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ABSTRACT

The murine lympho-myeloid complex is  depleted by 

a large dose of nitrogen mustard and the patter: 5 o f  

recovery of the haemopoietic tissues and cells  followed 

to establish the relationships o f  the precursor and 

mature cel ls .

Culture of bone marrow in agar and stathmokinetic 

techniques are used to examine the controlled proliferation 

fo the granulocyte elements in the bone marrow recovering 

f r om  nitrogen mustard and the influence of the spleen 

is  also considered.

The control o f  t h e  proliferation of the granulocyte 

cells  ic lost i n  m y e l o i d  l e u k a e m i a .  S t a t h m o k i n e t i c  

m e th o d s  and spleen c o l o n )  assays are used to asses cell 

proliferation in irradiation-induced m y e l o i d  leukaemias 

i n  m ic e  and the relevence of these parameters so 

m e a s u r e d  t o  those demonstrated by normal bone marrow is  

di s c u s s e d .
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P e r tu r b a t io n  of C e l l  R en ew a l in the H a e m o p o ie t ic  T i s s u e s  

of D r u g - tr e a te d  and L eu k a em ic  M ice



I .  INTRODUCTION



X, 1 T h e  S ea r c h  fo r  a H a e m o p o ie t ic  S tem  C e l l

The te r m  k in e t ic s  i s  c u r r e n t ly  u se d  to  e m b r a c e  the o r ig in  of 

l iv in g  c e l l s ,  th e ir  m ig r a t io n  and m o v e m e n t ,  th e ir  d es t in a t io n ,  rate  

of p r o l i fe r a t io n  and d if fere n t ia t io n  and th e ir  re la t io n sh ip  to ea ch  o th e r .

N ew  liv in g  c e l l s  a r e  p rod u ced  by d iv is io n  of p r e - e x i s t i n g  c e l l s .

An adequate n um ber of c e l l  d iv is io n  i s  n e c e s s a r y  to e n su r e  the grow th  

of expanding c e l l  population  and the m a in ten a n ce  of c e l l  pop u la tion s  

fr o m  w hich  c e l l s  a r e  b e in g  lo s t  (T h o m a s ,  1974),

T he blood c e l l  population  fr o m  which c e l l s  a r e  c o n t in u o u s ly  lo s t ,  

c l e a r ly  req u ired  a s o u r c e  of m a in te n a n c e ,  and the evo lu tion  of th is  

co n cep t  le d  to a s e a r c h  fo r  a h a e m o p o ie t ic  s t e m  c e l l ,  i e .  one w hich  

i s  ca p a b le  of p ro v id in g  an output to m o r e  d if fere n t ia ted  c o m p a r tm e n ts ,  

w h ils t  m ain ta in in g  i t s  own n u m b e r .

B e fo r e  the in trod u ction  of tran sp lan ta tion  and t i s s u e  cu ltu re  

te c h n iq u e s ,  e f fo r ts  w e r e  c o n cen tra ted  on finding a m o rp h o lo g ic a l  

id en tity  fo r  the h a e m o p o ie t ic  s te m  c e l l .

T h e r e  w e r e  two s c h o o ls  of thought on the o r ig in  of the  

h a e m o p o ie t ic  s te m  c e l l ,  the m o n o p h y le t ic , m a in ta in in g  that a l l  ty p e s  

of b lood  c e l l s  w e r e  d er iv e d  fr o m  a s in g le  type of c e l l  and the p o ly p h y le t ic  

w hich m ain ta in ed  that th e r e 'w e r e  two or m o r e  s te m  c e l l s  in vo lved  in  

m ain ta in in g  the blood c e l l  l in e a g e s .

In em b ryon ic  l i f e  and e a r ly  s ta g e s  blood c e l l s  a r e  d er iv ed  fr o m  

m u ltip oten t p r im it iv e  m e s e n c h y m a l  c e l l s  f i r s t  o u ts id e  the em b ry o  

in  the v a s c u lo s a  of the yolk  sac  and la te r  w ithin  the em b r y o ,  in  the  

l i v e r ,  sp le e n  and th y m u s .



F r o m  the fifth  m onth  onw ards h a e m o p o ie s is  i s  co n cen tra ted  

in bone m a r r o w  and lym phatic  t i s s u e .  A fter  b ir th  it i s  r e s t r ic t e d  

to th e s e  s i t e s  fo r  the r e m a in d e r  of l i f e  excep t in p a th o lo g ica l  

c i r c u m s t a n c e s .

T w en ty  y e a r s  ago  m o s t  h a e m o a to lo g is t s  a g r e e d  that blood  

c e l l s  are  o r ig in a l ly  d er iv ed  fr o m  fixed  r e t ic u la r  c e l l s  attached  

to a f ine  netw ork  of r e t icu lu m  f ib res  which ex ten d s  a s  a d e l ic a te  

m e s h  betw een  a r t e r i e s ,  v e in s  and s in u so id s .

H o w ev er  th is  group of c e l l s  te r m e d  the r e t ic u lu m  c e l l s  w as  

som ew hat i l l -d e f in e d  and under the c la s s i f i c a t io n  of som e w o r k e r s  

included s e v e r a l  c e l l  ty p e s .

Y offey  (I960) confined  the o r ig in  of blood c e l l s  to a 

c o m p a rtm en t  of f r e e  c e l l s  w hich he te r m e d  the ly m p h o cy te -  

tra n s it io n a l  c o m p a r tm e n t .  T h e s e  c e l l s  have a m o rp h o lo g y  

s im i la r  to ly m p h o c y te s  and a high la b e l l in g  index  (E v e r e t t  et a l ,  

I960),  a p ro p er ty  req u ired  of h a em o p o ie t ic  s tem  c e l l s .  Y offey  

h as d e s c r ib e d  in d e ta i l  the m o rp h o lo g y  of the s p e c tr u m  of c e l l s  

belong ing  to th is  co m p a r tm e n t  (Y offey , 197 3).

T he h is t o r ic a l  c o n t r o v e r s i e s  of 30 or 40 y e a r s  ago b etw een  

m o n o p h y le t ic is t s  , p o ly p h y le t ic is t s  w e r e  la r g e ly  co n cer n e d  

with the d if fere n t ia t in g  p o te n t ia l i t ie s  of the e a r l i e s t  f r e e  

h a em o p o ie t ic  c e l l s  and l e s s  with th e ir  a b ility  to m u lt ip ly  without  

d ifferen t ia t in g  so a s  to fun ction  a s  a s e l f -m a in ta in in g  s te m  c e l l  

p oo l.  The q uantitative  and dynam ic  a s p e c t s  of h a e m o p o ie s is  

w e r e  p o o r ly  ex p lo red  at the t im e  and d eta iled  m o r p h o lo g ic a l  

study, m uch  of it with t i s s u e  s e c t io n s ,  fo rm ed  the b a s i s  of 

n u m ero u s  th e o r ie s  put fo rw a rd .



The m u lt ip l ic i ty  of th e se  th e o r ie s ,  the co n fu s io n  of ;|i

n o m en c la tu re ,  the r e l ia n c e  on s im p le  m o r p h o lo g ic a l  s im i la r i t i e s  

a s  c r i t e r ia  of r e la t io n s h ip s  b etw een  c e l l s  and the g e n e r a l  a b se n c e  

of a qu antitative  approach  i s  apparent.

A c o n s id e r a b le  ad van ce  in  o v er c o m in g  the p r o b le m s  of 

iden tify ing  the s te m  c e l l  c o m p a rtm en t  and d e te r m in in g  the 

p o te n t ia l i t ie s  of the l e a s t  m a tu re  h a e m ic  c e l l s ,  w a s  m ad e  in 1961 

when T i l l  and M cC u lloch  (1961) in troduced  the sp le e n  co lony  

tech n iq u e .  F u r th e r  s ig n if ic a n t  con tr ib u tion s  w e r e  m ad e  by 

cu lturing  bone m a rro w  in a gar  - the technique of P luzn ik  and 

Sach s  (1965) and B r a d le y  and M etc a lf  (1966), w hich gave r i s e  

to gran u locyte  c o lo n ie s ,  S tep h en son  et a l (1971) and I s c o v e  and S ie b e r  

( 1975 ) to ery th ro id  c o lo n ie s ,  M etc a lf  et a l  (197 5) to lym p h o cy te  

c o lo n ie s  and M etc a lf  et  al (1975) to m egakaryocyte  c o lo n ie s .

The c o m p le x i ty  of the h a e m o p o ie t ic  s y s t e m ,  h o w e v e r ,  s e e m s  

to have  in c r e a s e d  in d ir e c t  re la t io n  to the a s s id u ity  with which  

in v e s t ig a to r s  have ex p lo red  i t .  It i s  im p ortant though to u n ra v e l  

the m e c h a n is m s  of h o m e o s ta t ic  co n tro l  of the fo r m e d  e le m e n ts  of 

the blood in health  and the w a y s  in w hich th e s e  m e c h a n is m s  function  

or fa il  to function  in s ta te s  of d i s e a s e .

Ï



1 . 2  P r o p e r t i e s  of the S tem  C ell

Î
I

E v id e n c e  that the s te m  c e l l  b e lo n g s  to the tr a n s it io n a l
'h,

co m p a rtm en t  has b een  produ ced  by e x p e r im e n ts  w hich exam in ed  

the h a em o p o ie t ic  r e c o v e r y  a fter  sublethal ir ra d ia t io n  and 

e x p e r im e n ts  on co lo n y  fo r m a t io n .

T he seq u en ce  of ev en ts  in guinea p ig s  r e c o v e r in g  fr o m  150 R 

fit w e l l  with a s te m  c e l l  r o le  fo r  LT c e l l s  (H a r r is ,  I960 ) .

Lajtha et al (1964) u s in g  the ery th ro p o ie t in  r e s p o n s e  in m ic e  

ob serv ed  in the m a r r o w  a s te m  c e l l  o v e r sh o o t  with the sa m e  kind  

of t im e  re la t io n sh ip  a s  the LT o v e r sh o o t  in  gu inea  p ig s  (H a r r is ,  1956).

M arrow  w hich con ta ined  in c r e a s e d  n u m b ers  of LT c e l l s  p r o tec ted  

v e r y  e ffec t iv e ly  a g a in s t  le th a l ir ra d ia t io n  (H a r r is  and K u g ler ,

1963, 1957 ; M o r r is o n  and T o e p fe r ,  1967; O sm ond and Y osh ida ,

1970).

The ord er  of p r o l i f e r a t iv e  v a r ia t io n  of the sp leen  co lo n y  fo rm in g  

c e l l ,  a s  m e a s u r e d  by tr it ia ted  thym id ine su ic id e  s tu d ie s ,  i s  w e l l  

ex em p lif ied  by the LT co m p a rtm en t  (Y offey, 1973). t .

H u rst  et a l ( 1 969) found that an in c r e a s e  in the num ber of 

C F U -S  during m a r r o w  rebounds p a r a l le le d  the in c r e a s e  in A
"i

tra n s it io n a l  c e l l s  d e s c r ib e d  by T u rn er  et a l  (1967).

T he e f f e c t s  of ir r a d ia t io n  of in  v itro  c o lo n y -fo rm in g  c e l l s  

(C FU -C ) p a r a l le l  the e f f e c t s  on tra n s it io n a l  c e l l s  I Y offey , 197 3).

M oore  et a l (1972) e x p r e s s e d  the v iew  that 'in v itr o '  c o lo n y -

fo rm in g  c e l l s  a r e  in fa c t  tr a n s it io n a l  c e l l s .  i

N ie w is c h  et a l  (1957) fra c t io n a ted  the c e l l s  f r o m  sp leen  c o lo n ie s  

and conclud ed  that the s te m  c e l l  w as  a la r g e  c e l l  w ith  a i

le p to ch ro m a t ic  n u c leu s  and in te n s e ly  b a so p h il ic  c y to p la s m .
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O rlic  et a l (1968) o b se r v e d  thym id ine  la b e l l in g  of c e l l s  with  

the g en era l  con f ig u ra t io n  of tr a n s it io n a l  c e l l s  a fter  e ry th ro p o ie t ic  

s t im u la tion . V an B ekkum  et a l (1971) enrich ed  CFU content of 

m o u se  bone m a r r o w  by a fa c to r  of up to 30 and identif ied  a 

'candidate s te m  c e l l '  w h o se  u ltra  s tru ctu re  i s  a lm o s t  id en t ic a l  

with that of a m ed iu m  tr a n s it io n a l  c e l l  (Bainton  and Y o ffey ,  1970). ÿ

Van B ekkum  et a l  (197 1) d e s c r ib e d  the m o rp h o lo g y  of th is

'candidate s te m  c e l l '  a s  s een  in  e le c tr o n  m ic r o s c o p e  s e c t io n s .

2
It i s  about 7 - 1 0 y^m  in s i z e ,  w ith a round indented n u c leu s  

con ta in ing  one or two la r g e  n u c le o l i  and a f in e ly  d is p e r s e d  

c h ro m a tin  p attern  with s m a l l  a g g r e g a te s  at the n u c le a r  m a r g in s .  

The n u c le a r -  c y to p la s m  ra tio  i s  la r g e  and the c y to p la s m  co n ta in s  

abundant f r e e  r ib o s o m e s  and s e v e r a l  sm a ll  m ito c h o n d r ia .  O ther  

o r g a n e l le s  a r e  not o b s e r v e d .

It d i f fe r s  fr o m  the s m a l l  lym p h ocyte  w h o se  n u c leu s  show s  

la r g e  a r e a s  of d e n s e ly  a g g reg a te d  gran u lar  ch r o m a tin  and s m a l le r  

l ight re g io n s  w h o se  c y to p la sm  co n ta in s  d en se  b o d ie s  and m any  

v e s i c l e s  of d if feren t  s i z e s .  U nlike the s tem  c e l l  G olg i apparatus  

i s  p r e s e n t  in the s m a l l  lym p h ocyte  although p o o r ly  d eve loped  

and the m ito ch o n d r ia  a r e  la r g e  and the r ib o s o m e s  c lu s t e r e d .

E v id en ce  that the s te m  c e l l  m a y  belong to the ly m p h o cy te -  

tra n s it io n a l  c o m p a rtm en t  i s  a l s o  g iven  by T h o m a s  (1973).  In 

the bone m a r r o w  of m ic e  r e c o v e r in g  fr o m  tr e a tm e n t  with m u st in e  

h y d ro ch lo r id e  th e r e  i s  an in c r e a s e  in the p rop ortion  of C F U -S  on 

the fourth  day (Sharp and T h o m a s ,  1971). T h is  i s  p a ra lled  by



a co r r e sp o n d in g  in c r e a s e  in only  one m o r p h o lo g ic a l  group of 

bone m a r r o w  c e l l s  - the tr a n s it io n a l  c e l l s  (Sharp et a l ,  1971).

O sm ond ( 1973) s u m m a r is e d  certain  c h a r a c t e r i s t i c s  of the  

lym p h ocyte  population . S m a ll  ly m p h o cy tes  ( < 8 . 0 yu^m in  

n u c le a r  d ia m eter )  con st itu ted  55% of the en t ire  population  of 

m a r r o w  lym phoid  c e l l s .  O nly 2% in co rp o ra ted  tr it ia te d - th y m id in e  

and th e r e fo r e  they  could  be reg a rd ed  a s  an e s s e n t ia l ly  n o n -p r o l i fe  rating  

com p artm e nt.

L a rg e  ly m p h o c y te s  ( > 8 . 0 y C < m  in n u c lea r  d ia m eter )  included  

m o s t  of the p r o l i fe r a t in g  c e l l s ,  28% being in  DNA s y n th e s i s  at any  

g iven  t im e .  M ost  la r g e  ly m p h o c y te s  had a r e la t iv e ly  le p to ch ro m a tic  

n u c leu s  w hich c o r r e s p o n d s  with the m o rp h o lo g ic a l  d e s c r ip t io n  of 

tr a n s it io n a l  c e l l s .

T he k in e t ic s  of the la r g e  ly m p h o cy tes  w e r e  in v es t ig a ted  u s in g  

the i s o to p e s  HTdR and T hey  showed s tr ik in g  d i f f e r e n c e s

when c l a s s i f i e d  by n u c le a r  d ia m e te r .  T he fo llo w in g  tab le  show s  

the duration  of S p h a se  and la b e l l in g  index of the c e l l s  a s  re la ted  to 

th e ir  n u c le a r  d ia m e te r .

N u c lea r  d ia m e te r  (>«) D uration  of S ph ase  L a b e ll in g  Index
(hours) (%)

8 -9 10-12 . 12 -16 i
9 -1 0 8 -1 0 28

10-11 6 -8 4 0 -4 4

11 3-4 5 2 -5 6



A s  the n u c le a r  d ia m e te r  in c r e a s e s  the duration  of S p h ase  

i s  sh o r te r  and the p ro p o rtio n  of c e l l s  sy n th e s is in g  DNA is  

g r e a te r .  T he c e l l s  w ith s m a l le r  n u c le a r  d ia m e te r  have  

p a ch y ch ro m a tic  n u c lea r  ch r o m a tin  and pale  s ta in in g  c y to p la s m .

