te r ed  pu lse  doses o f  7 ,1 2 ,  d i ­

methyl benz (a )an th racen e  (DMBA) to young a d u l t  r a t s  f o r  100 days.  Sub­

s e q u e n t ly ,  80% o f  th e  animals- developed leukemias o f  d i f f u s e  h e p a t i c  

o r i g i n .  The c e l l s  which predominated were l a rg e  dense b a s o p h i l i c  b l a s t s  

w i th  prominent n u c l e o l i .  These l a r g e  c e l l s  invaded both t h e  h e p a t i c  

s in u s o id s  and the  red pulp o f  the  s p l e e n ,  whereas t h e  i n t e g r i t y  o f  th e  

lymph f o l l i c l e s  was p rese rved  u n t i l  t h e  te rm ina l  s t a g e s  o f  the  d i s e a s e .  

Sugiyama (1971) r e p o r t e d  t h a t  the  ca rc inogen  caused chromosomal a b e r r a ­

t i o n s  in 36% o f  the  cases  s t u d i e d .  Bone marrow c e l l  chromosomes were 

s tu d i e d  under the  fo l lowing  c o n d i t i o n s ,  DMBA t r e a t m e n t ,  p lu s  anemia

(induced by b l e e d i n g ) ,  DMBA and polycythemia  ( induced by packed red blood

c e l l  i n j e c t i o n )  w i th  and w i th o u t  exogenous e r y t h r o p o i e t i n  a d m i n i s t r a t i o n .  

Sugiyama (1971) r e p o r te d  t h a t  the  in d u c t io n  o f  e r y t h r o p o i e s i s  by e i t h e r  

removing mature red blood c e l l s ,  o r  exogenous epo a d m i n i s t r a t i o n  enhanced 

th e  v u l n e r a b i l i t y  o f  th e  c e l l s  to  chromosome damage by the  c a rc in o g e n ,  

i n d i c a t i n g  t h a t  t h e  t a r g e t  c e l l  f o r  th e  ca rc inogen  a c t i o n  was th e  e r y t h r o ­

p o i e t i n  re spons ive  c e l l .  Thus, when numbers o f  ERC in c r e a s e d ,  the  num­

be rs  o f  t a r g e t s  f o r  DMBA a c t i o n  a l s o  in c r e a s e d .  Bird e t  a l . (1972) i n ­

duced e ry th ro leukem ia  w i th  pu lse  doses o f  7 ,8 ,1 2  t r i m e t h y l b e n z ( a ) a n t h r a -  

cene (TMBA) l a t e r  d e sc r ib e d  by Huggins to  be a l e s s  t o x i c  and t h e r e f o r e  

more p o te n t  ca rc inogen .  The induced e ry th ro leukem ia  was s tu d i e d  e x t e n ­

s i v e l y  in  t h i s  r e p o r t .  Advanced leukemia was c h a r a c t e r i z e d  by a marked 

r e d u c t io n  in  body w e ig h t ,  and by s ev e re  anemia.  A s i n g l e  fe ed ing  o f  

th e  carc inogen decreased  l e v e l s  o f  e r y t h r o p o i e s i s .  A f te r  r ep ea ted
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f eed ings  seve re  hypop las ia  o f  a l l  hem ato p o ie t i c  e lements  o f  the  bone 

marrow was r e p o r t e d .  These bone marrow changes c o in c id ed  w i th  the  

appearance  o f  e r y t h r o b l a s t i c  stem c e l l s  ( o f  unknown o r i g i n )  in  th e  

sp lee n .  Small i r r e g u l a r  c l u s t e r s  o f  leukemic c e l l s  were a l s o  e v id e n t  

in  th e  bone marrow e a r l y  in  d i s e a s e  development .  As t h e  leukemia ad­

vanced, the  leukemic fo c i  c o a le sced  u n t i l  u l t i m a t e l y  a l l  o f  th e  hema­

t o p o i e t i c  marrow was r e p la ce d  by leukemic c e l l s .  Thus, the  ca rc inogen  

ac ted  i n i t i a l l y  t o  d ep re s s  normal hematopoies is  in a d d i t i o n  to  caus ing  

the  n e o p l a s t i c  t r a n s f o r m a t io n  o f  e r y t h r o b l a s t i c  stem c e l l s .  The a p p l i ­

c a t i o n  o f  ca rc inogen  in  o r d e r  to  induce d i s e a s e  may be very  meaningful 

in s tu d y in g  th e  leukemic p ro c e s s ,  e s p e c i a l l y  as  i t  becomes i n c r e a s i n g l y  

apparen t  t h a t  a g r e a t  m a j o r i t y  o f  a l l  cancers  a r e  due t o  t h e  c a r c i n o ­

genic  a c t i o n  o f  env ironmenta l  p o l l u t a n t s  (C a i rn s ,  1975). However, t h e r e  

a r e  drawbacks. Not a l l  animals respond to  the  carc inogen  by developing  

e ry th ro le u k e m ia .  In some cases  mammary tumors as well  as o t h e r  leukemias  

were m an i fe s ted  (Huggins ,  1966).  In a d d i t i o n ,  p u ls e  doses o f  carc inogen  

need to  be a d m in i s t e r ed  f o r  50 days be fo re  th e  e ry th ro leu k em ia  may. appear .  

T h e re fo re ,  a major development in  the  s tudy  o f  e ry th ro leu k em ia  occur red  

with th e  e s t a b l i s h m e n t  o f  an e r y t h r o b l a s t i c  stem c e l l  l i n e  in v iv o . Wise 

(1974) r e p o r t e d  t h a t  i t  was p o s s i b l e  to  m a in ta in  a l i n e  o f  TMBA t r a n s ­

formed c e l l  in  v ivo when th e  c e l l s  were i n j e c t e d  i n t r a p e r i t o n e a l l y  i n to  

neonata l  r a t  pups.  The c e l l s  homed in  the  l i v e r  where they  p r o l i f e r a t e d  

r a p i d l y ,  and s e q u e n t i a l  t r a n s p l a n t a t i o n  o f  tumor c e l l s  from t h e  l i v e r  

could  be r e a d i l y  performed.

In t h e  p r e s e n t  s e r i e s  o f  s t u d i e s  we r e p o r t  t h a t  t h e s e  e r y t h r o b l a s t i c  

c e l l s  when i n j e c t e d  in t r a v e n o u s l y  homed t o  t h e  h em ato p o ie t i c  o rg a n s ,  i . e .
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bone marrow and sp leen  as well  as to  the  l i v e r ,  and induced an e r y t h r o ­

leukemia.  S p e c i f i c a l l y ,  th e  i n j e c t i o n  o f  5x l0 6 EBL c e l l s  i . v . ,  i n to  

young a d u l t  r a t s  (100-120 g) induces  a d i s e a s e  which mimics DiGuglie l­

mo's -syndrome. The use o f  young a d u l t  r a t s  f o r  s u b j e c t s  as opposed to  

neonates  f a c i l i t a t e d  d e t a i l i n g  th e  pa thogenes is  o f  the  e ry th ro leukem ia .  

Hematologic p a ram ete rs ,  such as l e v e l s  o f  p e r ip h e r a l  w h i t e  blood c e l l s ,  

h e m a to c r i t s ,  r e t i c u l o c y t e  c o u n t s ,  and p e r ip h e r a l  blood d i f f e r e n t i a l s  were 

r e a d i l y  monitored .  In a d d i t i o n ,  t h e  f u n c t i o n a l l y  de f ined  e r y t h r o i d  and 

myeloid committed stem c e l l s  were examined in t h i s  s tudy .  In so do ing,  

we have a ttempted  to  develop a new animal model o f  e ry th ro leukem ia  where 

the  e f f e c t  o f  e ry th ro leukem ic  development on normal hematopoies is  can be 

a s s e s s e d ,  and t h e  i n t e r a c t i o n s  o f  normal and leukemic c e l l s  both in vivo 

and in v i t r o  can be s tu d ie d .

MATERIALS AMD METHODS

Experimental  Plan

The general  exper imental  p rocedure  involved th r e e  s e t s  o f  exper iments .  

In th e  f i r s t  s e r i e s  o f  exper im en ts ,  leukemia was induced in  exper imenta l  

animals by i . v .  i n j e c t i o n  o f  5x10^ e r y t h r o b l a s t i c  leukemic stem c e l l s  

(EBL), which had o r i g i n a l l y  been grown and main ta ined  in  neonata l  r a t  

pups. At var ious  days p o s t - i n j e c t i o n ,  p e r ip h e ra l  blood was drawn from 

the  caudal vein and r o u t i n e  hematologica l  a s says  were performed, namely, 

p e r ip h e ra l  whi te  blood c e l l  c o u n ts ,  r e t i c u l o c y t e  c o u n ts ,  h em atocr i t s  and 

p e r ip h e ra l  blood d i f f e r e n t i a l s .  At the  te rm ina l  s tag e  o f  the  d i s e a s e  

t h e  animals were s a c r i f i c e d ,  and th e  bone marrow, s p l e e n ,  and l i v e r  were 

removed f o r  in v i t r o  assay  o f  both th e  g ra n u lo cy te  p r o g e n i to r  c e l l  (CFU-C)
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and the  e r y t h r o c y t i c  p r o g e n i t o r  c e l l  (CFU-E) in  t h e s e  hem atopo ie t ic  

o rgans .

In the  second s e r i e s  of  e x p e r im en t s ,  th e  CFU-C and CFU-E were 

assayed  dur ing  th e  middle s t a g e s  o f  the  d i s e a s e .  In t h e se  animals  th e  

hematologic  a n a l y s i s  was e l i m i n a t e d ,  because i t  was found t h a t  th e  p e r i ­

phera l  blood p i c t u r e  does not s i g n i f i c a n t l y  change u n t i l  the  te rm ina l  

s t a g e s  o f  th e  d i s e a s e .  At the  same time t h a t  the  bone marrow and sp leen  

were'removed f o r  growth in v i t r o , smears were made from th e se  t i s s u e s  

and from th e  l i v e r  in o r d e r  t o  fo l low th e  p ro g res s  o f  the  leukemic 

development.

The t h i r d  s e r i e s  o f  exper im ents  i n v e s t i g a t e d  th e  e f f e c t  o f  v a r ious  

kinds o f  c o n d i t io n e d  media on normal bone marrow CFU-C and CFU-E growth 

in v i t r o .  These inc luded  media c o n d i t io n e d  by normal bone marrow, l i v e r  

and mature n e u t ro p h i l  c e l l s  and two types  o f  leukemic c e l l  c o n d i t io n ed  

media,  one c o n d i t io n e d  by EBL c e l l s  and th e  o t h e r  c o n d i t io n ed  by Shay 

c e l l s  (a mye locy t ic  leukem ia) .

Animals

Randomly b re d ,  hooded Long-Evans r a t s  were used in a l l  exper im ents .

A breed ing  colony was main ta ined  t o  p rovide  r a t  pups f o r  EBL tumor t r a n s ­

p l a n t .  The exper im enta l  animals  were C a l i f o r n i a  born (Simonsen Labs) males.  

Animals t h a t  provided  s e ra  f o r  colony s t i m u l a t i o n  a c t i v i t y  were e i t h e r  

C a l i f o r n i a  born o r  Hunter Col lege born males.  The animals  were housed in  

s t a i n l e s s  s t e e l  cages (open bottom f o r  e x p e r im e n ta l ,  and c lo sed  f l a t  

bottom f o r  r a t  pups) in an a i r  c o n d i t io n e d  room and provided  w i th  u n l im i ­

ted  food and w a te r .
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EBL Tumor Induct ion

The c e l l s  were main ta ined  in vivo in neonata l  pups.  Frozen EBL 

c e l l s  o r i g i n a l l y  ob ta ined  from Dr. W.C. Wise a t  th e  Medical U n iv e r s i ty  

o f  South Caro l ina  ( C h a r l e s to n ,  South C a r o l i n a ) , were i n j e c t e d  i n t r a p e r i -  

t o n e a l l y  in 1-4 day o ld  pups and grew s u c c e s s f u l l y  i n to  h e p a t i c  tumors.  

The l i f e  span o f  th e  animals  i n j e c t e d  with  4x10 c e l l s  was about 14-17 

days .  When h e p a t i c  en largement was observed ( u s u a l l y  by day 10) ,  the  

animal was s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  and the  body s u r f a c e  was 

washed down with  70% e th a n o l .  Under s t e r i l e  c o n d i t i o n s ,  the  abdomen was 

opened and the  e n t i r e  l i v e r  was removed i n t o  a 60mm p e t r i  d ish  and bathed 

with py ro g en - f r ee  s t e r i l e  s a l i n e  (Abbot Labs,  North Chicago, 111 . ) .  The 

l i v e r  was ' then  minced w i th  two s c a l p e l s  i n to  small  p i e c e s .  The c e l l s  and 

s a l i n e  were a s p i r a t e d  up in to  a 10 ml s y r in g e  w i th  an a t t a c h e d  s t a i n l e s s  

s t e e l  needle  and e x p e l l ed  about f o u r  t im es .  S ince  th e  leukemic l i v e r  

i s  q u i t e  f r i a b l e ,  t h i s  p rocedure  i s  s u f f i c i e n t  to  o b ta in  a c e l l u l a r  

su sp en s io n .  The c e l l u l a r  suspens ion  was then f i l t e r e d  tw ice  through a 

g l a s s  wool to  remove .debr is  and n o n - d i s a s s o c i a t e d  clumps. C e l l u l a r  con- 

c e n t r a t i o n  was determined and 4x10 c e l l s  were then i n j e c t e d  i n t r a p e r i -  

t o n e a l l y  i n to  2-4 day o ld  neonata l  r a t  pups w i th  a 1 ml s y r i n g e ,  26 gauge, 

*5 inch n e ed le .  All the  animals  in  t h e  l i t t e r  were i n j e c t e d ,  and the  pups 

were r e tu rn e d  t o  t h e i r  mother.  When c e l l s  were removed f o r  s t o r i n g  in 

l i q u i d  n i t r o g e n ,  the  same procedure  d e sc r ib e d  above was used with  the  

fo l low ing  m o f i f i c a t i o n :  The c e l l s  were removed in NCTC-109 (M icrob io lo­

g ic a l  Labs, Bethesda,  Md) and 20% f e t a l  c a l f  serum (Grand I s la n d  B io log i -  

c a l s ,  Grand I s l a n d ,  N.Y.) .  The c e l l s  were f rozen  a t  v a r io u s  c o n c e n t r a ­

t i o n s  ranging from 2-20x10® c e l l s  pe r  v i a l .  Dimethyl s u l f o x i d e  (DMS0) 

was added to  each v i a l ,  0 .2  ml o f  20% DMS0 was added to  1 ml o f  c e l l s .

When the  c e l l s  were removed from th e  l i q u i d  n i t r o g e n  f o r  growth in v i v o ,
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they  were r a p i d l y  thawed in  a shak ing  warm w a te r  ba th  (37°C).  One ml o f  

NCTC-109 was added to  t h e  c o n te n t s  o f  each v i a l ,  and the  c e l l s  were spun 

down in  a r e f r i g e r a t e d  c e n t r i f u g e  f o r  5 minutes  a t  1,000 rpms. The c e l l s  

were then resuspended in  f r e s h  NCTC-109 and i n j e c t e d  i . p .  i n t o  r a t  pups.

Shay Tumor Maintenance

The tumor c e l l s  were grown in  C a l i f o r n i a  born r a t s  t h a t  weighed approx­

im a te ly  50 g on i n j e c t i o n .  The c e l l s  were i n j e c t e d  subcu taneous ly  a t  v a r i -
C

ous doses ,  rang ing  from 25-50x10 c e l l s .  A f t e r  the  tumor was well  d e v e l ­

oped, bu t  be fo re  the  sk in  was broken through (approx im ate ly  10 days p o s t -  

i n j e c t i o n ) ,  t h e  animal was l e t h a l l y  a n e s t h e t i z e d ,  and the  tumor was exc i sed  

in the  fo l low ing  manner: The animal was f i r s t  submerged in  a wescodyne

s o l u t i o n  (3 oz .  a r e  d i l u t e d  w i th  5 g a l lo n s  o f ' t a p  w a t e r ,  West Chemical 

P ro d u c ts ,  Long I s la n d  C i ty ,  N.Y.) to  s u r f a c e  d i s i n f e c t  and then  pinned 

to  a cork board .  A c u t  was made d i s t a l l y  to  th e  tumor,  i . e .  on the  oppo­

s i t e  s id e  o f  t h e  tumor l o c a t i o n  and then with  a f o r c e p s ,  th e  sk in  was 

p u l le d  over  t o  r evea l  th e  tumor and pinned down. With a small s c i s s o r s ,  

i n c i s i o n s  were made in  the  face  o f  th e  tumor. About 15 s o l i d  s p h e r i c a l  

s e c t i o n s  approx im ate ly  3 /4  cm in  d iameter  were p icked up w i th  a small 

fo rceps  and p laced  in  a homogenizing f l a s k .  The f l a s k  was then  f i l l e d  

with  s t e r i l e  s a l i n e ,  up to  the  neck , and a ground t e f l o n  homogenizer was 

i n s e r t e d  and pushed down g e n t ly  a few times t o  d i s r u p t  the  tumor.  The 

suspension  was then f i l t e r e d  tw ice  through g l a s s  wool to  remove d e b r i s  

and l a r g e  clumps. An a l i q u o t  was removed f o r  coun t ing  in  a hemacytometer 

to  de termine  th e  c e l l u l a r  c o n c e n t r a t i o n .  These c e l l s  could  then be i n ­

j e c t e d  subcu taneous ly  t o  grow i n t o  a s o l i d  tumor,  i n j e c t e d  i n t r a v e n o u s l y
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t o  produce th e  leukemia ,  o r  grown in v i t r o  f o r  c o n d i t io n e d  media.

Leukemia Induc t ion

Leukemia was induced by th e  in t r av en o u s  i n j e c t i o n  o f  tumor c e l l s .

Young a d u l t  male r a t s ,  weighing approx im a te ly  100-120 g were i n j e c t e d  

w i th  e i t h e r  Shay or  EBL c e l l s .  The animals  were a n e s t h e t i z e d  with  e t h e r  

and th e  j u g u l a r  vein was s u r g i c a l l y  exposed. .5x10 tumor c e l l s  were i n ­

j e c t e d  i n t o  t h e  j u g u l a r  us ing a 26 gauge one h a l f  inch needle  on a 1 ml 

s y r in g e .  The i n c i s i o n  was c losed  w i th  a u t o c l i p s .

P e r ip h e ra l  Blood Ana lys is

The development o f  the  EBL leukemia was moni tored  with  r o u t i n e  hemato­

lo g i c a l  techn ique  on va r io u s  days p o s t - i n j e c t i o n .  The procedure  was as 

fo l lo w s :  The animals  were f i r s t  weighed and then  wrapped l o o s e l y  in  gauze

to  f a c i l i t a t e  han d l in g .  The t a i l s  were snipped to  o b ta in  the blood samples.  

The f i r s t  few drops o f  blood were d i s c a r d e d .  The nex t  few drops were 

drawn up in to  a w hi te  blood c e l l  p i p e t  and d i l u t e d  with  a c e t i c  acid-me- 

thy lene  b lue  f o r  hemacytometer count ing  a f t e r  a l l  th e  samples were c o l ­

l e c t e d .  The nex t  few drops were drawn i n t o  a h e p a r in ize d  c a p i l l a r y  tube  

f o r  h e m a to c r i t  (h c t )  d e te r m in a t io n .  The samples were c o l l e c t e d ,  spun in  a 

hem atoc r i t  c e n t r i f u g e  f o r  5 minutes  and th e  h c t  va lues  were read from a 

Clay-Adams c h a r t .  The nex t  few drops o f  blood were drawn in to  a n o th e r  

c a p i l l a r y  tube  p r e f i l l e d  with new methylene b lue  s t a i n  f o r  r e t i c u l o c y t e  

s t a i n i n g  (see  appendix la  f o r  s t a i n i n g  p ro ced u re ) .  P e r ip h e ra l  blood 

smears were p repared  with the  nex t  few d rops .  The s l i d e s  were d r i e d  

qu ic k ly  under cold  a i r ,  f ix e d  w i th  methanol,  and s u b s e q u e n t i a l l y  s t a i n e d  

wi th  Wrights-Giemsa. R e t i c u lo c y te  s t a i n e d  s l i d e s  were examined a t
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approx im a te ly  1200x under o i l .  Approximately 1000 red  blood c e l l s  were 

counted p e r  s l i d e .  P e r ip h e ra l  blood smears were counted a t  400x and 

about 500 n u c le a te d  c e l l s  were counted pe r  s l i d e .

P r e p a r a t io n  o f  T issue  f o r  Growth In V i t ro

The animals  were l e t h a l l y  a n e s t h e t i z e d  with e t h e r  and washed with a 

wescodyne s o l u t i o n .  The organs were removed under s t e r i l e  c o n d i t i o n s .

Bone marrow c e l l s  were ob ta ined  in  th e  fo l lowing  manner: An i n c i s i o n

was made on the  v e n t r a l  s u r f a c e  o f  the  l e g ,  th e  muscle was exposed ,  and 

th e  femur was d i s l o c a t e d  from i t s  socke t  and pushed o u t  th rough  th e  mus­

c l e .  Using f o r c e p s ,  th e  femur was r a i s e d  and the  su r round ing  t i s s u e  and 

tendons were sc raped  away with a J ae g e r  Keratome (Roboz I n s t i t u t e ,  Wash­

ing ton ,  D .C .).  The bone was c u t  with a bone c u t t e r  as c l o s e  t o  t h e  base 

as p o s s i b l e .  The bone marrow was f lu sh ed  out o f  the  bone w i th  a 3 ml 

s y r in g e  21 gauge I V  n e e d le ,  f i l l e d  with  growth medium i n t o  a s t e r i l e  

p l a s t i c  t e s t  tube .  The bone marrow samples were kept on ic e  t o  p reven t  

clumping. Bone marrow plugs  were d i s r u p t e d  in  one o f  two ways.  For 

CFU-C p l a t i n g ,  the  plug was f i r s t  g e n t ly  d i s r u p te d  by a s p i r a t i n g  the  

c e l l s  up in a s t e r i l e  10 ml sy r in g e  w i th  a long s t a i n l e s s  s t e e l  n e e d le ,  

and then e x p e l l i n g  the  c e l l s .  This procedure  was r e p e a t e d  a few times 

u n t i l  the  c e l l s  were d i s p e r s e d .  The c e l l s  were then a s p i r a t e d  up and 

passed through a s t e r i l i z e d  n i t e x  f i l t e r .  The f i l t e r  c o n s i s t s  o f  a 

small  s t a i n l e s s  s t e e l  g r i d  and a small n i t e x  d i s c  (53u pore  s i z e  mesh, 

T ob le r  and Trabe r ,  Elmsford ,  N .Y .) ,  he ld  in  p la ce  w i th  two t e f l o n  

washers in a cap and base assembly.  The e n t i r e  u n i t  i s  a t t a c h e d  t o  a 

long s t a i n l e s s  s t e e l  n e ed le .  This ap p a ra tu s  s e rv es  to  remove c e l l u l a r
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d e b r i s  from the  sample,  arid remove n o n - d i s a s s o c i a t e d  clumps. An a l i q u o t  

was removed with a s t e r i l e  w in trobe  tube  f o r  c e l l  count de te rm in a t io n  by 

hemacytometer count ing .  For CFU-E p l a t i n g  the  above procedure  may.be 

used,  o r  the  marrow plug may be more simply d i s p e r s e d  by gen t ly  p i p e t ­

t i n g  up and down with a s t e r i l e  s e r o l o g i c a l  p i p e t .

Spleen c e l l s  were ob ta ined  in the  fo l low ing  manner: The abdomen was

opened by making one l a r g e  c e n t r a l  i n c i s i o n  from th e  p o s t e r i o r  to  the 

a n t e r i o r  end o f  th e  abdomen. At the  base o f  the  o r i g i n a l  i n c i s i o n  two 

diagonal  i n c i s io n s  were made, one on each s id e  going up. The sp leen  was 

exposed with a small p a i r  o f  f o r c e p s ,  c leaned  from the  surrounding f a t  

and mesenta ry ,  and removed with  a small p a i r  o f  s c i s s o r s  in to  a p r e ­

weighed 60 mm p e t r i  d i s h .  The sp leen  was then weighed and bathed in me­

dium. A f te r  a l l  the  samples were c o l l e c t e d ,  each sp leen  was c u t  in  h a l f  

and f lushed  with media ( in  which the  sp leen  was ba thed) with a 3 ml sy r in g e  

21 gauge lh inch need le .  When the  c e l l s  were c o l l e c t e d  f o r  colony growth, 

each sp leen  h a l f  was f lu shed  t h r e e  t im e s ,  when more c e l l s  were needed, i . e .  

f o r  co n d i t io n in g  media, the  sp leens  were f lu sh e d  u n t i l  they became t r a n s ­

l u c e n t .  Once c o l l e c t e d ,  th e  c e l l s  were kept in a t e s t  tube  on i c e .

The l i v e r  was th e  l a s t  organ removed due to  e x te n s iv e  hemorrhaging 

in the  abdominal c a v i t y  which occurs  when th e  h e p a t i c  p o r ta l  system is  

c u t .  The e n t i r e  l i y e r  was removed and placed  in a s t e r i l e  pre-weighed 

100 mm p e t r i  d i s h ,  weighed, and then bathed in growth medium. When a l l  

th e  samples were c o l l e c t e d ,  a small p iece  o f  l i v e r  was removed in to  a 

c lean  p e t r i  d ish  and f lu shed  with medium in th e  same manner as the  sp leen .  

The c e l l s  were c o l l e c t e d  in to  a t e s t  tube  and kept on i c e .  Both sp leen  

and l i v e r  c e l l  counts were determined by coun t ing  an a l i q u o t  in th e  hema­

cytometer .
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CFU-C Assay

Sera  P r e p a r a t i o n : The fo l lo w in g  procedure  was used to  o b ta in  se ra

f o r  co lony  s t i m u l a t i n g  a c t i v i t y  (CSA). Male r a t s  ( 250g) were e t h e r -

z ied  l i g h t l y .  An i n c i s i o n  from th e  lower abdomen t o  t h e  r i b  cage was 

made and th e  a o r t a  was exposed.  The blood was drawn with  a 21 gauge
r r

1 inch need le  a t t a c h e d  t o  a 20 ml g l a s s  s y r i n g e ,  from th e  p o i n t  where 

th e  a o r t a  branches i n to  the  a r t e r i e s ,  which l e a d  i n to  th e  l e g s .  The 

blood was ex p e l l ed  i n t o  c e n t r i f u g e  tubes  and a llowed to  s tand  a t  room 

tem pe ra tu re  to  c l o t .  Blood from a t  l e a s t  3 animals  was pooled and then 

c e n t r i f u g e d  a t  4°C f o r  1 hour a t  12, lOOg. The serum was a s p i r a t e d  with 

a P a s teu r  p i p e t  and f ro zen  in  small a l i q u o t s .  Before  u se ,  t h e  serum was 

f i l t e r e d  through a m i l l i p o r e  f i l t e r  (pore  s i z e  0.20  q) to  s t e r i l i z e .

CFU-C P l a t i n g :  P r i o r  to  p l a t i n g  0 .2  ml o f  r a t  s e r a ,  as a source  o f

colony s t i m u l a t i n g  a c t i v i t y  (CSA), was p i p e t t e d  i n to  each p l a t e  be fo re  the  

c e l l s  and media were added. Twenty -f ive  ml o f  media was p repared  f o r  each 

sample,  12.5 ml o f  methyl c e l l u l o s e  c o n ta in in g  McCoy's 5A, p r e v io u s ly  p r e ­

pared as in appendix  2a,  was mixed with 12.5 ml o f  McCoy's 5a supplemented 

with e s s e n t i a l  and n o n - e s s e n t i a l  amino a c i d s ,  v i t a m in s ,  sodium py ru v a te ,

and 20% f e t a l  c a l f  serum (p repa red  as per  appendix 2 b ) .  To t h i s  mix tu re
6 50 .83 mlxlO c e l l s  were added f o r  a f i n a l  c o n c e n t r a t i o n  o f  10 c e l l s  per

3 ml. The media with t h e  c e l l s  were d e l i v e r e d  in to  s t e r i l e  d i s p o sa b le

35 mm x 15 mm Falcon p l a s t i c  p e t r i  p l a t e s  with  a s t e r i l e  d i s p o sa b le  10 ml

p i p e t ,  3 ml p e r  d i s h .  Six p l a t e s  were prepared  f o r  each sample,  thus  t h e

p i p e t  was only  f i l l e d  tw ice  p e r  sample and was then d i s c a r d e d .  The p l a t e s

were g e n t ly  r o t a t e d  to  even ly  d i s t r i b u t e  t h e  c e l l  m ix ture  and the  r a t
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serum. The c e l l s  were grown in a 37°C hum id if ied  i n c u b a t o r  a t  7%%

CO2 f o r  7 days.  The c o lo n ie s  were scored  on th e  e ig h th  day w i th  the  a id  

o f  an i n v e r t e d  microscope and counted a t  78x. Twenty o r  more c e l l s  con­

s t i t u t e  a co lony ,  8-15 c e l l s  c o n s t i t u t e  a c l u s t e r .

CFU-E Assay

CFU-E P l a t i n g : Ear ly  in t h e  day, a mix ture  o f  beef  embryo e x t r a c t ,

h ea t  i n a c t i v a t e d  f e t a l  c a l f  serum, bovine  serum albumin, NCTC 109, 1 -a spa ­

r a g i n e ,  and e r y t h r o p o i e t i n  was prepared  ( in  c o n t ro l  groups the  epo volume 

was re p la ce d  by NCTC 109) as pe r  d i r e c t i o n s  in  appendix  3a. The media was 

d i s t r i b u t e d  i n t o  in d iv id u a l  small s t e r i l e  t e s t  tubes  and kept a t  4°C u n t i l  

p l a t i n g .  The c e l l s  were c o l l e c t e d  in HMEM media p r e v io u s ly  p repa red  as pe r  

i n s t r u c t i o n s  in  appendix 3b. The c e l l s  were spun down in a r e f r i g e r a t e d  

t a b l e  top c e n t r i f u g e  a t  f u l l  speed f o r  10 m inu tes .  The c o l l e c t i o n  media 

was then decanted  and the  c e l l  p e l l e t  was resuspended in f r e s h  media to
g

a c o n c e n t r a t i o n  o f  5x10 c e l l s  pe r  ml. The a p p r o p r i a t e  c e l l  sample was 

added to  each small t e s t  t u b e ,  0 .1  ml o f  c e l l s  to  each t e s t  tu b e .  C i t r a -  

t e d  plasma (Grand I s l a n d  B i o l o g i c a l ,  Grand I s l a n d ,  N.Y.) was added to  each 

t e s t  t u b e ,  0.1  ml,  and th e  c o n te n t s  o f  th e  t e s t  tube was q u ic k ly  and g e n t ly  

mixed by p i p e t t i n g  up and down, and then d e l iv e r e d  to  each m i c r o t i t e r  w e l l ,

0 .1  ml p e r  w e l l .  Each well  now c o n ta in ed  5x10^ c e l l s .  Six c l o t s  were p r e ­

pared from each sample.  (The m i c r o t i t e r  w e l l s  were no t  u .v .  i r r a d i a t e d ,  

bu t  c a re  was taken  to  p repa re  t h e  c u l t u r e  d i s h e s  under s t e r i l e  c o n d i t i o n s ,  

and t h e r e  d id  no t  appear  to  be any con tam inat ion  problem.)  An open 35mm x 

10mm p e t r i  d i sh  f i l l e d  with s t e r i l e  d i s t i l l e d  w a ter  was p laced  a long  with  

the  m i c r o t i t e r  w e l l s  in a l a r g e  c lo sed  p e t r i  d i sh  (100 mm) to  in c r e a s e
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the  humid ity  w i th in  the  d i s h  and the reby  f a c i l i t a t e  colony growth. The

c e l l s  were grown f o r  2 days a t  37°C in  a hum id i f ied  in c u b a t o r  a t  5% C02.

F ix in g ,  S t a i n i n g  and Scoring C lo t s :  The c l o t s  were rimmed with  a

m i c r o s t a i n l e s s  s t e e l  s p a t u l a  and tu rned  o u t  onto  a c lean  s l i d e ,  3 c l o t s  

pe r  s l i d e .  A s t r i p  o f  Whatman #1 f i l t e r  paper  3/4"x2" was placed  over

th e  c l o t s .  This served  to  remove excess  l i q u i d .  When th e  c l o t s  appeared

to  be somewhat f l a t t e n e d ,  a n o th e r  s t r i p  o f  f i l t e r  paper  was placed  over 

th e  p r e s e n t  one.  Gentle  p r e s s u r e  was a p p l i e d  as  the  paper  was lowered,  

t o  f u r t h e r  f l a t t e n  th e  c l o t s ,  The top p i e c e  o f  paper was removed, and a 

few drops o f  g lu te ra ld e h y d e  f i x a t i v e  (p repa red  as  pe r  i n s t r u c t i o n s  in 

appendix  3c) was p laced  over  each c l o t  and allowed to  f i x  f o r  6 m inu tes .

I f  th e  f i l t e r  paper  appeared to  have d r i e d ,  more drops o f  g lu te r a ld e h y d e  

were a p p l i e d  dur ing  t h i s  i n t e r v a l .  At t h e  end o f  the  t ime pe r iod  the  

f i l t e r  paper  was removed (Care must be taken  no t  to a l low  the  c l o t s  to  

s t i c k  to  the  s u r f a c e  o f  th e  f i l t e r  paper  . A d i s s e c t i n g  need le  may be 

used to  loosen th e  c l o t s  from t h e  paper  i f  n e c e s s a r y . )  The s l i d e s  with 

the. a f f i x e d  c l o t s  were p laced  in  a s t a i n i n g  rack  and g e n t ly  lowered in to  a 

s t a i n i n g  d i sh  f i l l e d  w i th  d i s t i l l e d  w a te r  and a llowed to  r i n s e  f o r  8 min­

u t e s .  The s l i d e s  were then removed and d r i e d  under co ld  a i r .  The s l i d e s  

were s t a i n e d  with  benz id ine  and c o u n t e r s t a i n e d  with  hematoxylin  fo l low ing  

the  p rocedure  in appendix 3c.  The s l i d e s  were d r i e d ,  and c o v e r s ! i p s  were 

mounted with  Permount ( F i s h e r  S c i e n t i f i c  Co . ,  N . J . ) .  To f a c i l i t a t e  co u n t ­

ing the  c o lo n ie s  in th e  c l o t ,  a g r id  o f  c e l l u l o s e  a c e t a t e  scored  in 1 mm 

squa res  was p laced  ov e r  th e  s l i d e .  Eight  o r  more benz id ine  p o s i t i v e  c e l l s  

c o n s t i t u t e  a co lony,  4-7 c o n s t i t u t e  a c l u s t e r .
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C o n d it io n e d  Media

Tumor c e l l  su spens ions  were o b ta in ed  in the  manner used t o  c o l l e c t

the  c e l l s  f o r  in vivo t r a n s p l a n t  ( see  pp 13 ) .

Normal l i v e r  c e l l s  were o b ta in ed  from 10 day o ld  r a t  pups to  se rve  as 

c o n t r o l s  f o r  the  EBL c e l l s .  The normal l i v e r s  were removed and prepared  

f o r  c u l t u r e  in  the  same manner as the  EBL t i s s u e  ( see  pp 13 ) .

Mature n e u t r o p h i l s  were c o l l e c t e d  in th e  fo l lowing  manner: Adult  male

r a t s  weighing approx im ate ly  200 g were i n j e c t e d  i n t r a p e r i t o n e a l l y  with 0.1  

ml o f  endotoxin  (Salomonel la  typhosa ,  Disco,  D e t r o i t ,  Mich.)  d i l u t e d  a t  

5 mg/ml. Three hours l a t e r  lavage  was performed in  the  fo l low ing  manner: 

The animals was a n e s t h e t i z e d  in e t h e r .  Approximately 10 ml o f  s t e r i l e  

s a l i n e  was then i n j e c t e d  i n t o  the  p e r i t o n e a l  c a v i t y .  The animal was s lowly 

r o t a t e d  and th e  c e l l s  w i th in  th e  p e r i t o n e a l  c a v i t y  were withdrawn. The 

c e l l s  were c e n t r i f u g e d  in t h e  co ld  a t  1000 rpms f o r  7 m in u te s ,  th e  s a l i n e  

was decan ted ,  and th e  c e l l s  resuspended in  a small volume o f  growth media.