A s the n u c lea r  d ia m e te r  i n c r e a s e s ,  the c e l ls^ n u c lea r  ch ro m a tin  

ch a n g es  fr o m  an in te r m e d ia te  to a le p to ch ro m a tic  s tru ctu re  and 

th e ir  c y to p la s m ic  sta in in g  fr o m  in te r m e d ia te  to b a so p h i l ic ,

1 .  21 C lon al nature of C F U -S

The cu rv e  re la t in g  the num ber of nu c lea ted  m a r r o w  c e l l s  that  

a re  tran sp lan ted  to the n um ber of c o lo n ie s  that d eve lop  in the 

sp leen  of le th a l ly  ir ra d ia ted  m ic e  i s  l in e a r  and show s no th resh o ld  

(T il l  and M cC u lloch , 1961; M cC u lloch , E . A .  and T i l l .  J . E . ,  1962).  

The rad iation  s u r v iv a l  c u r v e  of C F U -S  c l o s e l y  r e s e m b le s  the  

su rv iv a l  c u r v e s  obtained fo r  s in g le  c e l l s  in  cu ltu re  (B eck er  et a l,  

1963).

W hen r e c o g n is a b le  m a r k e r  c h r o m o s o m e s  a r e  p r e s e n t  in  the  

c e l l s  of a c o lo n y ,  an o v erw h e lm in g  m a jo r ity  of the c e l l s  con ta in  

the sa m e  m a r k e r  (B e c h e r  e t  a l ,  1963; B a r n e s  e t  a l ,  1959). T h e s e  

o b se r v a t io n s  support the co n cep t  that the sp leen  c o lo n y  o r ig in a te s  

fr o m  one c e l l .

The sp leen  c o lo n ie s  m ay  c o n s is t  of e i th e r  m y e lo id ,  ery th ro id ,  

m eg a k a r y o c y t ic  or  m ix e d  c e l l  ty p e s .  When a d i s c r e t e  co lon y  

conta in ing  only  one d if feren t ia ted  c e l l  type w as  d is s e c t e d  out and 

tran sp lan ted  into a secon d  ir ra d ia ted  r e c ip ie n t ,  the c o lo n ie s  w hich  

su b seq u en tly  d ev e lo p ed  in the sp leen  of the seco n d a ry  r e c ip ie n t ,  

ra th er  than b eing  l im ite d  to the c e l l  type of the tran sp lan t  a r e

'IjkS
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d is tr ib u ted  am ong the v a r io u s  c e l l  ty p es  in m u ch  the sa m e  fa sh io n

as  with the p r im a r y  tra n sp la n t .  T h is  in d ic a te s  the p lu ripoten t |

nature of c e l l s  g iv ing  r i s e  to sp leen  c o lo n ie s  and that the

d ifferen tia ted  c e l l s  of the bone m a r r o w  have a c o m m o n  c e l l  o r ig in

(B e c h e r  et a l ,  1963). F u r th e r  ev id en ce  to in d ica te  that the

m y e lo id  e le m e n t s  of the bone m a r r o w  sh are  a c o m m o n  p r e c u r s o r

with the ery th ro id  and m e g a k a r y o c y t ic  l in e s  c o m e s  fr o m  the fa c t  ;

that the P h ila d e lp h ia  c h r o m o s o m e  se e n  in c h r o n ic  m y e lo c y t ic

le u k a em ia  i s  c o m m o n  to a l l  th r e e  c e l l  ty p es  (W h a n g -P en g et a l ,

1963).

1 • 22  C lonal nature of C F U -C

T h e r e  i s  a l in e a r  r e la t io n sh ip  b etw een  the n u m b e r s  of c o lo n ie s  ^

w hich d eve lop  in  a g a r  and the n u m ber  of m a r r o w  c e l l s  p lated  Â

(B ra d le y  and M etc a lf ,  1966; P lu zn ik  and S a c h s ,  1965). E va lu ation  

of C F U -C  4 8 h o u rs  a f ter  v a ry in g  d o s e s  of ir r a d ia t io n  showed a 

d o s e - r e s p o n s e  re la t io n  b etw een  the d o se  of ir r a d ia t io n  and the *

n u m b ers  of su rv iv in g  C F U -C  (R obinson  et a l ,  1972). T h e s e  

o b se r v a t io n s  a r e  co m p a t ib le  w ith , but not c o n c lu s iv e  ev id en ce  

that c o lo n ie s  o r ig in a te  f r o m  a s in g le  c e l l  o r ig in .  P a  ran and 

S ach s  (1969) d em o n str a ted  u s in g  a m apping techn ique that 

gran u locy te  and m a cro p h a g e  c o lo n ie s  a r i s e  fr o m  a s in g le  c e l l .

T o  r e s o lv e  the q u es t io n  of w hether  m ix ed  m a cro p h a g e  and 

gran u locyte  c o lo n ie s  a r o s e  f r o m  two d if fere n t  c e l l s ,  M etc a lf  

(1971) u s in g  a s in g le  c e l l  t r a n s fe r  fr o m  an Un vitro* co lo n y ,  

d em o n str a ted  that m ix ed  c o lo n ie s  could  be d er iv ed  fr o m  a s in g le

ac e l l .
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M oore  et a l  (1972) fra c t io n a te d  m onkey  m a r r o w  by cen tr i fu g a t io n  |

in  contin uous a lb um in  g r a d ie n ts .  Individual c o lo n y - fo r m in g  c e l l s ,  

fr o m  an en r ich ed  fra c t io n  con ta in in g  up to 25% of C F U -C ,  w e r e  

t r a n s fe r r e d  by m ic r o m a n ip u la t io n  to agar  cu ltu re  and a p ro p o rtio n  |

of t r a n s fe r r e d  c e l l s  g ave  r i s e  to typ ica l c o lo n ie s ,  A c lon ing  

e f f ic ie n c y  of 25-100%  w a s  d e m o n str a te d  and it w as  proved  that 

ind iv idual c e l l s  could  g en e r a te  c o lo n ie s  w hich  w e r e  a m ix tu re  of 

g r a n u lo cy te s  and m a c r o p h a g e s .  T h is  co n f irm e d  that g ra n u lo cy te s  

and m o n o c y te -m a c r o p h a g e s  w e r e  c l o s e l y  re la ted  pop u la tion s  sh ar in g  S

a c o m m o n  a n c e s to r  - the in  v itro  C F U -C .

T he c lo s e  a n c e s tr a l  re la t io n sh ip  could  exp la in  why le u k a em ia  

freq u en tly  d e v e lo p s  in  w hich  both c e l l  population s a r e  in vo lved  in 

n e o p la s t ic  p r o c e s s  (eg .  m y e lo m o n o c y t ic  le u k a e m ia ) .  K aryotyp ic  

and m ic r o d e n s i to m e tr y  s tu d ie s  in a m u rin e  m y e lo m o n o c y t ic  le u k a em ia  

w hich exh ib ited  a co lo n y  grow th in  agar  ind ica ted  that the le u k a em ic  

s tem  c e l l s  in  th e  population  g en era ted  both g ra n u lo c y te s  and ¥

m o n o c y te s  (W arner et a l ,  1969; M etca lf  et  a l ,  1969; M etc a lf  and 

M o o re , 1970).

Work on an oth er  m u r in e  m y e lo id  le u k a em ia  h a s  a l s o  shown that 

leu k a em ic  g ra n u lo cy t ic  c e l l s  can  g en era te  m a c r o p h a g e s  when  

c loned  in a gar  ( Ich ihaw a , 1969; Ich ihaw a, 1 970).

f
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1 . 3  C olon y  S t im u la tin g  F a c to r

C olony  fo rm a tin g  in a g a r  i s  dependent on st im u la t io n  by a 

s p e c if ic  g ly c o p r o te in ,  c o lo n y -s t im u la t in g  fa c to r  (C SF ), T h is  

a p p ea rs  to be a regu la tor  of both g r a n u lo p o ie s is  and m on ocy te  

fo rm a tio n .

The se r u m  and u r in e  of m ic e  and hum ans exh ib it  d e tec ta b le  

c o lo n y -s t im u la t in g  a c t iv i ty  when a s sa y e d  in t e s t  c u ltu r e s  of m o u s e  

bone m a r r o w  c e l l s  (R obinson  et a l ,  1967; Chan et a l ,  1971).

S tu d ies  on n o rm a l hum an u rin e  have d em o n str a ted  that CSF i s  

a n eu ra m in ic  acid  con ta in in g  g ly c o p r o te in  of m o le c u la r  w eight 4 5000  

and that it  c o n s t i tu te s  l e s s  than 0 .001%  of the to ta l u r in a ry  p ro te in .  

(Stanley  and M etc a lf ,  1969; 1972).

D ig e s t io n  of CSF w ith  n eu ra m in id a se  r e d u c e s  the ch a r g e  of the

m o le c u le ,  but d o e s  not d e s t r o y  i t s  b io lo g ic a l  a c t iv i ty  ‘in vitro* ,

CSF i s  a c t iv e  in  v itro  at e x tr e m e ly  low c o n c e n tr a t io n s  (10  ̂  ̂ or  

12
10" M ). T h is  im p l ie s  that the p r im a r y  a c t io n  of CSF m a y  be

r e s t r ic t e d  to sp e c if ic  m e m b r a n e  r e c ep to r  s i t e s  on ta rg et  CFC and 

co lo n y  c e l l s  'in v itro '.

C SF can  now be rad io iod in ated , h o w e v e r ,  au torad iograp h ic  

s tu d ie s  m igh t be con fu sed  by the ca p a c ity  of g ran u locy te  c e l l s  to 

bind m any p r o te in s ,  eg .  la b e l le d  b a c te r ia l  a n t ig en s  (M etca lf  and 

M oore , 197 3). CSF m a y  be ex tra c ted  fr o m  c e l l  t i s s u e s  in the  

m o u s e ,  so m e  t i s s u e s  y ie ld in g  h ig h er  am ou nts  p e r  m i l l ig r a m  

w eight than o th e r s .  L a r g e  am ounts  of CSF are  p roduced  or  . 

r e le a s e d  by c e l l s  in c u ltu r e .  O utstanding in  th is  regard  a r e  

f ib r o b la s t s ,  w hole  em b ry o  c e l l s ,  L - c e l l s ,  p e r i to n e a l  m a c r o p h a g e s  

and the s t r o m a l  c e l l s  that ad h ere  to the w a ll  of the bone m a r r o w
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c a v i ty  (P lu z n ik  and S a c h s ,  1966; B ra d le y  and S u m n e r ,  1968; A ustin  

et a l ,  1971; Chan and M e tc a lf ,  1972; B r a d le y  et a l ,  1 9 7 1 a ) ,

H um an u r in e  CSF i s  an tigen ic  in  rabb its  (S tanley  et a l ,  1 970) 

and in m o s t  c a s e s  the a n t ib o d ies  in a ct iv a te  C SF ’in v i t r o ’ fr o m  a 

v a r ie ty  of hum an m a t e r ia l s  but do not in a c t iv a te  CSF fr o m  m o u se  

s o u r c e s .

M ou se  C F U -C  'in  v itro '  resp on d ed  w e ll  to the s t im u la t io n  of 

CSF fr o m  m o s t  m a m m a lia n  s p e c i e s ,  eg .  hum an, m on k ey , dog,  

rabbit, guinea p ig  and ra t .  'In v itro '  C F U -C  fr o m  oth er  s p e c ie s  

tended to respond  b e s t  to  s t im u la t io n  by h o m o lo g o u s  CSF and w e r e  

s o m e t im e s  quite u n r e s p o n s iv e  to h e te r o lo g o u s  CSF eg .  hum an  

C F U -C  'in v itro '  resp on d ed  to s t im u la t io n  by m ed iu m  conditioned  

by human and m on k ey  c e l l s  but l e s s  w e ll  to m ed iu m  by p ig ,  m o u s e ,  2

guinea p ig  or  rabbit c e l l s  (M etca lf  and M o o re ,  197 3).

CSF fr o m  d if fere n t  s o u r c e s  has been  id en tif ied  a s  having  

d ifferen t  m o le c u la r  w e igh t ,  i e .  15000 or  in  the range 4 5 0 0 0 -6 0 0 0 0 .

Endotoxin  and other  b a c te r ia l  p rod u cts  in duce  a r i s e  in the 

co n cen tra t io n  of C SF in  the s e r u m  and t i s s u e s .  It i s ,  h o w e v er ,  

c o n s id e r e d  that b io lo g ic a l ly  im p ortant CSF i s  produ ced  lo c a l ly  in  

the h a em o p o ie t ic  o r g a n s .  The produ ction  of th is  lo c a l  CSF is  

d is c u s s e d  in the next ch ap ter  on R egu la t ion  of M y e lo p o ie s i s .
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1 4  R egu la t ion  of M y e lo p o ie s is

"Stim ulate the p h agocytes"  I

The D o c to r s '  D i le m n a  (1906) A ct  I 

B ern ard  Shaw

■ICSF i s  produced  by m o n o c y te s  and m a c r o p h a g e s  (M oore and 

W ill ia m s j  1972) and it a c ts  to p ro m o te  in c r e a s e d  m o n o cy te  

production  and m a cro p h a g e  p r o l i fe r a t io n  (M etca lf  and M oore ,  1971).

'V irgin ' m a c r o p h a g e s  gen era ted  in contin uous m a r r o w  cu ltu re  

are  not co n s t itu t iv e  p r o d u c e r s  of CSF; h o w e v er  ex p o su re  of th e s e  

c e l l s  to m a cro p h a g e  ac t iva tin g  a g en ts  such a s  l ip o p o ly sa c c h a r id e  

(LPS) or BCG rap id ly  in d u ces  CSF sy n th e s is  and s e c r e t io n  (M oore ,

1973 ). An ex o g en o u s  so u r c e  of s t im u la tion  such  a s  en d otoxaem ia  

due to G ra m -n eg a t iv e  b a c te r ia l  in fec t io n  lead  to in c r e a s e d  CSF  

prod uction  fro m  m o n o c y te s  and m a c r o p h a g e s .

P r o l i f e r a t io n  of m a tu r e  m a c r o p h a g e s  i s  dependent upon a 

fa c to r  w hich i s  s im i la r  if not id en t ic a l  to CSF (S tanley  et a l,  1976).

I
In m o u se  th ree  m a jo r  su bpopulations of c e l l s ,  w ith r e s p e c t  to >

buoyant d e n s ity ,  can  be s t im u la ted  to co lo n y  fo rm a t io n  (W il l ia m s  

and J a c k so n ,  1977). A fter  s ix  days in cu ltu re  a l l  d en s ity  

subpopulations g iv e  r i s e  to granulocyte^ m ixed  and m acro p h a g e  

c o lo n ie s  and no one p ro g e n ito r  c e l l  population  can  s p e c i f i c a l ly  I

g ive  r i s e  to g r a n u lo c y te s  or m a c r o p h a g e s  (M oore ,  1978).

D if feren t  k in d s  of C S F -co n ta in in g  p rep a ra t io n s  in p r e s e n c e  ^

or a b s e n c e  of c e r ta in  enhancing a c t iv i t ie s  such a s  e ry th ro c y te  

ly s a te  or s e r u m  fa c to r s  s u g g e s t  d ifferent a c t iv i t ie s  in f lu en ce  |

in v itro  c lon ing  of v a r io u s  subpopulations (M etca lf  and M acD onald , ^

1975; W il l ia m s  and Van D en  Engh, 1975; W il l ia m s  and J a ck so n ,  1977).
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Tw o subpopulations of C F U -C  have been d e tec ted  th u s .  One

subpopulation  r e sp o n d s  to lung conditioned  m ed iu m  and another

to human u rin e  C SF . The d e n s ity  of the lung con d ition ed  m ed iu m

•“ 3
r e s p o n s iv e  c e l l  i s  1 .0 7 0  g cm  and that of the human ur in e  

r e s p o n s iv e  c e l l  i s  1 .0 8 1  g c m  D ifferen t  subpopulations of

C F U -C  have been  d etec ted  in hum an m a r r o w .

C e l l s  form in g  neutrop h il gran u locy te  c o lo n ie s  in f ib r in  c lo t  

diffu s ion  ch a m b er  (C FU -D ) in p er ito n eu m  of m ic e  have a peak  

sed im en ta tion  ra te  of 5. 2 - 5 .4  m m h \  R apid ly  sed im en tin g  C F U -C  

population  ( 7 . 0 - 7 .  2 m m h  fo r m s  c o lo n ie s  in  a g a r  a fter  one w eek  

of incubation  (M oore , 197 8). C F U -C  of in te r m e d ia te  sed im en ta t io n  

v e lo c ity  fo rm  c o lo n ie s  a f ter  14 d ays  (J a co b sen  et a l ,  1977).

Human C F U -D  and C F U -C  have d if feren t  c e l l  c y c le  

c h a r a c t e r i s t i c s  , 8 t  16% of C F U -D  a r e  in S -p h a s e  w h e r e a s  on

day 7 of cu ltu re  33 t  8% of C F U -C  a r e  in S -p h a s e  (M o o re ,  1978).

It m a y  be l ik e ly  that the C F U -D  a re  m o r e  im m a tu r e  c e l l s  than  

C F U -C .

T he sp ec tru m  of C F U -C  in m o u s e  can be defined  by b io p h y s ic a l  

h e te r o g e n e ity  w ith r e s p e c t  to c e l l  s i z e  and buoyant d e n s ity .  

H e te r o g e n e ity  i s  a l s o  r e f le c te d  in d ose  r e s p o n se  of C F U -C  to 

d ifferen t  s p e c ie s  of C SF and m orp h o lo g y  of the c o lo n ie s .

Hum an u r in a ry  and hum an m a cro p h a g e  CSF s t im u la te  

p red om in an tly  m a cro p h a g e  c o lo n y  fo rm a tio n  in m o u s e  m a r r o w  

cu ltu re  and appear to act  on a m o r e  d if fere n t ia ted  C F U -C  su b se t  

than do o th er  s p e c ie s  of CSF w hich  s t im u la te  p red o m in a n tly  

gran u locytic  co lo n y  fo r m a t io n .



. I
H ig h  m o le c u la r  w eigh t s p e c ie s  of CSF prod uced  by human  

m o n o c y te s  and m a c r o p h a g e s  s t im u la te s  m a c ro p h a g e  c lu s t e r  

fo rm a tio n  in hum an bone m a r r o w  c u ltu r e .  H u m a n -a c t iv e  CSF r

i s  produced  e a r ly  in m o n o cy te  c u l tu r e s  but p rod u ction  c e a s e s

I
in 1 -2  w eek s  w h e r e a s  m o u se  a c t iv e  CSF i s  p rodu ced  co n tin u o u sly  |

for m any w eek s  (M o o re ,  1978). N e o p la s t ic  m o n o cy te  or m a cro p h a g e  ri
I

c e l l  l in e s  a ls o  re ta in  the ca p a c ity  to produce CSF; h o w e v e r  in so m e  

c a s e s  the le u k a em ia  c e l l  l in e s  a r e  co n s t itu t iv e  p r o d u c e r s  and in  

other c a s e s  CSF p roduction  only  o c c u r s  a fter  l ip op o ly  sa c c h a r id e  ' $

s t im u la tion  su g g est in g  re te n t io n  of a d e g r e e  of n o rm a l r e s p o n s iv e n e s s  

by tra n sfo rm ed  c e l l s  (Ralph et a l ,  1977).

M ed ium  conditioned  by hum an m o n o c y te s  co n ta in s  two s p e c ie s  

of C SF , one with a m o le c u la r  w eigh t  of 3 0 ,0 0 0 .  T h is  i s  a hum an  

CSF in that it s t im u la te s  hum an g r a n u lo c y te -m a c r o p h a g e  co lony  

fo rm a tio n .  The other h a s  a m o le c u la r  w eight of 1 5 0 ,0 0 0  and 

s t im u la te s  m o u s e  m a r r o w  c o lo n y  fo rm a tio n  but not hum an (Shah et a l ,

1977).

1 «41  F ee d b a ck  C ontro l

N eg a t iv e  feed b ack  co n tro l  af g r a n u lo p o ie s is  h a s  b een  rep o rted  

in v a r io u s  s y s t e m s  and the co n cep t  of a g ra n u lo cy te  ch a lon e  

s p e c i f ic a l ly  inhibitory to C F U -C  (A ardal et a l ,  1977) or  to m o r e  

d ifferen tia ted  m y e lo id  c e l l s  h as  b een  su g g este d  (L ord et a l,  1974). Il

B r o x m e y e r ,  M en d elsoh n  and M oore  (1977) and B r o x m e y e r ,

M oore  and Ralph (1977) in d icated  a m o r e  in d ir e c t  m e c h a n is m  of 

gran u locyte  n eg a t iv e  feed b a ck . ÿ,

■ÿ
■ ;'s
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'Spon taneous' co lo n y  fo r m a t io n  in the a b s e n c e  of an exogen ou s  

s o u rce  of CSF i s  o b s e r v e d  in  m a r r o w  c u ltu r e s  of a l l  s p e c ie s  so  

far  in v es t ig a ted  when the c e l l s  a r e  cu ltu red  at a su ff ic ien t ly  high  

co n cen tra t io n  (M oore  and W il l ia m s ,  1972). T h is  i s  brought  

about by endogenous e la b o r a tio n  of CSF by m a r r o w  m o n o c y te s  

and m a c r o p h a g e s  and i s  c o n s id e r a b ly  enhanced by rem o v a l  of 

m a tu re  g ra n u lo c y te s  fr o m  the cu ltu red  c e l l  population . A ddition  

of m atu re  g r a n u lo c y te s ,  gran u locy te  e x tr a c ts  or m ed iu m  conditioned  

by incubation  with g ra n u lo c y te s  m a rk ed ly  inh ib its  spontaneous  

co lon y  form ation  (B r o x m e y e r ,  M oore  and R alph , 1977).

G r a n u lo c y te -d e r iv e d  in h ib itory  a c t iv i ty  (GIA) a c t s  in a n o n - s p e c i e s  

sp e c if ic  m an n er  to s u p p r e s s  C SF production  by m o n o c y te s  and 

m a c r o p h a g e s .  GIA i s  not in h ib itory  to m o n o c y te -m a c r o p h a g e  

p ro li fera t io n  and i s  d is t in c t  fr o m  gran u locy te  ch a lo n e  s in c e  no 

inh ib ition  of g ran u locy te  co lo n y  fo r m a t io n  is  o b se r v e d  in the 

p r e s e n c e  of ex o g en o u s  so u r c e  of CSF (M oore , 1978).

CSF producing c e l l s  in  ch ron ic  m y e lo id  le u k a em ia  p a tien ts

w e r e  l e s s  s e n s i t iv e  than n o rm a l to GIA d er iv ed  f r o m  n o rm a l m a tu re  

g ra n u lo cy te s  ( B r o x m e y e r ,  M en d elsoh n  and M oore , 1977). T h is  m a y  || 

exp la in  gran u locy tic  h y p e r p la s ia  a s so c ia te d  with ch ron ic  I

m y e lo id  leukaemia. ' f|

The m a cro p h a g e  h a s  b een  im p lica ted  in the e lab ora tion  of a 

sp ectru m  of m o le c u le s  w hich  a lte r  or m od ulate  the p r o l i fe r a t io n  

and d if fere n t ia t io n  of lym phoid  c e l l s .  T h e s e  in c lud e ly m p h o cy te  

activa tin g  fa c to r  (LAF) w hich  p o ten t ia tes  the m ito g e n ic  r e s p o n s e  

of T - ly m p h o c y te s  to le c t in  and h is to c o m p a t ib i l i ty  a n t ig en s  (G ery  

and W aksm an , 1972), and fa c to r s  w hich  in c r e a s e  the h e lp er  function
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of T - ly m p h o c y te s  (Wood and G aul, 1974), and p ro m o tio n  o.f 

so lub le  m e d ia to r  p ro d u ct io n  by ly m p h o cy tes  (N e lso n  and L eu ,

1975).

M a cro p h a g es  a r e  req u ired  for  h u m ora l im m u n e  r e s p o n s e s  

'in v itro ' (H offm an and D a lto n ,  1971) yet m ito g e n - in d u c e d  

B -ly m p h o cy te  p r o l i f e r a t iv e  r e s p o n s e s  a re  su p p r e ss e d  in the  

p r e s e n c e  of m a c r o p h a g e s  (L ip sk y  and R o se n th a l ,  1976). A 

functional su b-p op u la tion  of m u r in e  B -lym p h ocytes  p r o l i f e r a te  

in s e m i - s o l i d  a gar  cu ltu re  to fo r m  c o lo n ie s  (M etca lf ,  1976;

K in cad e , Ralph and M o o re ,  197 6) .  The p r o c e s s  i s  dependent upon  

2 -m e r c a p to e th a n o l  and B - c e l l  m ito g e n s  native  to la b o ra to ry  grade  

a g a r .

K urland , K in cade  and M oore  (1977) u s in g  a tw o - la y e r  cu ltu re  

s y s te m  w hich p rev en ted  m a c r o p h a g e - ly m p h o c y te  con tact and 

p erm itte d  B -c e l l  a c t iv a t io n .  A dherent p e r ito n e a l  m a c r o p h a g e s  

potentia ted  both num ber and s iz e  of d eve lop ing  B - c e l l  c o lo n ie s  

p a r t ic u la r ly  when low n u m b e r s  of sp leen  or lym ph node c e l l s  

or m a c r o p h a g e s  d ep le ted  lym phoid  c e l l  s u sp e n s io n s  w e r e  u s e d .  

M a cr o p h a g e -d ep le ted  lym ph node c e l l s  gave v ir tu a l ly  no c o lo n ie s  

but co lo n y  fo rm a tio n  w a s  r e s to r e d  by the p r e s e n c e  of an op tim a l  

n um ber of m a c r o p h a g e s .  When the num ber of m a c r o p h a g e s  

ex ce ed ed  that req u ired  for  op tim a l s t im u la t io n ,  c o lo n y  fo rm a tio n  

w as s u p p r e s s e d .  T h is  e f fec t  w a s  la r g e ly  p rev en ted  by in d om eth ac in .  

S im ila r  s t im u la to r y  and in h ib itory  a c t iv i t ie s  w e r e  a ls o  p r e s e n t  in  

m ed ia  conditioned  by vary in g  n u m b e rs  of p e r ito n e a l  m a c r o p h a g e s .

T he in h ib itory  a c t iv i ty  w as  id en tif ied  as  p r o s ta g la n d in s -E ,  w hich  I

- 8 - 10 *s u p p r e ss  B - ly m p h o cy te  c lon ing  at co n c e n tr a t io n s  a s  low  a s  10 -1 0  M



p r o l i fe r a te  in a gar  cu ltu re  in the p r e s e n c e  of an ap p rop ria te  s t im u la to r y  

fa c to r  to produce  c o lo n ie s  of p o lyp lo id ,  p la te le t  producing  

m e g a k a r y o c y te s  (M etca lf  et a l ,  1970; W il l ia m s  et a l ,  1978),

17

(Kurland and M o o re ,  1977). S t im u la to ry  fa c to r  m a y  be s im i la r  to 

-4
5 x 1 0  m o le c u la r  w eigh t fac tor  d e s c r ib e d  by N am ba and H ana ok a 

(1974) produced  by ad h eren t  p h agocy tic  c e l l s  and s t im u la tin g  n o r m a l  

and n e o p la s t ic  B - c e l l  p r o l i fe r a t io n .  C onditioned  m ed iu m  fr o m  m u r in e  |  

m y e lo m o n o c y t ic  c e l l  l in e  (W E H l-3 )  w hich e la b o r a te s  CSF and T -  

lym p h ocyte  act iv a t in g  fa c to r ,  can  not su bstitu te  fo r  m a c r o p h a g e s  in  

in it ia t ion  of B - ly m p h o c y te  co lo n y  form ation  s u g g e s t in g  n o n -id en t ity  

of B - ly m p h o c y te  s t im u la to r y  a c t iv i ty  with o ther known fa c to r s  w hich  

a lte r  h a e m o p o ie s i s  and lym phoid  function  (M oore , 1978).

L ip op o ly  sa c c h a r id e  (LPS) and sheep  red blood c e l l s  (SRBC) a ls o  

m od ulate  e la b o ra tio n  of im m u n o reg u la to ry  fa c to r s  by the m a c r o p h a g e .

In p r e s e n c e  of low  n u m b e rs  of m a c r o p h a g e s  SRBC and L PS fa c i l i ta te  

the production  of B - ly m p h o c y te  s t im u la to r y  a c t iv i ty  but when added to 

high c o n c e n tr a t io n s  of m a c r o p h a g e s ,  s u p p r e ss o r  a c t iv i ty  i s  gen era ted

I

à

%

'

due to induction of p r o s ta g la n d in  s y n th e s is  (K urland, K incade and
i

M o o re ,  1977).

-I 
!

T he p h agocytic  m o n o n u c lea r  c e l l  population  and s p e c i f i c a l ly  the  

r e s id e n t  m a c r o p h a g e s  w ith in  the h a em o p o ie t ic  t i s s u e s  as  of c e n tr a l

im p o rta n ce  in co n tr o l l in g  the p r o l i fe r a t io n  and d if fere n t ia t io n  of - a

2
g ra n u lo c y te -m a c r o p h a g e  c o m m it te d  s te m  c e l l s  and B - ly m p h o c y te s  

(M oore ,  197 8).

A co m m itted  un ipotentia l m e g a k a r y o c y t ic  s te m  c e l l  (C FU -M )

5with a freq u en cy  of 1 0 - 2 0  p er  10 nucleated  bone m a r r o w  c e l l s  can
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M eg a k a ry o c y te  c o lo n y  s t im u la tin g  a c t iv i ty  can  be obtained  

f r o m  s im i la r  s o u r c e s  a s  g ran u locy te  C SF .

A s  in o ther h a em o p o ie t ic  c lon in g  s y s t e m s  m e g a k a r y o c y te  

co lon y  fo rm a t io n  i s  inhibited  by p ro sta g la n d in  e lab ora ted  by 

high n u m b e rs  of m a c r o p h a g e s .

T he in t im a te  in te r r e la t io n s h ip s  of m a c r o p h a g e s  with p r o li fe r a t in g  

m y elo id  and lym phoid  c e l l  populations in m a r r o w ,  sp leen  and 

lym ph nodes s u g g e s t s  that such  c e l l s  m a y  be un iqu ely  s ituated  to 

st im u la te  c e l l  d if fere n t ia t io n  and m od ulate  p r o l i fe r a t io n  by e la b o r a tio n  

of c e l l - l i n e  s p e c if ic  s t im u la to r y  m a c r o m o le c u le s  and an op posing  

n o n -sp e c i f ic  a c t iv i ty ,  p ro s ta g la n d in  E (M oore , 1978).

P r o s ta g la n d in  s y n th e s i s e d  by p hagocytic  m o n o n u c lea r  c e l l s  

m a y  be of c e n tr a l  im p o rta n ce  in m odulation  o f  h a e m o p o ie s i s .  

P r o s ta g la n d in  E (PGE) and other a g en ts  cap ab le  of e leva tin g  

in tr a c e l lu la r  l e v e l s  of cA M P  inhibit g r a n u lo p o ie s is  and m a cr o p h a g e  

p r o li fe r a t io n  'in v itro '  (Kurland and M o o re ,  1977a, b).

R a d io im m u n o a ssa y  h a s  shown a l in e a r  r e la t io n sh ip  betw een  

the num ber of p h agocy tic  m o n o n u c lea r  c e l l s  and the co n cen tra t io n  

of PG E in the cond itioned  m ed iu m  (Kurland et a l ,  1977).

T itr a tio n  of vary in g  n u m b e rs  of adherent m a c r o p h a g e s  or

blood m o n o c y te s  a s  a s o u r c e  of s t im u lu s  for  human or m u r in e

m a r r o w  C F U -C  h a s  shown that co lo n y  fo rm a tio n  i s  s t im u la ted  by

6 5low n u m b e rs  of p h agocytic  m o n o n u c lea r  c e l l s  ( 0 ,0 5  x 10 -2  x 10 ) 

and inhib ited  if  h ig h er  c o n c e n tr a t io n s  a r e  u sed . P a r a l l e l  s tu d ie s  

u s in g  in d om eth ac in ,  a potent inh ib itor  of p ro s ta g la n d in  s y n th e s i s  

rev e a led  a l in e a r  re la t io n sh ip  b etw een  the num ber of c o lo n ie s  

s t im u la ted  and the n um ber of p hagocytic  m o n o n u c lea r  c e l l s  u sed  

as  the s o u r c e  of C SF (Kurland et a l ,  1977). O b s e r v a t io n s  point
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I
ito the unique a b il i ty  of the m a cro p h a g e  to c o n tro l  the p r o l i fe r a t io n  

of i t s  own p rogen itor  c e l l  by the e lab ora tion  of op p osin g  reg u la to r y  

in f lu e n c e s .

LPS s t im u la te s  m a c ro p h a g e  production  of both CSF and P G E ,

T h is  o c c u r s  in a te m p o r a l  s e q u e n c e .  LPS in v ivo  and in  v itro  

in d u ces  in c r e a s e d  m a cro p h a g e  CSF prod uction  v e r y  rap id ly  with  

s ign if ican t  c h a n g e s  o b s e r v e d  w ith in  m in u te s ,  w h e r e a s  in c r e a s e d  

p ro sta g la n d in  s y n th e s i s  i s  d e layed  fo r  18-24 h o u r s .