A small a l i q u o t  was removed to  de termine  the  c e l l  c o n c e n t r a t i o n .  The p ro ­

cedure  could  be r e p e a te d  in  a few hours to  o b ta in  more c e l l s .

Condi t ion ing  th e  Medium: The c e l l s  were a l l  grown a t  a c o n c e n t r a t i o n

o f  5x10 c e l l s  p e r  ml, in McCoy's 5A prepared  as p e r  appendix 4. The c e l l s  

were grown a t  37°C in a humidifed in c u b a to r  a t  5% CO2 . A f t e r  e i t h e r  24 o r  

48 hours ,  the  c e l l s  were removed and th e  c o n te n t s  o f  each f l a s k  was c e n t r i ­

fuged in  a r e f r i g e r a t e d  Sorval c e n t r i f u g e  a t  5000 rpms f o r  20 m inutes .  The 

s u p e r n a t a n t  (which i s  th e  co n d i t io n ed  media) was d e c a n te d ,  f i l t e r e d  through 

a 0 .20 14 na lge  f i l t e r  and f rozen  in  small a l i q u o t s  u n t i l  use.  The e f f e c t  

o f  th e  c o n d i t io n e d  media was assayed by s u b s t i t u t i n g  e i t h e r  a p o r t i o n  o f  

t h e  NCTC 109 in th e  CFU-E c u l t u r e  system o r  the  McCoy's 5A in t h e  CFU-C
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c u l t u r e  system.

C u l tu re  Smears

Bone marrow smears were p repared  in the  fo l lowing  manner: The femur

was removed as p r e v io u s ly  d e sc r ib e d  and was s p l i t  w ith  the  a id  o f  a s c a l ­

pel o r  s t r o n g  s c i s s o r s .  A f i n e  p a i n t b r u s h ,  p re -d ipped  in f e t a l  c a l f  serum 

u n t i l  s a t u r a t e d ,  was g e n t ly  brushed a c r o s s  the  exposed marrow and then 

s t ro k e d  onto a p r e -c le a n e d  s l i d e .  The s l i d e s  were r a p i d l y  a i r  d r i e d  and 

f ix e d  w ith  methanol.  The s l i d e s  were su bsequen t ly  s t a i n e d  with  benz id ine  

and c o u n te r s t a in e d  with  Wright ' s -Giemsa as in appendix 5.

Spleen and l i v e r  smears were e i t h e r  prepared  in a manner s m i l a r  t o  t h a t  

used f o r  p rep a r in g  bone marrow smears ,  o r  were impressed on s l i d e s .  For 

p a in tb ru sh  smears ,  a small p i e ce  o f  the  organ was e x c i s e d ,  a p a in tb ru s h  

dipped in f e t a l  c a l f  serum was brushed a c ro ss  the  f r e s h l y  c u t  s u r f a c e  o f  

the  t i s s u e  and a p p l i e d  to  a p rec leaned  s l i d e .  For impress ion  s l i d e s ,  a 

small s l i c e  o f  t i s s u e  held  w i th  fo rceps  was f i r s t  r i n s e d  e i t h e r  in  media 

o r  s a l i n e ,  and then d i r e c t l y  a p p l i e d  to  the  s l i d e  very q u ic k ly .  In both 

c a s e s . t h e  s l i d e s  were r a p i d l y  a i r  d r i e d  and then f ix e d  with  methanol f o r  

subsequent s t a i n i n g  as above.

His to logy

Bone marrow p lu g s ,  sp leen  and l i v e r  s l i c e s  were f ix e d  in  bu f f e red  

fo rm al in .  The t i s s u e  was embedded in p a r a f f i n ,  and s l i c e d  in 7-10 q 

s e c t i o n s .  S l id e s  were s t a i n e d  w i th  hematoxin and e o s in .
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RESULTS

In the  i n i t i a l  s t u d i e s ,  r a t s  were i n j e c t e d  w i th  e i t h e r  5x10®,

10x10® o r  20x10® EBL ce l l s / lO O g  body w e igh t .  In subsequen t  s t u d i e s
g

5x10 EBL ce l l s / lO O g  body weight were r o u t i n e l y  a d m in is te r ed  s in ce  i t  was 

found t h a t  t h i s  dose a llowed both leukemic c e l l  p r o l i f e r a t i o n  and animal 

s u r v iv a l  o f  up to  15 days p o s t - i n j e c t i o n .  However, in  most cases  dur ing  

the  e a r l y  s t u d i e s ,  i t  was observed t h a t  the  animals  d ied  w i th in  9-10 days 

o f  e x te n s iv e  i n t e r n a l  hemmorhaging. T h e re fo re ,  hemato log ic  paramete rs  

were fol lowed up u n t i l  t h i s  t im e ,  and the  animals  were then s a c r i f i c e d  f o r  

e i t h e r  h i s t o l o g i c a l  s t u d i e s  o r  in v i t r o  i n v e s t i g a t i o n s .

I . Hematologic Parameters

A t o t a l  o f  79 animals  were i . v .  i n j e c t e d  w i th  leukemic c e l l s  and an 

a d d i t i o n a l  35 animals  were monitored as c o n t r o l s .  Animal w e ig h t ,  hemato­

c r i t ,  r e t i c u l o c y t e  c o u n t ,  p e r ip h e r a l  whi te  blood c e l l  count  d e te r m in a t io n s  

and p e r i p h e r a l  blood d i f f e r e n t i a l s  were performed d u r in g  the  development 

o f  t h e  d i s e a s e .  The EBL i n j e c t e d  animals  were subd iv ided  i n to  fou r  c a t e ­

g o r i e s  on t h e  b a s i s  o f  changes found in  th e se  fo u r  p e r ip h e r a l  hematologica l  

measures.  F o r ty -n in e  animals were c l a s s i f i e d  in  group A, as a r e s u l t  o f  

hemato logica l  a b n o r m a l i t i e s  in a t  l e a s t  two o f  t h e  pa ram ete rs  measured,  

and 10 animals were c l a s s i f i e d  in group Bi because o f  hematologica l  abnor­

m a l i t i e s  in only one parameter .  Group B2 (11 an im als)  showed no p e r ip h e r a l  

blood a b n o r m a l i t i e s ,  but upon f u r t h e r  i n v e s t i g a t i o n  showed organ in v o lv e ­

ment in the  d i s e a s e .  Group C (11 an im a ls )  showed no p e r ip h e r a l  blood o r  

h em atopo ie t ic  t i s s u e  involvement and were assumed f o r  t h i s  s tudy  t o  be 

non-leukemic .
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A. Animal Weight : All t h e  an im a ls ,  both EBL i n j e c t e d  and con t ro l  

showed s tead y  weigh t  ga in  th roughout  the  exper iment .  The mean weight gain 

fo r  the  most, s t r o n g ly  leukemic animals (-Group A) f o r  8 days was 42g

* 12, f o r  the  c o n t ro l  group X = 48 ( -  9 ) ,  the  d i f f e r e n c e  in  weight gain 

was not s i g n i f i c a n t ,

B. H em atoc r i t : The development o f  the  d i s e a s e  was o f t e n  accompanied

by anemia a t  the  te rmina l  s t a g e s .  The f requency d i s t r i b u t i o n  o f  animals 

as a f u n c t io n  o f  hem ato c r i t  l e v e l s  i s  p re sen ted  in Table 1. In group A 

30 animals showed the  anemic re sponse .  Five animals  showed hem atocr i t  

l e v e l s  below 30, 9 animals 30-35, 15 animals 36-39, and 17 animals 40 and 

g r e a t e r .  In group Bi only  2 ou t  o f  10 animals  developed anemia (By d e f i n i ­

t i o n ,  the  hemta logic  paramete rs  were a l l  normal f o r  groups B2 and C). In 

o rd e r  to  fo l low  th e  anemic development with t im e ,  the  mean values  f o r  the  

d a i l y  hem atocr i t s  were p l o t t e d  f o r  the  animals in  group A which developed 

anemia (F igure  1).  In some cases  on the  f i r s t  o r  second day a f t e r  i n j e c ­

t i o n  o f  the  tumor c e l l s ,  t h e r e  was a sharp drop in h e m a to c r i t .  Since t h i s  

drop was a l so  apparen t  in some c o n t ro l  an im a ls ,  i t  i s  l i k e l y  t h a t  i t  i s  not 

a response  to  th e  i n j e c t i o n  o f  th e  leukemic c e l l s  per  s e ,  but i s  due to  the  

trauma o f  the  va r ious  procedures  which a re  performed on the  animals during

th e  f i r s t  few days o f  t h e  exper im ent .  Hematocri t  l e v e l s  f o r  th e  con tro l

animals  recovered  a f t e r  t h e  second day, whi le  in  the  leukemics the  hemato­

c r i t  s t a r t e d  to  drop s i g n i f i c a n t l y  by day 7.  At t h i s  t ime th e  mean hemato­

c r i t  was 38 w i th  the  lowest va lue  a t  31. Hematocrit  l e v e l s  con t inued  to 

drop reach ing  a mean o f  31 by day 9,  w ith  th e  lowest  va lue  being a t  15. I t  

should be n o ted ,  however, t h a t  averag ing  the  d a i l y  hem atoc r i t  masks the

f a c t  t h a t  the  animals  d id  not develop anemia a t  th e  same r a t e ,  t h a t  i s ,
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in  some cases  the  anemia developed sooner  than in o th e r  c a se s .  Many o f  

the  animals  rebounded from th e  i n i t i a l  p o s t - i n j e c t i o n  drop with  a s l i g h t  

e l e v a t io n  and then the  h e m a to c r i t  l e v e l s  dropped q u i t e  s h a r p ly .  Thus, 

some animals  were q u i t e  anemic whi le  o th e r s  were ex per ienc ing  the  p o s t ­

i n j e c t i o n  rebound. When these  va lues  were averaged t o g e t h e r ,  the  e f f e c t s  

tended to  mutua l ly  cancel each o t h e r ,  y i e l d i n g  a smooth curve .  The e l e ­

vated s tanda rd  d e v ia t i o n  o f  the  mean hem atocr i t s  a t  the  l a t e r  s t a g e  i s  a 

c l e a r  i n d i c a t i o n  o f  the  d i s p a r i t y  o f  the  r a t e s  in  the  in d iv id u a l  an imals .

The serum from the  s e v e re ly  anemic animals  was very ye l low ,  i n d i c a t i n g  

a high b i l i r u b i n  c o n te n t  in the  blood.  This sugges ts  d e f i n i t e  l i v e r  dys­

fun c t io n  with d i s e a s e  p ro g r e s s i o n .  The hem atocr i t  may serve  as a s t ro n g  

i n d i c a t o r  o f  degree o f  leukemic i n f i l t r a t i o n  in the  hematopoie t ic  o rgans .  

Hematocrit  was s t r o n g l y  c o r r e l a t e d  to l e v e l s  o f  bone marrow b l a s t s ,  r  =

-0 .67  (p < .001)  i . e . ,  as the  b l a s t  l e v e l s  in c reased  in the  bone marrow, 

l e v e l s  o f  c i r c u l a t i n g  red  fclood c e l l s  dropped. S i m i l a r l y ,  the  c o r r e l a t i o n  

between hem atocr i t  and l i v e r  weight was r  = -0 .71  ( p < .001) .  The c o r r e s ­

ponding c o n d i t io n s  in t h e  c o n t ro l  group showed no such c o r r e l a t i o n  ( r  = 

- 0 . 0 8 , a n d - 0 . 13 r e s p e c t i v e l y ) .  A l i s t w i s e  m u l t ip l e  r e g r e s s io n  performed with 

h em atocr i t  as the  dependent v a r i a b l e  and bone marrow, s p le e n ,  and l i v e r  

b l a s t s  and benzid ine  p o s i t i v e  c e l l s  (B+) as  the  independent v a r i a b l e s ,  i n ­

d ic a t ed  t h a t  th e  f a c t o r s  which c o n t r ib u t e d  th e  g r e a t e s t  to changes in  t h e  

leve l  o f  h e m a to c r i t ,  a re  the  l e v e l s  o f  bone marrow b l a s t s  fo llowed by l i v e r  

b l a s t s ,  sp leen  b l a s t s ,  and sp leen  benzid ine  p o s i t i v e  c e l l s  r e s p e c t i v e l y ,

R = 0 .68 ,  r 2= 0 .4 6  ( p < . 0 1 ) .  I t  i s  i n t e r e s t i n g  to  note  t h a t  l e v e l s  o f  

sp leen  B+ are  more s t r o n g l y  c o r r e l a t e d  to  hem atocr i t  l e v e l s ,  than a re  

bone marrow B+.



C. R e t i c u l o c y t e s : Concomitant w i th  t h e  drop in mature  c i r c u l a t i n g

red blood c e l l s  was a drop in l e v e l s  o f  c i r c u l a t i n g  r e t i c u l o c y t e s . In 

group A, 28 animals  developed a r e t i c u l o c y t e  d rop .  Table  2 shows th e  f r e ­

quency d i s t r i b u t i o n  o f  animals  as a f u n c t io n  o f  r e t i c u l o c y t e  l e v e l s .  Twen­

t y - t h r e e  animals had r e t i c u l o c y t e  ( r e t i e )  l e v e l s  below 5%, 15 animals  had 

r e t i e  l e v e l s  between 5-10%, and 3 animals  showed l e v e l s  above 10%. In group 

B]_, 4 animals  showed r e t i e  l e v e l s  below 5%, 2 had r e t i e  l e v e l s  between 5- 

10% and 2 had r e t i e  l e v e l s  g r e a t e r  than 10%. Figure  2 shows changes in 

r e t i e  l e v e l s  with t ime f o r  the  animals  in  group A where r e t i c u l o c y t o p e n i a  

developed. I t  can be seen t h a t  r e t i e  l e v e l s  dropped i n i t i a l l y  a t  day 1, 

remained r e l a t i v e l y  c o n s t a n t  f o r  th e  nex t  4 days and then  d e c l in ed  gradu­

a l l y  s t a r t i n g  a t  day 5 p o s t - i n j e c t i o n .  Thus, the  o v e r a l l  drop in r e t i e  

l e v e l s  preceded th e  h e m a to c r i t  drop by abou t  2 days.  In th e  c o n t ro l  group 

t h e r e  was a s t ro n g  n e g a t iv e  c o r r e l a t i o n  between h c t  and r e t i e  a t  days 7,  8 

r  = -0 .76  ( p < . 0 0 1 ) ,  whi le  th e  leukemic animals  showed a weak p o s i t i v e

c o r r e l a t i o n ,  r  = 0.22 (p< .08 ) .  Thus, in t h e  normal an im als  r e d u c t io n s  in 

h c t  l e v e l s ,  which may be due to  v a r io u s  f a c t o r s ,  were a s s o c i a t e d  with  a c c e l ­

e r a t e d  r e l e a s e  o f  immature red blood c e l l s  i n to  th e  c i r c u l a t i o n ,  r e s u l t i n g  

in an i n c r e a s e  in  r e c i c  l e v e l s .  In th e  leukemic a n im a l ,  th e  drop in hema­

t o c r i t  could no t  be compensated by i n p u t  from th e  hem ato p o ie t i c  sys tem s ,  

s i n c e  t h e r e  was a concomitant drop in e r y t h r o i d  p r e c u r s o r s  (b en z id in e  p o s i ­

t i v e  c e l l s )  in  the  hem atopo ie t ic  o rgans .  The c o r r e l a t i o n  o f  r e t i e  l e v e l s  

w i th  benz id ine  p o s i t i v e  c e l l s  in t h e  s p lee n  and bone marrow was r  = 0.65 

(p< .001) and r  = 0.61 (p< .001) r e s p e c t i v e l y .  Thus,  when e r y t h r o i d  p r e ­

c u r s o r s  decreased  in th e  hem atopo ie t ic  o r g a n s ,  l e v e l s  o f  r e t i e s  were a l s o  

reduced . On the  o t h e r  hand, t h e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  in  the
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c o n t ro l  groups between b en z id in e  p o s i t i v e  c e l l s  in  the  bone marrow and 

s p l e e n ,  and r e t i e  l e v e l s  in t h e  c i r c u l a t i o n .  A m u l t i p l e  r e g r e s s io n  p e r ­

formed with r e t i e s  as th e  dependent v a r i a b l e ,  showed t h a t  the  g r e a t e s t  

c o n t r i b u t i n g  f a c t o r  to  changes in  r e t i e  l e v e l s  in  the leukemic animal was 

l e v e l s  o f  sp leen  benz id ine  p o s i t i v e  c e l l s ,  fo llowed by bone marrow B+,
o

l i v e r  and sp leen  b l a s t  l e v e l s ,  r e s p e c t i v e l y  (R = 0 .7 7 ,  r  = .60 (p < . 0 1 ) .  

Thus,  in  the  leukemic animal th e  drop in  l e v e l s  o f  c i r c u l a t i n g  r e t i c u l o ­

c y te s  was s t r o n g l y  a s s o c i a t e d  w i th  both the  drop in e r y t h r o i d  p r e c u r so r s  

and a l s o  with  th e  degree o f  leukemic development.

D. P e r ip h e ra l  Nuclea ted Blood Cell Counts:  A d ramat ic  r i s e  in  c i r c u ­

l a t i n g  nu c lea ted  c e l l s  ( CNC) was observed .  While th e  c e l l s  were p r i m a r i l y  

nu c lea ted  le u k o c y te s ,  i . e .  g r a n u o lo c y te s ,  lymphocytes and monocytes,  due 

to  th e  p resence  o f  e r y t h r o i d  b l a s t s  w i th in  t h i s  p o p u la t i o n ,  the  term c i r ­

c u l a t i n g  n u c lea ted  c e l l s  (CMC) can be cons ide red  more a c c u r a t e .  Table 3 

p re s en t s  a f requency d i s t r i b u t i o n  o f  animals  as a fu n c t io n  o f  CNC l e v e l s .

In group A, 38 animals  showed.a s i g n i f i c a n t  i n c r e a s e  in l e v e l s  o f  c i r c u l a ­

t i n g  CNCs, while  12 animals  did  n o t .  The d i s t r i b u t i o n  was as fo l low s :

g r e a t e r  than 30xl0^/mm^, 21 a n im a ls ;  20-30xl0^/mm^, 17 an im a ls ;  10-20x10^/
3 3 3mm , 9 an im als ;  below 10x10 /mm , 3 an im als .  The g r e a t e s t  number o f  nu-

3 3c l e a t e d  c e l l s  observed was 77x10 /mm . In groups Bi th rough C, no animals
3 3showed CNC counts  g r e a t e r  than 20x10 /mm . In group B p  5 animals  had CNC

3 3 3counts  h ighe r  than  10x10 /mm , and 5 animals  had CNC counts  below 10x10 /
3

mm . Figure  3 shows th e  t ime c ou rse  f o r  changes in  p e r ip h e ra l  CNC l e v e l s  

f o r  the  animals  in  group A t h a t  developed l e u k o c y t o s i s .  The curve  shows 

a r a p id  in c r e a s e  by day 5 ,  w i th  t h e  number o f  c i r c u l a t i n g  .CNCs doubl ing  f o r  

many cases  in  a 24-hour p e r io d .  Levels o f  c i r c u l a t i n g  CNCs were s t r o n g l y
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c o r r e l a t e d  to  l e v e l s  o f  s p leen  b l a s t s ,  r  = 0.76 (p < . 0 0 1 ) ,  l i v e r  b l a s t s  

r  = 0.56 ( p < . 0 0 2 ) ,  bone marrow b l a s t s  r  = 0.60 (p < .0 0 1 ) ,  l i v e r  weight 

r  = 0.66  ( p < . 001) ,  and to  sp leen  w e ig h t ,  r  = 0.62 ( p < l ) ( t h e  low level  

o f  s i g n i f i c a n c e  i s  due to  the  low number o f  cases  f o r  t h i s  c o r r e l a t i o n ) .

A m u l t i p l e  r e g r e s s io n  performed with  c i r c u l a t i n g  n u c lea te d  c e l l s  as th e  

dependent v a r i a b l e ,  and s p l e e n ,  l i v e r  and bone marrow b l a s t s ,  as the  inde-  

pendent v a r i a b l e s  y i e l d e d  an R = 0 .8 6 ,  r  = 0 .74  ( p < .01) .  This means t h a t  

approx im a te ly  75% o f  t h e  v a r i a b i l i t y  in  c i r c u l a t i n g  n u c lea te d  c e l l  l e v e l s  

can be exp la ined  by the  v a r i a t i o n s  in l e v e l s  o f  b l a s t  c e l l s  in the  hemato­

p o i e t i c  o rgans .

D i f f e r e n t i a l s  performed on p e r ip h e r a l  blood smears showed wide v a r i a ­

t i o n s  in  l e v e l s  o f  n e u t r o p h i l s  du r ing  th e  development o f  the  EBL. The 

animals which had e l e v a t e d  numbers o f  c i r c u l a t i n g  n u c lea ted  c e l l s  a l s o  were 

found t o  have s l i g h t l y  e l e v a t e d  n e u t ro p h i l  l e v e l s  (a few cases  showed e l e ­

va ted  n e u t r o p h i l s  by day 3 p o s t - i n j e c t i o n ;  t h i s  may be a sc r ib e d  to  the  a c tu a l  

s t r e s s  o f  the  i n j e c t i o n  a n d /o r  sam pl ing) .  In o r d e r  f o r  the  pe rcen tage  o f  

n e u t r o p h i l s  to  have remained c o n s t a n t  as th e  CNC l e v e l s  i n c r e a s e d ,  the  

a b s o l u t e  number o f  n e u t r o p h i l s  must a l s o  have in c r e a s e d .  .T h is  would i n d i ­

c a t e  in c re a s e d  g ran u lo cy te  r e l e a s e  and a c t i v i t y  in th e  g r a n u lo p o ie t i c  

system.

B l a s t  c e l l s  were found in  p e r ip h e r a l  blood c i r c u l a t i o n  a t  l e v e l s  as high 

as 16% b l a s t s  a t  t h e  th e  te rm in a l  EBL s t a g e s .  In group A, 29 animals  showed 

s i g n i f i c a n t  l e v e l s  o f  c i r c u l a t i n g  b l a s t s  ( 1% b l a s t s  was chosen as  the  c r i ­

t i c a l  p o i n t  s in ce  t h e s e  l e v e l s  were no t  reached by c o n t ro l  a n im a l s ) .  Eight 

animals  had 0-0.5% b l a s t s ;  6 animals  had 0.5-0 .9% b l a s t s ;  16 animals  had 

from 1.0-3.0% b l a s t s ;  and 13 animals  had g r e a t e r  than  3% b l a s t s .  Although
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some animals  showed c i r c u l a t i n g  b l a s t s  a t  day 1 a f t e r  i n j e c t i o n ,  s i g n i f i ­

c a n t  l e v e l s  o f  c i r c u l a t i n g  b l a s t s  were no t  reached u n t i l  day 7 ,  x = 2.2%.

In some c a s e s ,  l e v e l s  o f  b l a s t s  i n c re a s e d  d r a m a t i c a l l y  from day 6 , r i s i n g  

in  one animal from 0 .3  t o  4.7% in a 24-hour p e r io d .  The mean b l a s t  count  

a t  day 6 was 0 . 8%.

Levels o f  b l a s t s  in the  p e r ip h e r a l  blood showed th e  s t r o n g e s t  c o r r e l a ­

t i o n  to  l e v e l s  o f  sp leen  b l a s t s ,  r  = 0 .65 (p <.001) and a somewhat lower 

c o r r e l a t i o n  to  bone marrow b l a s t s ,  r  = 0 .40 (p < .0 2 ) .  While t h e r e  was no 

s i g n i f i c a n t  c o r r e l a t i o n  to  l i v e r  b l a s t s ,  r  = 0 .28  ( p < . 1 5 ) ,  p e r ip h e r a l  

b l a s t  l e v e l s  were s i g n i f i c a n t l y  c o r r e l a t e d  to  l i v e r  w e ig h t ,  r  = 0 .44  ( p < 0 2 ) .

The m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  o f  p e r ip h e r a l  blood b l a s t s  w ith  t h e se
o

t h r e e  independent v a r i a b l e s  y i e l d e d  a m u l t i p l e  R = 0 .7 2 ,  r  = 0 .53  (p < .05) 

showing t h a t  changes in s p l e e n ,  l i v e r  and bone marrow b l a s t s  may account  

f o r  53% o f  th e  v a r i a t i o n  in c i r c u l a t i n g  b l a s t  l e v e l s .

I I .  A. Organ Involvement

As i n d i c a t e d  p r e v io u s ly ,  th e  p e r ip h e r a l  blood paramete rs  s e rv e  to  some 

e x t e n t ,  as i n d i c a t o r s  o f  t h e  degree  o f  organ involvement in  the  d i s e a s e ,  

w h i le  a l s o  being symptomatic o f  d i s e a s e  p r o g r e s s i o n .  The hem atopo ie t ic  

organs  were t h e r e f o r e  examined a t  two i n t e r v a l s  p o s t - i n j e c t i o n ,  a t  4-5 days 

( e a r l y  to  mid-leukemic s t a g e )  and 7-8 days p o s t - i . v .  ( l a t e  leukemic phase ) .  

Dramatic changes in  th e  appearance  o f  t h e  l i v e r  and s p leen  were v i s i b l e  a t  

t h e  l a t e r  s t a g e s .  During EBL development,  the  l i v e r  e n la rg ed  in  s i z e  from 

a mean weight o f  10.1 g t o  a mean o f  23.1  g,  w i th  some cases  reach in g  as 

high as 33 g. The l i v e r  became g r a n u l a r ,  and m o t t led  in  appearance ;  where­

a s ,  a smooth red  appearance  i s  c h a r a c t e r s t i c  o f  a h e a l th y  l i v e r .  S im i l a r
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changes occur red  in  th e  s p le e n .  The mean weigh t  f o r  c o n t r o l  sp leen s  was 

0 .6  g ,  th e  mean f o r  EBL sp leen  was 1 .9  g w i th  a high recorded  a t  2 .3  g.

The gross  appearance  o f  t h e  sp leen  changed, becoming l i g h t e r  in  c o l o r ,  

g r a in y  in  appearance  and growing lo n g e r  and b ro ad e r .  The bone marrow a l so  

changed in appearance  w i th  th e  marrow plug  becoming l i g h t e r  in  c o l o r .  The 

s p l i t  femur had a w h i t e i s h  appearance  i n d i c a t i n g  l a r g e  a reas  o f  f a t  accumu­

l a t i o n  a n d /o r  decreased  c i r c u l a t i o n .  Although t o t a l  marrow c e l l u l a r i t y  was 

not a s s e s s e d ,  t h e r e  were s t ro n g  i n d i c a t i o n s  o f  a d ram at ic  d e c r e a se  in  marrow 

c e l l u l a r i t y .  This was e v id e n t  in  th e  d imin ished  number o f  c e l l s  which could 

be o b ta in ed  from the  femurs o f  leukemic animals  f o r  subsequent  assessment  

o f  jn_ v i t r o  growth.

B. H is to lo g y

H i s t o l o g i c a l  s ec t io n s ,  p repared  from normal o r  leukemic bone marrow, 

s p l e e n ,  and l i v e r  showed f u r t h e r  changes o c c u r r in g  dur ing  EBL development.  

I n c u rs io n s  o f  tumor c e l l s  i n to  normal c e l l u l a r  foc i  were appa ren t  in a l l  

the  hem atopo ie t ic  o rgans .  This i s  most d r a m a t i c a l l y  seen in th e  l i v e r ,  

where the r e g u l a r  a c i d o p h i l i c  cords  o f  c e l l s  a re  d i s r u p te d  by b a s o p h i l i c  

tumor c e l l s  (See p l a t e  1 ) .  In the  s p l e e n ,  tumor c e l l  p r o l i f e r a t i o n  was 

found in the  red p u lp ,  whereas the  w h i te  pulp  d id  no t  appear  to be a f f e c t e d  

( s e e  p l a t e  2 ) .  There were i n s t a n c e s  in  th e  bone marrow where tumor c e l l s  

f i l l e d  t h e  h em atopo ie t ic  space and normal hemopoie t ic  foc i  were no t  e v i ­

den t  (see  p l a t e  3 ) .  The c e l l u l a r  morphology in the  hem atopo ie t ic  organs 

was mere e a s i l y  demonst ra ted  by examining smears p repa red  from th e  hemato­

p o i e t i c  o rgans .  As can be seen in p l a t e  4 th e  EBL b l a s t  

c e l l  f o r  th e  most p a r t  resembles  p r i m i t i v e  e r y t h r o b l a s t s . The l a r g e  baso- 

p h i l i c n u c l e u s  c o n ta i n in g  2 o r  more n u c l e o l i  i s  surrounded by a rim o f
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dense ly  s t a i n e d  cy top lasm.  T h e re fo re ,  both normal and tumor b l a s t s  a re  

inc luded  in the  va lues  o f  b l a s t  l e v e l s  in  th e  h em atopo ie t ic  organs  d i s ­

cussed below.

Changes in  t h e  hem atopo ie t ic  organs were no t  r e a d i l y  a p p a ren t  a t  4 ,5  

days p o s t - i n j e c t i o n ;  however,  c l o s e r  i n s p e c t i o n  e . g . ,  organ smears w i th  

d i f f e r e n t i a l  c o u n t s ,  r e v e a le d  t h a t  changes d id  occur  in  t h e < c e l l u l a r  make­

up o f  t h e se  o rg an s ,  even a t  t h e  e a r l y  s t a g e .  C e l l u l a r  composi t ion  o f  the  

hem atopo ie t ic  organs  in the  n o n - i n j e c t e d  c o n t r o l s  animals  was a l s o  exami­

ned (see  f i g u r e  4 ) .  In normal an im als  the  bone marrow con ta in ed  about  2% 

b l a s t s  (number o f  c o n t r o l s  f o r  t h i s  gp i s  14).  Frequency d i s t r i b u t i o n  ana­

l y s i s  o f  t h e se  c o n t r o l s  showed 85% had b l a s t  counts  0- 2%, and 11% had b l a s t  

counts  between 3-5% and one animal had a b l a s t  count o f  8%. Levels o f  

b l a s t s  in  con t ro l  sp lee n s  showed a s i m i l a r  d i s t r i b u t i o n .  E i g h ty - e ig h t  

p e r c e n t  o f  t h e  c o n t r o l  animals  had sp leen  b l a s t  counts  between 0- 2%, and 

12% had a sp leen  b l a s t  count from 3-5%. L iver  b l a s t s  in  the  c o n t r o l s  were 

never  found to  be g r e a t e r  than 2%. As can be seen from f i g u r e  4 ,  th e  d i s ­

t r i b u t i o n  o f  b l a s t  c e l l s  in  th e  leukemic animal i s  c l e a r l y  d i f f e r e n t  from 

the  c o n t r o l s .  In th e  e a r l y  s t a g e s  o f  EBL development (4 ,5  days p o s t - i . v . ) ,  

57% o f  the  animals showed e l e v a t e d  l e v e l s  o f  b l a s t s  in  t h e  bone marrow 

(above 2% b l a s t s ) ,  and 35% showed e l e v a t e d  l e v e l s  o f  b l a s t s  in  th e  l i v e r .  

Spleen b l a s t  l e v e l s ,  however, were no t  s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l .  

At 7 ,8  days p o s t - i . v . ,  t h e  f requency  d i s t r i b u t i o n  o f  b l a s t s  in th e  bone 

marrow in the  EBL animals  d i f f e r s  d r a m a t i c a l l y  from c o n t r o l ,  78% o f  the  

animals  had b l a s t  coun ts  above 2%. Indeed in  20% o f  t h e  a n im a ls ,  b l a s t  

counts  h ig h e r  than 20% were found, and in  some c a s e s ,  t h e r e  was g r e a t e r  

than  50% b l a s t s  in  t h e  bone marrow. In t h e  sp leen  and l i v e r ,  b l a s t  p ro-
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1 i t e r a t i o n  was even more a p p a r en t .  E ig h t -n in e  p e rcen t  o f  th e  animals  had 

sp leen  b l a s t  l e v e l s  g r e a t e r  than 5%, and 77% had l i v e r  b l a s t s  g r e a t e r  than 

5%. Although l e v e l s  o f  tumor c e l l s  in  the  bone marrow were e l e v a t e d ,  ex­

treme high l e v e l s  on the  o r d e r  o f  50% b l a s t s  occurred  most f r e q u e n t ly  in 

th e  l i v e r s  o f  th e  i n j e c t e d  an imals .

Levels o f  benzid ine  p o s i t i v e  c e l l s  in the  hematopoie t ic  organs a l so  

changed d ra m a t i c a l ly  with d i s e a s e  p ro g res s io n  ( f i g u r e  5 ) .  As d i scu ssed  p r e ­

v io u s l y ,  the  hematologic paramete rs  such as r e t i c u l o c y t e  l e v e l s  began to  

show changes a t  about 5 days p o s t - i n j e c t i o n .  Regress ion a n a l y s i s  showed 

changes in l e v e l s  o f  c i r c u l a t i n g  r e t i e s  to  be most s t r o n g ly  a s s o c i a t e d  with 

changes in  l e v e l s  o f  sp leen  and marrow benzid ine  p o s i t i v e  c e l l s  (R = 0 .7 5 ,  

r 2 = 0 .5 6 ,  p < 0 . 0 1 ) .  Thus, a need to  examine the  c e l l u l a r  composit ion o f  

th e  hematopoie tic  organs a l s o  a t  the  e a r l y  s t a g e s  o f  th e  d i s e a s e ,  i . e . ,  

days 4 ,5  p o s t - i . v . ,  was i n d i c a t e d .  In the  c on t ro l  group, the  frequency  d i s ­

t r i b u t i o n  o f  animals as a f u n c t io n  o f  B+ c e l l s  in the  bone marrow and sp leen  

i s  a b e l l  curve ,  with the  peak f o r  bone marrow a t  20-25% and f o r  sp leen  a t  

16-20% B+ c e l l s .  No animal showed B+ c e l l s  in  th e  bone marrow below 10%, and 

only  7% o f  the  animals had B+ c e l l s  below 15%. S i m i l a r l y ,  only  10% o f  the

4 ,5  day EBL animals had bone marrow B+ c e l l  l e v e l s  below 15%, in d i c a t i n g  no 

s i g n i f i c a n t  drop in l e v e l s  o f  e r y t h r o i d  p re c u r so r s  in  th e  bone marrow e a r l y  

in  d i s ea se  development. T h i r t y - s i x  p e rc en t  o f  con t ro l  animals had B+ c e l l  

l e v e l s  in  the  spleen below 16%, whi le  26% o f  the  4 ,5  day EBLs had B+ c e l l  

counts  below 16% (a 10% d i f f e r e n c e  from c o n t r o l ) .  I t  would, t h e r e f o r e ,  

appear  t h a t  the  g r e a t e r  than 50% drop in  l e v e l s  o f  c i r c u l a t i n g  r e t i e s  was 

no t  d i r e c t l y  caused by changes in  l e v e l s  o f  e r y t h r o i d  p re c u r so r s  in  the
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h e m a to p o ie t i c  organs  o c cu r r in g  a t  th e  e a r l y  s t a g e  o f  the  d i s e a s e  but was 

due to  o t h e r  f a c t o r s  to  be d is cu s sed  l a t e r .  Examination o f  the  c e l l u l a r  

make-up o f  t h e se  organs a t  7 ,8  days p o s t - i . v .  i n d i c a t e s  d ram at ic  a l t e r a ­

t i o n s  in  l e v e l s  o f  B+ c e l l s .  In th e  bone marrow, the  g r e a t e s t  number o f  

an imals  (31%) have B+ c e l l  l e v e l s  below 5%, w h i le  v i r t u a l l y  no c o n t ro l  o r

4 .5  day EBL animals had such low l e v e l s  o f  B+ c e l l s .  The dramat ic  reduc ­

t i o n  o f  B+ c e l l s  in 7 ,8  day EBLs, i n d i c a t e s  t h a t  th e  p r o l i f e r a t i v e  po ten ­

t i a l  o f  t h e  e r y t h r o i d  p r e c u r s o r  c e l l s  p r e s e n t  a t  4 ,5  days p o s t - i . v .  was 

im pa i red .  A s i m i l a r  s h i f t  occur red  in l e v e l s  o f  sp leen  B+ c e l l s .  At 7 ,8  

days p o s t - i . v . ,  65% o f  th e  animals  had sp leen  B+ c e l l s  below 11%, 25% o f

4 .5  day EBL and 16% of  th e  c o n t r o l s  showed th e se  low B+ c e l l  l e v e l s .  Thus,

a t  the  l a t e r  s t a g e  o f  the  d i s e a s e  t h e r e  was a d ram at ic  s h i f t  in  l e v e l s  in 

B+ c e l l s  in both the  bone marrow and s p l e e n .  The high c o r r e l a t i o n  between 

c i r c u l a t i n g  r e t i e  l e v e l s  and B+ c e l l s  in  t h e  bone marrow and s p l e e n ,  a t  t h e  

l a t e r  phase o f  EBL development,  i n d i c a t e s  t h a t  both may be re p re s s e d  by a 

common f a c t o r .  The evidence  does no t  argue  f o r  a causal  r e l a t i o n s h i p .