S t im u lu s  fo r  in c r e a s e d  PG E production  i s  not d ir e c t ly  due to
..a

LPS but to L PS s t im u la ted  C SF p roduction  w hich  in turn a c t iv a te s  j

Ï
m acro p h a g e  p ro s ta g la n d in  s y n th e ta se .  J

1
Incubation of n o n -a c t iv a ted  m a c r o p h a g e s  with in c r e a s in g  4

:i
co n cen tra t io n s  of CSF in a b se n c e  of LPS le a d s  to a p rop ortion a l 1

1
in c r e a s e  in p ro sta g la n d in  s y n th e s i s .  T h is  i l lu s t r a t e s  a v e r y  d ir e c t  ^

re la t io n sh ip  b etw een  C SF l e v e l s  and induction  of an opposing  a c t iv i ty  '

(Kurland et a l ,  1977), |
0

T he ev id en ce  p o in ts  to the m a cro p h a g e  a s  a s u r v e i l la n c e  c e l l ,  |

w hich under s tea d y  sta te  con d it ion s  i s  e labora tin g  b a sa l  l e v e l s  of ‘j

CSF and p ro s ta g la n d in  E . T h e  p r o c e s s  i s  s e l f - l im i t in g  s in c e  a ')

I
p r o g r e s s iv e  in c r e a s e  in CSF beyond a c r i t i c a l  co n cen tra t io n  w ith in  |

a lo c a l  m i l ie u  of the m a c ro p h a g e  i s  u lt im a te ly  s e n se d  and s t im u la te s  

the c o in c id en t  p rod u ction  and r e l e a s e  of PG E w hich o p p o se s  

s t im u la to r y  a c t ion  of C SF .

a
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G r a n u lo c y te -d e r iv e d  CIA d o es  not inhibit CSF production  by 

en d o to x in -s t im u la ted  m o n o c y te s  and m a c r o p h a g e s  nor by m ito g e n -  

s t im u la ted  ly m p h o c y te s  (B r o x m e y e r ,  et a l ,  1977a, b). A ctiva tion  of 

n o rm a l or  n e o p la s t ic  B and T - ly m p h o c y te s  by an ap p rop ria te  

m ito g en ic  or an tigen ic  s t im u lu s  le a d s  to induction  of CSF production  

(P a rk er  and M etca lf ,  1974j R u s c e l t i  and C h e r v e n ic k ,  1975),

S im ila r  act iv a t io n  p r o to c o ls  a ls o  lead  to in c r e a s e d  produ ction  

of in te r fe r o n  w hich  i s  in h ib itory  to hum an and m u rin e  g r a n u lo cy te -  

m a cro p h a g e  co lo n y  fo rm a t io n  in  v itro  (G re en b e rg  and M osn y , 1977).  

T h is  in te r fe r o n  m a y  p lay  a p h y s io lo g ic a l  r o le  in cou n teractin g  

s t im u la to ry  a c t iv i ty  of ly m p h o c y te -d e r iv e d  C S F ,

P o ly m o r p h o n u c le a r  c e l l - d e r i v e d  la c to fe r r in ,  in i t s  iron  sa turated  

fo r m , in h ib its  m u r in e  m a c ro p h a g e  and hum an m o n o cy te  r e l e a s e  

a n d /o r  produ ction  of C SF , th ereb y  l im it in g  C F U -G M  p r o li fe r a t io n  

(B r o x m e y e r  et a l ,  1978; B r o x m e y e r ,  1979; P e lu s  et a l ,  1979).

S p e c if ic i ty  a n a ly s is  in d ic a te s  that p ro s ta g la n d in s  of the E s e r i e s  

(PG E ^, PGE^) are  the m o s t  a c t iv e  n a tu ra lly  o c c u r r in g  p ro s ta n o a te  

com p ou n ds inh ib iting  C F U -G M  p r o l i fe r a t io n  (P e lu s  et a l ,  1980).

A noth er  p o ten tia l reg u la to r  of the form at ion  of g ra n u lo cy te -  

m o n o c y te -m a c r o p h a g e  c o lo n ie s  i s  the h u m ora l fa c to r  'neu troph il-  

r e le a s in g  a c t iv i ty ' ,  w hich  m e d ia te s  the r e l e a s e  of m a tu re  g ra n u lo c y te s  

f r o m  the m a r r o w -g r a n u lo c y te  r e s e r v e  pool (B o g g s  et a l ,  1968). T h is  

a c t iv i ty  and CSF e v o lv e  in m any of the sam e s itu a t io n s ,  but th e y .a r e  

sep a ra te  e n t i t ie s  (B r o x m e y e r  et a l ,  1974).

%

i
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X 5 The R e la t io n s h ip s  of the H a e m o p o ie t ic  P r e c u r s o r s

Although a grea t  d ea l i s  now known about h a em o p o ie t ic  p r e c u r s o r  

c e l l s  they could s t i l l  be sa id  to re ta in  a c e r ta in  en ig m a tic  q u a lity .

It b e c a m e  obv ious  that s e v e r a l  blood c e l l  l in e s  w e r e  d er iv ed  fr o m  

one c e l l  when T i l l  and M cC u lloch  (1961) o b se r v e d  the fo rm a tio n  of 

s e v e r a l  d if fere n t  h a em o p o ie t ic  c e l l  typ es  in sp le e n  c o lo n ie s  in  

ir ra d ia ted  m ic e .  T h is  gave  c r e d e n c e  to the id e a s  of th o se  of the 

m onop hyletic  sch o o l of thought.

T he sp leen  co lo n y  fo r m in g  c e l l  (C FU -S) h o w e v er  m ay  not 

r e p r e s e n t  the m o s t  p r im it iv e  of the h a em o p o ie t ic  s te m  c e l l s  s in c e  

Loutit (1980) found that m o u se  bone m a r r o w  d e f ic ien t  in C F U -S  

repopulated  su c c e ss fu l ly »  le th a l ly  irra d ia ted  r e c ip ie n t s .

M o r e o v e r  when Y offey  (I960) w a s  ab le  to con fin e  the o r ig in  of the  

h a em o p o ie t ic  s te m  c e l l  to a co m p a rtm en t  of c e l l s ,  it w as to c e l l s  

a s s o c ia te d  by n a m e  and of c l o s e  m o rp h o lo g ic a l  id en tity  with the  

m u lt ifa ce ted  ly m p h o cy te ,  Yoffey" s v iew  that the h a em o p o ie t ic  

s tem  c e l l s  belong to the ly m p h o cy te  tra n s it io n a l  c o m p a rtm en t  w as  

w e ll  supported by n u m e r o u s  s tu d ie s ,  a s  m en tion ed  p r e v io u s ly .
-I

T h o m a s  et al (1977) extended  th e se  s tu d ies  on m o rp h o logy  of [

the s te m  c e l l .  T he tr a n s it io n a l  c e l l s ,  m e a s u r in g  b etw een  9-11  yU m  

in d ia m e te r ,  have p a le  b lue c y to p la s m  and exh ib it  h igh nuc 1 e a r :c y to p la s m ic  

ra t io .  The un iform  d is tr ib u t io n  of ch ro m it in  ( lep to ch ro m a tic )  j

d is t in g u is h e s  them  fr o m  the un even  (p ach ych rom atic )  d is tr ib u t io n  of 

the sm a ll  ly m p h o cy te .

n
It i s  apparent that the s te m  c e l l  co m p a rtm en t  e n c o m p a s s e s  a ^

æ!

sp e c tr u m  of c e l l s  w hich  m a y  be d is t in g u ish ed  fr o m  each  other by |
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refined  p h y s ic a l  and fu nction a l c h a r a c t e r i s t i c s .

A la r g e r  fra c t io n  of bone m a r r o w  d er ived  C F U -S  than of sp le e n  

der ived  C F U -S  i s  cap ab le  of producing daughter C F U -S .(L a h ir i  and J

van Putten , 1969). T h is  im p l ie s  that sp leen  d er iv ed  C F U -S  a r e  

m o r e  m a tu re  than m a r r o w  d er iv ed  C F U -S  and a r e  c o m m itted  to 

e a r l i e r  d if fere n t ia t io n .

Sp len ic  C F U -S  showed a sh o r te r  doubling t im e  than m a rro w  C F U -S  

both in p r im a r y  and seco n d a ry  g r a f t s .  P r im a r y  g ra f ts  of bone m a r r o w  |

and s p le e n  w e r e  e s t im a te d  to have a doubling t im e  of 25 and 19 hou rs  

r e s p e c t iv e ly .  S eco n d a ry  g r a fts  of bone m a r r o w  and sp leen  produced  

r e s p e c t iv e  doubling t im e s  of 33 and 26 hours (S ch ofie ld ,  1970).

T h is  m ay r e f l e c t  the e x i s t e n c e  of d e f in ite  populations of d ifferen t  J

m a tu r ity  of sp len ic  and b o n e -m a r  row  C F U -S .

V a s s o r t  et al (1971) u s in g  hyd roxyu rea  e s t im a te d  the a v e r a g e  c e l l  

c y c le  of C F U -S  to be 12 h o u rs .

B ol and W il l ia m s  (1976) exam in ed  the c e l lu la r  c o m p o s it io n  of 

C F U -C  and o b s e r v e d  that m a tu re  c e l l s  f i r s t  appear in c o lo n ie s  fr o m
3

high d e n s ity  C F U -C  (1 .0 8 0  g / c m  ) fo llow ed  by c o lo n ie s  fr o m  the  

m id d en s ity  population  (1. 074 g / cm^) w hile  c o lo n ie s  d er iv ed  fr o m  low
3

d en s ity  C F U -C  (1. 070 g / c m  ) con ta in  u n d ifferen tia ted  c e l l s  for  the  

lo n g e s t  p er io d .  T h is  id e n t i f ie s  th ree  subpopulations of C F U -C .

T h r e e  subpopulations of ery th ro id  co lo n y  fo r m in g  c e l l s  - C F U -E  

(co lon y  fo rm in g  u n its  - erythro id) c e l l s  form in g  s m a l l  ery th ro id  

c o lo n ie s  a fter  2 d ays  c u ltu r e ,  B F U -E  (burst fo rm in g  u n its  - erythro id)  

c e l l s  fo r m in g  s m a l l  e a r ly  ap p ear in g  b u r s ts  by day 3 of c u ltu re  and 

B F U -E  c e l l s  fo rm in g  la r g e r  and la te r  app earing  b u r s t  by day 8 

of c u ltu r e . (G r e g o r y  and H enh elm an , 1976; W a g em a k er  et  a l ,  197 6 ;
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T e s ta  apd'D e x te r ,  1977).

T h e s e  la r g e  ery th ro id  c o lo n ie s  have been  g iv e n  the t e r m  "burst"  

fo rm in g  u n its  b e c a u s e  of th e ir  d i s p e r s e d  a p p ea ra n ce  and e x p lo s iv e  

growth .

E ach  of the th ree  seq u en tia l  m atu ra tion  s ta g e s  of C F U -C  respond  

to s t im u la t in g  fa c to r s  fr o m  d if fere n t  s o u r c e s .

- 3 -1
C F U -C  with d e n s ity  1070 g c m  and sed im en ta t io n  ra te  4 . 3  m m h

(G^ c e l l s )  respond  to CSF fr o m  p ostend otox in  s e r u m .  C F U -C  of

d en s ity  1 .0 7 5  g c m   ̂ and sed im en ta t io n  rate  of 4 .  8 m m h   ̂ (G^ c e l l s )

respond to CSF fr o m  pregnant m o u se  u te r i .  C F U -C  with d en s ity

1 .0 8 0  g c m   ̂ and sed im en ta t io n  ra te  5 .3  m m h   ̂ (G^ c e l l s )  a r e  the

c e l l s  w hich  p r o l i f e r a te  when CSF is  enhanced by e r y th r o c y te  ly s a t e .

The d ia m e te r s  of th e s e  subpopulations of C F U -C  ran ge fr o m  7 .4  to

7 . 6  yum (B ol et a l ,  1 979).

K r ie g le r  et a l (1 981) conclud ed  that the enhancing fa c to r  fro m

e ry th ro c y te  l y s a t e s  w a s  in fa c t  h aem o g lo b in ,  i t s e l f .

B e n -I sh a y  et a l (197 8) d e s c r ib e  a B F U -E  fo rm ed  in agar  in

p e r i to n e a l  d iffu s ion  c h a m b e r s  w hich  a p p ea rs  to belong to a c l a s s  of

c e l l s  w hich a r e  p red om in an tly  in the r e s t in g  p la c e  in n o rm a l m a r r o w .

The a n c e s tr a l  r e la t io n sh ip  of the C F U -S  to the C F U -C  h a s  b een

w e l l  e s ta b l is h e d  with r e s p e c t  to th e ir  c e l l  c y c le  sta tus  and seq u en tia l

r e c o v e r y  a fter  the bone m a r r o w  h as been  d ep leted  by cy to to x ic  agents.

The n o rm a l ra te  of C F U -S  p r o l i fe r a t io n  a s  shown by tr it ia téd

thym id ine su ic id e  s tu d ie s  i s  l e s s  than 10% in DNA sy n th e s is  (B e c h e r  et a l ,
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I
1965; L ord  et a l ,  1974) w h e r e a s  th ym id ine  su ic id e  r e d u c e s  the 

in c id e n c e  of 'in v itro '  C F U -C  in m o u se  m a r r o w  c e l l  p op ulations by  

30-4 5% in the n o r m a l s ta te  (Lajtha et a l ,  1969; I s c o v e  et a l ,  1970;

M etca lf ,  1969). J

T w o d o s e s  of 1 m g / g  body w eigh t of h yd roxyu rea  7 h o u rs  apart  

k illed  30% of C F U -S  and 92% of C F U -C  in n o rm a l m ic e  (Hodgson  

et a l ,  197 5). C y to s in e  a r a b in o s id e  k i l le d  7% C F U -S  and 2 3% C F U -C  

w hen bone m a r r o w  w a s  incubated by one hour with a d o se  g r e a te r  than  

16 ytcg/ml of the dru g . T h is  d o se  w a s  the p la teau  va lue (M illard  and 

O kell,  1974).

S im ila r  r e s u l t s  w e r e  prod u ced  by thym id ine  su ic id e  'in v itro ' |

»

(B lackett  et a l ,  1974).

S e id e l  and Opitz (1979) found r e g e n e r a t io n  of C F U -C  and C F U -E  

in the m a r r o w  a fter  4 x  500 m g /k g  of hyd roxyu rea  at 6 hour in t e r v a l s ,  

w hich  e l im in a ted  m o s t  C F U -C  and C F U -E  and 80% of C F U -S ,  s tarted  

2 to 3 d ays  a f ter  tr e a tm e n t .  An o v e r sh o o t  in  C F U -C  and C F U -E  j

per  f e m u r  w a s  s e e n  at day 4.

The seq u en tia l r e c o v e r y  f r o m  c y to to x ic  s t r e s s  and d if feren t  c e l l  j
‘i l

c y c le  sta tus of the m o r e  p r im i t iv e  bone m a rro w  c e l l s  i l lu s t r a t e s  

th e ir  r e la t io n sh ip s  to each  o th er .  j

A p r im it iv e  s te m  c e l l  not id en tif ied  by any c o lo n y - fo r m a t io n
'ij

techn ique (L outit ,  1980) m a y  g iv e  r i s e  to the sp le e n  co lo n y  fo rm in g  

c e l l  (C F U -S ) .
4

T he bu rst  fo rm in g  unit (B F U -E )  w hich  h a s  a low  p rop ortion  o f

1
its  population  in  S -p h a s e  m u st  be c l o s e l y  re la ted  to the C F U -S  and !

in turn g ive  r i s e  to the subpopulations of B F U -E  and C F U -E  a lr e a d y  {
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d e s c r ib e d .  T h e s e  in turn g ive  r i s e  to the m o rp h o lo g ic  ally- 

r e c o g n isa b le  ery th ro id  p r e c u r s o r s .

O r ig in ga tin g  at a s im i la r  s tage  a s  the m o r e  m a tu re  B F U -E  or  

l e s s  m a tu re  C F U -E  a r e  the C F U -C  and i t s  subpopulations w hich  g ive  

r i s e  to m o r p h o lo g ic a l ly  id en tif ied  gran u locy tic  c e l l s  and m o n o c y te s  

and m a c r o p h a g e s .
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, 1 . 6  T h e  S p leen  - " P len u m  m y s t e r i i  organon"

GaMn

T he s p le e n  h a s  a lw a y s  p r e se n te d  a 

H is to r ic a l ly  it h a s  b een  a s s ig n e d  a v a r ie ty  of fu n ction s  - an- 

a n a to m ica l co u n te r b a la n c e  to the l i v e r ,  a d ig e s t iv e  org a n , the  

s o u rce  of e m o t io n s  or  a d u c t le s s  g land.

It m a y  be sa id  to have  a glandular function  l ik e  the th ym us in 

that in s m a l l  m a m m a ls  su c h  a s  the m o u s e ,  in co n d it io n s  of s t r e s s ,  

h a em o p o ie t ic  c e l l s  m ig r a te  to it to find ap p rop r ia te  s t im u lu s  fo r  

p r o li fe r a t io n  and d if fe r e n t ia t io n .

Som e of the fu n ct io n s  that p h i lo s o p h e r s  have  su b scr ib ed  to 

the sp leen  today s e e m  quite a m u sin g .

E r a s i s t r a t u s  c la im e d  that a s id e  f r o m  m ain ta in in g  the sy m m e tr y  

of the abd om en  the sp le e n  had no function  at a l l .

P la to  said that i t s  function  w a s  to k eep  the l iv e r  brigh t and sh in ing .  

H ip p o cra tes  p o s tu la ted  that the s p le e n  m ain ta in ed  a v ita l b a la n ce  

of four e s s e n t ia l  h u m o u rs  - b lood , p h le g m , golden  b ile  and b lack  

b i l e .

Galen p ro p o sed  that i t  w as  r e s p o n s ib le  for  the w ith d raw al fr o m  the  

s tom ach  of the w a te r  part of the food . H e ,  h o w e v e r ,  concluded  

that it w a s  an o rg a n  f i l le d  with m y s t e r y  (C ro sb y ,  1 9 8 0 ).

S p le n e c to m y  b e c a m e  a p r o c e d u r e  fo r  in v e s t ig a t iv e  c u r io s i ty .

S ir  C h r is to p h er  W ren  w h ile  P r o f e s s o r  of A s tr o n o m y  at O xford  

p er fo rm ed  a s p le n e c to m y  on a dog (M ajor , 1954). S p le n e c to m y  

b e c a m e  popular  w h e n e v er  en larged  by le u k a e m ia  and m a la r ia .

It w as  found to be a c u r e  for  h a e m o ly t ic  a n a e m ia .

Although n o r m a l ly  w eigh in g  about iZO g in an adult, the
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s p le e n ^ s s i z e  in ch ro n ic  in fect ion  and h e r e d i ta r y  h a em o ly t ic  

a n a em ia s  not u n co m m o n ly  in c r e a s e s  by 10 to 20 t im e s .  N e o p la s t ic  

sp le e n s  m a y  be even  l a r g e r -  w e ig h ts  of a lm o s t  10 K g have b een  

rep orted  (C ro sb y ,  1980). T h e  n o rm a l hum an sp le e n  r e c e iv e s  

about 5% of the ca rd ia c  output. With m a s s i v e  sp le n o m e g a ly ,  the  

sp leen  m a y  r e c e iv e  m o r e  than 50% (G arnett et a l ,  1969). T h is  

p la c e s  a h eavy  burden upon the c ir c u la to r y  s y s t e m ,  not only  upon  

the h eart  but upon the p o rta l  c ir c u la t io n ,  into w hich  the sp len ic  

venous blood m u st  f low .

Sp len ic  se q u e s tr a t io n  of red c e l l s  f r o m  the c ir c u la t in g  blood  

in t e n s i f ie s  a n a em ia  in  p a t ien ts  w ith la r g e  s p le e n s .  S p len o m eg a ly  

a ls o  c a u s e s  an ex p a n s io n  of c ir c u la t in g  p la s m a  v o lu m e .

"Anaemia" is  a c o n se q u e n c e  of d ilu tion  by the expanded p la s m a  

vo lu m e a s  w e ll  a s  of s e q u e s tr a t io n  of red c e l l s  in the sp leen . T he  

co n cen tra t io n  o f  a lbum in  in the expanded p la s m a  is  n o r m a l w hich  

m e a n s  the tota l am ount of a lb um in  i s  in c r e a se d :  a lbum in  produ ction  

by the l iv e r  m u st  th e r e fo r e  be in c r e a s e d .  T h is  s u g g e s t s  m a s s i v e  

sp le n o m e g a ly  p ro v o k es  the l iv e r  to produce  m o r e  a lbum in . A f te r  

sp le n e c to m y  expanded p la s m a  vo lu m e s u b s id e s  v e r y  s lo w ly .  It i s  

s ix  m on ths  or  a y ea r  b e fo re  the n o rm a l vo lu m e i s  r e s to r e d .  

P ro d u ct io n  of a lb u m in  d e c r e a s e s  on ly  gradually  during th is  t im e  

(H e ss  et a l ,  1976).

In so m e  a n im a ls  the s p le e n  i s  an im portan t adjunct to the m a r r o w  

in  the prod uction  of blood c e l l s  but th is  i s  not true  in the hum an.

Red c e l l  p rod u ction  i s  a n o rm a l function of the hum an sp leen  

only  around the t im e  of the fifth  fe ta l  m onth. T h en  the m a r r o w  

ta k es  o v er  th is  fu nction . In tiny a n im a ls  the m a r r o w  c a v ity  of bone
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i s  r e la t iv e ly  s m a l l  and p r o v id e s  in su ff ic ien t  room  for  blood  

fo rm a tio n . T he s p le e n  s h a r e s  in th is  fun ction . In low er  

v e r t ib r a te s  with c a r t i la g e n o u s  b on es  the sp leen  d o es  the en t ire  

job (C ro sb y , 1980).

In the a b s e n c e  of the sp leen  the m ean  su r fa c e  of m a tu r e  red  

c e l l s  m a y  be la r g e r  than n o rm a l.  The s u r fa c e  of the red c e l l  i s  

c o m p o sed  fo r  the m o s t  part of lip id . How the sp le e n  c o n tr o ls  the  

l o s s  o f  su r fa c e  lip id  r e m a in s  a topic of c o n je c tu r e  (C rosby , 1977).  

R em o v a l  of the sp le e n  r e s u l t s  in a m ultitude of subtle  ch a n g es  in  

the blood c e l l s ,  in blood v o lu m e  and in the im m u n e  s y s t e m .  S om e  

of th e se  ch a n g es  d if fer  fr o m  s p e c ie s  to s p e c ie s  and m a y  v ary  

a cco rd in g  to the a g e  and hea lth  of the a n im a l.

H y p e r s p le n is m  w a s  a point of contention  betw een  D a m e sh e k  

and D oan (C ro sb y ,  1980). D a m e s h e k  b e l ie v e d  that h y p e r s p le n is m  

r e s u l t s  fro m  inh ib it ion  of the bone m a r r o w  by h u m o ra l fa c to r s  fr o m  

the sp leen  and D oan argued  that h yp er  s p le n is m  r e s u l t s  fro m  

seq u e s tr a t io n  and d es tru c t io n  of blood c e l l s  on the sp le e n .

In D am esh ek "  s la b o r a to r ie s  a p la te le t  t r a n s fu s io n  w a s  given  

to a g ir l  with id iopath ic  th rom b ocytop en ia  pupura un dergo in g  

s p le n e c to m y .  D ur in g  the tr a n s fu s io n  blood w as taken s im u lta n e o u s ly  

fr o m  h er  o th er  a rm  and fr o m  h er  sp len ic  v e in .  T h e r e  w e r e  m any  

p la te le t s  in the a r m  blood , few  in the sp len ic  b lood , a s  though the  

tra n sfu sed  p la t e le t s  had been  lo s t  in the sp le e n .  T h e r e  w a s  good  

c lo t  r e tr a c t io n  in the arm  blood but none in the sp len ic  b lood . - 

D a m e sh e k  a cce d e d  that D oan w a s  r ight.

G unale et a l (1976) c la im e d  that the sp leen  ex e r te d  an in h ib itory  

e ffec t  on the bone m a r r o w .  T h is  w a s  a s s e s s e d  by an in c r e a s e  in
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the n u m b ers  of C F U c a fter  sp le n e c to m y .  M eld rum  et a l (1979)» 

h o w e v er ,  rep orted  a d e c r e a s e  in bone m a rro w  C F U c in sp len ecto rn ised  

m ic e .  Gunale a l s o  found that a sp len ic  ex tra c t  d e c r e a s e d  the n u m b e rs  

of C F U c ,  but th is  ex tra c t  w a s  som ew hat cru d e  w hich  m a k es  the 

r e s u l t s  u n in form ative  s in c e  no ex tra c t  fro m  a t i s s u e  with n o n - s p e c i f ic  

r e le v a n c e  to h a e m o p o ie s is  w as  co m p a red  with the sp len ic  e x tr a c t .

It w a s  s u g g este d  by M eld  rum  et al that th e r e  w as  an in c r e a s e  in  

the ra te  of that red c e l l  p rod u ction  in  the bone m a r r o w  of s p le n e c to m is e d  

m ic e  s in c e  th e r e  w a s  an in c r e a s e  in blood r e t i c u lo c y t e s .  It w as  

p rop osed  that s te m  c e l l s  to the gra n u lo cy te  c o m p a rtm en t  w e r e  r e d ir e c te d  

to the ery th ro id  so d e p r e s s in g  the num ber of C F U c .  The in c r e a s e  in  

r e t i c u lo c y te s  h o w e v er  could  be due to the a b se n c e  of the "pitting action"  

of the sp leen .

N ish io k a  et a l (197 3) show  a sp len ic  h u m ora l fa c to r  w hich a f fe c ts  

leuk ocy te  function  but not p r o l i fe r a t io n .  T h ey  iso la te d  a s p le n ic -  

dependent te tra p ep t id e  "tuftsin" w hich  r e g u la te s  le u k o cy te  function .

T h is  su b sta n ce  a c t s  to in c r e a s e  n eu trop h il p h a g o c y to s is  and c h e m o ta x is ;  

it h a s  not, h o w e v e r ,  b een  shown to have  an e f fe c t  on c ir c u la t in g  le u k o cy te  

num ber 8.

L ep au lt  et al (1980) d i s c u s s e d  the in f lu en ce  of the sp leen  on the blood  

c e l l s  and their  p r e c u r s o r s .  S p len ec to m y  in c r e a s e d  the num ber of w hite  

blood c e l l s  in C B A /O la  f e m a le  m ic e .  H ow ever  sp le n e c to m y  did not 

m od ify  the num ber of n u c lea ted  c e l l s  nor the nu m ber of C F U -C  in the  

bone m a r r o w .

C F U -S  are  q u ie s c e n t  and en ter  the c e l l  cy b le  a f te r  T -d ep en d en t  

an tigen ic  s t im u la t io n  in n o r m a l m ic e  but not in adult th y m e c to m is e d  

m ic e  (F rind el et a l ,  197 6). A n tigen ic  s t im u la t io n  in n o r m a l m ic e
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in c r e a s e s  c o n s id e r a b ly  the poo l of C F U -C  in the s p le e n  (12 fold) but 

has no e f fe c t  on the C F U -C  num ber in the bone m a r r o w .  An id en t ic a l  

in c r e a s e  of sp len ic  C F U -C  h a s  b een  found in adult th y m e c to m is e d  m ic e  

(20 fold) (L epault et a l ,  1980).

T -d ep en d en t  an tigen ic  s t im u la t io n  i s  brought about by painting  the  

skin with o x a zo lo n e  w hich  h a s  an in f la m m a to ry  e ffe c t  and s t im u la te s  

m y e lo p o ie s i s .

Adult s p le n e c to m y  h a s  no in f lu en ce  on the num ber of C F U -S  and 

C F U -C  in un s t im u la ted  m ic e  (L epau lt  et a l ,  1980). L a h ir i  and 

van P a lte n  (1969) su g g este d  that sp len ic  C F U -S  a re  m o r e  m a tu re  than 

bone m a r r o w  C F U -S .  A la r g e r  p rop ortion  of in jec te d  bone m a r r o w  

C F U -S  than of sp leen  d er iv ed  C F U -S  could  be r e c o v e r e d  fr o m  the 

r e c ip ie n ts  sp le e n  and fe m u r .  T h ey  concluded  that a la r g e r  fr a c t io n  of 

bone m a r r o w  d er iv ed  C F U -S  than of s p le e n -d e r iv e d  C F U -S  w as  cap ab le  

of prod ucing  daughter C F U -S .  T h ey  postu la ted  that th e r e  w as  a 

c o m m itm en t  to e a r ly  d if fere n t ia t io n  of m any sp leen  C F U -S .

A d le r  and Trobaugh  (1978) in v es t ig a ted  the ro le  of the s p le e n  in  

the sp leen  in m y e lo g e n o u s  le u k a em ia  in R FM  m ic e .  T h ey  found that 

s p le n e c to m is e d  m ic e  w hich w e r e  g iven  tran sp lan ted  le u k a em ic  

c e l l s  had a lo n g e r  m ea n  su rv iv a l  than n o n - s p le n e c to m is e d  m ic e  and 

that 30% of s p le n e c to m is e d  m ic e  w e r e  spared  fr o m  d eve lop in g  

le u k a e m ia .  T h e r e  h a s  b een  so m e  c y to g e n e t ic  e v id e n c e  showing  

independent c lo n a l evo lu tion  of human ch ron ic  gra n u lo cy t ic  le u k a em ia  

in the sp leen  a s  c o m p a red  with bone m a rro w  (G om ez  et a l ,  1975).-

T h e r e  w e r e  no g r o s s  d i f f e r e n c e s  in  the k a r y o ty p e s  in  the sp leen  

c e l l s  a s  co m p a red  w ith  th o se  of the bone m a r r o w  c e l l s  although the

ch an ce  of finding P h i  -n e g a t iv e  m y e lo id  m i t o s e s  i s  g r e a te r  with sp leen
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than with bone m a r r o w  c e l l s  (L a w le r ,  1977). [T he Ph^ c h r o m o s o m e  

i s  found c h a r a c t e r i s t i c a l ly  in  adult ch ro n ic  gra n u lo cy tic  le u k a e m ia .  ] 

E le c t iv e  sp le n e c to m y  during the c o u r s e  of the ch ron ic  

g ra n u lo cy c l ic  le u k a em ia  (CGL) i s  now being a s s e s s e d  a s  a p o s s ib le  

m e a n s  of d e lay ing  the advent of m e ta m o r p h o s is  in C G L. H o w ev er ,  

indep en dence  of the bone m a r r o w  and the sp leen  i l lu s t r a t e s  that 

sp len ec to m y  could  not be ex p ec te d  to pro long  the ch ron ic  ph ase  in  a l l  

c a s e s .

T h e r e  a re  a n u m ber of CGL p atien ts  who e x p e r ie n c e  pro lon ged  

pancytopen ia  fo llow in g  ch em o th e r a p y .  T h e s e  p a t ien ts  m ay  show  

im p ro v em e n t  w ith in  one m onth of s p le n e c to m y  (C a n e llo s  et a l ,  197 2). 

E v id en ce  to date s u g g e s t s  that n e ith er  the su rv iv a l  n or  the to le r a n c e  

or r e s p o n s e  to c h em o th era p y  in the b ia s  t ic  p h a se  of th o se  p a t ien ts  

who have p ro p h y la c t ic  sp le n e c to m y  is  im p roved  (Ihde et a l,  1976).
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1 . 7  N i tr o g e n  M ustard

D uring  the f i r s t  w orld  w ar m u sta r d  g a s  ex p o su r e  in m an  w as  

found to be a s s o c ia t e d  with leu k op en ia .  T h is  w a s  b e l iev ed  to be due 

to superadded  in fection ; it w a s  not r e c o g n ise d  that it w a s  due to a 

c h e m ic a l  e ffec t  on the bone m a r r o w .

M ustard  g a s  w as  f i r s t  d is c o v e r e d  by R itch ie  in 1854 and p rep a red  

for  m an u facture  by M e y e r  (1886). It w as  f ir s t  u sed  by the G e rm a n s  

a s  a w ar gas  at Y p r e s  in 1915. T he c l in ic a l  c o u r s e  of 400 ,  000 v ic t im s  

of m u sta r d  gas  w as  d e s c r ib e d  by M a r sh a ll  (1919) and M andell and |

G ibson  (1917).  L ynch  et a l (1919) studied the e f f e c t s  of m u sta rd  

gas upon ex p e r im e n ta l  a n im a ls .  T h e s e  s tu d ies  led  to the app lication  

of the n itro g en  m u sta r d s  and sulphur m u sta r d s  in c l in ic a l  th era p y .

T he h is t o r ic a l  background a s  w e ll  a s  the c h e m ic a l ,  p h a r m a c o lo g ic a l ,  

to x ic o lo g ic a l  and e x p e r im e n ta l  a s p e c t s  have b een  re v ie w e d  by G ilm an  

and P h i l l ip s  (1947).  In it ia l  c l in ic a l  r e s u l t s  w e r e  d e s c r ib e d  by J a c o b s e n  

(1946) and Goodm an et a l  (1946).

N itro g en  m u sta r d  ap p eared  to be m o s t  u se fu l  in  re t icu lu m  c e l l  

p r o l i fe r a t io n s  inc lud ing  Hodgkin's d i s e a s e ,  r e t ic u lu m  c e l l  s a r c o m a  and 

r e t i c u lo s i s  (D a m esh ek ,  194 9) but r e s u l t s  with le u k a em ia  w e r e  not  

favou rab le  (D a m esh ek  et a l ,  194 9).

T he c h e m ic a l  s tr u c tu r e  of the sulphur and n itro g en  m u sta r d s  a r e  

shown on the next p age .

The sulphur m u s ta r d s  a r e  so lu b le  only  in o i l s  w h e r e a s  the  

n itrogen  m u sta r d s  a r e  re a d i ly  so lu b le  in w a ter .