At 7 ,8  days p o s t - i . v . ,  l e v e l s  o f  B+ c e l l s  in the  bone marrow c o r r e -
o

l a t e d  with  l e v e l s  o f  bone marrow b l a s t s ,  r  = - 0 . 5 7 ,  r  = .33 (p<  .001) .  

Changes in bone marrow B+ c e l l s  were s t r o n g l y  i n v e r s e l y  a s s o c i a t e d  with  

sp lee n  and l i v e r  w e ig h t ,  r  = - 0 . 8 8  (p < 0 .003) and r  = -0 .72  ( p < 0.001)

r e s p e c t i v e l y ,  and to  l e v e l s  o f  sp leen  and l i v e r  b l a s t s  r  = -0 .62  (p< 0 . 001) 

and r  = -0 .44  (p < 0 .0 3 ) .  M u l t ip le  r e g r e s s i o n  a n a l y s i s  with  B+ c e l l s  in 

the  bone marrow as th e  dependent v a r i a b l e ,  and sp leen  weight and b l a s t s  

as th e  independent v a r i a b l e s  showed R to  equal 0 .99  (p< 0 .0 5 ) .  I t  would,  

t h e r e f o r e ,  appear  t h a t  while  l e v e l s  o f  tumor c e l l s  i n c re a s e d  in th e  o th e r
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hem atopo ie t ic  o rg a n s ,  l e v e l s  o f  B+ c e l l s  in the  bone marrow were concur­

r e n t l y  a f f e c t e d .  The sharp d e c l i n e  in B+ c e l l s  in  th e  bone marrow cannot 

be simply a t t r i b u t e d  to  p ro p o r t i o n a l  changes ,  i . e .  as more b l a s t s  a r e  coun­

t e d ,  l e s s  B+ c e l l s  a re  inc luded  in  the  f i n a l  v a lu e .  I t  i s  a p p a ren t  from 

a scan  o f  a bone marrow smear t h a t  t h e  c e l l u l a r  c o n te n t  o f  the  bone marrow 

was a l t e r e d .  Foci o f  develop ing  e r y t h r o i d  c e l l s  could no lo n g e r  be found 

in many c a s e s .  I f  t h e  d e c l i n e  in l e v e l s  o f  B+ c e l l s  was simply p ropor­

t i o n a l ,  examination o f  bone marrow smears w i th o u t  q u a n t i t a t i o n  would show 

t h a t  t h e r e  were B+ c e l l s ,  bu t  t h a t  they  were p r e s e n t  in  sm a l l e r  p r o p o r t i o n s .  

Fur thermore ,  f u l l y  65% o f  th e  animals  had B+ c e l l s  in the  bone marrow be­

low 5%, whereas on ly  35% o f  the  an imals  had b l a s t  counts  above 5%; t h u s ,  

a much l a r g e r  p r o p o r t io n  o f  animals  showed depressed  B+ c e l l s  in t h e  marrow, 

than showed e l e v a t e d  b l a s t  co u n ts .

In the  s p l e e n ,  the  d e c l i n e  o f  B+ c e l l s  even a t  the  e a r l y  s t a g e  shows

th e  s t r o n g e s t  c o r r e l a t i o n  to  i n c r e a s e s  in l i v e r  b l a s t s ,  r  = * 0 .5 2  (p< 0.005) 

and t o  l i v e r  w e ig h t ,  r  = -0 .64  (p< 0 .0 0 1 ) ,  and showed no s i g n i f i c a n t  c o r ­

r e l a t i o n  to  l e v e l s  o f  sp leen  b l a s t s  r  = 0.002 (p< 0 .9 9 ) .  This i s  not s u r ­

p r i s i n g  s in c e  sp leen  b l a s t s  d id  no t  s i g n i f i c a n t l y  d i f f e r  from c o n t ro l  in 

t h i s  group o f  r a t s .  In the  s p l e e n ,  l e v e l s  o f  e r y t h r o i d  p re c u r s o r s  a re  

a f f e c t e d  w i thou t  i n d i c a t i o n s  o f  d i r e c t  involvement with  tumor b l a s t s .  In 

th e  l a t e  leukem ics ,  changes in  sp leen  B+ c e l l s  were s t r o n g l y  c o r r e l a t e d  to  

l i v e r  and sp leen  w e igh t ,  r  = -0 .77  (p<0 .01) .  M u l t ip le  r e g r e s s i o n  a n a l y s i s  

wi th  l e v e l s  o f  sp leen  B+ c e l l s  as t h e  dependent v a r i a b l e  and sp leen  w e igh t ,  

l i v e r  B+ c e l l s  and b l a s t s  as the  independent v a r i a b l e s ,  y i e l d e d  a m u l t i p l e  

R = 0 .9 2 ,  r^= 0.85 (p<0 .05) .  Thus,  g r e a t e r  than 85% o f  th e  v a r i a b i l i t y

in  l e v e l s  o f  sp leen  B+ c e l l s  could  be a s s o c i a t e d  w i th  changes in t h e se

p a r a m e t e r s .
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Very low l e v e l s  o f  B+ c e l l s  a r e  normally  found in t h e  l i v e r .  In 

th e  e a r l y  EBL phase t h e r e  were animals  whose l i v e r s  con ta ined  g r e a t e r  than 

5% B+ c e l l s  which was n o t  seen in  c o n t ro l  l i v e r s .  As th e  d i s e a s e  p r o g r e s ­

s e d ,  l e s s  than 2% B+ c e l l s  were found in  EBL l i v e r s  (see  Figure  5 ) .  The 

in c id en ce  o f  l i v e r  B+ c e l l s  shows a n e g a t iv e  c o r r e l a t i o n  with l e v e l s  o f  

bone marrow b l a s t s  ( r  = - 0 . 3 6 ,  p < 0 . 0 6 ) ,  s u g g es t in g  a p a t t e r n  o f  r e d u c t io n  

in  l i v e r  B+ c e l l s  as b l a s t s  in c r e a s e  in  t h e  bone marrow. L iver  B+ c e l l s  

were a l s o  n e g a t i v e ly  c o r r e l a t e d  to  sp leen  b l a s t  l e v e l s  ( r  = - 0 . 3 7 , p < 0 .0 7 ) .  

Thus, i t  appears  t h a t  e a r l y  in d i s e a s e  development B+ c e l l s  a re  found in 

the  l i v e r .  As th e  d i s e a s e  p r o g r e s s e s ,  l e v e l s  o f  B+ drop whi le  b l a s t  l e v e l s  

i n c r e a s e .

I I I .  In V i t ro  D eterminat ions

A. Colony Growth

Examination o f  th e  f u n c t io n a l  a c t i v i t y  o f  hem atopo ie t ic  p re c u r so r s  

o f  the  hematopoie t ic  organs  from the  leukemic animal may serve  two fu n c ­

t i o n s .  Determinat ions  may be made o f  th e  component f a c t o r s  in  th e  hemato­

l o g i c  changes t h a t  o ccu r  in th e  leukemic animal e . g . ,  changes in  r e t i e  

l e v e l s  may be exp la ined  by look ing  a t  th e  colony forming a b i l i t y  o f  the  

e r y t h r o i d  p re c u rso r s  from th e  bone marrow (CFU-E) as  opposed to  looking  a t  

l e v e l s  o f  B+ c e l l s  in  the  bone marrow. One may a l s o  look f o r  paramete rs  

t h a t  may serve  as p r e d i c t o r s ,  e . g .  changes may occur  in th e  growth po ten ­

t i a l  o f  e r y t h r o i d  p r e c u r s o r s  in t h e  e a r l y  s t a g e s  o f  the  d i s e a s e ,  be fo re  

e x t e r n a l  m a n i f e s t a t i o n s  a r e  e v i d e n t .

The CFU-E and CFU-Cs were examined from th e  bone marrow and sp leen  

o f  t h e  leukemic animals  a t  4 ,5  days p o s t - i . v , ,  and a t  7 ,8  days p o s t - i . v . ,
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th e  l i v e r  was examined f o r  c o lo n ie s  on ly  from th e  7 ,8  day group. The 

d a ta  can be analyzed  along two d im ens ions ,  t h e  f i r s t  i s  to  look a t  changes 

in growth p a t t e r n  a p p a ren t  a t  th e  two d i f f e r e n t  i n t e r v a l s ,  4 ,5  day vs.

7 ,8  day as  a fu n c t io n  o f  t im e .  However, in some c a s e s ,  th e  p o s t - i n j e c -  

t i o n  t ime may be m is lead ing  because an in d iv id u a l  animal a t  day 7 may 

show a degree  o f  leukemic i n f i l t r a t i o n  comparable t o  the  mean value  seen 

a t  days 4 , 5 .  This su g g es t s  t h a t  th e  degree  o f  leukemic development ,  ex­

p re s sed  as p e rc e n t  b l a s t s  o r  l i v e r  o r  sp leen  weigh t  i s  a second dimension 

which may be a more g e n e r a l l y  accurage  i n d i c a t o r .  The r e s u l t s ,  however, 

i n d i c a t e  t h a t  both measures a re  im por tan t  when ana lyz ing  colony growth from 

leukemic an im als .

B. E r y th r o p o ie s i s  In V i t ro

Bone Marrow CFU-E: The e r y t h r o i d  c o lo n i e s  were grown as  d e sc r ib ed  in

th e  Methods s e c t i o n  and were a s s e s s ed  a f t e r  2 days in  c u l t u r e .  Aggregates 

o f  8 o r  more benz id ine  p o s i t i v e  n u c lea te d  c e l l s  were sco red  as a co lony ,

4-7 B+ c e l l s  were scored  as a c l u s t e r .  E r y th ro id  c o lo n ie s  f o r  the  most p a r t  

were found to  co n ta in  32 o r  more n u c le a te d  B+ c e l l s .  The 4 ,5  day s e r i e s  

(Group I )  and the  7 ,8  day s e r i e s  (Group I I )  were done in  d i f f e r e n t  seasons 

and t h e r e f o r e  as a r e s u l t  o f  changes in environmenta l  c o n d i t i o n s ,  and changes 

in  l o t  numbers o f  many o f  the  components o f  th e  growth media,  the  d a ta  f o r  

t h e  c o n t r o l s  i s  no t  grouped. The mean number o f  c o lo n i e s  f o r  con t ro l  

Group I was 84 .2  c o lo n ie s  and f o r  Group I I  was 61 .3  c o l o n i e s ,  i n d i c a t i n g  

t h a t  t h e  fo rm er ,  indeed ,  grew under  more f a v o r a b le  c o n d i t i o n s .  V a r i a t io n s  

in  l e v e l s  o f  c o lo n ie s  w i th in  t h e  c o n t ro l  groups were no t  s i g n i f i c a n t l y  c o r -
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r e l a t e d  to  l e v e l s  o f  bone marrow B+ c e l l s  o r  b l a s t s  ( see  Table 5 ) .

At 4 ,5  days p o s t - i . v . ,  th e  v a r i a t i o n s  in  l e v e l s  o f  CFU-E a re  most 

s t r o n g l y  c o r r e l a t e d  t o  l e v e l s  o f  bone marrow and sp leen  B+ c e l l s ,  r  =

0.41 ( P< 0 .03)  and r  = 0 .45  ( p < 0 . 0 1 )  r e s p e c t i v e l y .  Thus, l e s s  than approx­

im a te ly  20% o f  the  v a r i a t i o n s  o f  t h e se  va lues  may be a t t r i b u t e d  to  changes 

in l e v e l s  o f  B+ c e l l s  in  t h e  bone marrow and s p l e e n .  The sp leen  B+ c e l l s  

which probab ly  do no t  have a d i r e c t  e f f e c t  on l e v e l s  o f  bone marrow CFU-E 

may s e r v e  as an i n d i c a t o r  o f  th e  s t a t e  o f  e r y t h r o i d  p re c u r s o r s  in th e  t o t a l  

organism.  There was no s i g n i f i c a n t  c o r r e l a t i o n  between colony growth and 

l e v e l s  o f  bone marrow b l a s t s  r  = -0 .1 7  (p< 0 . 1 8 ) .  A m u l t i p l e  r e g r e s s i o n  

a n a l y s i s  w i th  CFU-E l e v e l s  as  th e  dependent  v a r i a b l e ,  and bone marrow, 

s p l e e n ,  and l i v e r  B+ c e l l s  as  t h e  independent  v a r i a b l e s ,  y i e l d e d  a m u l t i p l e  

R = 0 .5 5 ,  r^  = 0.31 (p< 0 .0 5 ) .  This showed t h a t  a l l  the  independent  v a r i ­

a b le s  in  t h e  eq u a t io n  account  f o r  on ly  31% o f  t h e  v a r i a t i o n  in  bone marrow 

CFU-E l e v e l s ,  dur ing  the  e a r l y  phase .

At 7 ,8  days p o s t - i . v . ,  t h e r e  i s  a n e g a t i v e  c o r r e l a t i o n  between bone 

marrow b l a s t s  and marrow CFU-E, r  = -0 .3 5  (p< 0 . 0 3 ) .  The r e l a t i o n s h i p  

between th e se  two param ete rs  i s  n o n - l i n e a r ,  and t h i s  may account  f o r  t h e  

low c o e f f i c i e n t  o f  c o r r e l a t i o n .  In Figure  6 l e v e l s  o f  bone marrow CFU-E 

a re  a s s e s s e d  a g a i n s t  bone marrow b l a s t  l e v e l s .  Here the  animals  were d i v i ­

ded i n t o  groups dete rmined  by p e r c e n t  bone marrow b l a s t s .  In animals w i th  

0-2% o r  3-5% b l a s t s ,  bone marrow CFU-E a t  lower than c o n t ro l  l e v e l s  were 

found. Bone marrow from animals  w i th  6-10% b l a s t s  grew c o lo n ie s  a t  h ig h e r  

than c o n t ro l  l e v e l s ,  end in  animals  with b l a s t s  counts  above 10%, l e v e l s  

o f  e r y t h r o i d  c o lo n ie s  were a l l  very much lower than  c o n t r o l .  The r e s u l t s
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i n d i c a t e  an abnormal popu la t ion  o f  an im a ls ,  e v id e n t  in  d e f e c t i v e  CFU-E, 

among th e  group o f  animals with  low b l a s t  l e v e l s .  One p o s s ib l e  cause of  

the  very low b l a s t  counts  in  t h i s  group o f  animals may be th e  depressed 

le ve l  o f  t o t a l  bone marrow c e l l u l a r i t y  e v id e n t  many t imes in terminal 

s t a g e s  o f  the  d i s e a s e .  A m u l t ip l e  r e g r e s s i o n  a n a l y s i s  performed with 

CFU-E from the  bone marrow as the  dependent v a r i a b l e ,  and l i v e r  B+ c e l l s  

l i v e r  b l a s t s ,  sp leen  B+ c e l l s ,  sp leen  b l a s t s ,  bone marrow B+ c e l l s ,  bone 

marrow b l a s t s ,  and l i v e r  weight as the  independent v a r i a b l e s ,  y i e ld e d  a 

m u l t i p l e  R = 0 .8 1 ,  r 2 = 0.66 (p < 0 . 0 1 ) .  Thus, whi le  each o f  the  in d iv idua l  

f a c t o r s  in  themselves a r e  not h igh ly  c o r r e l a t e d  w i th  bone marrow c o lo n i e s ,  

the  combination o f  f a c t o r s  a s s o c i a t e d  with tumor development accounted fo r  

g r e a t e r  than 65% o f  th e  changes in colony growth l e v e l s .  A s tepwise  ana­

l y s i s  showed t h a t  the  most s t r o n g ly  c o r r e l a t e d  v a r i a b l e s  t o  changes in 

bone marrow colony l e v e l s ,  were l e v e l s  o f  B+ c e l l s  in the  l i v e r ,  and l i v e r  

b l a s t s .  Thus, i t  i s  apparen t  t h a t  w h i le  in  th e  e a r l y  s t ag e s  o f  EBL develop­

ment, the  f a c t o r s  which a r e  most s t r o n g l y  a s s o c i a t e d  w i th  bone marrow CFU-E 

growth a re  l e v e l s  o f  e r y t h r o i d  p re c u r so r s  in  the  bone marrow and s p le e n ,  a t  

th e  l a t e r  s t a g e s ,  however,  changes in  colony growth a r e  most s t r o n g ly  a s so ­

c i a t e d  with  pa th o lo g ic  changes in the  l i v e r .

Bone Marrow C l u s t e r s : E ry th ro id  c l u s t e r s  (ECL) were scored both in

the  e a r l y  and l a t e  phase o f  EBL. The c o r r e l a t i o n  between l e v e l s  o f  c l u s ­

t e r s  and c o lo n ie s  was very high dur ing  the  i n i t i a l  s t a g e s  o f  the  d i s e a s e ,  

r  = 0 .95 (p < .0 0 1 ) .  There was no in c r e a s e  in c l u s t e r  fo rmation  in  cases  

with depressed  l e v e l s  o f  c o lo n ie s .  At th e  l a t e r  phase ,  t h e  c o r r e l a t i o n
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between ECL and CFU-E was s t i l l  h igh ,  r  = 0 .8 1 ,  p< 001.

Sp leen  CFU-E:

Levels o f  e r y t h r o i d  co lon ie s  in th e  sp leens  o f  con t ro l  animals v a r i e d .

In Group I I  c o n t r o l ,  mean l e v e l s  o f  sp leen  CFU-E were o f  1.95 c o lo n ie s
4

per 5x10 c e l l s  p l a t e d .  However, the  f i r s t  c o n t ro l  group y i e ld e d  much 

h ig h e r  l e v e l s  o f  e r y t h r o i d  c o l o n i e s ,  x = 18.5 CFU-E per  5x10^ c e l l s  p l a t e d .

I t  i s  i n t e r e s t i n g  to  no te  t h a t  th e  o v e ra l l  colony forming a b i l i t y  was e l e ­

va ted  in t h i s  group. Here the c o e f f i c i e n t  o f  c o r r e l a t i o n  between sp leen  

g r a n u lo c y t i c  c o lo n ie s  and sp leen  CFU-E was r  = 0.82 (p<  0 .0 0 4 ) ,  whereas 

t h e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  in th e  o t h e r  c o n t ro l  group. In Figure  

7 l e v e l s  o f  sp leen  c o lo n ie s  a re  shown f o r  va r ious  l e v e l s  o f  b l a s t s  in the  

sp lee n .  In the  e a r l y  leukemic group t h e r e  were e l e v a t e d  l e v e l s  o f  spleen 

CFU-E with  in c r e a s in g  b l a s t  l e v e l s .  Some cases  showed extremely  high CFU-E 

l e v e l s ,  with  one animal showing a mean o f  60 c o lo n ie s  pe r  5x10^ sp leen  c e l l s .  

In th e  l a t e  leukemic group t h e r e  were no s i g n i f i c a n t  numbers o f  e r y t h r o i d  

sp leen  c o l o n i e s ,  whereas g ra n u lo c y t i c  growth was e v id e n t .

In the  e a r l y  leukemic phase t h e r e  was a p o s i t i v e  c o r r e l a t i o n  between 

sp leen  B+ c e l l s  and sp leen  CFU-E, r  = 0.55 ( p < 0 .0 0 1 ) ,  i n d i c a t i n g  t h a t  in 

a s i g n i f i c a n t  p ro p o r t io n  o f  the  c a s e s ,  the  l e v e l s  o f  sp leen  co lon ies  i n ­

c reased  as l e v e l s  o f  sp leen  B+ c e l l s  in c reased  (see  Figure  8 ) .  P h y s io lo g i ­

c a l l y ,  th e  in c r e a s e  in  B+ c e l l s  r e f l e c t s  an in c re a s e  in  CFU-E in  the  sp leen .  

Thus, l e v e l s  o f  B+ c e l l s  in t h e  sp leen  may serve  as an i n d i c a t o r  o f  p ro g e n i ­

t o r  c e l l  a c t i v i t y .  The c o r r e l a t i o n  f o r  the  same two v a r i a b l e s  in  the  con­

t r o l  animals  and animals  in  t h e  l a t e r  leukemic phase i s  no t  s i g n i f i c a n t
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r  = 0 .29  ( p < 0 , 3 6 )  and r  = 0 .29  ( p < 0 . 1 4 )  r e s p e c t i v e l y .  The r e s u l t s  i n ­

d i c a t e  th e  p re sence  o f  a t r a n s i e n t  compensatory e ry th r o p o ie s ' i s  occu r r in g  

in  th e  sp leen  in  th e  e a r l y  s t a g e s  o f  leuekmia .  Spleen B+ c e l l s  a t  t h i s  t ime 

a r e  n e g a t i v e ly  c o r r e l a t e d  with  l i v e r  w e ig h t ,  and with l i v e r  b l a s t s ,  r  =

-0 .6 3  (p-c 0 .001) and r  = -0 .51  (p< 0 .0 0 5 ) .  Thus,  th e  fo l lo w in g  p i c t u r e  

emerges;  e a r l y  in  EBL development,  i . e .  whi le  l i v e r  b l a s t s  and l i v e r  weight 

a re  low, l e v e l s  o f  B+ c e l l s  in  the  sp leen  do no t  d i f f e r  s i g n i f i c a n t l y  from 

c o n t r o l ,  but t h e  s p leen  shows in c re a s e d  CFU-Es when th e  c e l l s  a re  grown 

in v i t r o . As the  d i s e a s e  p ro g res se s  and l e v e l s  o f  l i v e r  b l a s t s  i n c r e a s e ,  

the  CFU-Es in th e  sp leen  d e c r e a s e ,  as do numbers o f  B+ c e l l s  in  t h i s  organ.  

This i s  in d i r e c t  c o n t r a s t  w i th  the  e a r l y  phase o f  the  d i s e a s e  (days 4 ,5)  

when i n c r e a s e s  in  b l a s t s  l e v e l s  in  th e  sp leen  a re  a s s o c i a t e d  w i th  an in c r e a s e  

in CFU-E l e v e l s  (see  Figure  7 ) .  However, t h i s  e f f e c t  i s  t r a n s i t o r y  s in ce  

a t  days 7 ,8  p o s t - i . v . ,  no s i g n i f i c a n t  numbers o f  CFU-E could be demonstra­

ted  in the  s p l e e n s ,  r e g a r d l e s s  o f  b l a s t  l e v e l s .

Spleen C l u s t e r s : Spleen c l u s t e r  growth c l o s e l y  fo l lowed  the  p a t t e r n

o f  co lony growth, a t  both t h e  e a r l y  and l a t e  phase .  The c o e f f i c i e n t  o f  c o r ­

r e l a t i o n  between co lo n ie s  and c l u s t e r s  was r  = 0 .8 0 ,  p <.001 in th e  e a r l y -  

mid leukem ics ,  and r  = 0 .8 3 ,  p <  .001 in  th e  l a t e  leukem ics .  Levels o f  

c l u s t e r s  were s t r o n g l y  a s s o c i a t e d  w i th  l e v e l s  o f  benz id ine  p o s i t i v e  c e l l s  

in t h e  p o s i t i v e  c e l l s  in t h e  s p l e e n .  At days 4 ,5  p o s t - i . v . ,  th e  c o e f f i c i e n t  

o f  c o r r e l a t i o n  between sp leen  e r y t h r o i d  c l u s t e r s  (ECL) and sp leen  B+ c e l l s  

was r  = 0 .4 6 ,  p ^ . 0 0 6 .  At days 7 ,8  p o s t - i . v . ,  th e  c o r r e l a t i o n  between 

sp leen  ECL and sp leen  B+ c e l l s  was r  = 0 .7 1 ,  p< .00001. On th e  o th e r  hand, 

co lony (CFU-E) growth l e v e l s  from th e  7 ,8  day sp leen  a r e  n o t  t h i s  s t r o n g ly  

a s s o c i a t e d  with  l e v e l s  o f  sp leen  B+ c e l l s .  (The c o r r e l a t i o n  between sp leen
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CFU-E and sp leen  B+ c e l l s ,  in  7 ,8  day EBL animals  was r  = 0 .2 9 ,  p<  . 0 7 . )

Thus,  i t  would appear  t h a t  the  dec rea se  o f  sp leen  c l u s t e r  growth t h a t  

occurs  l a t e r  in th e  d i s e a s e  i s  due to  lower l e v e l s  o f  r e c o g n iz a b le  e r y ­

t h r o i d  p re c u r s o r s  p r e s e n t  in the  s p le e n .  In th e  7 ,8  day EBL an im a ls ,  the  

c o r r e l a t i o n  between l e v e l s  o f  sp leen  e r y t h r o i d  c l u s t e r s  and sp leen  weight 

was r  = -0 .7 8  p < . 0 2 ,  between e r y t h r o i d  c l u s t e r s  and l i v e r  b l a s t s ,  the  c o r ­

r e l a t i o n  was r  = -0 .5 5  p < .003 .  Thus, l e v e l s  o f  c l u s t e r s  de c rea se d ,  as 

l e v e l s  o f  l i v e r  tumor c e l l s  i n c re a s e d .  The c o r r e l a t i o n  between sp leen  e r y ­

t h r o i d  c l u s t e r  and sp leen  b l a s t s  was no t  s i g n i f i c a n t  r  = - 0 .2 5 ,  p < .44.

L iver  CFU-E:

No CFU-E grew from l i v e r  c e l l s  taken from 7 ,8  day EBL animals  r e g a r d ­

l e s s  o f  b l a s t  l e v e l s .  Control  l i v e r  c e l l s  d id  no t  grow CFU-E in  v i t r o .

C. G ranu lopo ie s i s  In V i t ro  

Bone Marrow CFU-C:

The CFU-C were grown as was d e sc r ib e d  in th e  Methods s e c t i o n  and 

were examined a f t e r  7 days o f  growth. Colonies  were f o r  th e  most p a r t  sphe r ­

i c a l  in shape and grew in t i g h t  compact c e l l u l a r  a g g re g a te s  u s u a l l y  com­

posed o f  g r e a t e r  than  50 c e l l s .  An agg rega te  o f  16 o r  more c e l l s  was 

scored  as  a co lony ,  8-15 c e l l s  were scored  as a c l u s t e r .  The mean number
5

o f  c o lo n ie s  in  the  f i r s t  con t ro l  group was 43 .8  p e r  10 c e l l s  p l a t e d  and 

f o r  t h e  second c o n t ro l  group, 40 .4 /10  c e l l s .  In c o n t ro l  Group I a p p ro x i ­

mate ly  40% o f  th e  v a r i a t i o n  in  colony numbers can be accounted  f o r  by 

changes in l e v e l s  o f  b l a s t s  in the  bone marrow ( r  = 0 .6 2 ,  p< 0 .0 5 ) .  This
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would i n d i c a t e  t h a t  th e  g r e a t e r  th e  leve l  o f  bone marrow b l a s t s ,  the  g r e a t e r  

th e  number o f  g r a n u l o c y t i c  c o lo n ie s  in  the  marrow. I t  i s  i n t e r e s t i n g  to  

note  t h a t  a s i g n i f i c a n t  c o r r e l a t i o n  between bone marrow CFU-C and l e v e l s  

o f  sp leen  B+ c e l l s  i s  p r e s e n t  in  con t ro l  Group I ( r  = 0 . 6 1 , p< 0 . 0 6 ) ,  sug­

g e s t i n g  t h a t  in  cases  where g r a n u lo p o ie s i s  in c reased  in  th e .b o n e  marrow, 

e r y t h r o p o i e s i s  was augmented in  the  s p le e n .

In the  e a r l y  s t a g e s  o f  leukemia (days 4 , 5 ) ,  t h e r e  i s  a p o s i t i v e  c o r r e ­

l a t i o n  between bone marrow CFU-Cs and bone marrow b l a s t s ,  ( r  = 0 .4 3 ,  

p< 0 .0 0 9 ) .  However, the  l e v e l s  o f  c o r r e l a t i o n  between the  bone marrow CFU-C 

and bone marrow b l a s t s  i s  no t  as high as in  c o n t ro l  Group I .  In F igure  9 

l e v e l s  o f  CFU-C a re  shown f o r  animals grouped accord ing  to  l e v e l s  o f  bone 

marrow b l a s t s .  Levels  o f  bone marrow CFU-C in c re a se d  w i th  i n c r e a s i n g  l e v e l s  

o f  b l a s t s  n o n -1 in e a r ly .  The d a ta  i n d i c a t e s  a s t i m u l a t o r y  e f f e c t  o f  EBL 

i n f e c t i o n  on CFU-C l e v e l s .

At 7 ,8  days p o s t - i . v . ,  th e  c o r r e l a t i o n  between bone marrow c o lo n ie s  

and b l a s t s  in  bone marrow and sp leen  i s  r  = 0.31 (p< 0 .0 6 )  and r  = 0 .43 

(p< 0 .01) r e s p e c t i v e l y .  As can be seen in Figure  9 ,  in c r e a s in g  l e v e l s  of  

bone marrow b l a s t s  were a s s o c i a t e d  with i n c re a s e s  in CFU-C l e v e l s ,  a l though  

th e  magnitude o f  t h e  i n c r e a s e s  was no t  as high as in  t h e  e a r l y  leukemic 

an imals .  Levels o f  l i v e r  b l a s t s ,  l i v e r  w e igh t ,  o r  sp leen  weight were not 

s i g n i f i c a n t l y  c o r r e l a t e d  to  bone marrow CFU-C (Table 6 ) .  Thus, wh i le  bone 

marrow and sp leen  b l a s t  l e v e l s  were c o r r e l a t e d  to  co lony growth,  t h e  l e v e l s  

o f  tumor c e l l s  in t h e . l i v e r  d id  no t  appear  to  be d i r e c t l y  c o r r e l a t e d  to 

colony growth. A q u e s t i o n  which th e se  d a ta  pose i s  whether high l e v e l s  o f  

b l a s t s  s e rve  as s t i m u l a t o r s  f o r  g r a n u l o p o i e s i s .  Does t h e  su p p re s s io n  o f
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e r y t h r o p o i e s i s  t h a t  occurs  w i th  h igh  l e v e l s  o f  b l a s t s  a l low  f o r  i n c r e a s in g  

l e v e l s  o f  g r a n u l o p o i e s i s ,  o r  i s  t h e  in c r e a s e  in g r a n u l o p o i e t i c  a c t i v i t y  

a re sponse  to  c e r t a i n  s t im u l i  which a re  c o i n c i d e n ta l  t o  both i n c r e a s e s  in 

bone marrow and s p leen  b l a s t s .  When one examines the  c o r r e l a t i o n  between 

CFU-E and CFU-C in  th e  l a t e r  s t a g e  leukemic a n im a ls ,  one f i n d s  a small  but 

s i g n i f i c a n t  degree  o f  c o r r e l a t i o n ,  r  = - 0 . 3 0 ,  p<  .05.  This  would i n d i c a t e  

t h a t  th e  e r y t h r o i d  r e p r e s s i o n  which occurs  a t  t h i s  phase may a l low f o r  p a r t  

o f  th e  v a r i a b i l i t y  in CFU-C l e v e l s . ( L e v e l s  o f  CFU-E and CFU-C in  th e  e a r l y -  

mide leukemic a n im a ls ,  a r e  not s i g n i f i c a n t l y  c o r r e l a t e d ,  r  = -0 .1 5  p< .2 1 . )

A s tepw ise  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  o f  bone marrow CFU-C a t  days 4 ,5  

p o s t - i . v . ,  as th e  dependent v a r i a b l e ,  and l e v e l s  o f  bone marrow b l a s t s  and 

B+ c e l l s  and weight  as t h e  independent v a r i a b l e s  y i e l d e d  a m u l t i p l e  R=0,60, 

r^= 0 .3 6 ,  p < . 0 5 .  The two g r e a t e s t  c o n t r i b u t i n g  f a c t o r s  to  the  r e g r e s s i o n  

equa t ion  were l e v e l s  o f  bone marrow b l a s t s ,  and l i v e r  w e igh t .  Stepwise 

m u l t i p l e  r e g r e s s io n  performed with  CFU-C from the  day 7 ,8  leukemic as th e  

dependent  v a r i a b l e ,  and w i th  a l l  t h e  v a r i a b l e s  mentioned above as the  inde-
O

pendent v a r i a b l e s ,  y i e ld e d  a m u l t i p l e  R= 0 .7 0 ,  r  -  0 .49 p < . 0 5 .  The g r e a t ­

e s t  c o n t r i b u t i n g  v a r i a b l e s  to  t h i s  r e g r e s s i o n  e q u a t io n ,  were l e v e l s  o f  sp leen  

and l i v e r  b l a s t s .  (Regress ion  performed with  sp leen  weigh t  and l i v e r  weight  

as the  independent v a r i a b l e s ,  and CFU-C a t  7 ,8  days p o s t - i . v .  as th e  depen­

dent v a r i a b l e ,  y i e l d e d  a m u l t i p l e  R= 0 .8 8 ,  r 2= 0 .7 7 ,  p < . 0 5 . )  Levels o f  

sp leen  b l a s t s  were p o s i t i v e l y  c o r r e l a t e d  t o  bone marrow CFU-C, whi le  l e v e l s  

o f  l i v e r  b l a s t s  were n e g a t i v e l y  c o r r e l a t e d  to  colony growth. This would 

i n d i c a t e  t h a t  the  c o n d i t i o n s  in the  animal most f a v o ra b le  to  bone marrow 

g r a n u lo c y t i c  colony growth , were th o s e  where s p leen  b l a s t  i n c r e a s e s  precede  

l i v e r  b l a s t  i n c r e a s e s .  In o t h e r  words,  t h e  da ta  seems t o  i n d i c a t e  t h a t
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i f  tumor b l a s t s  seed a lmos t  e x c l u s i v e l y  in th e  l i v e r ,  t h i s  does not a f f e c t

BM-CFU-C in  t h e  way as  an in c r e a s e  in  b l a s t s  in both t h e  s p lee n  and l i v e r .

Bone Marrow G ra n u lo c y t ic  C l u s t e r s :

G ranu locy t ic  c l u s t e r s  (GCL) in  the  e a r l y  phase were most s t r o n g l y  

a s s o c i a t e d  with  l e v e l s  o f  l i v e r  b l a s t s  r  = 0 .33  p< .04.  The c o r r e l a t i o n  

between GCL and bone marrow b l a s t s  was no t  s i g n i f i c a n t  r  = -0 .2 4  p< .11 

(Colony, CFU-C, growth a t  t h i s  p o in t  was c o r r e l a t e d  with  l e v e l s  o f  bone

marrow b l a s t s  r  = 0 .43  p< .0 0 9 ) .  In the  l a t e r  phase ,  i . e .  days 7 ,8  p o s t -

i . v . ,  l e v e l s  o f  g r a n u lo c y t i c  c l u s t e r s  were a s s o c i a t e d  with  l e v e l s  o f  bone 

marrow b l a s t s ,  r  = 0.33 p < .05  ( th e  c o r r e l a t i o n  between CFU-C and b l a s t s  

was r  = 0 .32  p < .06 ) .  At t h i s  p o i n t ,  growth o f  c l u s t e r s  c l o s e l y  fo llowed 

colony growth,  the  c o r r e l a t i o n  between th e se  two v a r i a b l e s  was r  = 0.90 

p < .0 0 1 .  Thus,  in th e  l a t e r  phase ,  l e v e l s  o f  GCL in c r e a s e d  when l e v e l s  o f  

c o lo n ie s  a l s o  in c re a s e d .