In aqueous so lu t io n s ,  the n itro g en  m u sta r d s  u ndergo  " in tr a m o le c u la r  

c y c l i s a t io n  (G ilm an  and P h i l ip s ,  194 6) have shown that the im in o  r ing
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SULPH U R  MUSTARD

^  CH^-CH^CL

B i s  (p -C h ioroeth y l)  Sulphide  

(M ustard  Gas)

NITROGEN MUSTARD

C H „-C H ,C 1 C H ,-C H .,C 1/  2 Z /  2 2
C H .N  N CH.,-CH„C1

^ \  \  2 2
C H ^-CH^Cl CH -C H  Cl

M ethyl B i s  (p ' C hloroeth y l)
T r i s  (P“ C hloroethyl)

3

HN^ i s  m o s t  w id e ly  u s e d .

p o s s e s s e s  an unusual r e a c t iv i ty .  It r e a c t s  w ith a g rea t  v a r ie ty  of 

b io lo g ic a l ly  im p ortan t grou p s ie .  alpha am in o , su lfh yd ry l,  p h en o lic ,  

ca rb o x y l ,  im id a z o le ,  im in o ,  in organ ic  p h o sp h a tes ,  ch ick  p ep s in  

p ep to d a se ,  ch o lin e  o x id a s e  e t c .

In the p r e s e n c e  of the c h lo r id e  ion , the r e a c t io n  ten d s  to  r e v e r s e  

i t s e l f  with r e fo r m a t io n  of the p arent am ine (A nslow  et a l ,  1947).

T h is  probab ly  o c c u r s  in e x tr a c e l lu la r  f lu id s  w h e re  the co n cen tra t io n  

of ch lo r id e  ion i s  h igh . E n tran ce  of the parent am in e  into the c e l l

ri
A m in e  A m in e  j

HN.. HN,
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w h ere  th ere  i s  l i t t le ,  if  any , c h lo r id e  ion  to c o m p e te  with w a ter ,  

r e s u l t s  in a rapid tr a n s fo r m a t io n  with in tr a m o le c u la r  c y c l i s a t io n  

and a lk y la t ion  of la b i le  g ro u p s .  T he speed  of th is  rea c t io n  w as  

d em o n str a ted  by Karnofsky et al (1949). B y o cc lu d in g  the c ir c u la t io n  

to the f e m o r a l  bone m a r r o w  and the sm a ll  in te s t in e  fo r  p e r io d s  

ranging fr o m  2 to 5 m in u te s  t h e s e  o rg a n s  w e r e  c o m p le te ly  p ro tec ted  

fr o m  the g e n e r a l i s e d  leu k otox ic  a c t ion  of the n itro g en  m u s ta r d s .

T he a lky lating  a g en ts  bind c o v a le n t ly  to D N A . B ifu n ction a l  

su b s ta n ces  can  m ak e  c r o s s  link b etw een  c o m p le m e n ta r y  DNA s tr a n d s .  

DNA c r o s s - l i n k s  a r e  thought to be r e s p o n s ib le  for  the r e la t iv e ly  high  

to x ic i ty  of the b ifu nction a l a lk y la tin g  a g en ts  (L a w ley ,  1966). P a r t  

of the d am age  re su lt in g  fr o m  a lk y la tin g  a g en ts  can  be rep a ired  like  

rad iation  induced l e s i o n s  in  the DNA (W aring, 1970).

A lk y la t in g  a g e n ts  such a s  the n itrogen  m u sta r d s  ca n  act  a s  

r a d io s e n s i t i s e r s  (S tre f fer ,  1975). T h e s e  a g en ts  can  induce  

m a lig n a c ie s  (S ch m ahl,1970) although m uta gent e f f e c t s  they  show a re  

ap p aren tly  w eak  ( R u s s e l l ,  1972).

A s a  radio  s e n s i t i s in g  agent w ith  r e s p e c t  to c e l l  k i l l in g  th e se  

s u b s ta n c e s  g e n e r a l ly  show an add itive  e f fe c t .  N itro g en  m u stard  

ap p ea rs  not to in te r fe r e  w ith  the r e c o v e r y  fr o m  su b leth a l dam age  

(Elkind and Sahom oto , 1970).

S u p p r e ss io n  of the ery th ro id  a c t iv i ty  w as noted w ith in  tw en ty -fo u r  

h ou rs  a fter  in it ia tion  of HN^ th era p y . No im m e d ia te  r e f le c t io n  of 

th is  d e p r e s s io n  w a s  noted in the p e r ip h e r a l  e r y th r o c y te  and h a em o g lo b in  

l e v e l s ,  in a ll  p ro b a b ili ty  b e c a u s e  of the n o rm a l red c e l l  su rv iv a l t im e  

of 120 d ays .
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B lo o m  and B lo o m  (1948) showed that the ch ick  ery th ro b la s t  w a s  the  

m o s t  s e n s i t iv e  c e l l  in the m a r r o w  fo llow in g  the a d m in is tra t io n  of 

x - r a y  th erap y . D a m e s h e k  et a l (1949) noted the s u p p r e s s io n  of 

g r a n u lo p o ie s is  w ithin  two to four d a y s .  T he fa l l  in  the p e r ip h e r a l  

leu k o cy te  le v e l  o c c u r r e d  sh o r t ly  th e r e a f te r  rea ch in g  a m a x im a l  

leukopen ia  of the 25th day. T h is  prom pt r e f le c t io n  of an e f fec t  

on the m a r r o w  i s  due to the sh ort  s u r v iv a l  t im e  of the leu k ocy te  

in the p e r ip h e r a l  b lood .

M e g a k a r y o c y te s  proved  to be the m o s t  r e s i s t a n t  of a l l  m a r r o w  

e le m e n ts  and p la te le t  red u ction  o c c u r r e d  in on ly  2 0 ,2  per  cen t  of 

c a s e s .

K indred (1947) studied  the r e a c t io n  of the f e m o r a l  bone m a r r o w  

of the alb ino rat to sulphur and 3 n itrogen  m u sta rd  p r e p a r a t io n s .

A  m ark ed  s u p p r e ss io n  of ery th ro id  and gran u locy tic  e le m e n ts  w as  

noted 2 d ays  a f ter  in jec t io n .  M itotic  a c t iv i ty  w as  d im in ish ed .  

M e g a k a r y o c y te s  showed so m e  s ig n s  of in jury but no red uction  in  

n u m ber . R e t icu lu m  c e l l s  and p la s m a  c e l l s  w e r e  u n affected .

S im ila r  r e s u l t s  w e r e  obtained in  d o g s ,  rab b its  (C a m ero n  et a l ,  1947) 

and in m ic e  (G raef  et a l ,  194 8).

B a rro n  et al (194 8) show ed that the addition  of c h o lin e ,  

d im eth y l am ino  ethanol and m eth io n in e  to bone m a r r o w  in v itro  

p rotec ted  it fro m  the inh ib it ion  of r e sp ir a t io n  by the n itro g en  

m u s ta r d s .  K indred  (1947) showed m ark ed  lym phoid  atrophy and 

lym p h ocy tic  d e g e n e r a t io n  in the a lb ino rat on the secon d  p o st in jec t io n  

day. S im ila r  c h a n g es  w e r e  p r e s e n t  in  the th ym us and sp le e n .  

P e r ip h e r a l  lym p h o cy to p en ia  c o in c id ed  with d e c r e a s e d  production  

w ith in  the lym phoid  o r g a n s  ra th er  than a d ir e c t  e f fe c t  upon the

%
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p e r ip h e r a l  ly m p h o cy te .  M ice  and rabbits  showed e s s e n t ia l l y  the 

sa m e  ch a n g es  (G raef et a l ,  1948).

D a n esh ek  et a l  (194 9) found that n itrogen  m u sta r d  appeared  to 

e x e r t  a k a ry o ly t ic  e f fe c t  upon l i v e r  c e l l s .  P o ly m o r p h o n u c le a r  

in f i l tra t io n  i s  p r e s e n t  w ith in  24 h r s .  R eso lu t io n  of the n e c r o t ic  

fo c i  prob ab ly  ta k e s  p la c e  b etw een  19 and 54 d a y s  a fter  th era p y .

B o u r s n e l l  et a l (194 6) d e m o n str a ted  the a b il i ty  of rat l iv e r  to  c o n c e n tr a te  

a s  m uch  a s  50% of the in jec ted  r a d io a c t iv e  sulphur m u sta r d  within  the  

b ile  w ith in  one h our. It i s  p robab ly  during th is  t im e  that the h ep ato tox ic  

e f fe c t  o c c u r s .  Z im m e r m a n  (a s  quoted in G raef  et a l ,  194 8) rep o rted  

fo c a l  n e c r o s i s  in l i v e r  of c a t s  a fter  o ra l  a d m in is tr a t io n  of n itro g en  

mu sta rd .

D a m e sh e k  et al (194 9) obtained the im p r e s s io n  that HN^ i s  m o r e  

s p e c if ic  a g a in s t  r e t ic u lo -e n d o th e l ia l  c e l lu la r  p r o l i f e r a t io n s  than a g a in s t  

th o se  of any other c e l l  type .

Sharp et a l (197  3, 197 5) d e s c r ib e d  d eta iled  q uantita tive  s tu d ies  

on the e f f e c t s  and r e c o v e r y  fr o m  on the m u r in e  h a em o p o ie t ic

and lym phoid  t i s s u e s .  T he LD^^ for  young adult f e m a le  a lb ino  m ic e  

w a s  a p p ro x im a te ly  100 y t g .  T h e r e  w as  a m a x im u m  d e p r e s s io n  in  

the s te m  c e l l  n u m b e rs  one day a f te r  trea tm en t  with 1 0 0 y6tg HN ,̂ 

the C F U -S  f e m o r a l  content being  about 10% of co n tro l  v a lu e s .  T h is  

w as fo llow ed  by an in c r e a s e  w hich  r e s t o r e s  the C F U -S  content, of 

f e m o r a l  d ip h y s is  to n o rm a l l e v e l s  betw een  the 4th and 8th day a fter  

tr e a tm e n t .  On the 4th day the bone m a rro w  w as  v e r y  h y p o c e l lu la r  

and s in u so id s  w e r e  d ila ted  and f i l le d  with b lood . By the 8th day  

c e l lu la r i ty  w as  r e s to r e d  and the h is to lo g ic a l  a p p ea ra n ce  w as  e s s e n t ia l l y  

n o rm a l with p o s s ib le  e x ce p t io n  of m e g a k a r y o c y te s  w hich  ap p eared  to



be v e r y  p rom in en t in th is  r e g e n e r a t in g  t i s s u e s .  O n d a y  8 the c e l lu la r  

c o m p o s it io n  of the bone m a r r o w  w as  94 f  1% g r a n u lo c y te s  co m p a red  to 

60% in c o n tr o ls .  L y m p h o cy tes  and e r y th r o c y te s  w e r e  v ir tu a l ly  a b s e n t  

The p h a se  of g r a n u lo c y to s is  w as  r e p la c e d  by ery th ro id  h y p e r p la s ia  

la s t in g  fro m  day 12 a f ter  tr e a tm e n t  to day 30, w hen the c e l lu la r  

c o m p o s it io n  returned  to n o r m a l.  The m a r r o w  w a s  l ig h t ly  h y p e r c e l lu la r  

40 d ays p o s t - in je c t io n .

In a re v ie w  on c a n c e r  c h em o th era p eu t ic  a g en ts  M a r sh  ( 1976^ 

s u m m a r is e s  the e f f e c t s  of on n o rm a l h a e m o p o ie t ic  p r e c u r s o r

c e l l s .  Dunn (1972) r e p o r ts  an LD^^ in m ic e  of 1 .0  m g  H N ^ /k g  body  

w eigh t,  w h e r e a s  V a le r io te  and T o le n  (1972) e s t im a te  an L D o f  6 , 8  

B row n and C arbone (1971) re p o r ts  an L D o f  0 . 5  m g /k g .

A c o m p a r is o n  of the d o s e - r e s p o n s e  e f fe c t s  of on m o u se  C F U -S ,

16-24 hou rs  a fter  a d m in is tr a t io n  of the drug i s  s u m m a r is e d  in  the 

fo llow ing  tab le .

S tra in
T im e  of 
a s s a y  

(hr)

D o s e  R ange  
(m g /k g ) R oute ^ 1 0

(m g /k g )
Shape of 

c u r v e

C 5 7 B L C 5 7 B L  x  CBA 16 1-5 8 C 1 .5 - 3Exp to 10

C 5 7 B L ,C 5 7 B L x C B A 16 1-12 1 P 7 Exp to 10 ^

AKR 24 4 .5 -1 8 1 P 4 . 5 Exp to 10 ^

AKR 24 4 .5 -1 8 1 P 3 .2 Exp to 10

CSI/ASH 24 4 . 5 1 V 4 . 5 1 d o s e  only

CBA 24 0 . 2 5 - 2 1 V 1 .0 Exp to 10

C 57BL 24 0 . 5 - 3 1 V 1 .8 Exp to 10

M ost w o r k e r s  have found expon en tia l d o s e - r e s p o n s e  c u r v e s  when  

n orm al C F U -S  a r e  a s s a y e d  16 to 24 h ours  a fter  a d m in is tr a t io n .

T he drug in jected  su b cu ta n eo u s ly  i s  m o r e  e f fe c t iv e  than g iven
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in tr a p e r ito n e a lly  (van P u tten  et a l ,  1972). F r a c t io n a t io n  of the d o se  

did not change the su r v iv a l  cu r v e  (B ru ce  et a l ,  1966).

R apid ly  p r o l i fe r a t in g  c e l l s  w e r e  1 .6  to 2 .7  t im e s  m o r e  s e n s i t iv e  

than n o rm a l C F U , depending on the route of a d m in is tra t io n  (IP or SC), 

a cco r d in g  to the r e s u l t s  of van P u tten  and JLelieveld (1971) and van  P u tten  

et a l ( 1972 ), but Dunn (1972) u s in g  the XV route found no d i f f e r e n c e s .

M arrow  and sp leen  C F U -S  w e r e  eq ually  s e n s i t iv e  (van P u tten  and 

L e l ie v e ld ,  1971). W hen n o rm a l m a r r o w  w as  incubated  with vary ing  

co n cen tra t io n s  of for  1 hour 'in v itro '  exp on en tia l s u r v iv a l  w a s

found with a C^^ of 0 .2 5  M. The su rv iv a l  of rap id ly  p r o l i fe r a t in g  

C F U -S  w a s  s im i la r  (Ogawa et a l ,  1973).

T he C F U -C  s u r v iv a l  c u r v e  of C 57B L  m ic e  24 h ou rs  a fter  IP  

a d m in is tr a t io n  of HN^ w a s  ex p o n en et ia l  with aJD^^ of 10 m g /k g  (B row n  

and C arb one , 1971). A d ir e c t  c o m p a r is o n  with C F U -S  w as  not m a d e ,  

but th is  i s  m o r e  than C F U -S  D^^ a f ter  IP drug in  th is  s tra in  rep o rted  by 

Van P u tten  et a l  (1972) suggesM ng that the C F U -C  a re  l e s s  s e n s i t iv e .  

H o w ev er ,  the s u r v iv a l  of n o r m a l and rap id ly  p r o l i fe r a t in g  (m a rro w  

p o s t- tr a n sp la n t)  C F U -C  incubated  with 'in v itro '  w as  id e n t ic a l  to

that of C F U -S  (Ogawa et a l ,  1973).

The ery th ro id  repopu la ting  a b il i ty  (ERA) i s  m e a s u r e d  by in co rp o ra tio n

59
of F e  into p e r ip h e r a l  blood e r y th r o c y te s  by an ir r a d ia te d ,  tran sp lan ted  

h o st  and c a lcu la ted  a s  a p e r c e n ta g e  of the a d m in is te r e d  d o s e  (H odgson , 1962)%

T he su rv iv a l  of the ERA 24 h o u rs  a fter  IV HN^ w a s  exp on en tia l  

with a D of 1 .0  to 1. 8 m g /k g  (Dunn, 1972; B la c k e t t  and A d a m s ,  1 972;

Dunn and C o n s ta b le ,  1973). T h e  ERA of rap id ly  p r o l i fe r a t in g  m a r r o w  

in C 1 m ic e  w as  m uch  m o r e  s e n s i t iv e  (B la ck e tt  and A d a m s ,  1972).
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T h r e e  h ou rs  a fter  HN^ the ERA su r v iv a l  a fter  2 ,2 5  m g /k g  w as  1.2%

(H eilm an  and G r a te ,  1971) - m o r e  s e n s i t iv e  than the C F U -S  and m uch  

m o r e  s e n s i t iv e  than the g ran u locy te  repopulating  ab ility  (GRA) a s sa y e d  

s im u lta n e o u s ly .

T he g ran u locy te  rep op u lation  ab ility  (GRA) i s  m e a s u r e d  by the  

g ran u locy te  r e sp o n se  to endotoxin , GRA su rv iv a l  24 hours a fter  HN^ 

showed a p la teau  at 20% at d o s e s  above 1 m g /k g  (Dunn and C o n sta b le ,  j

197 3) and an a v e r a g e  of 65% su r v iv a l  3 hours a fter  HN^, 2 m g /k g  (H eilm an |

and G rate ,  1971). In both s tu d ies  C F U -S  and ERA a s sa y e d  s im u lta n e o u s ly  j

w e r e  m o r e  s e n s i t iv e .  j

59 I
T he in co r p o r a tio n  of F e  into p e r ip h e r a l  red blood c e l l s  a fter  ]

ad m in is tra t io n  of c y to to x ic  a g en ts  w as  m e a s u r e d  by T w en tym an  and I

5 9B la ck e tt  (1970).  T he in co r p o r a t io n  of F e ,  4 8 h o u rs  a fter  HN^, w as  J

exponentia l w ith a D ^ ^  of 1 .5  m g /k g  (H eilm an  and G rate , 1971). T he ^

s e n s i t iv i ty  of m a r r o w  of C 1 m ic e  w as  n o r m a l.

Hum an m a r r o w  C F U -C  incubated for  1 hour in v itro  w e r e  k i l led  ii

ex p on en tia lly  with a C (in v itro  con cen tration) of 0. 5 M; th is  i s  3

som ew hat l e s s  s e n s i t iv e  than that for  m o u se  m a r r o w  (Ogawa et al, 197 3). ^

1 • 8 V in c r is t in e

V in c r is t in e  i s  one of a group of s tru c tu ra lly  re la ted  a lk a lo id s  i
j

d er ived  fr o m  the periw inlc le  (V inca  r o s e a ) .  E x tr a c ts  of th is  plant

■iw e r e  found to p o s s e s s  a n t i- tu m o u r  a c t iv i ty ,  a fter  in i t ia l ly  a ttra c t in g  j
J

attention as  p o s s ib le  h y p o g ly c a e m ic  agen ts  (Johnson  et a l ,  1963).
J

T he m o s t  c h a r a c t e r i s t ic  b io lo g ic a l  e f fe c t  of the v inca  a lk a lo id s ,  i

I
■]

v in b la s t in e  (VBL) and v in c r is t in e ,  d iffer in g  only  by an N -m e th y l  group,
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i s  the a r r e s t  of m i t o s i s  at the m e ta p h a se  s tage  (C ard inate  et a l ,

1963; F r e i  et a l ,  1964).

In low  c o n c e n tr a t io n s  t h e s e  com pounds bind to so lu b le  m icr o tu b u la r  

p r o te in s  and inhibit p o ly m e r is a t io n  of sp indle  m ic r o tu b u le s ,  f in a l ly  

r e su lt in g  in a lack  of the m ito t ic  sp indle  ap p ara tu s .  In c e l l s  ex p o sed  

to high c o n c e n tr a t io n s  la r g e  e o s in o p h il ic  c r y s t a l s  and r ib o so m a l  

c o m p le x e s  are  o b se r v e d  (O w ellen  et a l ,  1974; K r is h a m  and F r e i ,  1975).  

V in c r is t in e  i s  an u n sta b le  com pounds in so lu tion .  It h as  a short  

half l i f e  (O w ellen  et a l ,  197 7). V in b last in e  and v in c r is t in e  produced  

enhanced tra n sp o r t  of m e th o tr e x a te  in c e l l s  (K r ish a n  and F r e i ,  1975).

V in c r is t in e  in h ib its  RNA and p ro te in  sy n th e s is  in i so la te d  hum an  

le u k a em ic  le u k o c y te s  long b e fo re  an e f fec t  on m i t o s i s  i s  d e m o n str a b le .  

F u r th e r m o r e ,  th ere  a re  in d ica t io n s  that DNA s y n th e s i s  i s  a ls o  red u ced  

by v inca  a lk a lo id s  (C lin e ,  1967, 1968). The e f fe c ts  on RNA and DNA  

are  do s e - dependent and have t i s s u e  s p e c i f ic i ty  (Johnson  et a l ,  1963; 

R ich a rd s  et a l ,  1966; S a r to r e l l i  and C r e a s e y ,  1969).

In a r e v ie w  C am p lejoh n  (1979) c r i t i c i s e s  the u s e  of v in c r is t in e  

to sy n c h r o n ise  c e l l  p op ulation s  in  tum our ch em o th e r a p y .  H e c l a im s  

that the la ck  of s u c c e s s  in th e s e  v e n tu r e s  i s  due to the i r r e v e r s ib l e  

rea c t io n  of v in c r i s t in e  on m i t o s i s .  He r e p o r ts  that the a c t ion  of 

c o lc e m id  on m ito s is  a p p ea rs  to be r e v e r s ib le .  H o w ev er  K le in  (1979)  

r e p o r ts  that m ito t ic  a r r e s t  of cu ltu red  c e l l s  con tin u ou sly  ex p o sed  to 

VCR i s  s een  at a d o s e  ten  t im e s  lo w er  than that needed  to c a u s e  

le th a l ity  (M a d o ck -J o n es  and M au ro , 1975).

C r e a s e y  (1968) r e p o r ts  that th ere  are  two se p a r a te  s i t e s  of ac t ion  

of v in ca  a lka lo ids:  r e v e r s ib le  m ito t ic  a r r e s t  through e f f e c t s  on the
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c y to p la s m ic  p r e c u r s o r s  of the sp indle  and inhib ition  of RNA 

s y n th e s is  through e f fe c t s  on the D N A -d ep en dent RNA p o ly m e r a s e
3

s y s t e m .  R e v e r s ib le  te m p e r a tu r e -d e p e n d e n t  binding of HjVLiB

VCR 'in v i v o ' ,

by low m o le c u la r  w eigh t p r o te in  in the so lub le  fra c t io n  of hum an and |

m u r in e  c e l l s  w as  d em o n str a ted  by g e l  f i l tra t io n  and d ia ly s i s .

The m o s t  s e n s i t iv e  se g m e n t  of the c e l l  c y c l e  to VLB s e e m s  to  

be the S /G ^ -b o u n d a r y . H e la  c e l l s  exp osed  at th is  t im e  to the drug  

(30 m in  at 0 .0 1  yw g/m l) d ev e lo p  m u lt in u c le i  b e c a u s e  of p a r t ia l  

sp in dle  d is in te g r a t io n  (C h ir ife  and Stud yin sk i,  1975). C e l l s  fro m  the  

human c e l l  l in e  NHIK 3025 ex p o sed  for  6 hr to 0 ,0 0 2  g V C R /m l ,  w e r e  

a r r e s t e d  at m e ta p h a se  with a peak at 9 h o u rs .  T w en ty - fo u r  h ou rs  a fter  

trea tm en t  the m e ta p h a se  index  d e c r e a s e d  and som e a n a p h a ses  and 

te lo p h a s e s  a s  w e l l  a s  s e v e r a l  m u lt in u c le a te  c e l l s  w e r e  o b s e r v e d .  Many  

c e l l s  had o b v io u s ly  c o m p le te d  m i t o s e s ,  so m e in an ir r e g u la r  w ay  

(Dahl et a l ,  1976). H a r te n s te in  et al (1973) o b se r v e d  r e c o v e r y  a fter

125 Î
ludR uptake by human tum our c e l l s ,  n o rm a l hum an f ib r o b la s ts

and h e la  c e l l s  a f ter  VCR tr e a tm e n t  often  e x c e e d s  c o n tr o l  l e v e l s  (own |

o b s e r v a t io n s  - unpublished - M ed . P h y s i c s ,  A b e rd een ) .

T he duration  of VCR induced m eta p h a se  b lock  m a y  be of v a r ia b le

length  in n o rm a l and n e o p la s t ic  c e l l s  (W agner et a l ,  1977). E r n s t

(1973) o b se r v e d  in hum an b a so p h il ic  e r y th r o b la s ts  a fter  0 . 0 4 - 0 . 0 7 5  m g

V C R /k g  an in c r e a s e  in a b n orm al c e l l s  (po lynu cleated  c e l l s ,  c e l l s  w ith  J

H o w e l l -J o l ly  b o d ie s ) .  T h e s e  c e l l s  began  to appear at the t im e  the

m ito t ic  index  w as  d e c r e a s in g .  E rn s t  su g g este d  that the ab norm al

c e l l s  have  e sc a p e d  the m e ta p h a se  b lock  but in c o m p le te  sp indle
4
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r e s to r a t io n  led to th e s e  p o ly n u c lea te  e r y t h r o b la s t s . S om e of th e se  

c e l l s  in co rp o ra ted  [ H jT d R  w hich  in d ic a te s  that although the n u c lea r  

a r c h ite c tu r e  i s  d is tu rb ed  s o m e  p o ten t ia l  fo r  DNA sy n th e s i s  is  

re ta in ed . E r n s t  exc luded  the p o s s ib i l i t y  that DNA rep a ir  w as  the  

c a u s e  of the DNA p r e c u r s o r  in co r p o r a tio n ,

M u lt in u c lea te  c e l l s  induced by a sublethal d o se  of VCR are  ab le  

to p r o l i f e r a te .  T h e y  can  p a s s  through DNA sy n th e s is  and m i t o s i s  

w ith  th e ir  s m a l l  n u c le i  a s  o b se r v e d  by G eorge  et a l (1965) in  H ela  

c e l l s  ’in  v itro ' and by K le in  et al (1980) in E h r lich  a s c i t e s  tum our  

c e l l s  'in v ivo' by m e a n s  of F e u lg e n  and f lo w  cy to p h o to m etry  and 

au torad iograp h y .

In hum an tu m o u r s  of s e v e r a l  typ es  a m ito t ic  peak w a s  o b se r v e d  

12 h ou rs  a fter  a d m in is tr a t io n  of v in c r is t in e .  A secon d  peak could  

be d etec ted  n e a r ly  50 h ours  a fter  VCR (Klein and E en n arty ,  1974).

T h e  m ito t ic  p ea k s  in 5 human tu m o u r s  w e r e  r e la t iv e ly  s m a ll  

{^maxima b etw een  7 and 12%,(K le in  et a l,  1 9 7 6 )] .

H yd roxyu rea  |

H yd roxyu rea  (HU) inh ib its  the in co r p o r a tio n  of tr it ia ted  thym id ine J
I

into DNA in v itro  and in  v ivo  but d o e s  not a ffect  the in co rp o ra tio n  of 4

tr it ia ted  u r id in e  into RNA nor the in co rp o ra tio n  of tr it ia ted  le u c in e  

into  p r o te in s  (Young and K a m o fsk y , 1966; Schw artz  et a i ,  1967).

HU a ls o  in h ib its  tum our grow th, a s  w e l l  a s  c e l l  p r o l i fe r a t io n  of the  

bone m a r r o w  and of in te s t in a l  and e p ith e l ia l  c e l l s  (T hum an et a l ,

1963; Thum an, 1964).
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1 , 9  L e u k a e m ia -A b n o r m a l  H a e m o p o ie t ic  C e l l  P ro d u ct io n

T he tech n iq u es  fo r  id en tify in g  the n o rm a l h a em o p o ie t ic  s tem  

c e l l  and of the m e c h a n is m s  w hich prod u ce  and r e g u la te  i t s  p ro g en y  

have led  to m e th o d s  of studying the d isturbed  and a b erra n t  c e l l  

production  in  le u k a e m ia .

C o m p a r iso n s  of the n u m b e rs  of s tem  c e l l s ,  th e ir  rate  of 

p r o li fe r a t io n  and s tu d ies  of n o r m a l c e l l  in tera c t io n  w ith  le u k a em ia  

c e l l s  help  to e lu c id a te  the d is tu r b a n c e s  in n o r m a l blood c e l l  production  

w hich o c c u r s  in le u k a e m ia .

Although on the w hole  le u k a e m ia  r e m a in s  an id iopath ic  d i s e a s e ,  

and it  cannot be sa id  e x a c t ly  w hat c a u s e s  it ,  s e v e r a l  f a c to r s  that could  

and so m e  that d e f in ite ly  do co n tr ib u te  to i t s  ca u sa t io n  in hum an b e in g s ,  

a re  known (Gunz, 1980).

A good d ea l i s  known about the c a u s e  of le u k a e m ia  in  a n im a ls ,  

through la b o ra to ry  w ork . T he ou tcom e of th e s e  s tu d ie s  i s  that 

le u k a em ia  n e v e r  a r i s e s  fr o m  a s in g le  c a u s e .  T h e d i s e a s e  c o m e s  

about when s e v e r a l  f a c to r s  act  to g e th e r .

T he g en et ic  co n st itu t io n , the a n im a ls  innate r e s i s t a n c e ,  the 

a c t iv i ty  of v ir u s  and the in f lu en ce  of a la r g e  v a r ie ty  of p h y s ic a l  and 

c h e m ic a l  a g en ts  a r e  known to a f fe c t  the in it ia t io n  of le u k a em ia  in  

the a n im a l.

D eta i le d  r ep o r ts  of human le u k a em ia  w hich h a s  a p p aren tly  b een  

induced by ir ra d ia t io n  have b een  m ad e  (Stew art and K n ea le ,  1970-; 

C ourt B row n and D o l l ,  1957; I sk im a r u  et a l ,  1971; H ir a s h im a  et a l ,  

1980). R adiation  c a n  induce le u k a em ia  in the la b o ra to ry  m o u s e  

(Duplan, 1976; U pton, 1958, 1964, 1970; M ajor and M o le ,  1978).
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HU s e le c t iv i ty  k i l l s  c e l l s  in  S p h a se .  S in c la ir  (1967) s u g g e s t s  that  

HU stops  the p r o g r e s s io n  of c e l l s  into the S p h a se  w hich  r e s u l t s  in  

the accu m u la t io n  of c e l l s  at the end of G^. In v ivo  HU s lo w s  down  

the p r o g r e s s io n  of tu m our c e l l s  into  S phase (M auro and M a d o c -J o n e s ,  

1969; R a jew sk y , 1970).

The b lock  of DNA s y n th e s i s  produced  by HU in bone m a r r o w  c e l l s  

i s  fo llow ed  by a d is tu rb a n c e  of the k in e t ic s  of s te m  c e l l  p ro lifera t io n .  

T h e r e  i s  a r e c r u itm e n t  of q u ie s c e n t  m a rro w  s te m  c e l l s  into  the  

c e l l - c y c l e  ( V a s so r t ,  1968).
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About tw o - th ir d s  of the e x c e s s  le u k a em ia  in adult J a p a n ese  

s u r v iv o r s  of the a to m ic  b om b s w a s  m y e lo id  type (acu te  p lu s  ch r o n ic ) .  

The thym ic  le u k a em ia  (Duplan, 1958) of the la b o r a to r y  m o u se  m a y  

have no human co u n terp a rt  (M ajor and M ole , 197 8).

M yelo id  le u k a e m ia  w as  not found to d eve lop  sp on tan eou s ly  in  

C B A /H  m ic e  (M ajor and M ole ,  197 8) thus m aking  rad iation  induced  

m y elo id  le u k a em ia  in C B A /H  m ic e  a su itab le  m o d e l  fo r  the study of 

the induction p r o c e s s .  T h is  le u k a em ia  d o es  not s e e m  to d isp la y  

im m u n ogen ic  p r o p e r t ie s .  T h is  m a k e s  it a su ita b le  m o d e l  for  studying  

growth p r o p e r t ie s  of the le u k a e m ic  c e l l s ,  s in c e  no other v a r ia b le s  

a r e  in troduced  by im m u n o g en ic  it y and growth of the c e l l s  appear  to 

be autonom ous (M eld rum  and M o le ,  1981; M eld rum  and M ole ,  1982),

1 . 9 1  Irra d ia t io n  induced le u k a e m ia

It b e c a m e  ev ident that rad iation  induced le u k a e m ia  w hen an e x c e s s  

freq u en cy  of Leukaemia w as  found in m any hum an p op ulations  ex p o sed  

to io n is in g  rad ia tion , m e d ic a l ly ,  o ccu p ation a lly  or in w a r fa r e .

A ntenata l d ia g n o st ic  rad iograph y  p r o v id e s  d ir e c t  ev id e n c e  that

sm a ll  d o s e b r ie f  e x p o s u r e s  a r e  le u k a em o g en ic  (S tew art and K n e a le ,  1970). ;

-4In m an  le u k a em ia  f r e q u e n c ie s  c o v e r  the range fr o m  10 to a few

p er  cen t  w h e r e a s  in e x p e r im e n ta l  m ic e  v a lu e s  ran ge  up to v ir tu a l ly  ;

100 p er  cen t  down to a few  p er  c e n t .  i

S o m e t im e s  it  i s  b e l ie v e d  that le u k a em ia  i s  m o r e  e a s i ly  induced in '

m an  by io n is in g  rad ia tion  than oth er  k inds of m a lig n a n t  d i s e a s e  and ;

that bone m a r r o w  i s  m o r e  s e n s i t iv e  to m alignan t t r a n s fo r m a t io n  than  

any other t i s s u e .  T h e r e  have  now b een  a s  m an y  d ea th s  fr o m  b r e a s t
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c a n c e r  a s  fr o m  le u k a e m ia  in J a p a n e se  bomb s u r v iv o r s  who w e r e  

young adult f e m a le s  at the t im e  of ir r a d ia t io n ,  w hen  b r e a s t  t i s s u e  

w as p h y s io lo g ic a l ly  a c t iv e  (M ole , 1977).