Spleen CFU-C:

Overal l  l e v e l s  o f  sp leen  CFIJ-Cs were very low f o r  both the  c o n t ro l  

(><=2.9*1.9) and th e  EBL an im a ls .  There was however occas io n a l  growth o f  

s i g n i f i c a n t  numbers o f  c o lo n ie s  from the  EBL s p l e e n s .  At 4 ,5  days p o s t - i . v .  

th e  sp lee n s  from anim als  w i th  s p l e n i c  b l a s t  counts  below 2% showed CFU-C 

growth (3 cases  showed c o l o n i e s ,  th e  mean number o f  c o lo n i e s  from th e se  

cases  was 7 ,9  and 9 c o lo n ie s  p e r  105 c e l l s ) .  In the  7 ,8  day p o s t - i . v .  

a n im a ls ,  c o lo n ie s  grew from sp leens  w i th  g r e a t e r  b l a s t  c o u n t s .  The c o r r e ­

l a t i o n  between sp leen  b l a s t s  and sp leen  CFU-C was r  = 0 .3 3 ,  p < . 0 6 .  In 

t h e s e  c a s e s ,  5 animals  t h a t  had g r e a t e r  than 20% b l a s t s  in  t h e  sp leen
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had s i g n i f i c a n t  l e v e l s  o f  co lo n ie s  (2 cases  a c t u a l l y  had means o f  32 and
C

34 c o l o n i e s / 10 c e l l s ) ( s e e  Figure  10).  No con t ro l  animals  had such high 

l e v e l s  o f  sp leen  c o l o n i e s .  M u l t ip le  r e g re s s io n  performed with  sp leen  c o l ­

on ies  as the  dependent v a r i a b l e ,  and l e v e l s  of. sp leen  b l a s t s ,  bone marrow 

b l a s t s ,  l i v e r  b l a s t s ,  bone marrow, sp leen  and l i v e r  B+ c e l l s ,  and l i v e r  

weight  as the  independent v a r i a b l e s ,  y i e ld e d  a m u l t i p l e  R = 0 .8 2 ,  r 2=0.67 

p < .05.  Thus, s p l e n i c  g ra n u lo p o ie s i s  appears to  be s t r o n g ly  c o r r e l a t e d  to 

v a r i a b l e s  a s s o c i a t e d  with th e  advanced s tage  o f  leukemic development.  I n  

a d d i t i o n ,  the  c o r r e l a t i o n  between l e v e l s  o f  sp leen  CFU-C and l e v e l s  o f  

bone marrow CFU-C i s  r  = 0 .5 2 ,  p < .0 0 2 .  The c o r r e l a t i o n  between th e se  two 

v a r i a b l e s  in the  e a r l y  s t ag e  o f  leukemic i s  not s i g n i f i c a n t  r= -0 .10  

p < .29. Thus,  in the  7 ,8  day EBL an im als ,  l e v e l s  o f  sp leen  CFU-C w i l l  i n ­

c rease  in many cases  as l e v e l s  o f  bone marrow CFU-C in c re a s e  (see  Figure

11). Thus, th e  p a t t e r n  o f  s p l e n i c  g ra n u lo p o ie s i s  d i f f e r s  from t h a t  o f  e ry -  

t h r o p o i e s i s .  In the  i n i t i a l  s t ag e s  o f  the  d i s e a s e ,  w h i le  l e v e l s  o f  bone 

marrow CFU-E a re  dec rea s in g  with in c re a s in g  b l a s t  l e v e l s ,  sp leen  CFU-E in ­

c rease  with in c r e a s in g  sp leen  b l a s t  l e v e l s .  At the  te rm ina l  s t a g e s ,  l e v e l s  

o f  CFU-E in the  bone marrow and sp leen  d e c l i n e  s h a r p ly ,  whi le  l e v e l s  o f  

b l a s t  c e l l s  i n c re a s e  in  both the  bone marrow and sp lee n .  On the  o t h e r  hand 

CFU-C growth in c re a s e s  s t e a d i l y  with  i n c re a s in g  l e v e l s  o f  b l a s t  development 

I t  would, t h e r e f o r e ,  seem t h a t  i n i t i a l l y  th e  spleen i s  involved in compen­

s a t o r y  e r y t h r o p o i e s i s ,  and then swi tches  to  g r a n u lo p o ie s i s  a t  the  l a t e r  

phase o f  the  d i s e a s e .  Both the  element o f  t ime p o s t - i n j e c t i o n ,  and l e v e l s  

o f  b l a s t s  a re  f a c t o r i a l  in de termin ing  when the  switch over from e r y t h r o ­

p o i e t i c  to  g r a n u l o p o i e t i c  a c t i v i t y  w i l l  occur .
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Spleen G ran u lo cy t ic  C l u s t e r s :

Ea r ly  in EBL development,  the  c o r r e l a t i o n  between sp leen  GCL and 

sp leen  c o lo n ie s  was r= 0 .7 5 ,  p<  .001. There was no s i g n i f i c a n t  c o r r e l a ­

t i o n  between l e v e l s  o f  sp lee n  c l u s t e r s  a t  t h i s  t ime to  e i t h e r  l e v e l s  o f  

sp leen  b l a s t s ,  bone marrow, o r  l i v e r  b l a s t s  ( see  Table 7 ) .  The c o r r e l a ­

t i o n  between sp leen  GCL and c o lo n ie s  a t  th e  l a t e r  phase was r  = 0 .9 3 ,  

p < .001. The c o r r e l a t i o n  between sp leen  GCL and sp leen  and l i v e r  b l a s t s  

was low, but s i g n i f i c a n t ,  r= 0 .2 9 ,  p< .08 ,  and r  = - 0 .3 1 ,  p<..07 r e s p e c t i v e ­

l y .  A s tepw ise  m u l t i p l e  r e g r e s s io n  performed with  l e v e l s  o f  sp leen  granu­

l o c y t i c  c l u s t e r s  as t h e  independent v a r i a b l e ,  and l e v e l s  o f  sp leen  b l a s t s ,  

bone marrow b l a s t s ,  l i v e r  b l a s t s  and l i v e r  weight as the  independent v a r i ­

a b le s  y i e ld e d  a m u l t i p l e  R = 0 .7 3 ,  p<.05. Thus, l e v e l s  o f  sp leen  c l u s t e r s  

as well as l e v e l s  of sp leen  CFU-C were a f f e c t e d  by th e  degree  o f  b l a s t  p ro­

l i f e r a t i o n .

L iver  CFU-C:

The l i v e r  did  n o t  show any CFU-C a c t i v i t y  in any animals  (co n t ro l  

o r  leukemics) r e g a r d l e s s  o f  b l a s t  l e v e l s .

I V. Conditioned Medium

Condi tioned media was prepa red  from EBL, Shay, normal l i v e r ,  and g ran ­

u lo c y te s  as d e sc r ib e d  in  th e  methods s e c t i o n .  Colonies were grown from 

pooled bone marrow c e l l s  h a rv e s te d  from 3 normal young a d u l t  male r a t s  

in each exper im ent (each va lue  i s  a mean o f  5 o r  6 sam ples ) .
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EBL CM:
” ” t

EBL media,  con d i t io n ed  f o r  24 hours ,  was examined f o r  i t s  e f f e c t  a t  

two c o n c e n t r a t i o n s ,  on both e r y t h r o i d  and g r a n u lo c y t i c  c o lo n ie s  ( see  Figure

12).  CFU-C growth was s t r o n g l y  i n h i b i t e d  when grown in e i t h e r  10 o r  20%

EBL con d i t io n ed  media.  At 10% c o n c e n t r a t i o n  EBL CM, i n h i b i t i o n  o f  CFU-C
r

growth was 73-76% (a mean 25 c o lo n ie s /1 0  bone marrow c e l l s  vs.  145 c o l ­

on ies  in  c o n t r o l )  and in  20% EBL con d i t io n ed  media,  i n h i b i t i o n  was 100%.

In v i t r o  CFU-E growth was more r e s i s t a n t  to  i n h i b i t i o n ,  and the  e f f e c t  on 

CFU-E growth was not as pronounced. When CFU-Es were grown in  10% EBL con­

d i t i o n e d  medium, v i r t u a l l y  no i n h i b i t i o n  was observed (104 c o lo n ie s /5 x l0 ^  

bone marrow c e l l s  vs .  105 CFU-E in c o n t r o l ) .  In 20% EBL c o n d i t io n e d  media,  

20-22% i n h i b i t i o n  was observed (x^32 c o lo n ie s /5 x l0 ^  bone marrow c e l l s  

p l a t e d ) .

When EBL c e l l s  were a llowed to  co n d i t io n  media f o r  48 hou rs ,  a much 

s t r o n g e r  e f f e c t  was found. CFU-C growth in  10% o r  20% o f  t h i s  cond i t ioned  

media was s t r o n g l y  i n h i b i t e d .  At 10% EBL CM, i n h i b i t i o n  o f  CFU-Cs was 56%
  C

(x o f  47 c o l o n i e s / 1 0  c e l l s  to  104 co lo n ie s  in c o n t r o l ) ,  when grown in  20%

EBL CM i n h i b i t i o n  was v i r t u a l l y  t o t a l ,  99% i n h i b i t i o n .  CFU-E growth was not 

i n h i b i t e d  when grown in 10% EBL media con d i t io n ed  f o r  48 hours .  CFU-Es when 

grown in  20% o f  c o n c e n t r a t i o n s  o f  t h i s  media were i n h i b i t e d  54% Cx o f  40 c o l -  

o n i e s / 5 x l0 ^  c e l l s  to  85 c o lo n ie s  in  c o n t r o l ) .

When EBL c e l l s  were f reeze - thaw ed  a f t e r  48 hours c o n d i t i o n in g  t im e ,  

CFU-E growth i n h i b i t i o n  was a p p a ren t  even when grown in  a 10% s o l u t i o n ;  

co lony growth was i n h i b i t e d  27% ("x o f  50 c o lo n ie s /5 x l0 ^  c e l l s  to  70 co lo n ie s
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in c o n t r o l ) .  When grown in  20% o f  th e  f r eeze - thaw ed  EBL CM, CFU-E i n h i ­

b i t i o n  was 87% {X o f  9 .2  c o lon ie s /S x lO ^  c e l l s ) .  This EBL CM t o t a l l y  i n ­

h i b i t e d  CFU-C growth a t  both  10-20% c o n c e n t r a t i o n s .

Shay CM:

Shay con d i t io n ed  medium was a l s o  examined f o r  i t s  e f f e c t  on in  v i t r o  

colony growth. Twenty-four hour Shay CM was i n h i b i t o r y  to  CFU-C growth 

(see  Figure  13). In 10% CM colony i n h i b i t i o n  was 16% (x" 122 c o l o n i e s / 1 0 5 

c e l l s  vs.  146 co lo n ie s  in c o n t r o l )  and in 20% CM growth i n h i b i t i o n  was 76% 

(x= 35 c o l o n i e s / 1 0 J c e l l s )  (a g r e a t e r  than f o u r - f o l d  in c r e a s e  in i n h i b i t i o n  

with  only  a doubl ing  o f  CM c o n c e n t r a t i o n ) .  Twenty-four hour Shay CM had 

l i t t l e  e f f e c t  on CFU-E growth a t  e i t h e r  10- o r  20%; a t  10% CM t h e r e  was no 

i n h i b i t i o n ,  a t  20% i n h i b i t i o n  was 5% ( the  24-hour  EBL CM a t  the  same con­

c e n t r a t i o n  i n h i b i t e d  CFU-E growth, 22%).

F o r t y - e i g h t  hour Shay CM showed s t ro n g  i n h i b i t o r y  e f f e c t s  o f  CFU-Cs 

a t  both c o n c e n t r a t i o n s .  When grown in 10% CM, CFU-C i n h i b i t i o n  was 49%

(54 c o lo n ie s /1 0  c e l l s  vs .  104 f o r  c o n t r o l )  and in  20% CM i n h i b i t i o n  was 

99%. Again,  the  e f f e c t  o f  Shay CM on CFU-E growth was no t  pronounced,  a t  

10% CM, CFU-E growth was s t i m u l a t e d ,  a t  20% CM a 27% r e d u c t io n  was observed. 

(63 c o l o n i e s / 1 0 5 c e l l s  vs .  85 f o r  c o n t r o l s ) .  (The EBL 48-hour  CM a t  t h i s  

c o n c e n t r a t i o n  i n h i b i t e d  CFU-E growth 64%).

Freeze-thawed Shay CM i n h i b i t e d  76% o f  CFU-C growth a t  10% CM,
— . 5

(x = 15 c o lo n ie s /1 0  c e l l s  vs .  63 co lo n ie s  f o r  c o n t r o l ) ,  and a t  20% CM,

CFU-C growth was 99% i n h i b i t e d .  CFU-E growth was only min imal ly  i n h i b i t e d  

by t h i s  CM p r e p a r a t i o n .  In 10% CM, CFU-E growth was i n h i b i t e d  3.2% and
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in 20% CM growth was i n h i b i t e d  26% (51 c o lo n ie s  v s .  70 c o lo n ie s  f o r  con­

t r o l .  EBL f reeze - thaw ed  media i n i  hi bi t e d  27% o f  CFU-E growth in  10% con­

c e n t r a t i o n s ,  and i n h i b i t e d  87% o f  CFU-E growth in  20% c o n c e n t r a t i o n s . )

Thus, th e  i n h i b i t o r y  p a t t e r n  o f  EBL CM and Shay CM d i f f e r s .  EBL CM 

a c t e d  to  i n h i b i t  both CFU-C and CFU-E growth e f f e c t i v e l y ,  whi le  Shay CM 

was more e f f e c t i v e  i n h i b i t i n g  CFU-C than CFU-E growth. As can be seen from 

Figure  12, th e  e f f e c t  o f  Shay CM on CFU-C growth, a t  t h e  lower c o n c e n t r a ­

t i o n s ,  i s  t ime dependent.  The lo n g e r  th e  c o n d i t i o n in g  t im e ,  th e  g r e a t e r  

t h e  i n h i b i t o r y  e f f e c t .  EBL CM a t  20% c o n c e n t r a t i o n  has a s i m i l a r  e f f e c t  

on CFU-E growth. The le v e l  o f  i n h i b i t i o n  o f  CFU-E growth a lmost  doubles 

a f t e r  an a d d i t i o n a l  24-hour  c o n d i t i o n in g  t im e.

Granulocyte  CM

P e r i t o n e a l  exudate  c e l l s  o b ta in e d  by p e r i t o n e a l  lavage  4 hours f o l ­

lowing endotoxin  a d m i n i s t r a t i o n  were a llowed t o  c o n d i t i o n  media f o r  24 

hours .  (This pop u la t io n  o f  c e l l s  inc lu d es  g r e a t e r  than 80% n e u t r o p h i l s  

as well  as a small pe rcen tage  o f  mononuclear e l e m e n t s . )  The i n h i b i t o r y  

e f f e c t  on CFU-E and CFU-C growth by t h i s  media was examined. CFU-Cs 

in  10% g ra n u lo cy te  con d i t io n ed  medium (GCM) were i n h i b i t e d  20% (x o f  117 

c o l o n i e s / l O ^ c e l l s ,  145 CFU-C in  c o n t r o l ) ,  in  20% GCM CFU-C growth was 

i n h i b i t e d  93% (xof 10 c o lo n ie s /1 0 ^  c e l l s ) .  CFU-E growth was a l s o  i n h i b i ­

t e d  by th e  GCM p r e p a r a t i o n  a t  both c o n c e n t r a t i o n s .  CFU-Es grown in  10%

GCM were i n h i b i t e d  32% (x o f  72 CFU-Es/5xlO^ c e l l s  v s .  105 in  c o n t r o l ) ;  

when grown in  20% GCM growth was i n h i b i t e d  46% (x o f  57 CFU-Es/5xlO^ c e l l s .  

At the  lower c o n c e n t r a t i o n ,  GCM was more i n h i b i t o r y  t o  CFU-E growth than 

t o  CFU-C growth. At t h e  h ig h e r  c o n c e n t r a t i o n  CFU-C growth was maximally 

i n h i b i t e d .
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Neonatal L iv e r  CM:

The l i v e r  from 10-day neonate  r a t  pups was a llowed to  c o n d i t io n  media 

f o r  48 hours.  CFU-C growth was s t im u la t e d  in  th e  p resence  o f  10% CM; c o l ­

ony l e v e l s  were 128% o f  c o n t ro l  (133 c o lo n ie s /1 0 ^  c e l l s  vs .  104 f o r  c o n t r o l s ) .  

Colony growth in t h e  p resence  o f  20% CM was not a f f e c t e d .  The e f f e c t  o f  

l i v e r  CM on CFU-E growth was s l i g h t .  When grown in  the  presence  o f  10% CM, 

CFU-E growth was 91% o f  c o n t ro l  (77 c o l o n i e s / 5 x l 0 ^ c e l l s  vs .  85 .3  f o r  con­

t r o l )  and in 20% CM, CFU-E growth was 123% o f  c on t ro l  (105 c o lo n ie s /5 x l0 ^  

c e l l s ) .

C lu s t e r  Growth:

The e f f e c t s  o f  the  v a r io u s  c o n d i t io n e d  media on e r y t h r o i d  and granu-  

l o i d  c l u s t e r  fo rmat ion  in v i t r o  was a l s o  a s s e s s e d .

EBL CM:

EBL CM c o n d i t io n e d  f o r  24 hours had a d e f i n i t e  s t i m u l a t o r y  e f f e c t  on 

e r y t h r o i d  c l u s t e r  fo rmat ion  (see  f i g u r e  14).  When grown in 10% EBL CM, 

e r y t h r o i d  c l u s t e r  fo rm at ion  (ECL) was 159-167% o f  c o n t ro l  (67 c l u s t e r s /

5x10^ c e l l s  vs.  40 f o r  c o n t r o l s ) .  In 20% EBL CM ECL growth was 120% o f  

c o n t r o l  (60 c l u s t e r s / 5 x l 0 ^  c e l l s ) .  F o r t y - e i g h t  hour EBL CM a t  c o n c e n t r a ­

t i o n s  o f  10%, main ta ined  a s t i m u l a t o r y  e f f e c t  on ECL growth, l e v e l s  o f  143% 

o f  c o n t ro l  were reached (69 c l u s t e r s / 5 x l 0 ^  c e l l s  vs .  48 f o r  c o n t r o l s ) .  At 

20% CM th e r e  was, in f a c t ,  an 8% drop in  ECL l e v e l s  (44 c l u s t e r s / 5 x l 0 ^  

c e l l s ) .  Freeze-thawed EBL CM had no s t i m u l a t o r y  e f f e c t  on ECL growth a t  

10% CM (44 c l u s t e r s / 5 x l 0 ^  c e l l s  vs .  44 f o r  c o n t r o l ) ,  and i n h i b i t e d  ECL 

growth 66% in 20% c o n c e n t r a t i o n s  (19 c l u s t e r s / 5 x l 0 ^  c e l l s ) .  Thus, i t
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appears  t h a t  the  l e v e l  o f  ECL s t i m u l a t i o n  d e c r ea se s  with  i n c r e a s i n g  concen­

t r a t i o n s  o f  CM. This may be due to  i n c r e a s i n g  l e v e l s  o f  i n h i b i t o r  in  the  

CM p r e p a r a t i o n s .

Granulocy te  c l u s t e r  (GCL) growth was s u s c e p t i b l e  t o  EBL CM i n h i b i t i o n

even a t  t h e  low es t  c o n c e n t r a t i o n s  - (see  F igure  14) .  GCLs grown in  10% EBL
5media c o n d i t io n e d  f o r  24 hours were i n h i b i t e d  64-76% (31-42 c l u s t e r s / 1 0  

c e l l s  vs .  92 f o r  c o n t r o l s ) .  When GCLs were grown in 20% o f  t h i s  CM, i n ­

h i b i t i o n  was 91-97% (2-8 c l u s t e r s / 1 0 5 c e l l s ) .  F o r t y - e i g h t  hour EBL CM
r

i n h i b i t e d  GCL growth 33% a t  c o n c e n t r a t i o n s  o f  10% (47 c l u s t e r s / 1 0  c e l l s  vs.  

71 f o r  c o n t r o l s ) ,  and i n h i b i t e d  GCL growth 95% a t  c o n c e n t r a t i o n s  o f  20%

(3 .2  c l u s t e r s / 1 0 5 c e l l s ) .  Freeze-thawed EBL p r e p a r a t i o n  i n h i b i t e d  GCL
5growth 95% a t  10% c o n c e n t r a t i o n  (1 .5  c l u s t e r s / 1 0  c e l l s  vs .  34 in c o n t r o l s )  

and 100% a t  20% c o n c e n t r a t i o n .

Shay CM:

Twenty-four hour Shay CM s t im u la t e d  ECL growth (see  Figure  15) .  When

grown in  10% Shay CM : ECL grew 201% o f  c o n t ro l  (80 .5  c l u s t e r s / 5 x l 0 ^  c e l l s

v s .  40 f o r  c o n t r o l ) ,  and in 20% CM ECL growth was 215% o f  c o n t ro l  (86.2  
4 %c l u s t e r s / 5 x l 0  c e l l s ) .  The s t i m u l a t o r y  e f f e c t  o f  Shay CM dim in ished  with 

c o n d i t i o n in g  t im e .  F o r t y - e i g h t  hour Shay CM, a t  10% c o n c e n t r a t i o n s  showed 

minimal s t i m u l a t i o n ;  ECL growth was 16% above c o n t r o l  (56 c l u s t e r s / 5 x l 0 ^  

c e l l s  vs .  48 f o r  c o n t r o l ) ,  w h i le  a t  CM c o n c e n t r a t i o n s  o f  20%, ECL growth 

was 40% above c o n t ro l  (68 c l u s t e r s / 5 x l 0 ^  c e l l s ) .  Thus,  w i th  doubling  the  

CM l e v e l s  ECL growth was a l s o  doubled.  Freeze-thawed Shay CM s t im u la te d  

ECL growth, a t  both 10% and 20% c o n c e n t r a t i o n s .  When ECLs were grown in 

10% CM, l e v e l s  o f  ECL were 142% o f  c o n t ro l  (62 c l u s t e r s / 5 x l 0 ^  c e l l s  vs.  44
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f o r  c o n t r o l s ) ;  in 20% CM ECL l e v e l s  were 111% o f  c o n t ro l  (49 c l u s t e r s /

5x l04 c e l l s ) .  The s t i m u l a t o r y  e f f e c t  i s  d iminished  w i th  i n c r e a s i n g  concen­

t r a t i o n s .

Growth o f  g r a n u l o c y t i c  c l u s t e r s  (GCL) was s t im u la t e d  in  low concen­

t r a t i o n s  o f  Shay CM (see  Figure  15).  A 10% c o n c e n t r a t i o n ,  o f  24-hour Shay 

CM s t im u la t e d  GCL l e v e l s  to  146% o f  c o n t ro l  (134 c l u s t e r s / 1 0 ^  c e l l s  vs. 92 

f o r  c o n t r o l ) .  However, when the  c e l l s  were grown in 20% o f  t h i s  CM p r e p a r ­

a t i o n ,  GCL l e v e l s  were i n h i b i t e d  47% (42 c l u s t e r s / 1 0 ^  c e l l s ) .  Shay media

c o n d i t io n ed  f o r  48 hours i n h i b i t e d  GCL growth a t  both 10 and 20% concen­

t r a t i o n s .  When grown in 10% o f  t h i s  CM, GCL l e v e l s  were i n h i b i t e d  22%

(56 c l u s t e r s / 1 0 ^  c e l l s  vs .  71 f o r  c o n t r o l ) ;  in  20% CM, GCL growth was 100% 

i n h i b i t e d .  Freeze- thawed Shay CM was a l s o  i n h i b i t o r y .  In 10% CM, c l u s t e r
5

growth was i n h i b i t e d  60%, 14 c l u s t e r s / 10 c e l l s  vs .  33 c l u s t e r s  in  c o n t r o l s .  

In 20% i n h i b i t i o n  was v i r t u a l l y  t o t a l .

Leukocyte c o n d i t io n e d  media (GCM) had no i n h i b i t o r y  e f f e c t  on ECL 

growth a t  e i t h e r  10% o r  20% c o n c e n t r a t i o n s .  In f a c t ,  ECL growth was i n ­

c reased  to  133-135% o f  c o n t r o l .  This i s  an impor tan t  p o i n t  because i t

shows t h a t  the  o v e r a l l  e f f e c t  o f  GCM on e r y t h r o i d  growth i s  no t  i n h i b i t o r y .

While colony growth may be r e p r e s s e d ,  c l u s t e r  growth i s  e l e v a t e d .  The 

t o t a l  number o f  c o lo n ie s  and c l u s t e r s  does no t  d i f f e r  s i g n i f i c a n t l y  from 

c o n t r o l .  On th e  o t h e r  hand,  GCM i n h i b i t e d  GCL growth. GCLs grown in 10% 

GCM were 13% i n h i b i t e d  (80 .4  c l u s t e r s / 1 0 ^  c e l l s  vs .  92 c l u s t e r s  in  con­

t r o l s ) ;  GCLs grown in  20% GCM were i n h i b i t e d  75% (32 c l u s t e r s / 1 0 ^  c e l l s ) .

Neonatal l i v e r  CM s t im u la t e d  the  growth o f  e r y t h r o i d  c l u s t e r s  in 

v i t r o . When grown in 10% CM e r y t h r o i d  c l u s t e r s  were 108% o f  c o n t ro l  (52
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4 vc l u s t e r s / 5 x l 0  c e l l s  vs .  48 in c o n t r o l s ) ,  and 20% CM e r y t h r o i d  c l u s t e r s

were 143% o f  c o n t ro l  (69 c l u s t e r s / 5 x l 0 ^  c e l l s ) .  G ranu locy t ic  c l u s t e r  form­

a t i o n  was not enhanced. In 10% CM GCL was 100% o f  c o n t ro l  (72 c l u s t e r s /
5

10 c e l l s  vs .  71 in  c o n t r o l s ,  and in  20% CM c l u s t e r  fo rm at ion  was 88% o f
C

co n t ro l  (63 c l u s t e r s / 1 0  c e l l s ) .

EPO Independent  Growth:

Very low l e v e l s  o f  c l u s t e r s  and c o lo n ie s  grew in. the  absence o f  epo. 

Even in c u l t u r e s  where e r y t h r o i d  c l u s t e r  fo rmat ion  was s u b s t a n t i a l l y  s t im u­

l a t e d  as in th e  p resence  o f  Shay and EBL CMs, s i g n i f i c a n t  l e v e l s  o f  epo 

independent growth were n o t  found (x o f  4 c l u s t e r s / 5 x l 0 ^  c e l l s  vs .  2 c l u s ­

t e r s  in  c o n t r o l s ) .  Thus, t h e  co n d i t io n ed  media ac ted  to  augment c l u s t e r  

fo rm at ion  in the  p resence  o f  epo bu t  did no t  e l im in a t e  t h e  need f o r  the  

hormone f o r  c l u s t e r  o r  colony growth.

To summarize, ECL growth was not i n h i b i t e d  by any Shay CM p r e p a ra ­

t i o n s ,  but h ig h e r  c o n c e n t r a t i o n s  o f  EBL CM d id  i n h i b i t  ECL growth. ECLs 

were more r e s i s t a n t  to  i n h i b i t i o n  than CFU-Es. In many cases  t h e r e  was 

ECL s t i m u l a t i o n ,  where CFU-E growth was not a f f e c t e d ,  e . g .  24-hour Shay CM 

a t  10% c o n c e n t r a t i o n ,  a l lowed CFU-E growth t o  be 108% o f  c o n t ro l  and ECL 

growth to  be 201% o f  c o n t r o l ;  24-hour  EBL CM a t  10% c o n c e n t r a t i o n ,  al lowed 

CFU-E growth t o  be 100% o f  c o n t r o l ,  whi le  ECLs were 167% o f  c o n t r o l .  These 

r e s u l t s  would i n d i c a t e  t h a t  here  th e  CM has a d i r e c t  s t i m u l a t o r y  e f f e c t  on 

ECLs, and t h a t  th e  in c re a se d  l e v e l s  o f  c l u s t e r s  a re  not due to  depressed  

l e v e l s  o f  c o l o n i e s .  GCL were much more s u s c e p t i b l e  to  i n h i b i t i o n  by both
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t h e  Shay and EBL CM. While 10% Shay media c o n d i t io n ed  f o r  24 hours d id  

s t i m u l a t e  GCL growth, a l l  o t h e r  p r e p a r a t i o n s  were i n h i b i t o r y  t o  GCL growth. 

In a l l  c a s e s ,  c l u s t e r  fo rm at ion  was more r e s i s t a n t  to  CM i n h i b i t i o n  than  

was colony fo rm at ion .  I t  may be t h a t  i n c re a s e d  l e v e l s  o f  g r a n u lo c y t i c  

c l u s t e r s  occur a t  the  expense o f  c o l o n i e s ,  i . e .  c l u s t e r s  a re  abo r ted  c o l o ­

n i e s .  Because a l l  cases  o f  in c re a s e d  g r a n u lo c y t i c  c l u s t e r s  occur red  where 

t h e r e  were depressed  l e v e l s  o f  c o l o n i e s ,  the  o r i g i n s  o f  th e  GCL cannot be 

de termined.

DISCUSSION

These s tu d i e s  r e p o r t  on an animal model o f  leukemia which i s  c h a r a c ­

t e r i z e d  in  p a r t  by i n e f f e c t i v e  e r y t h r o p o i e s i s .  S p e c i f i c a l l y ,  t h e r e  i s  a 

r e d u c t io n  in  e r y t h r o p o i e s i s  accompanied by. hemolyt ic  anemia c o n cu r ren t  with  

i n c re a s e d  l e v e l s  o f  g r a n u l o p o i e s i s .  This model i s ,  t h e r e f o r e ,  s i m i l a r  to

DiGuglie lmo's  syndrome. Dameshek (1969) r e p o r t e d  a b n o rm a l i t i e s  in heme 
59s y n t h e s i s ,  Fe i n c o r p o r a t i o n ,  ALA-dehydrogenase l e v e l s  occur  dur ing  t h i s  

d i s e a s e .  Thus,  whi le  e r y t h r o b l a s t s  abound in  th e  marrow, t h e r e  i s  a l s o  

seve re  anemia, i n d i c a t i n g  a l e s i o n  in  the  m a tu ra t io n  o f  e r y t h r o i d  p r e c u r ­

so rs  t o  fu n c t io n a l  red  blood c e l l s .  The advan tages  o f  the  animal model p r e ­

s en ted  here  i n c lu d e :  1) r a p id  t ime course  o f  d i s e a s e  development (7-8

d a y s ) ;  2) high i n f e c t i o n  l e v e l s  ( c lo s e  to  80% o f  animals  i n j e c t e d  with a 

low dose o f  EBL c e l l s  develop the  d i s e a s e  and 3) use o f  an animal model,  

i . e .  t h e  r a t ,  whose hem atopo ie t ic  system more c l o s e l y  r e s e m b l e s . t h a t  o f  a 

human. In both organisms th e  sp leen  i s  no t  normally  the  s i t e  o f  e r y t h r o ­

c y t i c  o r  g r a n u lo c y t i c  p ro d u c t io n .
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I .  Tumor Cell  P r o l i f e r a t i o n

The course  o f  the  d i s e a s e  i s  f a r i l y  p r e d i c t a b l e .  Close to  80% o f
£

t h e  animals  i n j e c t e d  with a low dose o f  EBL c e l l s  (5x10 c e l l s  p e r  lOOg 

body weight)  developed th e  d i s e a s e .  The EBL c e l l s  grew in  the  bone marrow, 

sp leen  and l i v e r  with  th e  sp leen  and l i v e r  mass doubling  o r  even t r i p l i n g  

w i th  d i s e a s e  p r o g r e s s i o n .  H i s to lo g ic a l  s e c t i o n s  p repa red  o f  sp leen  and 

l i v e r  showed mass ive i n f i l t r a t i o n  o f  tumor c e l l s .  This change was drama­

t i c a l l y  demonstra ted  in  t h e  l i v e r  where l i v e r  cords  composed o f  r e g u l a r  

rows o f  a c i d o p h i l i c  c e l l s  were rep laced  by i r r e g u l a r l y  spaced b a s o p h i l i c  

tumor c e l l s .  In the  bone marrow, b l a s t s  r e p la ce d  normal c e l l u l a r  e lements  

and reached l e v e l s  o f  g r e a t e r  than 70% o f  th e  t o t a l  c e l l u l a r  c o n te n t .

At t h e  te rm ina l  s tag e s  o f  d i s e a s e  p r o g r e s s i o n ,  i . e .  days 7 ,8 ,9  tumor 

c e l l s  appeared in  the  p e r ip h e ra l  c i r c u l a t i o n .  In some cases  l e v e l s  o f  

b l a s t s  were g r e a t e r  than 10%. However, t h i s  does n o t  begin  to  approach 

l e v e l s  o f  b l a s t s  in t h e  c i r c u l a t i o n  o f  animals  i n f e c t e d  e i t h e r  with  th e  

myeloid leukemias Shay chlo ro leukemia  o r  L5222 (Handler and Handler ,  1970, 

Hoelzer  and H a r r i s s ,  1973).  In many cases  o f  EBL, wh i le  l e v e l s  o f  b l a s t  

c e l l s  in  the  hem atopo ie t ic  organs were very  h igh ,  c i r c u l a t i n g  b l a s t s  r e ­

mained low. For example,  animal IX-9s l i v e r  c o n ta in ed  73% b l a s t s ,  whi le  

only  1% o f  th e  t o t a l  n u c lea te d  c e l l s  in the  p e r ip h e r a l  blood were b l a s t s .  

S i m i l a r l y ,  animal XIX-6 had b l a s t  l e v e l s  in  th e  bone marrow o f  65%, l i v e r  

62%, sp leen  26%, while  in th e  p e r ip h e r a l  blood b l a s t s  were only 1.4%. Thus,  

the  d a ta  sugges ts  t h a t  the  i n t e g r i t y  o f  the  v a s c u la tu r e  in the  hem atopoie t ic  

organs  i s  g e n e r a l ly  m ain ta ined  dur ing  d i s e a s e  development .  While l e v e l s
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o f  c o r r e l a t i o n  between l i v e r  b l a s t s  and p e r ip h e r a l  blood b l a s t s  show a 

t r e n d  toward s i g n i f i c a n c e  (p < 0 . 1 5 ) ,  th e  c o r r e l a t i o n  c o e f f i c i e n t  i s  q u i t e  

low ( r = 0 .2 8 ) .  However, s p lee n  b l a s t s  and p e r ip h e r a l  blood b l a s t s  a r e  

s t r o n g l y  c o r r e l a t e d  ( r= 0 .6 6 ,  p<  0 .0 0 1 ) .  This would i n d i c a t e  t h a t  th e  

degree o f  s p l e n i c  b l a s t  i n f i l t r a t i o n  i s  c l o s e l y  a s s o c i a t e d  with l e v e l s  of 

b l a s t s  in t h e  c i r c u l a t i o n .  One could p o s t u l a t e  t h a t  the  b l a s t s  a re  e n t e r ­

ing th e  c i r c u l a t i o n  from t h e  s p lee n .  E lec t ro n  m ic roscopic  examination o f  

r a t  marrow dur ing  Shay leukemic development i n d i c a t e d  t h a t  leukemic c e l l s  in 

th e  p e r ip h e r a l  blood o r ig i n a t e d . f r o m  th e  marrow, e v id e n t  by the  p resence  o f  

m y e lo b la s t s  in  th e  v a s c u la r  s in u se s  (Chen e t  a l . 1972).  The d e s t r u c t i o n  o f  

t h e  a d v e n t i t i a l  l a y e r  o f  th e  s in u s  appeared to  be in s t ru m en ta l  f o r  s inus  

d e t e r i o r a t i o n .  S im i la r  s t u d i e s  performed in  the  EBL model would help  ex­

p l a i n  both the  o r i g i n  o f  b l a s t s  in  th e  c i r c u l a t i o n  and t h e i r  r e l a t i v e l y  low 

numbers, in  t h i s  d i s e a s e .

I I .  E r y th r o p o ie s i s

The e f f e c t  o f  EBL tumor c e l l ,  i n f i l t r a t i o n  on normal red blood c e l l  p ro ­

duc t ion  was i n v e s t i g a t e d .  E r y th r o p o ie s i s  was a s se s sed  in  t h r e e  pa ram ete rs :  

a)  both mature and immature RBCs in th e  c i r c u l a t i o n  were a s s e s sed  from d a i l y  

drawing o f  blood samples and from measuring h e m a to c r i t  and r e t i c u l o c y t e  

l e v e l s ;  b) l e v e l s  o f  e r y t h r o i d  p r e c u r so r s  were a s s e s s ed  by d i f f e r e n t i a l  

s t a i n i n g  o f  hem atopo ie t ic  organ smears and coun t ing  numbers o f  benz id ine  

p o s i t i v e  (hemoglobin c o n ta in in g )  n u c le a te d  c e l l s ;  c) growth o f  e r y t h r o i d  

p re c u r s o r s  was assayed in v i t r o  on plasma c l o t  c u l t u r e s .
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A. Pe r iphe ra l  Blood Determinat ions

Approximately 66% o f  the  i n f e c t e d  animals  showed reduced l e v e l s  o f  

c i r c u l a t i n g  RBCs by day 9 p o s t - i n j e c t i o n .  Hematocrit  (ho t)  l e v e l s  f o r  

the  most p a r t  were in v e r s e ly  c o r r e l a t e d  to  b l a s t  l e v e l s  in the  bone marrow 

( r=-0 .67 ,P< 0 .001 ) .  Although a t  f i r s t  g lance  i t  may appear  t h a t  the  de­

c l i n e  in l e v e l s  o f  c i r c u l a t i n g  RBCs i s  due to  d imin ished p roduc t ion  o f  

RBCs when th e  hematopoie t ic  foc i  a r e  invaded by leukemic c e l l s ,  upon f u r ­

t h e r  i n s p e c t i o n ,  t h i s  s u p p o s i t io n  i s  not suppor ted .  The normal l i ^ e  span 

o f  a RBC in r a t s  i s  approximate ly  55 days ( the  range i s  47-60 days depend­

ing on th e  s t r a i n ,  H a r r i s s ,  1974). A sh u t  down in p roduc t ion  would account 

f o r  a d a i l y  2% drop (Hoelzer and H a r r i s s ,  1973). When examining hc t  changes 

dur ing  a 9-day EBL cou rse ,  one f i n d s  a hc t  drop o f  approx imate ly  12% (1.3% 

per  day) .  However, t h i s  a n a ly s i s  i s  h igh ly  m is lead ing  because the  hct  

remains b a s i c a l l y  s t a b l e  fo r  7 days and then drops s h a r p ly .  The i n i t i a l  

f l u c t u a t i o n s  which occur a t  days 1 , 2 , 3 ,  p o s t - i n j e c t i o n ,  occur  a l s o  w i th in  

c o n t ro l  groups and have been a sc r ib e d  to  the  e f f e c t s  o f  i n i t i a l  animal mani­

p u l a t i o n s ,  e . g .  t a i l  sn ipp ing .  The rap id  h c t  d e c l i n e  subsequent to day 6 

shown in  Figure 1 i s  more remarkable  when one examines ind iv id u a l  c a se s .

As mentioned in the  r e s u l t s  s e c t i o n ,  due to  th e  v a r i a b i l i t y  in the  r a t e  o f  

anemia development in the  d i f f e r e n t  an im a ls ,  the  curve i s  an approximation 

o f  t h e  t r e n d  bu t  not an ac tua l  r e f l e c t i o n  o f  the  magnitude o f  the  changes.  

Thus, animal I I -5 shows a hc t  leve l  a t  day 7 o f  40,  day 8 h c t  i s  32 and 

day 9 hc t  leve l  i s  15. This sharp  drop in  RBC l e v e l s  i n d i c a t e s  t h a t  the  

EBL d i s e a s e  i s  accompanied by hemolys is .  In o t h e r  types  of  leukemia as 

w e l l ,  a hemolyt ic  e f f e c t  due to  leukemic i n f e c t i o n  has been r e p o r te d
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(Hoelzer  and H a r r i s s ,  1973; H a r r i s s ,  1974; Handler and Handler ,  1970).

The hemoly t ic  e f f e c t  may no t  be due to  d i r e c t  i n t e r a c t i o n s  o f  th e  tumor 

c e l l s ,  o r  t h e i r  p roduc ts  with  the  RBCs, bu t  may a c t u a l l y  be a s id e  e f f e c t  

o f  accompanying b a c t e r i a l  i n f e c t i o n  which o f t e n  r e s u l t s  in  hemoly tic  anemia 

( B e u t l e r ,  -1973). While t h e r e  i s  no d i r e c t  ev idence  f o r  b a c t e r i a l  i n f e c t i o n  

in t h e  EBL an im a ls ,  th e  h igh inc idence  o f  n e u t r o p h i l i a  which accompanies 

th e  d i s e a s e  as well  as t h e  high inc idence  o f  d i a r r h e a  in  t h e se  animals  may 

be i n d i c a t i v e  o f  b a c t e r i a l  i n f e c t i o n .

While hemolysis may account f o r  the  anemia a t  th e  l a t e r  s t a g e s  o f  EBL, 

t h e r e  a r e  s t ro n g  i n d i c a t i o n s  f o r  a d e p re s s io n  in e r y t h r o p o i e s i s .  This i s  

sugges ted  by the  d e c rea se  in r e t i c u l o c y t e s  t h a t  accompanies d i s e a s e  develop­

ment. For example,  animal I I -5  d i s cu s sed  e a r l i e r ,  showed r e t i c u l o c y t e  

( r e t i e )  l e v e l s  a t  day 7 o f  16%, day 8 r e t i e s  were 6%, and day 9 r e t i e s  were 

6% (no te  th e  sharp  drop in  r e t i e s  from days 7 to  8 ) .  In t h i s  c a s e ,  a t  the  

te rm in a l  s t a g e s  o f  EBL, th e  l e v e l s  o f  c i r c u l a t i n g  RBCs were d e p re s sed ,  while  

in a d d i t i o n ,  th e  p ro p o r t io n  o f  incoming RBCs i n t o  the  c i r c u l a t i n g  pool was . 

a l s o  dep ressed .  This c l e a r l y  i n d i c a t e s  t h a t  homeostas is  o f  e r y t h r o i d  p ro­

duc t ion  was d i s r u p t e d .  The animals  could  not compensate f o r  decreased  

l e v e l s  o f  c i r c u l a t i n g  RBCs which su g g es t s  impairment o f  e r y t h r o i d  produc­

t i o n .  (The drop in  r e t i e  l e v e l s  was not always accompanied by a drop in 

h c t  as in  the  case  p re sen te d  above. In many c a s e s ,  r e t i e  l e v e l s  d ec l in ed  

2 days p r i o r  to  h c t  d e c l i n e .  This i n d i c a t e s  a drop in  e r y t h r o i d  p roduc t ion  

and p rec ludes  th e  p o s s i b i l i t y  o f  in c re a se d  RBC p roduc t ion  as a response  to  

th e  hemolytic  e f f e c t  d e sc r ib e d  e a r l i e r . )

The m a tu ra t io n  t ime from th e  e r y t h r o i d  p r e c u r s o r  to  th e  c i r c u l a t i n g  

r e t i c u l o c y t e  i s  3-5 days ( H a r r i s s ,  1974, E r s l e v ,  1973).  A d e c l i n e  in l e v e l s
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o f  r e t i e s  a t  day 7 would su g g es t  e i t h e r  a drop in  e r y t h r o i d  p roduc t ion  

a t  days 2-4 p o s t - i . v . ,  o r  a d e f e c t  e i t h e r  in th e  r e l e a s e  o f  r e t i c u l o c y t e s  

in to  th e  c i r c u l a t i o n  o r  r e t i c u l o c y t e  s e q u e s t r a t i o n .  However, s t u d i e s  by 

Dornfes t  e t  a l . (1971) o f  r e t i c u l o c y t e  s e q u e s t r a t i o n  in normal,  anemic,  and 

leukemic (Shay) r a t s ,  i n d i c a t e d  t h a t  in  t h e  case  o f  th e  leukemic animals 

which were c o n c u r r e n t ly  anemic,  t h e r e  was a dec rea se  in  sp leen  s e q u e s t r a ­

t i o n  o f  r e t i c u l o c y t e s . With th e  in c reased  b l a s t  l e v e l s  found in EBL 

s p l e e n s ,  i t  i s  u n l i k e l y  t h a t  th e  sp leen  would in c r e a s e  i t s . s u r v e i l l a n c e  

o f  r e t i c u l o c y t e  l e v e l s  in th e  c i r c u l a t i o n .

B. Organ Smears

Examination o f  the  c e l l u l a r  c o n ten t  o f  th e  h em atopo ie t ic  o rg a n s ,  namely 

the  s p l e e n ,  bone marrow, and l i v e r ,  a t  days 4-5 p o s t - i n j e c t i o n ,  showed no 

d ram at ic  changes in  l e v e l s  o f  re c o g n iza b le  e r y t h r o i d  p re c u r s o r s  (b enz id ine  

p o s i t i v e  c e l l s )  in th e  hem atopo ie t ic  organs  (F igure  5 ) .  At t h i s  s tag e  

l e v e l s  o f  benz id ine  p o s i t i v e  (B+) c e l l s  in  the  leukemic aniamls  d id  not 

d i f f e r  s i g n i f i c a n t l y  from c o n t r o l .  However, as i s  e v id e n t  from Figure  5,  

t h e r e  was a marked r e d u c t io n  in l e v e l s  o f  B+ c e l l s  a t  days 7-8 p o s t - i . v . ,  

i n d i c a t i n g  t h a t  n o n - d i f f e r e n t i a t e d  e r y t h r o i d  stem c e l l s  which develop i n t o  

re c o g n iza b le  e r y t h r o i d  p r o g e n i t o r  c e l l s  a r e  d e f i c i e n t  in e i t h e r  t h e i r  a c tu a l  

number, o r  in t h e i r  a b i l i t y  to  r e p l i c a t e  in  vivo e a r l y  in d i s e a s e  deve lop­

ment. There i s  ev idence  o f  s i m i l a r  e r y t h r o i d  r e p r e s s i o n  in  th e  o t h e r  l e u ­

kemic models.  Hoelzer and H a r r i s s  (1973) i n v e s t i g a t e d  changes which occur  

in the  marrow o f  animals  i n f e c t e d  with L5222 leukemia.  They examined 

changes in  l e v e l s  o f  l a r g e  b a s o p h i l i c  n o rm ob las t s ,  small  b a s o p h i l i c  normo-
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b l a s t s ,  p o lych rom atoph i l ic  and a c i d o p h i l i c  normoblas ts  ( t h e  l a t t e r  two
t

a r e  n o n -d iv id in g  s t a g e s ) .  They r e p o r t e d  t h a t  w ith  d i s e a s e  development,

l e v e l s  o f  e a r l y  e r y t h r o i d  p r e c u r so r s  d e c l i n e d ,  whi le  l e v e l s  o f  orthochroma-

t o p h i l i c  normoblasts  in c re a se d  dur ing  leukemogenesis .  A marked d ecrease  

59in l e v e l s  o f  Fe in c o r p o r a t io n  in  th e  h em atopo ie t ic  organs  was app a ren t

a t  days 5,  p o s t - i n j e c t i o n  (Hoelzer  e t  a l . 1973) due to  a sharp  red u c t io n

in e r y t h r o p o i e s i s . Shay ch loro leukem ia  i s  a l s o  accompanied by e r y t h r o i d
59r e p r e s s i o n .  Handler and Handler (1972) r e p o r te d  dec reased  Fe in c o r p o r a ­

t i o n  in to  heme in the  marrow c e l l s  from animals  i n j e c t e d  with  Shay c e l l s .  

Animals whose marrow con ta ined  as l i t t l e  as 10% b l a s t s  showed dramatic  

a l t e r a t i o n s  in  heme s y n t h e s i s .  Thus, in  t h e s e  two models o f  myelogenous 

leukemia ,  e r y t h r o i d  involvement i s  a p p a ren t  and i s  expressed  as seve re  

e r y t h r o i d  r e p r e s s i o n .

The e ry th ro leukem ia  models p r e v io u s ly  p r e s e n te d  in the  l i t e r a t u r e  a r e  

th e  Friend and Rauscher leukemias (FV and RLV r e s p e c t i v e l y ) .  As was d i s ­

cussed e a r l i e r ,  Fr iend and Rauscher a re  both very complex d i s e a s e s  t h a t  have 

var ious  pa thogenic  pathways.  Both invo lve  more than  one v i r u s  in  d i s e a s e  

development ,  and d i f f e r e n t  s t r a i n s  o f  v i r u s  y i e l d  d i f f e r e n t  r e sp o n ses .  . In  

both Fr iend  and Rauscher leukem ias ,  anemic re sponse  s t r a i n s  have been s t u ­

d ie d .  The l e s i o n  i s  a p p a r e n t ly  a m a tu ra t io n  d e f e c t  in th e  v i r a l l y  t r a n s ­

formed c e l l s  which can,  however,  be overcome in  v i t r o  by the  a c t i o n  o f  

chemical inducers  such as  dimethyl s u l f o x i d e  (DMSO) b u t y r i c  a c i d ,  e t c .  

( P r e i s l e r  e t  a l . 1975, Leder and Leder,  1975).  Non-def ined environmenta l  

f a c t o r s  have a l s o  been shown to  in f l u e n c e  Fr iend  c e l l  d i f f e r e n t i a t i o n  in 

v i v o . Thus, the  t r a n s p l a n t a t i o n  o f  n o n - d i f f e r e n t i a t e d  Fr iend c e l l s  i n to
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a l e t h a l l y  i r r a d i a t e d  mouse w i l l  r e s u l t  in  the  m a tu ra t io n  o f  th e  v i r -  

a l l y  t rans fo rm ed  c e l l s  i n t o  r e c o g n iz a b le  e r y t h r o i d  c e l l s  which s t i l l  

show th e  presence  o f  v i r u s  (Rossi  and F r i e n d ,  1970).  I t  a p p e a r s ,  however, 

t h a t  not a l l  leukemic c e l l s  may be r e sp o n s iv e  t o  the  d i f f e r e n t i a t i o n  s t i ­

m u l i .  Tn v i t r o  s t u d i e s  with  FV-A c lones  have found both i n d u c ib l e  and 

n o n - in d u c ib le  c lones  (Orkin e t  a l . 1975). Weitz-Hamburger e t  a l . (1975) 

r e p o r t e d  t h a t  a f t e r  a double c h a l l e n g e  o f  animals  with  RLV and phenyl hy­

d r a z i n e ,  l e v e l s  o f  c i r c u l a t i n g  r e t i e s  i n i t i a l l y  i n c re a s e d  to  40% o f  the  

c i r c u l a t i n g  RBC p o p u la t i o n ,  then su bsequen t ly  d e c l in e d  when new c e l l s  

could  no lo n g e r  be r e c r u i t e d  i n t o  th e  d i f f e r e n t i a t i o n  pathway. In a n o th e r  

s tu d y ,  animals  were i n f e c t e d  with  th e  RLV-A v a r i a n t  o f  RLV. Morse e t  a l .

(1978) r e p o r t e d  t h a t  t h e se  animals developed severe  anemia and r e t i c u l o -
59c y to p e n ia .  In c o rp o ra t io n  of  Fe i n t o  heme was de layed  r e l a t i v e  to  con­

t r o l  d e s p i t e  mass ive uptake o f  i ron  by both th e  l i v e r  and sp lee n .  I t  was 

a l s o  demonstra ted  t h a t  t h e  RBC h a l f  l i f e  was c o n s id e r a b ly  shor tened  a f t e r  

RLV-A i n f e c t i o n ,  r e s u l t i n g  in anemia.  Due t o  t h e  i n e f f e c t i v e  e r y t h r o ­

p o i e s i s  c h a r a c t e r i s t i c  o f  the  d i s e a s e ,  no compensatory i n c r e a s e  in  e r y ­

t h r o i d  p roduc t ion  o ccu r red .  Thus, t h e  common f a c t o r  in  t h e s e  animal 

models and the  EBL d esc r ib ed  in  t h i s  s tudy  i s  th e  m a tu ra t io n  biock o f  

fu n c t io n a l  RBC in  vivo in the  absence o f  i n d u c e r s .

S tu d ie s  o f  e r y t h r o p o i e s i s  in  e ry th ro leu k em ic  p a t i e n t s  have involved 

an a ly z in g  bone marrow c e l l u l a r  c o n te n t  f o r  e r y t h r o b l a s t s  (Kar le  e t  a l . 

1974),  au to rad iog raphy  and cytophotometry  (Mitrou e t  a l . 1975; Quiesser  

e t  a l . 1975; Suda e t  a l . 1978). These workers found t h a t  accompanying 

th e  anemia and r e t i c u l o c y t o p e n i a  which occurs  in  th e  d i s e a s e ,  t h e r e  i s
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a l s o  a change in e r y t h r o i d  p recu rso r s  in the  bone marrow, i l i t ro u  e t  

a l . (1975) r e p o r t e d  t h a t  t h e  e r y t h r o b l a s t s  from e ry thro leukem ic  (EL) 

p a t i e n t s  had a lower l a b e l l i n g  index. The p e rc en t  b a s o p h i l i c  e r y t h r o ­

b l a s t s  and e a r l y  po lychrom atophi l ic  normoblasts  in S phase was decreased ,  

and the  p e rcen t  o f  c e l l s  in  Gi was in c re a s e d .  Quiesser  e t  a l . (1975) r e ­

por ted  t h a t  wh i le  t h e  t ime in  S f o r  b a so p h i l i c  e r y t h r o b l a s t s  and e a r l y  

po lychrom atoph i l ic  normoblasts  was normal ( i . e .  no prolonged S phase) 

a l a rg e  pe rcen tage  o f  b a s o p h i l i c  and po lych rom atoph i l ic  e r y t h r o b l a s t s  

were u n la b e l l e d .  These c e l l s  could e i t h e r  be in Gq o r  G^, but most p ro ­

bably the  i n e f f e c t i v e  e r y t h r o p o i e s i s  was due to  t h e  c e l l s  being ou t  o f  

cy c le .

I t  would be o f  i n t e r e s t  to  de termine whether c e l l  cyc le  parameters  are  

modif ied a f t e r  EBL i n f e c t i o n .  Use o f  t h i s  model would permit  not only the  

a n a l y s i s  o f  t h e se  changes,  but v/ould a l s o  a llow the  de te rm in a t io n  o f  where 

and when th e se  changes occu r red .  In o t h e r  words,  because one can e a s i l y  

d i s c r im in a t e  between normal e r y t h r o i d  elements and the  t r a n s p l a n t e d  EBL 

c e l l s ,  one could fo llow th e  e f f e c t  o f  the  b l a s t s  on th e  var ious  e r y t h r o i d  

compartments and de termine which compartments a re  a f f e c t e d  by EBL b l a s t s ,  

and i f  a s p e c i f i c  l e v e l  o f  b l a s t s  need be p re s e n t  be fo re  normal e r y t h r o ­

p o i e s i s  i s  a f f e c t e d .

C. Assessment o f  the  Functional Capacity  o f  E ry th ro id  P recursors  
In V i t r o :

We have demonstrated t h a t  e r y t h r o i d  c e l l  p r o l i f e r a t i o n  was e f f e c t e d  

in v ivo ,  as shown by the  reduced l e v e l s  o f  r e t i c u l o c y t e s  in the  c i r c u l a ­

t i o n  and reduced l e v e l s  o f  recogn izab le  e r y t h r o i d  p recu rso r s  in the  hema-
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t o p o i e t i c  organs  a t  days 7 , 8 ,  p o s t - i n j e c t i o n .  Since th e  m a tu ra t ion  

t ime from the  p r o e r y t h r o b l a s t  t o  normoblas t  i s  2-3 days ,  the  absence 

o f  normoblas ts  a t  day 7 i n d i c a t e s  e i t h e r  a lack  o f  pronormoblas ts  a t  

days 4 , 5 ,  o r  impaired m a tu ra t io n  in  v ivo  in th e  leukemic an imal.  In 

o rd e r  to  r e s o lv e  t h i s  i s s u e ,  f u n c t i o n a l  a ssays  o f  hem atopo ie t ic  stem 

c e l l s  were performed in v i t r o  a t  days 4 , 5 ,  and days 7 , 8 ,  p o s t - i n j e c t i o n .

The CFU-E assay  as  developed by Axel rad and h is  c o l l e ag u e s  (1974) 

a s s e s s e s  l e v e l s  o f  committed e r y t h r o i d  p r o g e n i t o r s .  These c e l l s ,  which 

a r e  no t  rec o g n iza b le  e r y t h r o i d  c e l l s ,  respond to  e r y t h r o p o i e t i n  in  v i t r o  

and develop i n t o  c o lo n ie s  o f  16-32 hemoglobin c o n ta i n in g  ( b e n z i d i n e - p o s i ­

t i v e )  c e l l s  a f t e r  48 hours in c u l t u r e .  The c lona l  o r i g i n  o f  t h e se  co lo n ­

i e s  was f i r s t  shown by Cormack (1976) who followed th e  development o f  a 

s i n g l e  c e l l  i n t o  a colony us ing  t im e - l a p s e  c inema-photography. Prchal 

e t  a l . (1977) f u r t h e r  demonstra ted  th e  c lo n a l  o r i g i n  o f  e r y t h r o i d  co lon ­

i e s .  Using female s u b j e c t s  he terozygous  f o r  g lucose  6 -phosphate  dehydro­

genase  as a source  o f  e r y t h r o i d  p r o g e n i t o r s ,  Prchal e t  a l . r e p o r t e d  t h a t  

each in d iv id u a l  colony expressed  on ly  one type  o f  isoenzyme, th e reb y  show­

ing th e  u n i c e l l u l a r  o r i g i n  o f  the  co lony .  Thus, d e te r m in a t io n  o f  the  

number o f  e r y t h r o i d  c o lo n ie s  deve lop ing  in v i t r o  i s  a d i r e c t  f u n c t io n a l  

a s say  o f  t h e  number o f  e r y t h r o i d  p r e c u r s o r s  p r e s e n t  in  th e  hem atopo ie t ic  

o rgans .

In o rd e r  t o  monitor  CFU-E l e v e l s ,  c e l l s  were f lu s h e d  from the  marrow, 

sp leen  and l i v e r ,  washed once,  and then p l a t e d  as d e sc r ib e d  in  th e  methods 

s e c t i o n .  C e l l s  were grown both w i th  and w i th o u t  e r y t h r o p o i e t i n  in  o rd e r  

to  d e t e c t  colony growth independent  o f  epo. A f t e r  48 hours in cuba t ion
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a t  37°C, c o lo n ie s  va ry ing  from 8-32 c e l l s  (3-5 d i v i s i o n s )  were scored .  

Levels o f  e r y t h r o i d  c l u s t e r s  o f  4-7 c e l l s (2+ d i v i s i o n s )  were counted 

s e p a r a t e l y .  C lu s t e r s  scored a f t e r  48 hours in cu b a t io n  may be the  p ro­

geny o f  e i t h e r  a very e a r l y  p r o g e n i to r  which forms e a r l y  recogn izab le  

e r y t h r o i d  c e l l s  a f t e r  th e  d i v i s i o n  o f  n o n - recogn izab le  c e l l s , ,  o r ,  on the  

o t h e r  hand, a l a t e r  p r o g e n i to r  c e l l  w i th  l i m i t e d  r e p l i c a t i v e  p o t e n t i a l .  

Since e r y t h r o i d  c e l l s  d iminish  in s i z e  with  in c reased  m a tu ra t ion  and 

r e p l i c a t i o n ,  the  s i z e  o f  the  c e l l s  w i th in  the  c l u s t e r  may serve  to  i n d i ­

c a t e  the  developmental s tage  of  the  c l u s t e r  forming c e l l .  I t  was noted 

t h a t  c e l l s  w i th in  the  c l u s t e r s  appeared f o r  the  most p a r t  sm a l le r  in s i z e  

than  the  c e l l s  which composed the  c o l o n i e s ,  the reby  sugges t ing  t h a t  these

c l u s t e r  forming c e l l s  were the  progeny o f  a more mature c e l l .
/ \ 4The r e s u l t s  showed t h a t  numbers o f  bone marrow ( BM) CFU-E per 5x10 

c e l l s  were s t r o n g ly  depressed  with EBL d i s e a s e  p r o g r e s s io n .  Since the  

t o t a l  marrow c e l l u l a r i t y  a l s o  appeared to  be depressed  as a fu n c t io n  o f  

d i s e a s e  development,  the  d e c l i n e  in numbers o f  CFU-E was not simply due 

to  d i l u t i o n  o f  e r y t h r o i d  p recu rso r s  w i th in  the  marrow p o p u la t io n ,  when 

l e v e l s  o f  tumor c e l l s  inc reased  in the  marrow. I t  i s  a l s o  impor tan t  to  

p o in t  ou t  t h a t  the  d e c l i n e  in CFU-E was app a ren t  even in bone marrow sam­

p le s  with l e s s  than 10% b l a s t s .  Both l e v e l s  o f  c o lo n ie s  and c l u s t e r s  were 

depressed  in t h e  s e v e re ly  leukemic an im als .  This would argue a g a in s t  the  

hypo thes i s  t h a t  the  c l u s t e r s  t h a t  were p r e s e n t  were t h e  r e s u l t  o f  a d e f i ­

c i e n t  r e p l i c a t i o n  p o te n t i a l  in the  CFU-E compartment, i . e .  i n s t e a d  of  

going through 4 d i v i s i o n s  in 48 hours ,  only 2 d i v i s i o n s  o ccu r red .  I f  

t h i s  had been the  c a se ,  then the  c e l l s  w i th in  the  EBL c l u s t e r s  would
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have been markedly l a r g e r  than th e  c e l l s  which formed th e  c o n t ro l  c l u s ­

t e r s ,  which was not th e  c a s e .  All th e  c l u s t e r s  appeared  to  be composed 

from th e  same s i z e  c e l l s ,  i n d i c a t i n g  t h a t  the  CFU-E i n h i b i t i o n  which 

occur red  in  the  EBL did  n o t  r e s u l t  from a len g th en in g  o f  the  c e l l  cyc le  

o f  th e  p r o g e n i t o r  c e l l s .  Thus, th e  da ta  i n d i c a t e d  t h a t  t h e r e  was an

a c tu a l  drop in numbers o f  p r e c u r s o r  c e l l s  and no t  a d e f e c t  in t h e i r  r e p l i ­

c a t i v e  a b i l i t y  in  v i t r o . This was s u b s t a n t i a t e d  by observed changes

o c c u r r in g  w i th in  the  h em atopo ie t ic  o rgans .  Whereas,  l e v e l s  o f  B+ c e l l s  

were not a f f e c t e d  by days 4 ,5  p o s t - i . v . ,  r e c o g n iz a b le  e r y t h r o i d  p r e c u r ­

so r s  v i r t u a l l y  d i s ap p ea red  a t  days 7 ,8 .  Since l e v e l s  o f  B+ c e l l s  were 

no t  a f f e c t e d  a t  days 4 , 5 ,  even where l e v e l s  o f  tumor c e l l s  were i n c r e a s e d ,  

and l e v e l s  o f  c o lo n ie s  were d e p r e s s e d ,  i t  would appea r  t h a t  a c e l l  more 

p r i m i t i v e  than th e  re c o g n iz a b le  e r y t h r o i d  p r e c u r s o r  was a f f e c t e d  by the  

tumor c e l l s .  The drop in  B+ c e l l  l e v e l s  a t  days 7 ,8  p o s t - i . v . ,  was due 

t o  a "shut-down" o f  th e  l i n e  t h a t  feeds  i n to  th e  matur ing  e r y t h r o i d  com­

par tm en t .  The e r y t h r o i d  c l u s t e r  forming c e l l ,  which most probably  a r i s e s  

from a B+ c e l l ,  was shown to  be more r e s i s t a n t  to  EBL i n h i b i t i o n .  While 

t h e se  c e l l s  may not be a f f e c t e d  in t h e i r  r e p l i c a t i v e  a b i l i t y  in  th e  p r e ­

sence o f  tumor c e l l s ,  t h e  a v a i l a b l e  numbers o f  ECL forming c e l l s  d im in ished  

w ith  i n c r e a s i n g  EBL p ro g r e s s i o n .

The symptoms o f  RLV d i s e a s e  a re  s i m i l a r  t o  EBL in  t h a t  i n e f f e c t i v e  

e r y t h r o p o i e s i s  e v id e n t  in  th e  low hc t  l e v e l s  and r e t i c u l o c y t o p e n i a  occurs  

w i th  d i s e a s e  p ro g r e s s io n .  However, an im p o r tan t  d i f f e r e n c e  i s  t h a t  RLV 

i n f e c t e d  animals  a re  s t i l l  r e sp o n s iv e  to  epo s t i m u l a t i o n  (Weitz- Hambur­

ger  e t  a l . 1975). While RLV a c t s  t o  s t i m u l a t e  t h e  ERC, the  i n f e c t e d  com­

par tment  can f u r t h e r  respond to  exogenous epo a d m i n i s t r a t i o n  by in c r e a s in g
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59 Fe uptake  and overcoming th e  r e t i c u l o c y t o p e n i a . These e r y t h r o i d  c e l l s ,  

however,  do not mature i n to  fu n c t io n a l  l o n g - l i v e d  RBCs and r e t a i n  meta­

b o l i c  d e f i c i e n c i e s  ( S e i d e l ,  1976).  F u r th e r  u n de rs tand ing  o f  RLV a c t i o n  

may come from in  v i t r o  s t u d i e s .  Nooter and Ghio (1975) r e p o r t e d  t h a t  

bone marrow c e l l s  from RLV i n f e c t e d  animals  grew i n to  c o lo n ie s  in  the  

absence o f  exogenous epo ,  the reby  dem ons t ra t ing  the  " e p o - l ik e "  a c t i o n  o f  

t h e  v i r u s  on th e  ERC. However, Opitz e t  a l .  (1977) found no s i g n i f i c a n t  

l e v e l s  o f  epo independent co lo n ie s  a f t e r  RLV i n f e c t i o n .  In f a c t ,  the  mor­

pho log ica l  appearance  o f  th e  CFU-E from both the  bone marrow and sp leen  

remained normal even l a t e  a f t e r  i n f e c t i o n .  A s i g n i f i c a n t  d i f f e r e n c e  

between the  CFU-E from normal and RLV i n f e c t e d  an imals  may well  be in  the  

f a i l u r e  o f  the  CFU-E to  d i s i n t e g r a t e  on th e  p l a t e  a f t e r  more than 48 hours 

in c u l t u r e .  Opitz e t  a l . as well  as Nooter and Ghio both re p o r te d  t h a t  

t h e  c o lo n ie s  appeared unchanged even a f t e r  5 days in  c u l t u r e .  The d i s ­

i n t e g r a t i o n  o f  th e  c o lo n ie s  on the  p l a t e s  i s  due to  t h e  e n u c l e a t io n  and 

d i s p e r s i o n  o f  e r y t h r o b l a s t s  as they  mautre (Axelrad e t  a l . 1974). Thus, 

th e  l e s i o n  in  RLV i n f e c t e d  animals may prove to  be in the  m a tu ra t ion  o f  

th e  p o ly -  o r  o r th o c h ro m a to p h i l i c  e r y t h r o b l a s t  i n t o  a f u n c t io n a l  RBC both 

in vivo and in v i t r o . ( I t  would be o f  i n t e r e s t  t o  de te rm ine  whether  the  

c e l l s  can respond to  h ig h e r  l e v e l s  o f  epo by a c c e l e r a t i n g  t h e i r  m a tu ra t ion  

p rocess  rn v i t r o . )

The two s t r a i n s  o f  Fr iend v i ru s  p r e v io u s ly  d e sc r ib e d  give  r i s e  to  two 

d i f f e r e n t  r e sp o n se s .  I n f e c t i n g  mice with  the  Mirand s t r a i n  (FV-P) r e s u l t s  

in seve re  polycythemia ,  where the  c e l l s  a r e  epo independen t .  Upon i n f e c ­
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t i o n  o f  normal bone marrow c e l l s  w i th  v i r u s  in  v i t r o , epo independent 

c o lo n ie s  w i l l  grow (C larke  e t  a l .  1975).  The number o f  c o lo n ie s  i s  p ro ­

p o r t i o n a l  to  t h e  v i r u s  t i t e r  used.  Epo independence was f u r t h e r  demon­

s t r a t e d  by Liao and Axel rad  (1975) when they  r e p o r t e d  t h a t  a n t i - e p o  a n t i -  

serum d id  no t  a f f e c t  l e v e l s  o f  t h e s e  CFU-E, whereas a n t i - v i r u s  a n t i  serum 

d r a s t i c a l l y  reduced colony l e v e l s .  The growth o f  c o lo n ie s  from FV-P i n ­

f e c t e d  mice was a l s o  s tu d i e d  by Opi tz  e t  a l . (1978) .  They re p o r t e d  t h a t  

th e  s h i f t  t o  epo independence i s  not g ra d u a l .  The epo independent CFU-E 

a r i s e  from a new and d i s t i n c t  po p u la t io n  o f  c e l l s  which appears  a p p ro x i ­

mate ly  7 days a f t e r  v i r u s  i n f e c t i o n .  These CFU-E a re  a l s o  d i f f e r e n t  in 

t h a t  th e  maximal s i z e  which they  ach ieve  a f t e r  72 hours in c u b a t io n  i s  

2-3x g r e a t e r  than  the  maximal s i z e  a t t a i n e d  by normal CFU-E a t  48 hours .  

Thus,  the  FV-P i n f e c t e d  CFU-E shows b e t t e r  p r o l i f e r a t i o n  p o t e n t i a l  than 

c o n t ro l  and i s  a l s o  most l i k e l y  a more immature c e l l .  The growth o f  FV-P 

c o lo n ie s  very c l o s e l y  resembles  growth o f  c o lo n ie s  from p a t i e n t s  with 

polycythemia  vera  (Prachl e t  a l . 1974) in  t h a t  a long with  epo independence,  

th e  c e l l s  r e t a i n  t h e i r  a b i l i t y  to  mature i n to  fu n c t io n a l  RBCs.

In th e  anemic s t r a i n  FV-A, m a tu ra t ion  i n t o  f u n c t io n a l  RBCs i s  b locked,  

and in a d d i t i o n ,  th e  c e l l s  a re  not re sp o n s iv e  to  epo s t i m u l a t i o n .  How­

e v e r ,  a f t e r  exposure  o f  FV-A c e l l s  t o  induc ing  agen ts  such as DMSO, in 

v i t r o , c o lo n ie s  develop both with  and w i th o u t  exogenous epo (G olds te in  

e t  a l . 1974).  In the  absence o f  p re in c u b a t io n  o f  c e l l  in DMSO, co lo n ie s  

do no t  develop.  Thus, the  induc ing  agent may a c t  on the  FV-A i n f e c t e d  

c e l l s  in a manner s i m i l a r  to  epo to  s t i m u l a t e  m a tu ra t io n  i n to  e r y t h r o i d  

c e l l s .  Growth o f  CFU-E from FV-A i n f e c t e d  animals  has no t  been s t u d i e d .
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In l i g h t  o f  t h e  f a c t  t h a t  FV-A c e l l s  i n j e c t e d  in to  l e t h a l l y  i r r a d i a t e d  

ho s t s  do form e r y t h r o i d  c o l o n i e s ,  i t  may be t h a t  changes in  growth po ten ­

t i a l  occur  under va r io u s  environmental  c o n d i t i o n s .  However, in  vivo epo 

l e v e l s  do not appear  to  a f f e c t  FV-A c e l l s , s i n c e  they  c o lo n iz e  e q u a l ly  

well  th e  s p lee n s  o f  p r e - i r r a d i a t e d  polycythemic  mice,  which normal c e l l s  

would no t  do (Rossi  and F r ien d ,  1970).

In summary, th e  r a t  EBL model canno t ,  in f a c t ,  be c l o s e l y  compared to

th e  o th e r  e ry th ro leukem ia  animal models.  While RLV c e l l s  do not have the  

a b i l i t y  to  f u l l y  mature i n to  fu n c t io n a l  RBCs, they s t i l l  m a in ta in  epo 

re sp o n s iv e n e s s .  FV-P i n f e c t e d  c e l l s  a re  capable  o f  maturing in to  fu n c ­

t i o n a l  RBCs and need no exogenous epo. The growth o f  FV-A c e l l s  may 

c l o s e l y  resemble  the  growth o f  EBL c e l l s ,  in  t h a t  n e i t h e r  one can develop 

i n t o  r e c o g n iza b le  e r y t h r o i d  c e l l s  ( b e n z i d i n e - p o s i t i v e )  in  e i t h e r  t h e  p r e ­

sence o r  absence o f  epo. However, the  growth o f  "normal" n o n - in f e c t e d  

hem atopo ie t ic  c e l l s  cannot  be assayed  in th e  v i r a l  e ry th ro leu k em ia  models 

and, t h u s ,  t h e  i n t e r a c t i o n s  o f  normal and leukemic p o p u la t io n s  cannot be 

i n v e s t i g a t e d  with t h e se  models.  In o rd e r  to  unders tand  th e  human d i s e a s e ,  

both f a c e t s  need to  be s t u d i e d ,  t h e  f a i l u r e  o f  the  e ry th ro leu k em ic  b l a s t s  

to  develop norm al ly ,  and th e  i n a b i l i t y  o f  "normal" c e l l s  to  respond to  

p h y s io lo g ic  demands f o r  more mature c e l l s .

Hoffman e t  a l . (1975) s tu d i e d  e ry th ro leukem ic  CFU-E from p a t i e n t s  in 

remiss ion  and in  r e l a p s e .  They r e p o r t e d  the  EL BM c e l l s  from p a t i e n t s  

in r e l a p s e  did  not form CFU-E r e g a r d l e s s  o f  l e v e l s  o f  epo added to  the  

c u l t u r e ,  whereas c e l l s  from an EL p a t i e n t  in rem iss ion  d id  respond to

epo and developed CFU-Es. Thus, i t  appeared from t h i s  r e p o r t  t h a t  the
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"normal" hemic e lements  were capab le  o f  responding  to  epo when l e v e l s  o f  

tumor c e l l s  were low; whereas leukemic c e l l s  could no t  ( see  K o e f f l e r  

e t  a l . 1978).  The removal o f  leukemic c e l l  p o p u la t io n s  in v i t r o  by 

va r io u s  c e l l  s e p a r a t i o n  te chn iques  a v a i l a b l e  such as v e l o c i t y  sed im enta ­

t i o n  o r  d e n s i t y  g r a d i e n t s  would determine  whether  they  colony forming 

a b i l i t y  o f  normal c e l l s  could be r e s t o r e d  with th e  e l i m i n a t i o n  o f  the  

tumor c e l l  p o p u l a t i o n s ,  o r  whether c e l l s  developing  in th e  p re sence  of  

t h e  tumor a r e  i r r e v e r s i b l y  a f f e c t e d .

A more p r i m i t i v e  p r e c u r s o r  c e l l  than th e  CFU-E has been c h a r a c t e r i z e d  

in  both murine and human systems (Axelrad e t  a l . 1974; Cla rke  and House­

man, 1977). This  c e l l  which i s  re spons ive  t o  much h ig h e r  l e v e l s  o f  e r y ­

t h r o p o i e t i n ,  i s  assayed  f o r  growth a f t e r  7-14 days in c u l t u r e ,  when l a r g e  

b u r s t s  o f  c o lo n ie s  predomina te .  This b u r s t  forming c e l l  (BFU-E) i s  more 

r e s i s t a n t  to  p e r t u r b a t i o n s  than the  CFU-E. Axelrad e t  a l . (1974) r e p o r ­

ted  t h a t  l e v e l s  o f  BFU-Es a re  independent o f  endogenous epo l e v e l s ,  s in c e  

h y p e r t r a n s f u s i o n  o f  mice d id  no t  a f f e c t  BFU-E l e v e l s  in  the  femur.  Hara 

and Ogawa (1977) r e p o r t e d  t h a t  p e r t u r b a t i o n s  o f  th e  e r y t h r o i d  compartment 

(by b l e e d i n g ,  epo i n j e c t i o n s ,  e t c . )  r e s u l t e d  in an i n c r e a s e  in p e r ip h e ra l  

blood BFU-Es and sp leen  BFU-Es, and a d ec rea se  in  femoral BFU-Es. This 

in d i c a t e d  a m ig ra to ry  re sponse  r a t h e r  than a r e p l i c a t i v e  re sponse  was 

e f f e c t e d  by t h e  m an ipu la t ions  o f  th e  e r y th r o n .  This  may be o f  i n t e r e s t  

when c o n s id e r in g  t h a t  BFU-Es were found in the  p e r ip h e r a l  blood o f  a pa­

t i e n t  w ith  e ry th ro leukem ia  and were shown to  be r e s p o n s iv e  t o  epo s t im u­

l a t i o n  i_n̂  v ^ t ro  (D. Housman > personal communication) .  However, Nathan 

e t  a l .  (1978) have p o s t u l a t e d  i n t r i n s i c  d i f f e r e n c e s  in p e r i p h e r a l  blood
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vs.  bone marrow BFU-E. They have found t h a t  the  inc idence  o f  Hbf syn­

th e s i z e d  by p e r ip h e ra l  blood BFU-E i s  much g r e a t e r  than in marrow BFU-E. 

They contend t h a t  p e r ip h e r a l  blood BFU-E a re  s t r e s s  c e l l s  which can be 

induced to  d i f f e r e n t i a t e  under c e r t a i n  environmenta l  c o n d i t i o n s ,  such as 

lymphoid c e l l  s t i m u l a t i o n ,  bu t  t h a t  t h e i r  growth in  v i t r o  does no t  neces ­

s a r i l y  r e f l e c t  the  p h y s io lo g ic  s t a t e .  However, s in ce  the  BFU-E r e p r e s e n t  

a more p r im i t i v e  stem c e l l ,  which i s  c l o s e r  to  the  p l u r i p o t e n t  stem c e l l ,  

i t  would be o f  g r e a t  i n t e r e s t  to  de te rmine  how t h i s  compartment i s  a f f e c ­

t e d  in t h e  e ry th ro leukem ic  d i s e a s e .

D. Compensatory E ry th ro p o ie s i s

Another response  to  th e  s t r e s s  o f  leukemic c e l l  i n f i l t r a t i o n  and the  

shu t  down of  e r y t h r o p o i e s i s  which occurs  in th e  bone marrow would be 

e i t h e r  th e  r e c ru i tm e n t  o f  normally  q u ie sc e n t  c e l l s  i n to  the  e r y t h r o p o i e t i c  

compartment, o r  the  m ig ra t ion  o f  e r y t h r o i d  p re c u rso r s  to  a no the r  hemato­

p o i e t i c  organ. During the  development o f  the  EBL d i s e a s e ,  e r y t h r o p o i e s i s  

was found to  occur  in  the  r a t  s p l e e n ,  an organ which i s  not normally i n ­

volved in hem ato p o ies i s . CFU-E were found in th e  sp leen  e a r l y  dur ing  EBL 

development,  i . e .  days 4 ,5  p o s t - i n j e c t i o n ,  where b l a s t  l e v e l s  were i n ­

c r e a s in g .  The e r y t h r o p o i e t i c  phase was t r a n s i t o r y ,  s i n c e  CFU-E v i r t u ­

a l l y  d isappeared  from th e  sp leen  a t  days 7 ,8 .  E ry th ro id  c l u s t e r s  (ECL) 

were e v id en t  a t  the  l a t e r  phase and were s t r o n g l y  c o r r e l a t e d  to  l e v e l s  

o f  B+ c e l l s  in the  sp leen  a t  th e  t ime o f  p l a t i n g  ( r = 0 . 7 1 ,p < 0 .001 ) .  I t  

i s  l i k e l y  t h a t  the  B+ c e l l s  in  the  sp leen  noted a t  days 7 ,8  a re  the  p ro ­

geny o f  CFU-E assayed  a t  days 4 , 5 .  These c e l l s  may have th e  c ap a c i ty  to  

g ive  r i s e  to  c l u s t e r s  o f  4-7 c e l l s  (2-3 d i v i s i o n s )  when removed i n to  an
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in  v i t r o  system.

The e ry th ro leukem ia  models Fr iend  and Rauscher both u t i l i z e  a mouse 

system, t h e r e f o r e ,  one cannot  a ssay  f o r  compensatory e r y t h r o p o i e s i s  in  

th e  s p le e n ,  s i n c e  the  mouse sp leen  i s  normally  in vo lved  in  hem atopo ies is ,  

and the  sp leen  i t s e l f  i s  a primary  t a r g e t  f o r  i n f e c t i o n .  Compensatory 

hem atopoies is  has been found to  occur  in  o t h e r  leukemic models ,  e . g .

Shay ch lo ro leukem ia .  Handler and Handler (1972) r e p o r t e d  t h a t  heme syn­

t h e s i s  was s t im u la t e d  in  th e  sp leen s  o f  leukemic r a t s ;  whereas ,  heme syn­

t h e s i s  was re p re s s e d  in  th e  bone marrow o f  t h e s e  an im a ls .  Fur thermore ,  

l e v e l s  o f  CFU-E found in th e  sp leen s  o f  Shay i n f e c t e d  animals were very 

high and exceeded c o n t ro l  l e v e l s  f o r  bone marrow CFU-E (Handler and Hand­

l e r ,  1976).  Bone marrow CFU-E in th e  Shay animal were found t o  be de­

p re s se d  with d i s e a s e  p ro g r e s s i o n .  Thus, compensatory e r y t h r o p o i e s i s  con­

t i n u e s  t o  occur  in t h e  Shay s p leen  even a t  t h e  te rm ina l  s t a g e s  o f  d i s e a s e  

p r o g r e s s i o n .  As leukemic p r o l i f e r a t i o n  in t h e  s p leen  c o n t i n u e s ,  compen­

s a t o r y  e r y t h r o i d  development e v e n t u a l l y  f a l t e r s .

Evidence f o r  compensatory hem atopoies is  o c c u r r in g  in leukemic p a t i e n t s  

i s  s c a n t .  S jorgen (1976) r e p o r t e d  t h a t  in  cases  o f  human CML, in c re a s e d  

l e v e l s  o f  e r y t h r o b l a s t s  in  th e  sp leen  and l i v e r  were e v i d e n t .  However, 

th e  l a b e l l i n g  index o f  t h e s e  c e l l s  was low, i n d i c a t i n g  t h a t  even here  the  

p r o l i f e r a t i v e  a c t i v i t y  was im pa i red ,  and a m a tu ra t io n  a r r e s t s  a t  th e  l eve l  

o f  th e  b a s o p h i l i c  e r y t h r o b l a s t  was a l s o  found to  occu r  in th e  leukemic 

s p l e e n ,  as well  as in  t h e  bone marrow.

As p o s t u l a t e d  e a r l i e r ,  th e  i n c re a s e d  l e v e l s  o f  s p l e n i c  e r y t h r o p o i e s i s  

r e p o r t e d  in th e  EBL model could  be due to  e i t h e r  i n c r e a s e d  m ig ra t io n  o f
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CFU-E ( o r  e a r l i e r  BFU-E) from th e  bone marrow to  t h e  s p l e e n ,  o r  the  

development o f  CFU-E w i th in  th e  sp leen  from a p r e - e x i s t i n g  popu la t ion  o f  

c e l l s  which i s  normally  q u i e s c e n t .  However, Hara and Ogawa (1977) have 

found t h a t  in t h e  mouse, BFU-E bu t  no t  CFU-E a re  p r e s e n t  in the  c i r c u l a ­

t i o n .  They have f u r t h e r  shown t h a t  t h e  response  to  m an ip u la t io n s  of  the  

e ry th ro n  i s  in c re a s e d  m ig ra t io n  o f  BFU-Es from th e  femur to  th e  sp lee n .  

T h e re fo re ,  i t  i s  l i k e l y  t h a t  th e  CFU-Es found in the  EBL sp leens  a r e  de­

r iv e d  from m ig ra to ry  BFU-Es. S p len ic  e r y t h r o p o i e s i s  appears  to  have only 

a minor e f f e c t  on m a in ta in ing  l e v e l s  o f  e r y t h r o p o i e s i s  w i th in  the  i n f e c ­

ted  a n im a l s ,  and i t s  importance may on ly  be to  se rve  as an i n d i c a t o r  o f  

th e  degree  o f  leukemic involvement .

I I I .  G ran u lo p o ie s i s

A. P e r ip h e ra l  Blood Determinat ions

D i f f e r e n t i a l  s t a i n i n g  o f  p e r ip h e r a l  blood smears i n d i c a t e d  t h a t  l e v e l s  

•of n e u t r o p h i l s  (PMNs) w i th in  t h e  c i r c u l a t i o n  ro se  from a mean o f  26% a t  

day 0 to  a mean o f  29.8% a t  day 9. The PMN l e v e l s  begin to  show an i n ­

c r e a s in g  t r e n d  by day 7,  t h e  p o i n t  a t  which h c t  and r e t i e  l e v e l s  a r e  de­

f i n i t e l y  d e c l i n i n g .  Although the  i n c r e a s e s  in  p e rc e n t  PMN o f  t o t a l  leve l  

o f  c i r c u l a t i n g  n u c lea ted  c e l l s  appears  s l i g h t ,  t h e se  va lues  a re  s i g n i f i ­

can t  s in c e  l e v e l s  o f  n u c lea ted  c e l l s  w i th in  th e  c i r c u l a t i o n  a l s o  in c re a se d  

dur ing  leukemic development.  Thus, both t h e  a b s o l u t e  number o f  PMNs as 

well  as t h e i r  r e l a t i v e  numbers in c re a s e d  dur ing  d i s e a s e  p ro g r e s s io n .

B. Organ Smears

Examination o f  t h e  bone marrow in  EBL animals  showed no s u b s t a n t i a l  

d ec rea se  in myeloid p r e c u r s o r s .  In c o n t ro l  animals  l e v e l s  o f  promyelocytes
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and m y e lo b la s t s  y i e l d e d  a mean o f  1.5% metamyelocytes ,  4.1%. Severe ly  

leukemic animals  showed p ro n y e lo cy tes  and m y e lo b la s t s  a t  0.9% and meta '  

meylocytes  a t  2.5%. These d i f f e r e n c e s  cannot  be c o n s id e red  s i g n i f i c a n t ,  

when one c o n s id e r s  t h a t  w i th in  t h e  a n im a ls '  bone marrow, b l a s t  l e v e l s  

a r e  in c r e a s in g  and t h a t  d i f f e r e n t i a l  va lues  a r e  r e l a t i v e  r a t h e r  than 

a b s o l u t e .

S i m i l a r  i n v e s t i g a t i o n s  o f  h em atopo ie t ic  organ morphology changes with 

leukemic development have been analyzed  in  myeloid leukemia models,  Shay 

ch loro leukem ia  and L5222 (Handler and Handler ,  1970; Hoelzer  and H a r r i s s ,  

1973).  Levels o f  myeloid c e l l  p r e c u r s o r s  in t h e  bone marrow a r e  depressed  

in both cases  w i th  d i s e a s e  p ro g r e s s io n  due to  d e p l e t i o n  o f  th e  myeloid p r e ­

c u r s o r  p oo l .  Another method f o r  a s s a y in g  l e v e l s  o f  meyloid c e l l s  measures 

l e v e l s  o f  leukocy tes  m obi l ized  in  re sponse  to  en d o to x in .  This a s s e s s e s  

l e v e l s  o f  j u v e n i l e  and mature n e u t r o p h i l s  in th e  bone marrow which can 

respond to  p h y s io lo g ic  need, and i n d i r e c t l y  a s s e s s e s  l e v e l s  o f  n eu t ro p h i l  

p ro d u c t io n .  Hander and Varsa-Handle r (1966) found t h a t  leukocy te  m o b i l i ­

z a t i o n  was d r a m a t i c a l l y  depressed  a t  th e  te rm ina l  s t a g e s  o f  Shay c h lo ro -
3 3leukemia .  Levels o f  l eukocy tes  dropped to  a mean o f  1.8x10 cel ls/mm

3 3from a range o f  10-60x10 cells/rnm in c o n t ro l  an im a ls .

P e r ip h e r a l  blood d e te r m in a t io n s  have no t  been e x t e n s i v e l y  u t i l i z e d  to  

i n v e s t i g a t e  g r a n u lo p o ie s i s  in  the  e ry th ro leu k em ic  models.  Broxmeyer e t  

a l . (1975) i n v e s t i g a t e d  changes in  c i r c u l a t i n g  g r a n u lo c y te  l e v e l s  w i th  

RLV-A i n f e c t i o n .  They found no evidence  o f  g r a n u lo c y t i c  su p p re ss io n  in 

t h e  i n f e c t e d  an im a ls .  Leukocyte m o b i l i z a t i o n  in response  t o  endotoxin  

was n o t  found to  be a f f e c t e d  in RLV-A d i s e a s e .
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In summary, du r ing  EBL d i s e a s e  development as in  t h e  o t h e r  e r y t h r o ­

leukemic models,  g r a n u l o p o i e s i s  a s s e s s e d  from p e r i p h e r a l  blood and hema­

t o p o i e t i c  organ d i f f e r e n t i a l s  d id  no t  appear  t o  be r e p r e s s e d  in  response  

to  leukemic c e l l  p r o l i f e r a t i o n .

C. In V i t ro  Assessment o f  G ra n u lo p o ie t i c  A c t i v i t y :  CFU-C Assay

Perhaps a more d e f i n i t v e  a ssay  f o r  g r a n u l o p o i e s i s  i s  th e  CFU-C assay  

which a s s e s s e s  l e v e l s  o f  g r a n u lo c y t i c  and monocytic p r o g e n i to r s  in  an 

in v i t r o  system. The CFU-C a ssay  invo lves  growing c e l l s  on s e m i - s o l id  

media such as  methyl c e l l u l o s e  or agar  in th e  p resence  o f  exogenous colony 

s t i m u l a t i n g  f a c t o r  (CSF). The CFU-Cs grow i n to  d i s c r e t e  round agg rega te s  

o f  50 o r  more c e l l s  a f t e r  7 days i n c u b a t io n .  The c lo n a l  o r i g i n  o f  the  

CFU-C has been shown by Bradley  and M etca l f  (1966) by l i n e a r  r e g r e s s i o n  

a n a l y s i s  o f  numbers o f  c o lo n ie s  to  t h e  numbers o f  c e l l s  p l a t e d .  F u r th e r  

s u b s t a n t i a t i o n  f o r  t h e  CFU-C c lona l  o r i g i n  was p rov ided  by M etca l f  e t  a l . 

(1971) and Moore e t  a l .  (1972) who followed th e  development o f  a colony 

from a s i n g l e  c e l l  u t i l i z i n g  micromanipu la t ion  t e c h n iq u e s .  Ind iv idua l  

co lo n ie s  p icked  o f f  th e  p l a t e s  and s t a i n e d  were found to  c o n ta in  both 

maturing g ra n u lo c y te s  and monocytes,  o r  only one o f  th e  above c e l l  ty p e s .  

Douglas and P ic k e r in g  (1976) a f t e r  c l o s e l y  fo l lowing  l e v e l s  o f  CFU-C and 

bone marrow p r o l i f e r a t i n g  g ran u lo cy te  l e v e l s ,  r e p o r te d  t h a t  the  CFU-C 

a ssay  was indeed a good r e f l e c t i o n  o f  the  p r o l i f e r a t i v e  s t a t e  o f  the  

bone marrow.

CFU-C l e v e l s  in EBL i n j e c t e d  animals  was found to  be e l e v a t e d  both 

in e a r l y  and l a t e  phases o f  EBL d i s e a s e  p ro g r e s s i o n .  From th e  d a ta  p r e ­

sen ted  in Figure  9, i t  i s  a p p a ren t  t h a t  l e v e l s  o f  CFU-C in c r e a s e d  concur-
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r e n t l y  w i th  l e v e l s  o f  b l a s t s  in  both  the  e a r l y  and l a t e  leukemic s t a g e s .

The i n c r e a s e  in g r a n u lo c y t i c  p r o l i f e r a t i o n  e v id e n t  from t h i s  d a ta  c o i n ­

c id e s  with  i n c r e a s e s  in PMN l e v e l s  in  the  p e r ip h e r a l  b lood.

Inc reased  l e v e l s  o f  g r a n u lo p o ie s i s  have a l s o  been found in o t h e r  e r y ­

th ro leukem ia  models such as  Fr iend  and Rauscher .  Golde e t  a l . (1976) 

examined l e v e l s  o f  in v i t r o  stem c e l l  growth d u r ing  Fr iend  v i r u s  i n f e c t i o n .  

The growth o f  the  c o lo n ie s  was dependent on the  a d d i t i o n  o f  CSA, spon tan­

eous co lo n ie s  were not observed even a t  high p l a t i n g  d e n s i t i e s .  The c lo n ­

ing e f f i c i e n c y  o f  t h e  leukemic sp leen  c e l l s  was found t o  be lOx t h a t  o f
5

n o n in fe c ted  c e l l s  (40 c o lo n ie s  pe r  2x10 c e l l s  as opposed to  4 c o lo n ie s
5

per  2x10 c e l l s ) .  When one c o n s id e r s  t h a t  d u r ing  Fr iend  v i r u s  i n f e c t i o n  

sp leen  mass in c re a s e s  t o  30 t imes t h a t  o f  c o n t r o l ,  i t  appears  t h a t  l e u ­

kemic animals  may have a t  l e a s t  300x as many CFU-Cs as  c o n t r o l s .  These 

CFU-C appear  normal in t h e i r  growth c h a r a c t e r i s t i c s ,  bu t  i t  may be p o s s i ­

b l e  t h a t  th e  CFU-C i s  a l s o  a v i r u s  i n f e c t e d  c e l l  which r e t a i n s  i t s  p o ten"  

t i a l  f o r  d i f f e r e n t i a t i o n  under c e r t a i n  environmenta l  c o n d i t i o n s .  Simi­

l a r l y ,  l e v e l s  o f  CFU-C in  both  t h e  marrow and sp lee n s  o f  RLV i n f e c t e d  mice 

were found to  be g r e a t l y  in c re a se d  a t  the  te rm ina l  s t a g e s  o f  th e  d i s e a s e  

( I t u r r i z a  and S e i d e l ,  1974).  Koltun e t  a l . (1976) r e p o r t e d  t h a t  RLV-A 

i n f e c t e d  Balb /c  mice showed e l e v a t e d  l e v e l s  o f  marrow CFU-C in th e  e a r l y  

phase o f  t h e  d i s e a s e ,  i . e .  wh i le  h c t  l e v e l s  were s t i l l  normal.  Spleen 

CFU-C l e v e l s  were s l i g h t l y  e l e v a t e d .  As the  d i s e a s e  p ro g res sed  and anemia 

developed (h c t  a t  20%) l e v e l s  o f  marrow CFU-C r e tu r n e d  to  normal,  whi le  

sp leen  CFU-C in c re a se d .  The morphology o f  t h e se  c o lo n ie s  appeared t o  be 

normal .  In c o n t r a s t  to  th e  e r y t h r o p o i e t i c  system, t h e r e  was no i n d i c a t i o n
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o f  g ra n u lo c y t i c  r e p r e s s i o n  even though t h e r e  was s t ro n g  ev idence  f o r  

v i r a l  i n f e c t i o n  in  both  compartments.  ( I t  i s  o f  i n t e r e s t  to  no te  t h a t  

whi le  th e  t a r g e t  c e l l  f o r  v i r u s  i n f e c t i o n  may be the  p l u r i p o t e n t  stem 

c e l l ,  t h e r e  i s  no m a n i f e s t a t i o n  o f  abnormal development pe r  se  w i th in  

th e  g r a n u lo c y t i c  compartment,  w h i le  th e  e r y t h r o i d  compartment i s  s e v e r e l y  

a f f e c t e d .  The s e l e c t i v e  mechanism o f  t h i s  r e p r e s s io n  i s  s t i l l  open f o r  

s p e c u l a t i o n . )

Animal models o f  myelomonocytic leukemic i n d i c a t e  p e r t u r b a t i o n s  in  

CFU-C growth. Hoe lzer e t  a l . (1974) i n v e s t i g a t e d  changes in marrow CFU-C 

and CFU-C dur ing  the  development o f  L5222 d i s e a s e .  They r e p o r t e d  t h a t  

l e v e l s  o f  CFU-C remained s t a b l e  f o r  2 days and then began to  d e c l i n e .  By 

day 5 ,  l e v e l s  o f  CFU-C were down to  45% o f  normal.  The morphology o f  the  

c o lo n ie s  and t h e i r  s i z e  was no t  a l t e r e d  in th e  d i s e a s e .  Upon i n j e c t i o n  

o f  the  c o lo n ie s  i n t o  normal animals  tumor d id  no t  dev e lo p ,  th e re b y  i n d i ­

c a t i n g  the  non-tumor o r i g i n  o f  the  c o lo n ie s  which do develop from th e  marrow 

o f  i n f e c t e d  an im a ls .  Leve ls  o f  CFU-S (which were c h a r a c t e r i z e d  morphologi­

c a l l y  as  th e  small lymphocyte p o p u la t io n  but no t  f u n c t i o n a l l y  d e f in e d )  d id  

no t  seem t o  be a f f e c t e d  in  L5222. Thus, in t h i s  myeloid leukemia model,  

while  the  p l u r i p o t e n t  stem c e l l  i t s e l f  does n o t  seem t o  be a f f e c t e d  in 

th e  d i s e a s e ,  i t s  s e q u e n t i a l  development to  committed g r a n u l o c y t i c  p ro g e n i ­

t o r s  (CFU-Cs) i s  b locked . However, th e  course  o f  th e  d i s e a s e  development 

may be too r a p id  to  dem ons t ra te  changes in th e  CFU-S compartment,  s in ce  

th e  CFU-S i s  a very  s lowly  t u r n i n g  over  p o p u la t io n .  Another p o in t  t h a t  

should  be cons ide red  i s  t h a t  t h e  block in  t h e  developmental  p rocess  o f  

t h e  p l u r i p o t e n t  stem c e l l  may be a f f e c t e d  by n o n - s p e c i f i c  t o x i c  f a c t o r s
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g enera ted  in th e  leukemic d i s e a s e .

The p a t t e r n  o f  CFU-C growth in Shay leukemia i s  d i f f e r e n t .

Handler ,  e t  a l .  (1974) r e p o r t e d  t h a t  i n i t i a l l y  dur ing  leukemia develop­

ment, l e v e l s  o f  CFU-C in c re a s e d .  At t h e  l a t e r  s t a g e s ,  sm a l le r  co lo n ie s  

o f  15-20 c e l l s  v/ere abundant.  In a d d i t i o n ,  s h ee t s  o f  tumor c e l l s  grew 

over  the  s u r f a c e  o f  th e  p l a t e s  and appeared d i s t i n c t  from the  g ra n u lo c y t i c  

c o l o n i e s .  P l a t e s  seeded j u s t  with tumor c e l l s  grew only  sh ee t s  o f  c e l l s ,  

never  round c e l l u l a r  agg rega tes  ( c l u s t e r s )  found in mixed p o p u la t io n s .  I t  

was p o s tu l a t e d  t h a t  th e se  c l u s t e r s  which develop from the  l a t e  leukemic 

marrow, r e p r e s e n t  normal CFU-C whose developmental  p rogress  i s  blocked 

e i t h e r  in a permanent o r  temporary fa sh ion  by the  tumor c e l l s .  There may 

simply be a longe r  lag  t ime be fo re  c o lo n ie s  appear  a f t e r  th e  c e l l s  are  

t r a n s f e r r e d  in v i t r o  before  normal growth can resume. Because o f  the  

i n t e r f e r e n c e  o f  tumor c e l l  overgrowth in mixed c u l t u r e  p r e p a r a t i o n s ,  u t i l ­

i z a t i o n  o f  c e l l  s e p a r a t i o n  techn iques  to  i s o l a t e  and grow CFU-C from a f f e c ­

t e d  marrow would help  e l u c i d a t e  the  s e l e c t i v e  r e p r e s s io n  mechanism.

In summary, the  e ry th ro leukem ias  induced by v i r u s  in murine models 

e f f e c t  i n c re a s e s  in the  CFU-C compartment,  whi le  in  t h e  myeloid models, 

t h e r e  is  e i t h e r  o v e ra l l  r e p r e s s io n  (as  in L5222) where stem c e l l  matura ­

t i o n  and d i f f e r e n t i a t i o n  appears  t o  be b locked,  o r  t h e r e  i s  i n i t i a l  CFU-C 

s t i m u l a t i o n  followed by both e r y t h r o i d  and g r a n u lo c y t i c  r e p r e s s i o n .  While 

both EBL and Shay o s t e n s i b l y  show e r y t h r o i d  r e p re s s io n  and myeloid s t im u­

l a t i o n ,  t h e r e  a re  many impor tan t  d i f f e r e n c e s :  1) The EBL CFU-C do not

show an in c re a s e  in c l u s t e r  fo rm at ion .  Levels o f  c l u s t e r s  which a re  found 

a re  very  s i m i l a r  to  l e v e l s  o f  c o n t ro l  c l u s t e r s .  There i s  no p r e f e r e n t i a l



-  78 -

growth o f  c l u s t e r s  a t  t h e  expense o f  c o lo n ie s .  2) In the  EBL d i s e a s e ,  

the  sp leen  which can i n i t i a l l y  show compensatory e r y t h r o p o i e s i s  a t  the  

e a r l y  phase o f  th e  d i s e a s e ,  shows compensatory g ra n u lo p o ie s i s  a t  the  

l a t e r  phase ,  i . e .  t h e r e  i s  a swi tch over  from e r y t h r o i d  to  g ra n u lo c y t i c  

p roduc t ion .  In Shay, the  sp leen  co n t in u es  to  show both CFU-E and CFU-C 

even a t  the  l a t e  s tage  o f  th e  d i s e a s e .  Handler and Handler (1976) r e ­

por ted  high l e v e l s  o f  sp leen  CFU-E p r o l i f e r a t i o n  even where sp leen  b l a s t s  

exceeded 48%. 3) Levels o f  e r y t h r o p o i e s i s  from EBL BM a re  more s e v e r e ly  

re p re s s e d ,  and a t  a much e a r l i e r  s t a g e  than in Shay, i n d i c a t i n g  s p e c i f i c  

r e p re s s io n  o f  the  e r y t h r o i d  compartment.

IV. Conditioned Media Experiments

Colony format ion in v i t r o  by hematopoie t ic  c e l l s  can be modulated by 

the  presence  o f  va r ious  f a c t o r s  in  th e  growth media. For example,  e r y ­

t h r o i d  colony format ion i s  enhanced in t h e  presence  o f  T c e l l s  o r  media 

cond i t ioned  by a c t i v a t e d  T c e l l s  (Nathan e t  a l . 1978). G ranu locy t ic  c o l ­

ony formation i s  dependent on colony s t i m u l a t i n g  a c t i v i t y  (CSA) which can 

be ob ta ined  from media cond i t ioned  by monocytes (Chevernick and LoBuglio, 

1972). Converse ly ,  growth o f  hem atopo ie t ic  c e l l s  in v i t r o  can be i n h i b i t e d  

in  th e  presence  o f  va r ious  f a c t o r s .  One c l a s s  o f  th e se  i n h i b i t o r s ,  known 

as chalones  a re  c e l l  type but no t  s p ec ie s  s p e c i f i c .  These f a c t o r s  a re  

e l a b o r a te d  by mature c e l l s  o f  any given c e l l  l i n e  and a c t  through a f e e d ­

back mechanism to  con t ro l  p r o l i f e r a t i o n  o f  immature c e l l s  w i th in  t h a t
/

s p e c i f i c  l i n e .  Thus, f o r  example,  a mature epidermal c e l l  produces a 

s p e c i f i c  chalone i n h i b i t o r y  only to  epidermal c e l l s  (Bullough, 1975).

Various i n v e s t i g a t o r s  have found ev idence  o f  chalone  a c t i v i t y  in both
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e r y t h r o p o i e s i s  and g r a n u l o p o i e s i s .  Lindemann (1975, 1976) found t h a t

e x t r a c t  from hemolyzed mature red  blood c e l l s  a c ted  to  i n h i b i t  t h e  e f f e c t

o f  e r y t h r o p o i e t i n .  Nice made polycythemic  and then  i n j e c t e d  w i th  exo-
59genous epo normally  responded by i n c r e a s i n g  Fe in c o r p o r a t io n  in  bone

marrow and sp leen .  When th e  i n h i b i t o r  was a d m in is te r ed  s h o r t l y  be fo re
59epo i n j e c t i o n ,  t h e r e  was a 60% re d u c t io n  in  Fe i n c o r p o r a t i o n .  The 

e f f e c t  o f  the  i n h i b i t o r  was d im in ished  i f  i t  was a d m in is te r ed  24 hours 

b e fo re  o r  a f t e r  the  epo. Thus, the  p r o ! i t e r a t i o n  o f  e r y t h r o i d  c e l l s  was 

shown to  be s p e c i f i c a l l y  i n h i b i t e d  by the  e r y t h r o p o i e t i c  chalone .

S i m i l a r l y ,  i t  has been r e p o r t e d  by Rytomma and Kiviniemi (1968a) t h a t  

tumor c e l l s  a l so  produce chalones  s p e c i f i c a l l y  i n h i b i t o r y  t o  normal c e l l s  

o r i g i n a t i n g  from th e  same type o f  t i s s u e .  They ob ta ined  a chalone  by 

in c u b a t in g  Shay ch loro leukem ic  c e l l s  in  s a l i n e  f o r  1-2 hours and then 

roughly  p u r i f y in g  th e  g l y c o p r o t e in  o f  m o lecu la r  weight 4 ,000 .  The a c t i o n  

o f  t h e  chalone  v/as assayed  on normal bone marrow c e l l s  in c u l t u r e .  These 

c e l l s  were grown by th e  hanging drop method from a covers  l i p  and the  i n -
3

c o r p o r a t io n  o f  H-thymidine was i n v e s t i g a t e d  by au to rad io g rap h y  in o rd e r  

to  a s s a y  m i t o t i c  r a t e s  in the  p re sen ce  o f  t h e  chalone .  Rytomma and K iv i ­

niemi ( 1968b,c) r e p o r t e d  t h a t  th e  r a t e  o f  both DNA and RNA s y n t h e s i s

in g ran u lo cy te s  was r e p re s s e d  by th e  c h a lo n e ,  the reby  dem ons t ra t ing  the  

t i s s u e  s p e c i f i c  n a tu re  o f  th e  cha lone .  Paukovitz  (1973) u t i l i z e d  a n o th e r  

method to  demonstra te  c e l l  l i n e  s p e c i f i c i t y  o f  the  chalone  i s o l a t e d  from 

Shay leukemic c e l l s .  Bone marrow c e l l s  were c e n t r i f u g e d  through a dense 

F ic o l l  s o l u t i o n  in o rd e r  t o  s e p a r a t e  th e  va r io u s  p r e c u r s o r  s u b p o p u la t io n s .  

He found t h a t  th e  f r a c t i o n  where t h e  g r e a t e s t  i n h i b i t i o n  o f  H-thymidine
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i n c o r p o r a t i o n  o ccu r red ,  c o n s i s t e d  o f  80% m ye lob la s t s  and p rom ye locy te s . 

This s t r o n g l y  in d i c a t e d  t h e  s p e c i f i c  i n h i b i t o r y  a c t i o n  by th e  Shay tumor 

p roduc t  on g r a n u l o p o i e s i s .

Another c l a s s  o f  i n h i b i t o r s  has been found to  a f f e c t  hem atopo ies is .  

Broxmeyer e t  a l . (1978) r e p o r t e d  t h a t  l a c t o f e r r i n  d e r iv ed  from mature neu­

t r o p h i l s  r e p re s s e d  CSA p roduc t ion  and r e l e a s e  by monocytes,  the reby  i n ­

h i b i t i n g  g r a n u lo c y t i c  p ro d u c t io n .  E r y th r o p o ie s i s  was not found t o  be 

s i g n i f i c a n t l y  a f f e c t e d .  On th e  o t h e r  hand, Herman e t  a l . (1978) found 

n e u t r o p h i l s  to  produce, a p o t e n t  i n h i b i t o r  which a f f e c t e d  e r y t h r o i d  but 

no t  myeloid colony fo rmation  in v i t r o . They sugges t  t h a t  t h e i r  n e u t ro p h i l  

p roduc t  may c o n ta in  d i s t i n c t  subs tances  each a f f e c t i n g  hematopoies is  d i f ­

f e r e n t l y ,  and t h a t  v a r i a t i o n s  in media p r e p a r a t i o n  may a f f e c t  i n h i b i t o r  

a c t i v i t y .

Leukemic c e l l s  have a l s o  been found to  produce a broad spectrum o f  

i n h i b i t o r s .  Quesenberry e t  a l . (1978) found t h a t  the  murine myeloid l e u ­

kemia C1498 i n h i b i t e d  the  reco v ery  o f  both the  p l u r i p o t e n t  stem c e l l  (CFU- 

S) and the  g ranu locy te  p r o g e n i t o r  (CFU-C) from normal marrow grown in a 

double d i f f u s i o n  chamber a d j a c e n t  to  th e  leukemic c e l l s .  Broxmeyer e t  

a l . (1978) r e p o r t e d  t h a t  human leukemic c e l l s  o f  v a r ious  e t i o l o g y  e l a b o r ­

a te d  an i n h i b i t o r y  f a c t o r .  This subs tance  was found to  be s p e c i f i c a l l y  

i n h i b i t o r y  to  CFU-C growth vn v i t r o , a f f e c t i n g  the  CFU-C p r o g e n i to r  in 

S -phase ,  whi le  the  CFU-D ( d i f f u s i o n  chamber p r o g e n i t o r  c e l l )  was not 

a f f e c t e d .  Inc luded in  t h i s  s tudy  were media c o n d i t io n e d  by e r y t h r o b l a s t s ,  

lymphoblas ts  as well as m y e lo b la s t s .  In a l l  c a s e s ,  i n h i b i t i o n  o f  granu­

l o c y t i c  colony fo rmat ion  in  the  p resence  o f  the  media was found. Thus, 

t h i s  leukemic c e l l  i n h i b i t o r  appears  to  be d i f f e r e n t  from the  c e l l  type
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s p e c i f i c  chalone d i s cu s sed  by Rytommma and Kiviniemi (1968) who r e p o r ­

t e d  t h a t  s i m i l a r l y  p rep a red  p roduc ts  from o t h e r  tumors were n o t  found 

t o  i n h i b i t  myeloid c e l l  p r o l i f e r a t i o n .

In the  p re s e n t  s e r i e s  o f  s t u d i e s ,  i t  was found t h a t  du r ing  th e  EBL 

d i s e a s e ,  CFU-E development was markedly r e p r e s s e d ,  whereas CFU-C growth 

was enhanced o r  not a f f e c t e d .  This i n d i c a t e d  s p e c i f i c  i n h i b i t i o n  o f  e r y ­

t h r o p o i e s i s .  In o r d e r  to  de termine  whether  EBL c e l l s  e l a b o r a t e d  a sub­

s ta n c e  s p e c i f i c a l l y  i n h i b i t o r y  t o  e r y t h r o p o i e s i s ,  EBL c e l l s ,  Shay c e l l s  

as well  as  normal h em atopo ie t ic  c e l l s  were a llowed to  c o n d i t i o n  media 

f o r  va r ious  amounts o f  t im e .  Normal e r y t h r o i d  and myeloid co lony forma­

t i o n  in  v i t r o  in the  p re sen ce  o f  t h e se  i n h i b i t o r s  was a s s e s s e d .  The r e ­

s u l t s  o f  the  c o n d i t io n ed  media exper im ents  p re sen te d  i n d i c a t e d  t h a t  EBL 

co n d i t io n ed  media (CM) was in f a c t  more i n h i b i t o r y  to  e r y t h r o i d  growth 

than was Shay CM on t h e  same bone marrow sample.  Whereas,  EBL CM co n d i ­

t io n e d  f o r  48 hours a t  a f i n a l  c o n c e n t r a t i o n  o f  20% o f  the  growth media 

i n h i b i t e d  CFU-E growth more than 60%, Shay CM i n h i b i t i o n  under th e  same 

c o n d i t i o n s  was only 25%. These miss ing  c o lo n ie s  were no t  r e p r e s e n te d  in 

t h e  ECL compartment, i . e .  t h e r e  was no correspond ing  in c r e a s e  in c l u s t e r  

fo rm at ion  as was seen w i th  p e r i t o n e a l  exudate  CM. C l u s t e r  fo rm at ion  was 

a l s o  i n h i b i t e d  by t h e  EBL CM a t  t h i s  c o n c e n t r a t i o n .  At low c o n c e n t r a t i o n s  

o f  EBL CM, i . e .  24-hour CM a t  1Q%, e r y t h r o i d  c l u s t e r  fo rmat ion  was s t im u ­

l a t e d  to  160% o f  c o n t r o l ,  w h i le  t h e r e  was no dec rea se  in CFU-E l e v e l s .  

Thus, th e  in c re a s e  in c l u s t e r  format ion  d id  not occur  a t  th e  expense o f  

colony growth. There may be m u l t i p l e  f a c t o r s  r e l e a s e d  by th e  EBL c e l l s  

i n t o  t h e  media with t ime t h a t  show a g o n i s t i c  e f f e c t s .  Ex tens ive  p u r i f i -
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c a t i o n  and i s o l a t i o n  o f  th e  CM components would be n eces sa ry  to  c l a r i f y  

t h e se  f i n d i n g s .  Because th e  media was no t  en r ich ed  ( c o n c e n t r a t i o n s  o f  

a l l  n u t r i e n t s  were th e  same as  c o n t r o l ) ,  i n c re a se d  l e v e l s  o f  c l u s t e r  

fo rmation  could  not be a s c r i b e d  to  supp lem enta t ion  o f  n u t r i t i o n a l  f a c ­

t o r s .  Shay CM was a l s o  found to  be s t i m u l a t o r y  to  e r y t h r o i d  c l u s t e r  

fo rm a t io n ,w h i l e  being i n h i b i t o r y  to  CFU-E growth. Two opposing t r e n d s  

were found;  f i r s t ,  l e v e l s  o f  ECL s t i m u l a t i o n  in c re a se d  with i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  CM (F igu re  15) and l e v e l s  o f  ECL s t i m u l a t i o n  decreased  

with  i n c r e a s e s  in CM p re in c u b a t i o n  t ime. This sugges ts  t h a t  the  f a c t o r  

which i s  r e s p o n s ib le  f o r  t h e  ECL i n c r e a s e  i s  not s t a b l e  and d e t e r i o r a t e s  

w ith  t ime.

EBL CM a l s o  shov/ed s t ro n g  i n h i b i t o r y  a c t i v i t y  on CFU-C growth in  v i t r o .  

EBL CM con d i t io n ed  f o r  24 hours a t  10% c o n c e n t r a t i o n ,  i n h i b i t e d  CFU-C 

growth 75% and 20% c o n c e n t r a t i o n s  o f  t h i s  CM i n h i b i t e d  CFU-C growth 100%. 

This i s  s u r p r i s i n g  because in  most c a s e s ,  CFU-C growth from EBL animals  

was e l e v a t e d  and not r e p r e s s e d .  I t  would,  t h e r e f o r e ,  appear  t h a t  th e  

in v i t r o  i n h i b i t i o n  o f  CFU-C growth by EBL c e l l  p roduct  i s  d i s t i n c t  from 

th e  in vivo s i t u a t i o n .  In v i v o , o t h e r  f a c t o r s  such as b a c t e r i a l •i n f e c t i o n ,  

may a l low the  i n i t i a l  i n h i b i t i o n  o f  tumor c e l l s  to  be o v e r r idden  r e s u l t i n g  

in in c reased  m y e lo p o ie s i s .  On th e  o t h e r  hand, i t  may well  be t h a t  the  

crude media e x t r a c t  c o n ta in s  v a r io u s  su b s tan ces  some analogous to  t h e  

c e l l  type  s p e c i f i c  chalone  d e sc r ib e d  by Rytomma and Kiv in iemi ,  o th e r s  

analogous t o  the  g r a n u lo c y t i c  i n h i b i t o r  d e sc r ib e d  by Broxmeyer, p ro ­

duced by v a r ious  human leukemic c e l l s ,  s p e c i f i c a l l y  i n h i b i t o r y  t o  the  

CFU-C. Another p o s s i b i l i t y  i s  t h a t  th e  EBL d i s e a s e  i s ,  in f a c t ,  a stem 

c e l l  l e s i o n  and t h a t  t h e s e  c e l l s  would produce a chalone  i n h i b i t o r y  to
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both  e r y t h r o i d  and myeloid growth in v i t r o .

Nature  o f  th e  Erythroleukemic  Targe t  Cell

I t  i s  now apparen t  t h a t  e ry th ro leukem ia  in humans (DiGuglie lmo's 

syndrome) i s  an express ion  o f  a stem c e l l  l e s i o n .  While i n i t i a l l y  during  

d i s e a s e  p ro g r e s s io n ,  the  e r y t h r o i d  compartment i s  p r im a r i l y  a f f e c t e d ,  

l a t e r  on the  d i s e a s e  begins  to  resemble  a "pure" g r a n u lo c y t i c  leukemia 

(Gunz, 1973), in  t h a t  i t  i s  d i f f i c u l t  t o  de te rmine  whether the  p r im i t i v e  

c e l l s  a re  e r y th r o id  or myeloid.  I t  would be o f  i n t e r e s t  to  de termine 

whether  the  EBL model i s ,  in f a c t ,  s i m i l a r  to  the  human d i s e a s e  in t h a t  

i t  i s  a lso  a stem c e l l  d i s e a s e  w i th  primary express ion  o f  the  l e s i o n  in 

the  e r y t h r o i d  l i n e .  I f ,  indeed ,  th e  EBL c e l l  i s  t h a t  p r i m i t i v e ,  a cha­

lone product o f  t h i s  tumor should be i n h i b i t o r y  to both e r y t h r o i d  and 

myeloid c e l l s  (as was found in v i t r o ).

The i d e n t i t y  o f  the  t a r g e t  c e l l  o f  the  o th e r  e ry th ro leukem ic  models 

i s  s t i l l  unresolved a l though  t h e r e  i s  much evidence to  suppor t  the  con ten ­

t i o n  t h a t  the  p l u r i p o t e n t  stem c e l l  i s  th e  prime t a r g e t .  For example,  

when Fr iend c e l l s  a re  t r a n s p l a n t e d  i n t o  l e t h a l l y  i r r a d i a t e d  h o s t s ,  both 

e r y t h r o i d  and meyloid c e l l s  grow and v i r u s  markers a re  found on both c e l l  

types  (Rossi and Fr iend ,  1970).  The t a r g e t  c e l l  f o r  Rauscher leukemia 

may a l s o  be the  p l u r i p o t e n t  stem c e l l .  Se idel (1973) r e p o r t e d  t h a t  when 

th e  CFU-S compartment was "knocked-out"  by p r e t r e a t i n g  the  animals  with  

Myleran (b u s u l f a n ) ,  tumor colony forming c e l l s  were a l s o  e l im in a t e d .

This was shown by i n j e c t i n g  mice with  RLV, followed by busu lfan  t r e a tm e n t .  

The spleen c e l l s  were then i n j e c t e d  i n t o  l e t h a l l y  i r r a d i a t e d  hos ts  and
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then assayed f o r  tumor colony formation on th e  s u r f a ce  o f  the  sp leen .

No tumor c o lo n ie s  were .found on th e  s u r f a c e  o f  the  sp leen s  repopu la ted  

with  busu lfan  t r e a t e d  RLV-infected sp leen  c e l l s .  Okunewick and P h i l l i p s  

(1973) found t h a t  Fr iend  o r  Rauscher i n f e c t i o n s  a f f e c t e d  both the  number 

o f  CFU-S w i th in  the  bone marrow and s p le e n ,  and the  seed ing  e f f i c i e n c y  

( f )  o f  secondary t r a n s f e r s  o f  CFU-S from repopu la ted  sp leens  i n to  ano ther  

group o f  i r r a d i a t e d  h o s t s .  Fur thermore ,  p r e - t r e a tm e n t  o f  bone marrow c e l l s  

with  anti-RLV a n t i s e r a  e l im in a te d  th e  CFU-S (Okunewick e t  a l . 1976).

Bergson e t  a l .  (1977) fol lowed changes in sp leen  CFU-S l e v e l s  with  RLV-A 

development.  They found t h a t  e a r l y  in t h e  d i s e a s e ,  CFU-S l e v e l s  were 5x 

t h a t  o f  c on t ro l  and con t inued  to in c r e a s e  with d i s ea se  p ro g res s io n  a ch ie v ­

ing l e v e l s  g r e a t e r  than 700% o f  c o n t r o l .  Despite  high l e v e l s  o f  CFU-S 

in t h e i r  s p le e n s ,  t h e se  animals were ,  however, s e v e re ly  anemic ( h c t ,  

15-20%).

Thus, while  th e se  s t u d i e s  c l e a r l y  i n d i c a t e  t h a t  Fr iend and Rauscher 

v i ru s  i n f e c t  th e  p l u r i p o t e n t  stem c e l l  (CFU-S), the  primary s i t e  o f  i n f e c ­

t i o n  appears  to  be t h e  e r y t h r o i d  compartment. For example,  hypoxia which 

s t i m u l a t e s  the  e r y t h r o i d  compartment in c re a s e s  th e  s u s c e p t i b i l i t y  to  / i r u s  

i n f e c t i o n  (P luznick  e t  a l . 1966). Low l e v e l s  o f  actinomycin-D which a re  

i n h i b i t o r y  to  e r y t h r o i d  c e l l s ,  s p e c i f i c a l l y ,  i n h i b i t  FLV i n f e c t i o n  (Tam- 

bourin  and Wendling, 1971). Many more s i m i l a r  examples in the  l i t e r a t u r e  

i n d i c a t e  t h a t  the  s i z e  and r e p l i c a t i v e  c a p a c i ty  o f  the  e r y t h r o i d  com par t ­

ment a re  c r i t i c a l  in h o s t  s u s c e p t i b i l i t y  to  v i ru s  i n f e c t i o n ,  and t ime 

in t e r v a l  before  symptoms o f  i n f e c t i o n  appear (S teev es ,  e t  a l . 1968; S t e ­

phenson e t  a l .  1972; Tambourin e t  a l . 1973; van Beek e t  a l . 1976). From
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th e se  s tu d i e s  one can conclude e i t h e r  t h a t  while  t h e  v i ru s e s  i n f e c t  the  

p l u r i p o t e n t  stem c e l l  an unknown mechanism i n t e r f e r e s  s p e c i f i c a l l y  with 

e r y t h r o i d  c e l l  e x p r e s s io n ,  o r  t h a t  a wide range o f  c e l l s ,  both p l u r i ­

p o ten t  and committed,  a r e  the  t a r g e t s  f o r  v i ru s  i n f e c t i o n .

The leukemic model p re sen te d  in t h i s  s tudy r e q u i r e s  f u r t h e r  a n a ly s i s  

be fore  th e  na tu re  o f  th e  t a r g e t  c e l l  can be i d e n t i f i e d .  Whereas, use o f  

morphologic c r i t e r i a  i d e n t i f y  the  b l a s t s  as e r y t h r o i d ,  and the  s e l e c t i v e  

i n h i b i t i o n  o f  th e  e r y t h r o i d  compartment with i n f e c t i o n ,  both serve  to  

i n d i c a t e  the  e r y t h r o i d  n a tu re  o f  the  b l a s t  c e l l s .  The da ta  from the  con­

d i t io n e d  media experiments  sugges ts  t h a t  f u r t h e r  i n v e s t i g a t i o n  i s  necessa ry  

before  a d e f i n i t i v e  s ta t em e n t  can be made. While Kluge e t  a l . (1976) have 

been able  to  show t h a t  va r ious  c lones  from the  o r i g i n a l  EBL c e l l s  can be 

induced to  d i f f e r e n t i a t e  in  v i t r o  in the  presence  o f  DMSO i n to  hemoglobin 

producing c e l l s  in  an analogous manner to  Fr iend c e l l s ,  to  d a t e ,  th e se  

c e l l s  have not been s t im u la t e d  to  d i f f e r e n t i a t e  a long any o t h e r  pathway. 

T h e o r e t i c a l l y ,  l e t h a l l y  i r r a d i a t e d  mice could be t r a n s p l a n t e d  with EBL 

c e l l s  in o rd e r  to dete rmine  whether  both g r a n u lo c y t i c  as well  as e r y t h r o ­

c y t i c  c e l l s  could be induced to  mature in t h i s  unique environment .  Another 

p o s s i b i l i t y  would be t o  grow the  EBL c e l l s  w i th in  d i f f u s i o n  chambers,  which 

a llow the  d i f f u s i o n  o f  h o s t  f a c t o r s  in to  the  chamber, but p reven t  th e  d i s ­

semination o f  tumor w i th in  the  h o s t .  By u t i l i z i n g  t h i s  method, Vilpo 

(1973) was a b le  t o  demonstra te  th e  m a tu ra t ion  o f  Shay chloro leukemic  tumor 

c e l l s  i n to  r e co g n izab le  g r a n u lo c y te s .  The tumor c e l l s  matured u n t i l  the  

metamyelocyte and meylocyte s t a g e s  and a l k a l i n e  phosphatase  a c t i v i t y  was 

d e te c te d  a f t e r  only  4 days o f  c e l l  growth w i th in  the  d i f f u s i o n  chamber.
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D i f f e r e n t i a t i o n  o f  Shay leukemia c e l l  grown in  d i f f u s i o n  chamber has not 

been obserbed by Handler and coworkers (pe rsona l  communication).  Another 

growth system u t i l i z i n g  both  t h e  d i f f u s i o n  chamber t e ch n iq u e  and the  

growth o f  p r o g e n i t o r  c e l l s  on plasma c l o t s  was developed by S te inbe rg  

e t  a l . (1976) .  D i s c r e te  c o lo n ie s  o f  e r y t h r o c y t e s  and g ra n u lo c y te s  grew 

in plasma c l o t  d i f f u s i o n  chambers (PCDC) in  v i v o . Levels o f  t h e se  co lon ­

i e s  were re sp o n s iv e  to  p h y s io lo g ic  c o n t r o l ,  in t h a t  phenylhdrazine  t r e a t ­

ment with  subsequen t  p e r ip h e r a l  blood anemia s t im u la t e d  th e  growth o f  e r y ­

t h r o i d  c o lo n ie s  w i th in  th e  PCDC and endotoxin  t r e a tm e n t  in c reased  the  i n ­

c idence  o f  g ran u lo cy te  c o l o n i e s .  Since th e  growth o f  normal c e l l s  w i th in  

the  PCDC has been shown to  be r e g u l a t e d  by d i f f u s a b l e  f a c t o r s ,  i t  would be 

o f  g r e a t  i n t e r e s t  t o  de te rmine  whether  growth o f  tumor c e l l s ,  namely EBL 

c e l l s  could be a f f e c t e d  in  t h i s  ijn vivo s i t u a t i o n .  A precedence f o r  in 

vivo s t i m u l a t i o n  o f  normal d i f f e r e n t i a t i o n  o f  tumor c e l l s  i s  sugges ted  

by the  r e s u l t s  o f  Lobue e t  a l .  (1974) ,  which showed t h a t  phenylhdraz ine  

t r e a tm e n t  modif ied the  e f f e c t  o f  RVL i n f e c t i o n  in v i v o , and te m p o ra r i ly  

al lowed the  m a tu ra t ion  block o f  e r y t h r o i d  c e l l s  to  be o v e r r id d en .  Immuno­

f lu o r e s c en c e  s t u d i e s  in d i c a t e d  t h a t  a l a r g e  p ro p o r t io n  o f  th e  r e t i c u l o ­

cy te s  and mature e r y t h r o c y t e s  formed a f t e r  phenyl hydraz ine  t r e a tm e n t  bore  

v i r a l  markers.  Thus,  th e  a p p l i c a t i o n  o f  the  PCDC techn ique  to  the  s tudy  

o f  EBL c e l l s  would enab le  the  d e te r m in a t io n  o f  whether anemic s t r e s s  in 

vivo can in f lu e n c e  EBL d i f f e r e n t i a t i o n  w i th o u t  exposing  the  animal to  EBL 

d i s e a s e  which develops  r a p i d l y  in  th e  young a d u l t  r a t  (7-10 d a y s ) .  I t  i s  

a l s o  o f  i n t e r e s t  t h a t  in th e  s tudy  by Lobue e t  a l . (1974) g r a n u lo c y t i c  p r e ­

c u r s o r s  a long with  megakaryocytes and monocytes bore v i r a l  markers du r ing
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RVL d i s e a s e .  While t h e r e  a r e  no s i m i l a r  markers f o r  EBL c e l l s ,  th e  

stem c e l l  n a tu re  o f  th e se  b l a s t s  would be demonstrated  i f  t h e s e  non­

d i f f e r e n t i a t e d  c e l l s  could be induced to d i f f e r e n t i a t e  a long the  granu­

l o c y t i c  pathway w i th in  d i f f u s i o n  chambers in  a manner analogous to  the  

Vilpo s tu d y .  Thus, a l though  the  s t e m .c e l l  n a tu r e  o f  the  EBL c e l l  i s  

s t i l l  open to  s p e c u l a t i o n ,  t h e r e  a r e  many p o s s i b l e  means a t  hand which 

may be used to  approach t h i s  problem e x p e r i m e n t a l l y .
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SUMMARY AND CONCLUSION

In summary, t h e  s e r i e s  o f  exper iments  r e p o r t e d  i n t h i s  paper  

provide  the  b a s i s  f o r  a new animal model o f  an e r y t h r o b l a s t i c  stem 

c e l l  leukemia.  This EBL d i s e a s e  was i n i t i a l l y  induced by a d m i n i s t e r ­

ing 7,12 d im e th y lb e n z (a )an th rac e n e  to  young a d u l t  r a t s .  Me found t h a t  

a l i n e  o f  t h e se  leukemic c e l l s  could be main ta ined  when i n j e c t e d  in to  

neonata l  r a t  pups i n t r a p e r i t o n e a l l y .  The EBL c e l l s  grew p r e f e r e n t i a l l y  

in the  l i v e r .  By day 14, when the  l i v e r  was mass ive ly  i n f i l t r a t e d  with 

tumor c e l l s ,  the  animal was k i l l e d  by c e r v i c a l  d i s l o c a t i o n ,  the  l i v e r  

was e x c i s e d ,  d i s r u p te d  and th e  c e l l s  r e t r a n s p l a n t e d  i n t o  a n o th e r  h o s t .  

The r e s u l t s  o f  th e  p r e s e n t  s tudy  showed t h a t  upon in t r av e n o u s  i n j e c t i o n  

o f  young a d u l t  r a t s ,  an e r y t h r o b l a s t i c  leukemia developed ,  with  major 

i n f i l t r a t i o n  by t h e  tumor c e l l s  o f  the  bone marrow and sp leen  as well 

as the  l i v e r .  The pa thogenes i s  o f  th e  d i s e a s e  was monitored d a i l y  by 

t a k in g  h e m a t o c r i t s ,  r e t i c u l o c y t e  and p e r ip h e ra l  w h i te  blood c e l l  counts  

and p e r ip h e ra l  blood d i f f e r e n t i a l s .  I t  was found t h a t  a long with  a 

d e c l i n e  in e r y t h r o i d  p roduc t ion  ( i n d i c a t e d  by a seve re  drop in l e v e l s  

o f  c i r c u l a t i n g  r e t i c u l o c y t e s ) , a l a r g e  p ro p o r t io n  (6470 o f  the  animals  

developed hemoly tic  anemia by day 7 p o s t - i n j e c t i o n ,  whereas l e v e l s  o f  

c i r c u l a t i n g  g ran u lo cy te s  i n c r e a s e d .  Examination o f  the  h em atopo ie t ic  

o rgans ,  i . e .  bone marrow and s p leen  a t  th e  e a r l y  phase (days 4-5 p o s t ­

i n j e c t i o n )  d id  no t  i n d i c a t e  a s i g n i f i c a n t l y  d i f f e r e n t  d i s t r i b u t i o n  in 

e r y t h r o i d  p r e c u r s o r s .  When th e  bone marrow and sp leen  were examined 

a t  the  l a t e r  phase (days 7 - 8 ) ,  a sharp  drop in n u c lea ted  e r y t h r o i d
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c e l l s  was e v i d e n t ,  whereas myeloid p r e c u r so r  c e l l s  were a f f e c t e d  even 

a t  th e  i n i t i a l  phase o f  th e  d i s e a s e .  Consequently ,  the  stem c e l l  com­

partments  o f  t h e  bone marrow, sp leen  and l i v e r  were examined. The 

e r y th r o id  p ro g e n i to r  (CFU-E) was grown on plasma c l o t s  in  th e  presence  

o f  e r y t h r o p o i e t i n .  The meyloid p re c u r so r  (CFU-C) was grown on methyl 

c e l l u l o s e  in the  presence  o f  serum colony s t im u la t in g  f a c t o r .  M u l t i ­

p le  r e g re s s io n  a n a l y s i s  showed t h a t  the  va r iance  in l e v e l s  o f  CFU-E 

could be accounted f o r  p r im a r i l y  by changes in bone marrow b l a s t  i n f i l ­

t r a t i o n  and l i v e r  mass. Even in th e  i n i t i a l  phases of  the  d i s e a s e ,  when 

tumor c e l l  l e v e l s  were low, 5% CFU-E,levels were depressed .  However, 

l e v e l s  o f  meyloid p re c u rso r s  in th e  bone marrow were not depressed  

during leukemic development and in  many c a s e s ,  were e l e v a t e d .

Under normal c o n d i t i o n s ,  the  sp leen  in r a t s  i s  no t  hem atopoie t ic  

but can respond under s t r e s s .  In many cases  o f  e r y t h r o b l a s t i c  leukemia 

(EBL) s p l e n i c  compensatory hematopoies is  was found in the  e a r l y  phase 

o f  the  d i s e a s e .  When the  sp leen s  were assayed  a t  the  l a t e r  phase ,  com­

pensa tory  e r y t h r o p o i e s i s  was rep laced  by compensatory g r a n u l o p o i e s i s .

The s p e c i f i c  r e p re s s io n ,  o f  e r y t h r o i d  p r o g e n i to r  c e l l s  may be due 

to  s p e c i f i c  i n h i b i t i o n  by an EBL c e l l u l a r  p roduc t .  Many i n v e s t i g a t o r s  

have r e p o r te d  t h a t  tumor l i n e s  e l a b o r a t e  subs tances  which i n h i b i t  normal 

c e l l u l a r  p r o l i f e r a t i o n .  I t  was found t h a t  both 20% Shay and 20% EBL 

cond i t ioned  media t o t a l l y  r e p re s s e d  CFU-C growth from normal bone marrow. 

However, whereas Shay cond i t ioned  medium i n h i b i t e d  CFU-E growth 25%, EBL 

i n h i b i t i o n  was g r e a t e r  than 65%. Thus, EBL e f f e c t  appears  to  be more 

g e n e r a l i z e d ,  i n h i b i t i n g  both e r y t h r o i d  and meyloid growth in  v i t r o ,
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while  Shay i s  more e f f e c t i v e  to  myeloid i n h i b i t i o n .  These r e s u l t s  

sugges t  t h a t  the  EBL is  p l u r i p o t e n t  stem c e l l  in o r i g i n .  This mimics 

DiGuglielmo's syndrome which i s  a stem c e l l  d i s e a s e  and i s  a l s o  ch a rac ­

t e r i z e d  by i n e f f e c t i v e  e r y t h r o p o i e s i s .  The lack  o f  r e p r e s s io n  o f  myeloid 

c e l l s  in EBL animals  may be due to  th e  preponderance o f  s t i m u la to r y  s i g ­

n a l s ,  such as b a c t e r i a l  i n f e c t i o n  e t c . ,  which can overcome th e  i n h i b i t i o n .

In c o n c lu s io n ,  EBL d i s e a s e  i s  c h a r a c t e r i z e d  by i n e f f e c t i v e  e r y t h r o ­

p o i e s i s  which i s  e v id e n t  when examining p e r ip h e ra l  blood changes,  bone 

marrow and sp leen  c e l l u l a r  composi t ion ,  and in  v i t r o  stem c e l l  compart­

ments.  The sp leen  se rv es  as a s i t e  f o r  compensatory e r y t h r o p o i e s i s  a t  

th e  i n i t i a l  phase o f  th e  d i s e a s e  and swi tches  to compensatory g ranu lo ­

p o i e s i s  a t  the  l a t e r  phase .  Data from cond i t ioned  media exper iments  

showing r e p r e s s io n  o f  both e r y t h r o i d  and g ra n u lo c y t i c  colony growth 

in v i t r o , i n d i c a t e  th e  stem c e l l  n a tu re  o f  th e  EBL tumor c e l l .

The exper imental  model f o r  e ry th ro leukem ia  p re sen ted  in t h i s  study 

has been shown to have advantages  over the  p r e - e x i s t i n g  e ry thro leukemia  

models.  The t ime course  o f  th e  d i s e a s e  i s  p r e d i c t a b l e  a t  a given d o s ag e , 

g r e a t e r  than 80% o f  the  animals  develop the  d i s e a s e  and th e  t ime course  

i s  f a i r l y  r a p id .  Fur thermore ,  u t i l i z a t i o n  o f  t h i s  animal model in f u tu r e  

re s ea rc h  may p rov ide  i n s i g h t  in unders tand ing  b a s ic  normal as well  as 

abnormal d i f f e r e n t i a t i o n  p ro c e ss e s .
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TABLE 1

NUMBER OF ANIMALS FALLING INTO DIFFERENT CATEGORIES 
OF' HEMATOCRIT LEVEL AND STAGE OF LEUKEMIC DEVELOPMENT

Hct A Bi 3? C

<30% 5 0 0 0

30-35% 9 0 0 0

36-39% 16 2 0 0

40% 17 8 9 11



TABLE 2

NUMBER OF ANIMALS FALLING INTO DIFFERENT CATEGORIES OF PERIPHERAL 
BLOOD RETICULOCYTE LEVELS AND STAGE OF LEUKEMIC DEVELOPMENT

% R e t ies

no/
O /o

A

23

I I 3 2 . _c_

0

5-10/a 15

<10% 3 2 0 7
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TABLE 3

NUMBER OF ANIMALS FALLING INTO DIFFERENT CATEGORIES OF CIRCULATING 
NUCLEATED CELL LEVELS AND STAGE OF LEUKEMIC DEVELOPMENT

P er ip h e ra l
CNC/rnrn A BT B?_ _C

> 30xl03 21 0 0 0

2 0-30x l03 17 0 . 1  0

10-20xl03 9 5 4 8

lOxlO3 3 5 4 3
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TABLE 4

NUMBER OF ANIMALS FALLING INTO DIFFERENT CATEGORIES OF BLAST LEVELS 
IN THE PERIPHERAL BLOOD AND STAGE OF LEUKEMIC DEVELOPMENT

% B la s t s  A Bi B? _C_

>3% 13 0 0 0

1-3% 16 1 0 0

0.5-0.9% 6 0 1 0

0-0.5% 8 4 1 0

0% • 2 5 7 4



TABLE 5

CORRELATION COEFFICIENTS OF BONE HARROW CFU-E LEVELS WITH 
ERYTHROID PRECURSORS (B+) AND TUMOR BLASTS IN BONE MARROW 
ALSO SHOWN ARE THE NUMBER OF CASES (IN PARENTHESES) AND 
THE SIGNIFICANCE LEVEL OF THE CORRELATION FOR EACH GROUP.

BM B+ BM B las t Spl B+ Spl B la s t Liv B+ Liv B la s t Spl wt.  Liv wt.

- 0.20 - 0.002 0.18 - 0.211

r—H

o1 -0 .13 0.18

Conti'. I (14) (14) (14) (14) (14) (14) (14)

p< 0.47 p < 0.99 p <0 .53 p < 0.47 p  < 0.61 p< 0.64 p < 0.51

0.24 -0 .42 -0 .62 0.66 - 0.211 -0 .78 I o V—
*

C o n t r . I I (13) (13) ( 11) ( 11) (6 ) (6 ) ( 11)

p < 0.43 p < 0.15 p  < 0.04 p < 0.02 p < 0.69 p< 0.06 p< 0.67

0.42 -0 .18 0.45 - 0.11 0.03 - 0.22 -0 .26

4 .5  day 
EBL (28) (28) (28) (28) (28) (28) (27)

p < 0.03 p < 0.36 p <  0.01 p < 0.56 p  < 0 . 88 p< 0.25 p < 0 . 1 8

0.22 0.25 0.29 -0 .36  0.51 -0 .4 8  -0 .91  -0 .36

(32) (32) (30) (30) (28) (27) (6 ) (28)

p< 0.22 p < 0 . 1 7  p< 0.10 p< 0.05 p< 0.005 p< 0.009 p < 0 . 0 1  p< 0.06



TABLE 6

CORRELATION COEFFICIENT OF BONE HARROW CFU-C LEVELS WITH ERYTHROID PRECURSORS (B+) AND TUMOR BLASTS 
IN BONE MARROW, SPLEEN AND LIVER. ALSO SHOWN ARE THE NUMBER OF CASES (IN PARENTHESES) AND THE SIG­
NIFICANCE LEVEL OF THE CORRELATION FOR EACH GROUP.

BM B+ BM B las t Spl B+ Spl B la s t Liv B+ Liv B la s t Spl wt. Liv wt.

0.03 0.62 0.61 -0 .30 0.53 -  0.05 _ -0 .18

C o n t r . I ( 10) ( 10) ( 10) ( 10). (5) (5) (9)

p< 0.92 p< 0.05 p< 0.06 p< 0.39 p< 0.35 p< 0.92 p< 0.63

-0 .06 0.05 0.14 0.64 . 0.16 0.009 -0 .07
C o n t r . I I

(14) (14) (14) (14) (14) (14) (14)

p< 0.82 p< 0.84 p < 0.62 p< 0.01 p< 0.58 p< 0.97 p < 0.79

0.10 0.43 -0 .09 0.15 -0 .27 0.23 - 0.12

4 .5  day (28) (28) (28) (28) (28) (28) (27)

p< 0.59 p< 0.02 p< 0.62 p< 0.44 p< 0.16 p< 0.23 p< 0.56

-0 .2 8 0.315 -0 .008 0.43 -0 .43 -0 .14 0.33 0 . 0 6 5

7 .8  day (25) (25) (26) (26) (25) (25) (6 ) (25)

p< 0.17 p< 0.12 p< 0.97 p< 0.03 p< 0.03 p< 0.51 p<0.52 p< 0.75



TABLE 7

CORRELATION COEFFICIENTS OF SPLEEN GRANULOCYTE CLUSTER LEVELS WITH ERYTHROID PRECURSORS (B+) 
AND TIJMOR BLASTS IN BONE MARROW, SPLEEN, AND LIVER. ALSO SHOWN ARE THE NUMBER OF CASES IN 
PARENTHESES AND SIGNIFICANCE LEVEL OF THE CORRELATION FOR EACH GROUP.

BM B+ BM B las t Spl B+ Spl B la s t Liv B+ Liv B la s t Spl .CFU-C Spl wt.

-0 .13 -0 .17 0.003 -0 .06 -0 .0 4 - 0.11 0.98

C o n t r .  I ( 12) ( 12) ( 12) ( 12) ' (12) ( 12) ( 11)

p< 0.67 p < 0,59 p< 0.99 p < 0.85 p< 0.89 p< 0.73 p< 0.001

-0 .08 -0 .43 0.18 -0 .29 -0 .49 -0 .33 0.73 1kC

C o n t r .  I I (9) (9) (9) (9) (5) (5) ( 11) 1

p < 0.83 p< 0.24 p< 0.64 p< 0.44 p < 0.39 p< 0.57 p< 0.009

-0 .07 0.18 0.07 0.14 - 0.21 0.11 0.75

4 , 5  day (27) (27) (27) (27) . (27) (27) (27)
EBL

p< 0.70 p< 0.36 p< 0.69 p < 0.48 p< 0.27 p < 0.56 p< 0.001

-0 .15 -0 .15 0.07 0.29 -0 .27 -0 .31 0.93 -0 .55

7 , 8  day (22 ) (22 ) (23) (23) ( 22 ) (22 ) (24) (4)
EBL

p < 0.49 p< 0 .50 p< 0.74 p < 0.18 p< 0.22 p< 0.16 p < 0.001 p<0.41
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Legend to  Figure  1

Daily changes in h e m a to c r i t  l e v e l  f o r  c o n t ro l  ( ^ ) and EBL i n j e c t e d  

( £  ) animals  who showed p e r ip h e r a l  blood changes (Group A). The curves  

shown r e p r e s e n t  a b e s t  v i su a l  f i t  f o r  the  i n d iv id u a l  d a ta  p o i n t s .  SEMs 

a re  given by the  v e r t i c a l  l i n e s .
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Legend to  Figure  2

Dai ly changes in r e t i c u l o c y t e  leve l  f o r  EBL i n j e c t e d  animals who 

showed p e r ip h e ra l  blood changes (Group A). The curves shown r e p r e s e n t  

a b e s t  v i su a l  f i t  f o r  the  in d iv id u a l  d a ta  p o i n t s .  SEMs a re  given by 

th e  v e r t i c a l  l i n e s .



(
c

u
L

o
c

y
r

e
s

n

n.

10

a

M

o  A ^ «  p o s -t  iv



Legend to  Figure  3

Daily changes in c i r c u l a t i n g  n u c lea te d  c e l l s  (a) and p e r ip h e r a l  blood 

b l a s t  e v e l s  (b) f o r  EBL i n j e c t e d  animals  who showed p e r i p h e r a l  blood chan­

ges (Group A). The curves  shown r e p r e s e n t  a b e s t  v i s u a l  f i t  f o r  the  i n ­

d iv id u a l  da ta  p o i n t s ;  SEMs a re  given by the  v e r t i c a l  l i n e s .
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Legend to  Figure 4

Frequency d i s t r i b u t i o n  o f  animals f a l l i n g  in to  the  d i f f e r e n t  c a t e ­

g o r ie s  o f  p e rc en t  b l a s t s  in c o n t r o l ,  4 ,5  day and 7 ,8  day post-EBL 

i n j e c t e d  animals fo r  bone marrow (row a ) ,  sp leen  (row b) and l i v e r  

(row c ) .  The frequency i s  given as the  p e rc e n t  o f  the  t o t a l  animals 

w i th in  the  r e s p e c t iv e  block.
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Legend to  Figure  5

Frequency d i s t r i b u t i o n  o f  animals f a l l i n g  i n to  the  d i f f e r e n t  c a t e ­

g o r ie s  o f  p e rc en t  benz id ine  p o s i t i v e  c e l l s  in c o n t r o l ,  4 ,5  day and 7 ,8  

day post-EBL i n j e c t e d  animals f o r  bone marrow (row a ) ,  sp leen  (row b ) ,  

and l i v e r  (row c ) .  The frequency i s  given as the  p e rc e n t  o f  the  t o t a l  

animals w i th in  th e  r e s p e c t i v e  b locks .
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Legend to  F igure  6

A frequency d i s t r i b u t i o n  o f  bone marrow CFU-Es (g iven  as p e rc en t  

c o n t r o l )  f a l l i n g  in to  d i f f e r e n t  c a t e g o r i e s  o f  p e rc e n t  bone marrow f o r  

4 ,5  day and 7 ,8  day p o s t  EBL i n j e c t e d  animals ( v e r t i c a l  l i n e :  SEM).
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Legend to  Figure 7

A frequency  d i s t r i b u t i o n  o f  sp leen  CFU-Es (given on o r d i n a t e  as 

p e rcen t  c o n t r o l )  f a l l i n g  in to  the  d i f f e r e n t  c a t e g o r i e s  o f  p e r c e n t  spleen 

b l a s t s  f o r  the  e a r l y  leukemic an imal.  No sp leen  CFU-Es were observed in 

the  l a t e  leukemic animal ( v e r t i c a l  l i n e :  SEM).
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Legend to  Figure  8

Sca t te rg ram  o f  number o f  sp leen  CFU-Es as  a fu n c t io n  o f  t h e  number 

o f  sp leen  benzid ine  p o s i t i v e  c e l l s  f o r  the  e a r l y  leukemic animal.  

Regress ion a n a ly s i s  i s  shown a t  the  bottom o f  the  f i g u r e .
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S c a t te r g r a m  S p le e n  CFU^E (down) v s .  S p le e n  B e n z i d i n e - * - c e l l s  ( a c r o s s )

S t a t i s t i c s  

C o r r e l a t i o n  ( r )  

s i g n i f i c a n c e . . .

. 0 .543  r  s q u a r e d ..........O.30Q

0.001



Legend ,to Figure  9

A f requency  d i s t r i b u t i o n  o f  bone marrow CFU-Cs (g iven  as p e rc en t  

c o n t r o l )  f a l l i n g  i n t o  d i f f e r e n t  c a t e g o r i e s  o f  p e rc e n t  bone marrow b l a s t s  

f o r  4 ,5  day and 7 ,8  day post-EBL i n j e c t e d  animals  ( v e r t i c a l  li-ne: SEM).
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Legend to  Figure  10

S ca t te rg ram  o f  number o f  sp leen  CFU-Cs as  a f u n c t io n  o f  th e  number 

o f  sp leen  b l a s t s  f o r  th e  l a t e  leukemic an imal .  Regress ion  a n a l y s i s  i s  

shown a t  the  bottom o f  f i g u r e .
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S c a t ia r g r a m  o f  S p le e n  CFU-C (down) v s .  S p le e n  b l a s t s  %

S t a t i s t i c s

C o r r e l a t i o n  ( r ) ............ 0.335 r  s q u a r e d ....................0 .113

s i g n i f i c a n c e  ...............0 .068
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Legend to  Figure 11

S ca t te rg ram  o f  number o f  bone marrow CFU-Cs as a f u n c t io n  o f  the  

number o f  sp leen  CFU-Cs f o r  th e  l a t e  leukemic an imal.  Regress ion 

a n a l y s i s  i s  shown a t  th e  bottom Of th e  f i g u r e .
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Scattergram o f  Bone Marrow CFU-C (down) vs . Spleen CFU-C(across)

S t a t i s t i c s

C o r r e l a t i o n  ( r ) ...............0 .542

S ig n i f i c a n c e  .................0.0025

r  squared 0.295
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Legend to  Figure  12

Degree o f  i n h i b i t i o n  o f  e r y t h r o i d  and myeloid colony fo rmation  

induced by 10% and 20% EBL media c o n d i t io n ed  f o r  24 h o u r s ,  48 hours and 

48 hours plus  EBL c e l l  l y s i s .  I n h i b i t i o n  i s  r e p re s e n te d  as p e rc en t  

co n t ro l  with each cond i t ioned  media group having  i t s  own c o n t r o l .

Also shown i s  the  i n h i b i t i o n  induced by 10% and 20% neonata l  l i v e r  

media co n d i t io n ed  f o r  24 hours .
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Legend to  Figure  13

Degree o f  i n h i b i t i o n  o f  e r y t h r o i d  and myeloid colony format ion  by 

10% and 20% Shay media cond i t ioned  f o r  24 h o u r s ,  48 hours and 48 hours 

plus  Shay c e l l  l y s i s .  I n h i b i t i o n  i s  r e p r e s e n te d  as p e r c e n t  c on t ro l  with 

each c o n d i t io n ed  media group having i t s  own c o n t r o l .  Also shown i s  

th e  i n h i b i t i o n  induced by 10% and 20% g r a n u lo c y t i c  media c o n d i t io n ed  

f o r  24 hours.
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Legend to  Figure  14

Degree o f  i n h i b i t i o n  and s t i m u l a t i o n  o f  e r y t h r o i d  and myeloid 

c l u s t e r  formation by 10% and 20% EBL media c o n d i t io n e d  f o r  24 h o u rs ,  

48 hours and 48 hours plus  EBL c e l l  l y s i s .  I n h i b i t i o n  and s t im u ­

l a t i o n  i s  r e p re se n te d  as p e r c e n t  con t ro l  with each c o n d i t io n e d  media 

group having i t s  own c o n t r o l .  Also shown i s  the  i n h i b i t i o n / s t i m u ­

l a t i o n  induced by 10% and 20% neonata l  l i v e r  media c o n d i t io n e d  fo r  

24 hours .
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Legend t o  F igure  15
r

Degree o f  i n h i b i t i o n  and s t i m u l a t i o n  o f  e r y t h r o i d  and myeloid 

c l u s t e r  format ion  induced by 10 and 20% Shay media c o n d i t io n e d  f o r  

24 hours ,  48 hours and 43 hours p lus  Shay c e l l  l y s i s .  I n h i b i t i o n /  

s t i m u l a t i o n  i s  r e p r e s e n t e d  as p e r c e n t  c o n t ro l  with each cond i t ioned  

media group having i t s  own c o n t ro l  group. Also shown i s  th e  i n h i b i ­

t i o n / s t i m u l a t i o n  induced by 10 and 20% g ra n u lo cy te  media c o n d i t io n ed  

f o r  24 hours .



- 1 2 7 -

l tO H \  8 t T l O N STIIVIO C.A v io rJ

oo Ulo
Ulo O0

io% GCM 

24 Ur

4b  Ki­

na u*- +
tysis

2 0 % GCM

24 hr

4 8  Ur

l^sis

* -

3

a



- 1 2 8 -

PHOTOPLATE 1. L iver  s e c t i o n  f r o n  an EBL animal.  Tumor c e l l s  on the 

r i g h t  a re  seen d i s r u p t i n g  a p p a r e n t ly  normal l i v e r  t i s s u e  (H & E s t a i n ,  

m a g n i f i c a t io n  40Ox).

PHOTOPLATE 2. Spleen s e c t i o n  from an EBL animal .  Tumor c e l l s  a r e  

seen in th e  red p u lp ,  whereas th e  white  pulp ( top  o f  p l a t e )  appears  

no t  to  be a f f e c t e d  (H & E s t a i n ,  m a g n i f i c a t io n  400x).
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PHOTOPLATE 3. Bone marrow s e c t i o n  from an EBL an im al .  Tumor c e l l s  

appear  to  f i l l  th e  e n t i r e  h e m a to p o ie t i c  s i n u s .  (H & E s t a i n ,  m a g n i f i ­

c a t i o n  400x).

PHOTOPLATE 4. Tumor c e l l s  from an EBL s p lee n  smear ,  s t a i n e d  w i th  

t l r igh t-Giemsa ( m a g n i f i c a t i o n  lOOOx).
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APPENDIX 1

A. R e t icu lo cy te  S ta in in g

M a t e r i a l s : New methylene b lu e ,  0.5g o f  th e  dye i s  d i s so lv e d  in 100ml

o f  d i s t i l l e d  w a ter  to  which 1 . 6g o f  potass ium o x a la t e  has been added.

Method: Equal volumes o f  blood and s t a i n  were g e n t ly  mixed on a p iece  

o f  p a ra f i lm  by drawing up th e  l i q u i d s  i n to  a c a p i l l a r y  tube and then ex­

p e l l i n g  them a number o f  t imes .  The blood and s t a i n  was then drawn up 

in to  the  c a p i l l a r y  tube and allowed to  s t a i n  f o r  10 m inutes .  At the  end 

o f  t h i s  t ime th e  blood and s t a i n  was e xpe l l ed  onto a f r e s h  p iece  o f  p a ra ­

f i l m ,  remixed and then a drop was q u ick ly  smeared ac ro ss  a p re -c leaned  

cover ing  the  e n t i r e  su r f a ce  o f  the  s l i d e .  These s l i d e s  were examined under 

o i l  when dry .  One thousand red blood c e l l s  were counted with the  a id  o f  

a r e t i c u l e ,  and the  p e rcen t  r e t i c u l o c y t e  c e l l  was th us  determined.

B. Wright ' s-Giemsa S t a i n

M a t e r i a l s : W righ t ' s  s t a i n ,  F i s h e r ,  S c i e n t i f i c  Co.,  Giordano 's  b u f f e r ,

pH 6 . 4 - 6 .5 ,  Giemsa s t a i n ,  Hare leco,  a 1:50 d i l u t i o n  in d i s t i l l e d  water  was 

p repared .  This was s t a b l e  f o r  8 hours .

Method: The s l i d e s  were placed f l a t  (smear s id e  up) on a s t a i n i n g  rack.

Approximately l^ml o f  W righ t ' s  s t a i n  was p i p e t t e d  onto each s l i d e  with a 

P a s teu r  p i p e t .  A f te r  1 minute ,  an equal volume o f  G iordano 's  b u f f e r  was 

p i p e t t e d  onto each s l i d e  and gen t ly  mixed with the  s t a i n  by blowing the  

mix tu re  over  the  s l i d e .  A f te r  3 m inu tes ,  the  s l i d e s  were r in s e d  in running 

w a te r .  A g e n t l e  s tream of  water  was used to  gen t ly  f l o a t  the  s t a i n  o f  the
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s l i d e  in o r d e r  to  p re v e n t  s t a i n  p r e c i p i t a t i o n  onto  th e  s l i d e .  The s l i d e s  

were d ra ined  well from w a te r ,  and then  s t a i n e d  w i th  Giemsa. Approximately 

3ml o f  d i l u t e d  s t a i n  was a p p l i e d  to  each s l i d e  and allowed to  remain f o r  

4 minutes .  The s l i d e s  were r i n s e d  as  b e f o r e ,  a l lowed to a i r  d ry ,  and 

then examined under o i l  a t  approx imate ly  400x.
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APPENDIX 2

A. Methyl C e l lu lo se  P re p a ra t io n

M a t e r i a l s : 125ml d i s t i l l e d  w a te r ,  4 .0g  methyl c e l l u l o s e  (F i sh e r

S c i e n t i f i c  Co . ) ,  125 ml McCoy's 5A 2x conc.  (Gibco)

Method: The d i s t i l l e d  w a te r  was au toc laved  in  a 500ml f l a s k ,  with

a l a r g e  magnetic s t i r r e r  en c lo se d .  The f l a s k  was removed from th e  a u to ­

c lav e  whi le  the  w a te r  was s t i l l  b o i l i n g .  The methyl c e l l u l o s e  was q u ick ly  

added to  th e  s t i l l  b o i l i n g  w a ter  under t h e  s t e r i l e  hood. The s o l u t i o n  was 

s t i r r e d  u n t i l  i t  became room te m p e ra tu re .  S t e r i l e  McCoy's 4a 2x was then 

added to  th e  s o l u t i o n .  The p r e p a r a t io n  then was a llowed .to s t i r  in  the  

cold f o r  48 hours .  In o r d e r  to  ach ieve  th e  r i g h t  c o n s i s t e n c y  the  s o l u t i o n  

must be f rozen  and then thawed be fo re  use .  S o lu t io n  maybe s to re d  a t  4°C 

i n d e f i n i t e l y .

B. Medium f o r  CFU-C Growth

.Ma t e r i a l s : The fo l lowing  q u a n t i t i e s  a r e  to  make up to  300ml o f  growth

media.  More o r  l e s s  can be p repared  as needed in the  same c o n c e n t r a t i o n s :

Methyl c e l l u l o s e  w i th  McCoy's 5a (see  above) 150 ml

McCoy's 5A lx  (GIBCO) 107.4 ml

Fe ta l  C a l f  Serum (GIBCO) 30.0 ml

NaHC03 {7h% s o l u t i o n ,  GIBCO) 3 .0  ml

Sodium Pyruvate  (100mm s o l u t i o n ,  GIBCO) 3 .0  ml

E a g le ' s  MEM Vitamins (lOOx, GIBCO) 1.2 ml

E a g le ' s  MEM E s s e n t i a l  Amino Acids (50x, GIBCO) 2 .4  ml
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E a g le ' s  MEM Non-Essen t ia l  Amino Acids (lOOx, GIBCO)

E a g le ' s  MEM Glutamine (200mM, GIBCO)

L-Ser ine  (21 mg/ml, GIBCO)

L-Asparagine (100 mg/ml, N u t r i t i o n a l  Biochemi­

cal  Co. , C leve land ,  Ohio)

Method: L-Asparagine  i s  f i r s t  d i s s o lv e d  in d i s t i l l e d  w a ter  a t  a

c o n c e n t r a t i o n  o f  lOmg/ml. Linder s t e r i l e  c o n d i t i o n s ,  a l l  o f  the  above i n ­

g r e d i e n t s  with  the  excep t io n  o f  t h e  methyl c e l l u l o s e  a re  combined in  a 

l a r g e  f l a s k .  The i n g r e d i e n t s  a re  then  f i l t e r e d  th rough a 0 .20u Nalge 

f i l t e r .  The methyl c e l l u l o s e  mix ture  i s  no t  f i l t e r e d .  Roughly equal v o l ­

umes o f  th e  methyl c e l l u l o s e  m ix ture  and th e  supplemented McCoy's mix ture  

a r e  combined in  a g ra d u a te  c y l i n d e r .  To p repa re  6 p l a t e s ,  25 ml o f  media,  

a re  needed, 12.5 ml o f  methyl c e l l u l o s e  and 12.5 ml o f  supplemented McCoy's 

a r e  combined in a s i n g l e  f l a s k .  The a p p r o p r i a t e  c e l l  sample i s  added to  

each f l a s k ,  0.83x10 c e l l s / 2 5  ml o f  media,  f o r  a f i n a l  c o n c e n t r a t i o n  o f  

10 c e l l s / 3  ml ( th e  c o n te n t s  o f  one small p e t r i  p l a t e ) .  The co n ten t s  o f  

each f l a s k  a re  tho rough ly  mixed and d i s t r i b u t e d  as  d e sc r ib e d  in the  mat­

e r i a l s  and methods s e c t i o n .

1.2  ml

1 .2  ml 

0 .12  ml 

0 .48  ml
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APPENDIX 3

A. HMEM Media 

M a te r i a l s :

Minimal E s sen t i a l  Media E a g le ' s  w ith  Hank's Balanced 

S a l t  S o lu t ion  (lOx c o n c e n t r a t i o n ,  GIBCO) 10 ml

MEM Non-Essent ia l  Amino Acids (lOOx, GIBCO) 1.0  ml

Sodium Pyruvate  (lOOmM, lOOx, GIBCO) 1.0  ml

L-Glutamine (200mM, lOOx, GIBCO) 1.0  ml

NaHC03 (5% s o l u t i o n ,  GIBCO) 1.25 ml

S t e r i l e  d i s t i l l e d  water 97.75 ml

Method: The above in g r e d i e n t s  were mixed t o g e t h e r  in a 100 ml s t e r i l e

c y l i n d e r ,  and then poured in to  a f l a s k .  I f  the  media was p ro p e r ly  b u f ­

f e r e d ,  i t  appeared r e d d i sh -o ra n g e .  I f  t h e  media was too b a s ic  and appeared 

too p u rp le ,  th e  pH was a d ju s t e d  by in cu b a t in g  the  media in a CO2 incuba­

t o r ,  with the  f l a s k  cap lo o s e l y  c lo s e d ,  f o r  about 6 hours .  I f  p re - in cu b a -  

t e d ,  the  media was f i l t e r e d  through a Q.20u Nalge f i l t e r  be fore  use.  This 

supplemented HMEM is  s t a b l e  f o r  2 weeks a t  4°C. For c o l l e c t i o n  o f  c e l l s ,  

HMEM co n ta in ing  2°L h e a t - i n a c t i v a t e d  (60°C f o r  % hour) f e t a l  c a l f  serum 

was used.

B. Beef Embryo E x t r a c t  ly pho l ized  (GIBCO) was r e c o n s t i t u t e d  to  the 

o r i g i n a l  volume with supplemented HMEM and d i s t r i b u t e d  in very  small a l i ­

quots  and frozen  a t  -20°C. Beef embryo e x t r a c t  (BEX) should no t  be de-
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f r o s t e d  and re f ro z e n  more than t h r e e  t im es .  P r i o r  to  use in  c u l t u r e ,  

the  beef  embryo e x t r a c t  i s  d i l u t e d  1:6 w i th  NCTC-109 (0 .1  ml o f  BEX +

0.5  ml o f  NCTC-109).

C. E r y th ro p o ie t i n  s tep  3 (Connaught Medical Research Labs. L f c . ,  Willow- 

d a l e ,  O n ta r io ,  Canada) was d i l u t e d  with HMEM to  a c o n c e n t r a t io n  o f  10 

u n i t s / m l ,  d i s t r i b u t e d  in small a l i q u o t s  and f rozen  u n t i l  use.  P r i o r  to  

p l a t i n g  the  e r y t h r o p o i e t i n  (epo) was d i l u t e d  1:4 with NCTC-109 (0 .1  ml epo 

+ 0 .3  ml NCTC-109).

D. L-Asparagine ( N u t r i t i o n a l  Biochemical Corp . ,  C leveland ,  Ohio) was 

made up w i th  HMEM to  a c o n ce n t ra t io n  o f  2 mg/ml, f i l t e r e d  through 0.20 q 

Nalge f i l t e r ,  d i s t r i b u t e d  and f rozen  in small a l i q u o t s .  P r i o r  to  p l a t i n g  

the  a spa rag ine  (asp) was d i l u t e d  1:10 with NCTC-109 (0 .1  ml asp + 0 .9  ml 

NCTC-109).

E. Bovine Serum Albumin

M a t e r i a l s : 50g Bovine Serum Albumin (BSA); 91 ml cold s t e r i l e  d i s t i l l e d

w a te r ;  lOg r e s i n  AG 501x8 (D) 20-50 mesh (Bio-Rad L a b s . ,  Richmond, C a l i f . ) ;  

7% NaHC0 3 ; Phenol red ;  Dulbecco's Ca++ and Mg++ f r e e  phosphate  buffered  

s a l i  ne.

Method: BSA was slowly s p r in k le d  in to  the  cold s t e r i l e  w a te r ,  and gen t ly

s t i r r e d  with  a g la s s  rod as the  BSA was added to  the  w a te r .  The BSA was 

s t i r r e d  in the  cold  u n t i l  the  major p o r t i o n  was in s o l u t i o n .  The s o lu t io n  

was r e f r i g e r a t e d  over n ig h t .  Five grams o f  r e s i n  was then added to the
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BSA s o l u t i o n  and s t i r r e d .  During th e  f i r s t  hour ,  the  s o l u t i o n  was s t i r r e d  

every  15 m inutes ,  and then kept  in t h e  cold  f o r  an a d d i t i o n a l  hour.  -The 

BSA was then decanted  i n t o  a f l a s k  to  which 5 g o f  f r e s h  r e s i n  had been 

added. The s o l u t i o n  was s t i r r e d  every  15 minutes the  f i r s t  hou r ,  and 

then allowed t o  s tand  a t  room tem p era tu re  f o r  1 hour.  I f  th e  r e s i n  was 

s t i l l  in su spens ion ,  the  s o l u t i o n  was c e n t r i f u g e d  f o r  20 minutes a t  15,000 

rpms and then decan ted  i n t o  a c y l i n d e r .  In o rd e r  to  o b ta in  a 37% s o l u t i o n  

o f  BSA, fo r  each 15 ml o f  BSA s o l u t i o n ,  1.1 ml o f  lOx PBS was added. The 

s o l u t i o n  was then d i l u t e d  to  10% by adding lx PBS ( v o l ) (conc) = ( v o l ) ( c o n e ) . 

The 10% BSA was then  f i l t e r e d  through #1 Whatman f i l t e r  paper ,  and then 

f i l t e r e d  through a 0.20u Nalge f i l t e r  to  s t e r i l i z e .  The s t e r i l e  BSA was 

then frozen  o v e r n i g h t ,  thawed and d iv id e d  i n t o  100 ml a l i q u o t s .  Two and 

one h a l f  ml o f  7% NaHC03 and 0 .5  ml o f  phenol red  was added to  each 100 ml 

o f  10% BSA (Phenol red  was made up by adding 0.04g o f  phenol red  to  10 ml 

o f  PBS). The BSA was then f rozen  in small a l i q u o t s .

F. NCTC 109 was purchased from M i c r o b i o l o g i c a l , Bethesda ,  Md. P e n i c i l l i n  

(5000 u) and s t rep tom yc in  (5000 ug) (GIBC0) was added to  the  NCTC to  make

a 2% s o l u t i o n .

G. CFU-E P l a t i n g  Procedure

M a t e r i a l s : Each exper im enta l  t e s t  tube  to  which 0 .1  ml o f  c e l l s  in HMEM

with  2% h e a t - i n a c t i v a t e d  f e t a l  c a l f  serum, was added con ta ined  the  fo l lo w ­

ing i n g r e d i e n t s ,  which had been d i l u t e d  a p p r o p r i a t e l y  p r e v io u s ly ,  as 

de sc r ibed  above.



Beef embryo e x t r a c t  (BEX)

Fe ta l  c a l f  serum (h e a t  i n a c t i v a t e d  a t  60°C f o r  

30 minutes)

Bovine serum albumin (BSA)

1- a s p a ra g in e  

E r y th r o p o ie t i n  (epo)

NCTC 109 (with  p e n / s t r e p ,  2% v /v )

0 .1  ml

0.275 ml

0 .1  ml

0.025 ml

0 .1  ml

0 .2  ml

Method: Early  in  the  day the  s tock  s o l u t i o n s  were d e f r o s t e d  and d i l u t e d

a p p r o p r i a t e l y , as p r e v io u s ly  d e s c r i b e d .  Extra  media was p repared  to f a c i ­

l i t a t e  h a n d l in g ,  e . g .  i f  14 samples v/ere to  be p r e p a red ,  enough media f o r  

a t  l e a s t  15 v/as p repa red .  The c o n t ro l  t e s t  tubes  v/ere e p o - ,  the  volume 

was s u b s t i t u t e d  with  0 .1  ml o f  NCTC, th us  the  c o n t ro l  t e s t  tubes  con ta ined

0.375 ml o f  NCTC. The media was prepa red  in ba tches  in one l a r g e  t e s t  

tube  f o r  the  exper imenta l  and a n o th e r  f o r  the  c o n t r o l .  From t h e s e ,  0 .8  ml 

was p i p e t t e d  i n t o  each small t e s t  t u b e ,  and then kept a t  4°C u n t i l  p l a t e d .

H. Dulbecco 's  Phosphate Buffered S a l in e  (PBS)

M a t e r i a l s :

NaCl 8 .0  g

KC1 0.2  g

Na2HP04 1.15 g

KH2PO4 0 .2  g



Method: For a Ix s o l u t i o n  make up a l i t e r  with  d i s t i l l e d  w a te r ,  f o r  a

lOx s o l u t i o n ,  make up to  a 100 ml w i th  d i s t i l l e d  w a te r .  Autoclave  to  

s t e r i l i z e .

I .  G lu te ra ldehyde  F i x a t i v e : Stock s o l u t i o n s  o f  0 .1  M NaH2P04 ( s o l u t i o n  A)

and 0 .1  M Na2 HPO4 ( s o l u t i o n  B) were p repared  and s t o r e d  a t  4°C. A 0.01 M 

phosphate  b u f f e re d  s o l u t i o n  was p repared  by adding 17 ml o f  s o l u t i o n  A to  

33 ml o f  so lub ion  B, and d i l u t i n g  t h i s  mix ture  1:10 with  d i s t i l l e d  w a te r .  

This was made up f r e s h  each t ime be fo re  use.  The g lu t e ra ld e h y d e  f i x a t i v e

(50% w/w, F i s h e r  S c i e n t i f i c )  was d i l u t e d  1:5 with the  0 .01  M phosphate

b u f f e r  (10 ml o f  g lu te r a ld e h y d e  was added to  40 ml o f  b u f f e r ) .  This f i x a ­

t i v e  was kept  in t h e  co ld  and was s t a b l e  f o r  a t  l e a s t  3 weeks.

J .  Benzidine S t a in  f o r  Colonies

M a t e r i a l s : 3,3* d imethoxybenzid ine  ( p r a c t i c a l ,  Eastman Kodak, R oches te r ,  

N.Y.) was made up in  a b s o lu t e  methanol to  a 1% s o l u t i o n ,  and was a llowed

to  age a t  room tem p era tu re  f o r  a t  l e a s t  2 days be fo re  used.

Hydrogen perox ide  30% ( F i s h e r  S c i e n t i f i c ,  Fa i r lawn,  N.Y.) was d i l u t e d  to  

a 2.5% s o l u t i o n  by adding 5 ml o f  30% H2O2 to  55 ml o f  70% e th y l  a l c o h o l .  

This H2O2 s o l u t i o n  was re p la ce d  when p a r t i c l e s  o f  p r e c i p i t a t e d  s t a i n  were 

found. The r e a c t i v i t y  appeared t o  improve with  age.  The s o l u t i o n  was 

kep t  a t  room tem pera tu re  u n t i l  d i s c a r d e d .

Hematoxylin H a r r i s - L i l l e  ( F i s h e r  S c i e n t i f i c )  was used as a c o u n t e r - s t a i n .

NH4OH was used f o r  b lue ing  th e  s l i d e s .  For t h i s ,  a 1% s o l u t i o n  o f  ammonia

w a te r  was p repared  in  d i s t i l l e d  w a te r .
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Method: The c l o t s  were s t a i n e d  w i th  benz id ine  and then c o u n t e r s t a i n e d

with  hematoxylin  in  th e  fo l low ing  manner: A f te r  the  s l i d e s  with  the

a f f i x e d  c l o t s  were d ry ,  th e  s l i d e s  were immersed in benz id ine  s t a i n  f o r  

2 m inu te s ,  t h e  s l i d e s  were then d ra ined  on paper  towel and then immersed 

in th e  perox ide  s o l u t i o n  f o r  one minute and then r i n s e d  by immersing the 

s l i d e s  in d i s t i l l e d  w a ter  f o r  one minute .  The s l i d e s  were then d ra ined  

again  and then c o u n t e r s t a i n e d  with hematoxyl in ,  by immersing the  s l i d e s  

in t h e  s t a i n  f o r  two minutes .  The s l i d e s  were then r i n s e d  in running 

w a te r ,  and then bluded in ammonia w ater  by submerging th e  s l i d e s  in  the  

s o l u t i o n  f o r  a few seconds.  The s l i d e s  were r e r i n s e d  in running tap 

v/a ter,  a l lowed to  d ry  and then mounted w i th  c o v e r s ! i p s .

To f a c i l i t a t e  s c o r i n g ,  a g r id  o f  c e l l u l o s e  a c e t a t e ,  sco red  in  1 mm 

boxes was placed  ove r  the  s l i d e ,  and secured  w i th  sco tch  t a p e .  The 

s l i d e s  were then examined with  a microscope a t  120x. A group o f  8 o r  

more benz id ine  p o s i t i v e  c e l l s ,  were scored  as a co lony ,  4-7 benzid ine  

p o s i t i v e  c e l l s  were scored  as a c l u s t e r .
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APPENDIX 4 

C ond i t ion ing  Media P r e p a r a t io n

M a t e r i a l s : To make up 100 ml o f  media f o r  c o n d i t i o n i n g ,  t h e  fo l low ing

in g r e d i e n t s  were combined:

McCoy's 5A (GIBCO) 85 .8  ml

Fe ta l  c a l f  serum (GIBCO) 10,0 ml

NaHC03 (7.5%, GIBCO) 1 .0  ml

Sodium pyruva te  (lOOmM, GIBCO) 1.0 ml

E a g le ' s  MEM v i tam ins  (lOOx, GIBCO) 0 .4  ml

E a g le ' s  MEM e s s e n t i a l  amino a c id s  (50x, GIBCO) 0 .8  ml

E a g le ' s  MEM n o n - e s s e n t i a l  amino a c id s  (lOOx, GIBCO) 0 .4  ml

E a g le ' s  MEM glu tamine  (200mM, GIBCO) 0 .4  ml

1-S e r in e  (21mg/ml, GIBCO) 0 .04  ml

1-Asparagine (10 mg/ml, N u t r i t i o n a l  Biochemical)  0 .16  ml

P e n i c i 11in -S t rep tom yc in  (5000u, 5000ug, GIBCO) 1 .0  ml

Method: The above n u t r i e n t s  were combined under s t e r i l e  c o n d i t io n s

and then f i l t e r e d  through a 0.20 u Nalge f i l t e r .  Excess media was f rozen  

f o r  f u t u r e  use.
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APPENDIX 5

Benzid ine  Wright ' s-Giemsa S t a in

M a t e r i a l s :  A 1% benz id ine  s o l u t i o n  and pe rox ide  s o l u t i o n  was p repared  as

d e sc r ib e d  in Appendix 3J .  W r ig h t ' s  s t a i n  and th e  accompanying G iordano 's  

b u f f e r  (pH 6 . 4 - 6 . 5 )  were purchased from F i s h e r  S c i e n t i f i c  Co. Giemsa s t a i n  

(Harleco)  was d i l u t e d  w i th  d i s t i l l e d  w a te r  1:50 b e fo re  use .

Me t h o d : The s l i d e s  were p laced  in a s t a i n i n g  r a c k ,  immersed in benz id ine

s o l u t i o n  f o r  2 m inu tes ,  d ra ined  on paper  to w e l ,  immersed in peroxide  f o r  

1 m inu te ,  and then r i n s e d  in d i s t i l l e d  w a te r  f o r  1 minute .  The s l i d e s  

were then d ra ined  and d r i e d  under co ld  a i r  u n t i l  tho rough ly  dry .

The s l i d e s  were then p laced  f l a t  up on a s t a i n i n g  t r a y  and each s l i d e  

was covered with approx im a te ly  lh  ml o f  W r ig h t ' s  s t a i n .  A f t e r  1 minute ,  

lh  ml o f  b u f f e r  was p i p e t t e d  onto each s l i d e .  The b u f f e r  and s t a i n  were 

g e n t ly  blown around th e  s l i d e  to  mix. Care was taken  to  i n s u re  t h a t  th e  

e n t i r e  s l i d e  was covered by th e  m ix tu re .  A f t e r  3 minutes  th e  s t a i n  was 

r i n s e d  o f f  with a g e n t l e  s tream o f  w a te r  to  f l o a t  the  s t a i n  o f f  th e  s l i d e .  

The s l i d e s  were he ld  h o r i z o n t a l l y  f o r  t h i s  r i n s e .  The s l i d e s  were d ra ined  

and then placed h o r i z o n t a l l y  on the  s t a i n i n g  rack  aga in  f o r  Giemsa s t a i n ­

ing .  Each s l i d e  was covered w i th  approx im a te ly  3 ml o f  d i l u t e d  s t a i n ,  

and a llowed to  s tand  f o r  4 m inu tes .  The s l i d e s  were r i n s e d  as  b e f o r e ,  

and allowed t o  a i r  d ry .
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EXPERIMENTAL DESIGN

I .  IN VIVO STUDIES

A. DAILY PERIPHERAL BLOOD DETERMINATIONS AFTER EBL 
• INJECTION THROUGH DAY 9.

1, HEMATOCRIT LEVELS
2 ,  RETICULOCYTE LEVELS
3,  CIRCULATING NUCLEATED CELL COUNTS 
A. DIFFERENTIALS

B. ORGAN STUDIES FROM ANIMALS SACRIFICED ON DAYS A ,5 o r  7 , 8 .

1. HISTOLOGY
2 .  CELLULAR COMPOSITION

I I .  IN VITRO STUDIES FROM ANIMALS SACRIFICED ON DAYS A ,5 o r  7 , 8 .

' A. CFU-Es: BONE MARROW, SPLEEN AND LIVER

B. CFU-Cs: BONE MARROW, SPLEEN AND LIVER

I I I .  CONDITIONED MEDIA
NORMAL HEMATOPOIETIC (NEONATAL LIVER AND MATURE GRANULOCYTE) 
CONDITIONED MEDIA AND TUMOR CELL (SHAY AND EBL) CONDITIONED 
MEDIA EFFECTS ON NORMAL BONE MARROW CFU-Es AND CFU-Cs.
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CHARACTERISTICS OF EBL DISEASE

1. MASSIVE INFILTRATION OF HEMATOPOIETIC ORGANS i . e . ,  BONE MARROW, 
SPLEEN, AND LIVER BY TUMOR CELLS.

2 .  REPRESSION OF ERYTHROPOIESIS.

3 .  INCREASED LEVELS OF GRANULOPOIESIS.

A. COMPENSATORY SPLENIC HEMATOPOIESIS: TRANSITORY ERYTHROPOIESIS 
SUCEEDED BY GRANULOPOIESIS
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INDICANTS OF SPECIFIC REPRESSION OF ERYTHROID DIFFERENTIATION

I. PERIPHERAL 3L00B

A. ANEMIA ( HEMATOCRIT DROP ) BY DAY 6 POST I . V.

B.  RETICULOCYTOPENIA BY DAY A,

I I .  HEMATOPOIETIC ORGANS:

DECLINE OF RECOGNIZABLE ERYTHROID PRECURSORS i . e . ,  BENZIDINE 
POSITIVE CELLS STARTING FROM DAY A.

I I I .  IN VITRO STUDIES

A. TRANSITORY COMPENSATORY SPLENIC ERYTHROPOIESIS (DAYS 4 , 5 ) .

3 .  DECLINE IN BONE MARROW CFU-Es AT DAYS Z. 8 .

C. INHIBITION BY EBL CONDITIONED MEDIA OF NORMAL BONE MARROW 
CFU-Es



ADVANTAGES OF THE RAT EBL MODEL

RAPID TIME COURSE OF DISEASE DEVELOPMENT ( 7 - 8  DAYS).

HIGH INFECTION LEVELS WITH LOW DOSAGE OF INJECTED CELLS (>80%).

NON-VIRAL ETIOLOGY OF DISEASE WITH NO EVIDENCE OF "HORIZONTAL" 
INFECTION OF "NORMAL" HEMATOPOIETIC STEM CELLS IN RATS BY 
LEUKEMIC CELLS.
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