X -R a y  e x p o su r e  of the w hole sp ine and the s a c r o i l ia c  jo in ts  

and often  of o ther  jo in ts  w a s  p r a c t is e d  e x te n s iv e ly  in  UK for tre a tm e n t

of an k y los in g  s p o n d y li t is .  In a s in g le  c o u r s e  of tr e a tm e n t  ind iv idu al

€
d o s e s  of up to a few  hundred R w e r e  g iven  s e v e r a l  t im e s  a w eek  fo r  a

I
nu m ber  of w e e k s ,  each  ex p o su r e  at a d o se  ra te  in the range 1 0 -1 0 0  ,|

R /m in  (Court B row n  and D o l l ,  1957). E x c e s s  le u k a e m ia  fo llow ed  

and it w a s  found that le u k a e m ia  in c id e n c e  in m a le s  could  w e l l  be

l in e a r ly  dependent on m e a n  rad ia tion  d o se  in the ir ra d ia ted  bone m a r r o w .

T he le u k a e m ia  rate  per ir r a d ia te d  subject w a s  a l s o  shown to be 

l in e a r ly  dependent on a g e  a t  f i r s t  X - r a y  tr e a tm e n t .  T he extent of the  

i n c r e a s e  i s  about 4 -5  x  fr o m  2 0 -6 0  y e a r s  of a g e .  An im p ortan t  age  ^

fa c to r  to c o n s id e r  i s  the p r o g r e s s iv e  c e n tr ip e ta l  r e tr e a t  of red bbne 

m a r r o w  fr o m  the p e r ip h e r a l  to  the a x ia l  sk e le to n  with in c r e a s in g  a g e .

F r o m  s ix  d o s e - g r o u p s  in the ir ra d ia t io n  sp o n d y li t ic s  it  i s  c l e a r

that the in c id e n c e  p e r  m a n - y e a r  in c r e a se d  m a r k e d ly  fo r  m a r r o w  d o s e s  |
j:

ex ce ed in g  2000R . f

L eu k a em ia  h a s  o c c u r r e d  in e x c e s s  fo llow in g  p e lv ic  ir ra d ia ted  

for  p r e m e n o p a u sa l  b leed in g  but not fo llow ing  the la r g e r  d o sa g e  u sed  3

in tre a tm e n t  of c a r c in o m a  of the c e r v ix .

A n e x te n s iv e  su rv ey  of p r a c t is in g  r a d io lo g is t s  in USA showed  

a death ra te  f r o m  le u k a e m ia  p r o g r e s s iv e l y  in c r e a s in g  with ca len d a r  

age fo r  th o se  who p r a c t is e d  o v e r  the p er iod  1 9 2 0 -1 9 5 9 ,  but v ir tu a l ly  

no e x c e s s  le u k a em ia  in  th o se  beginning p r a c t ic e  in la t e r  y e a r s .

I
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The d if fe r e n c e  i s  in l in e  with the tighten ing up of r a d io lo g ic a l  

p ro tec t io n  stan d ard s  (U lr ic h ,  1946; U . N. S . C . E . A . R ,  1964).

In the c u r r e n t ly  a v a ila b le  in form ation  on the bomb s u r v iv o r s  

f r o m  H ir o sh im a  and N a g a sa k i ,  th e r e  i s  a d if fe r e n c e  b e tw een  the two  

c i t i e s  in the sp ec tru m  of c y to lo g ic a l ly  defined ty p e s  of le u k a em ia  

in  th o se  irra d ia ted  a s  young or  o ld e r  adults aged  15 y e a r s  or  o v e r  

but not th ose  ir r a d ia te d  as  ju v e n i le s  at 0 -14  y e a r s  of age (Ish im a ru  

et a l ,  1971). The d i f f e r e n c e s  b etw een  c i t i e s  in  the n u m b e rs  of 

le u k a e m ia s  in the u n irrad ia ted  i s  a s  exp ected  fr o m  the r e la t iv e  

n u m b ers  of s u b je c ts .

The o v e r a l l  d if fe r e n c e  b etw een  the c i t i e s  i s  due to the d i f f e r e n c e s  

for ch ron ic  g ran u locy tic  and acu te  "other" le u k a e m ia s  but th e r e  i s  no  

s ig n if ic a n t  r e s id u a l  h e te r o g e n e ity  w hen only ch ron ic  gran u locy tic  

le u k a em ia  is  ex c lu d e d . A cu te  ly m p h o cy t ic  and acu te  "other"  

le u k a e m ia s  w e r e  m o r e  c h a r a c t e r i s t i c  of th o se  ex p o sed  a s  ju v e n i le s  

and acu te  gra n u lo cy tic  and c h ro n ic  gran u locy tic  le u k a e m ia s  m o r e  

c h a r a c te r is t ic  of e x p o su r e  at adult a g e s .  The im m e d ia te  r e le v a n t  

d if fe r e n c e  b etw een  the two c i t i e s  i s  that a su b stan tia l  fra c t io n  of 

the d o se  at H ir o s h im a  w a s  contr ibu ted  by f i s s io n  neu tron s  but not 

at N a g a sa k i .

M ole  (1975) c l a im s  that the ty p e s  of le u k a em ia  found fr o m  m uch  

h igh er  freq u en cy  at H ir o s h im a  than at N a g a sa k i ,  ch ron ic  gran u locy tic  

and acute  "other" , a r e  n eu tro n  dependent in the s e n s e  that th ey  a r e  

m uch m o r e  e a s i ly  induced by f i s s i o n  n eu tron s  than by y  - r a y s .

T he d o se  r e s p o n s e  r e la t io n s h ip  fo r  th e s e  two ty p e s  com b in ed  fo r  a ll  

a g e s  a g a in s t  neutron  d o s e  i s  not l in e a r  but can  be w e l l  f itted  by the  

e x p r e s s io n  a D e  w hich  i s  ap p ro p r ia te  for  l in e a r  induction  by
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high LET ( l in e a r  en erg y  tr a n s fe r )  rad ia tion  m o d if ied  by c e l lu la r  

in a c t iv a t io n .  O ther ty p es  of le u k a em ia  found with s im i la r  freq u en cy  

in  each  c i ty ,  acu te  g ra n u lo cy t ic  and acute  lym p h ocytic  a r e  neutron-  

independent in the s e n s e  that th e r e  i s  no ev id e n c e  that n eu tron s  a r e  

m o r e  e f fe c t iv e  than J-^-rays in inducing th e m .

I
T he d is tr ib u t io n  of le u k a e m ia  c a s e s  in the J a p a n e s e  c i t i e s  i s  j

a s  fo l lo w s .  *

acu te  gra n u lo cy t ic

H ir o s h im a

14

N a g a sa k i

7

acu te  lym p h ocytic 9 6

acu te  'other' 11 1

ch ron ic  gra n u lo cy tic 26 3

T ota l 59 17

T he num ber of c a s e s  of le u k a e m ia  in N a g a sa k i i s  som ew hat low  

for  a s s e s s m e n t .  T h e r e fo r e  s ta t i s t ic a l  a n a ly s is  of th e se  f ig u r e s  w i l l  

lead  to sp u r io u s  s ig n i f ic a n c e .  It cannot be said  that if  the  w hole  

human population  w as  ir r a d ia te d  with the sa m e  type o f  ir r a d ia t io n  a s  

the v ic t im 's  in N a g a sa k i r e c e iv e d  the sa m e  sp e c tr u m  of le u k a em ia  

ty p es  would appear in the s a m e  p r o p o r t io n s .  T h e c a s e  for  c la im in g  

that d ifferen t  ty p e s  of ir r a d ia t io n  induce d if fere n t  ty p e s  of  

le u k a em ia  i s  not su b sta n t ia ted .

Upton ( 1 9 7 7 ) r e p o r t s  that the r e t ic u la r  t i s s u e  n e o p la s m  w hich  h a s  

b een  m o s t  thorough ly  studied  i s  lym p h om a of the thym us w hich  

c h a r a c t e r i s t i c a l ly  p r e d o m in a te s  in w h o le -b o d y  ir r a d ia te d  m ic e .

In the m o u se  ir r a d ia t io n  induced n on -th y m ic  lym phoid  r e t ic u la r  t i s s u e
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In e o p la s m s  o c c u r  la t e r  in  l i f e  than do th ym ic  ly m p h o m a s .  T h ey  

o c c u r  p red o m in a n tly  during the second  y ea r  of l i f e  and r e p r e s e n t  a 

c o m p le x  m ix tu r e  of d if fere n t  n e o p la s m s ,  v a ry in g  in  m o rp h o lo g y  

and a n a to m ica l  d is tr ib u t io n .

G ranu locy te  (m yelo id )  le u k a em ia  h as  r e c e iv e d  l e s s  study than  

induction  of th ym ic  ly m p h o m a , p r in c ip a l ly  b e c a u se  it i s  l e s s  c o m m o n .

In th o se  s tr a in s  of m ic e  ex a m in ed  for  m y e lo id  le u k a e m ia ,  rad ia t ion

has b een  o b se r v e d  to in c r e a s e  in c id e n c e .  In few  s tr a in s  o th er  than i
J.

R F ,  S J L /J  and C B A /H  h a s  m a x im u m  in c id e n c e  ex c e e d e d  10% a fter  

ir r a d ia t io n .  ;i

T he n e o p la sm  p r e s u m a b ly  a r i s e s  in the m a r r o w  or  sp leen  but 

n e o p la s t ic  c e l l s  a r e  w id e ly  d is s e m in a te d  by the t im e  the d i s e a s e  

i s  d e tec ta b le  c l in ic a l ly .  The thym us i s  u s u a l ly  g r o s s ly  atrophic  

although often  in f i l tra ted  m ic r o s c o p ic a l ly .  In so m e  c a s e s ,  

in f i l tra t io n s  a r e  of a g r e e n is h  c o lo u r  (c h lo r o m y e lo id  le u k a e m ia ) .

T h e d i s e a s e  u s u a l ly  runs a rapid c o u r s e ,  term in a t in g  with le u k a e m ic  %

l e u k o c y to s is  and a n a e m ia  (Upton, 1977).

R F m ic e  a s in g le  e x p o su r e  to 2 0 0 -4 0 0  rad s  of w h o le -b o d y  î

radiation  e a r ly  in adult l i f e  m a y  in c r e a s e  the in c id e n c e  to 30-4  0 

per cen t  at a l e v e l  at l e a s t  ten  t im e s  the co n tro l  in c id e n c e  of 1-4%.

In C B A /H  m ic e  the in c id e n c e  of le u k a em ia  in irra d ia ted  m ic e  i s  

about 20% at the op tim u m  le u k a e m o g e n ic  X - r a y  d o s e s  of 150-300  rads  

(M ajor and M o le ,  197 8), No m y e lo id  le u k a em ia  w a s  d e tec ted  in  

u n irrad ia ted  C B A /H  m ic e .  T h e m y e lo id  le u k a em ia  freq u en cy  in  

CBA m ic e  g iven  300 rad s  w a s  m a r k e d ly  red uced  by a fu r th er  d o se  

of 600 rads  1, 4 , 16 or 32 w e e k s  la te r ,  p r e s u m a b ly  by in activation  

of the tra n s fo r m e d  c e l l s .  At t h e s e  t im e s  the n um ber of n o rm a l
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h a em o p o ie t ic  s te m  c e l l s  m u st  s t i l l  outnum ber the tr a n s fo r m e d  c e l l s .  

The d o s e - r e s p o n s e  re la t io n sh ip  w a s  c u r v i l in e a r ,  le u k a e m ia  in c id e n c e  

d e c r e a s in g  in the range 4 0 0 -6 0 0  r a d s .

Upton ( 1 9 7 7 ) r e p o r ts  that a s  in induction of th ym ic  ly m p h o m a s  

the e f f e c t iv e n e s s  p er  rad of rad ia tion  d e l iv e r e d  in a s in g le  b r ie f  

ex p o su re  i s  m a x im a l  at in te r m e d ia te  d o se  l e v e l s  (1 0 0 -4 0 0  ra d s) .  

L aten cy  v a r i e s  in v e r s e ly  in  re la t io n  to the d o se  a fter  ex p o su re  to  

100-400  ra d s  the a g e - s p e c i f i c  in c id e n c e  r is in g  to a peak within  one  

y ea r  and rem a in in g  e lev a ted  for  the r e s t  of the l i f e sp a n .

In g en e r a l  a g iven  d o se  of X - r a y s  or g a m m a -r a y s  i s  l e s s  than  

leu k a em o g en ic  w hen p ro tra c ted  o v e r  an in te r v a l  of d ays  or w eek s  

than when a d m in is te r e d  in a s in g le  b r ie f  ex p o su r e ,  w h e r e a s  

le u k a em o g en ic  e f f e c t iv e n e s s  of fa s t  n eu trons  a p p ea rs  r e la t iv e ly  

d o s e - r a t e  independent, w ith  the r e s u lt  that R B E  i n c r e a s e s  with  

d e c r e a s in g  d o se  and d o se  r a te .  Irrad ia t ion  at low  d o se  r a te s  f r o m  

in tern a l ly  d ep o s ited  s t r o n t iu m -89, s t r o n t iu m -90, or  c o l lo id a l  gold 1 98 

i s  r e la t iv e ly  in e f fe c t iv e  in inducing the d i s e a s e ,  a s  c o m p a red  with  

w h o le -b o d y  ir ra d ia t io n  at h igh  d o s e  r a te s .  T h e ra te  of induction  

of the n e o p la sm  p er  in te g r a l  d o se  of x - r a y s  i s  inh ib ited  r e la t iv e ly  

l i t t le  by p a r t ia l  body sh ie ld in g .

S u sc e p t ib i l i ty  of R F  m ic e  to induction of g ran u locy te  le u k a em ia  

i s  low  during the neonata l p er io d  i n c r e a s e s  during m atu ra tion  and 

r e m a in s  r e la t iv e ly  con stant  th e r e a f te r ,  at l e a s t  until  the 6th m onth  

of l i f e .  Radiat io n - in d u ced  g ran u locy te  le u k a e m ia s  a r e  l e s s  

co m m o n  in f e m a le s  than in m a le s .  C a str a t io n  r e d u c e s  the in c id e n c e  

but not to a l e v e l  a s  low  a s  i s  c h a r a c t e r i s t ic  of f e m a le s .
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O v a r ie c to m y  a f fe c ts  the in c id e n c e  in f e m a le s  r e la t iv e ly  l i t t le ,  

the s u p p r e s s iv e  a c t ion  of o e s tr o g e n  on the c e l l - f r e e  t r a n s m is s io n  

of the d i s e a s e  s u g g e s t s  that an in h ib itory  e f fe c t  of o e s tr o g e n  m a y  

account fo r  the s e x  d if fe r e n c e  in intact m ic e  (Upton and C o s g r o v e ,  

1 968 ). A d ren a l c o r t i c o id s  g iven  a fter  ir ra d ia t io n  do not m a te r ia l ly  

a ffec t  the induction  of the d i s e a s e .

T h y m e c to m y ,  w hich  p r e v e n ts  the induction of th y m u s-d ep en d en t  

ly m p h o m a s ,  d o e s  not inhib it  the  induction of m y e lo id  le u k a em ia  

or of ly m p h o m a s  a r i s in g  o u ts id e  the th ym u s. S p len ec to m y  m a te r ia l ly  

in h ib its  the induction of m y e lo id  le u k a e m ia .  Spontaneous and induced  

in c id e n c e  of the d i s e a s e  i s  red uced  in g e r m - f r e e  and s p e c i f ic -  

p a th o g e n -fr e e  m ic e .

C hronic  in f la m m a tio n , c a u se d  by in tr a m u sc u la r  in jec t io n  of 

turpentin e  or  rep ea ted  pa in tin g  of the skin with C roton  o i l  in c r e a s e s  

the y ie ld  of m y e lo id  le u k a em ia  in irra d ia ted  R F m ic e .

M yelo id  le u k a em ia  a s  w e l l  a s  th ym ic  ly m p h o m a s  a r e  red uced  in  

freq u en cy  if m e r c a p to e th y l - guanidine i s  g iven  b e fo r e  ir ra d ia t io n  

(Upton et a l ,  1959). 5 -M eto x y try p ta m in e  h as  b een  rep o rted  to inh ib it  

only  the induction  of ly m p h o m a s ,  not m y e lo id  le u k a e m ia s  (Svyatukhim  

et a l ,  1966),

M yelo id  le u k a e m ia s  in  ir r a d ia te d  R F m ic e  have b een  found to be  

tr a n m is s a b le  by c e l l - f r e e  f i l t r a t e s  or  u ltr a c e n tr i fu g a te s  and to 

con ta in  type-C  v ir u s  p a r t ic l e s  (Upton, 1959).

N o n -th y m ic  ly m p h o s a r c o m a s  and lym phoid  le u k a e m ia s  occu r  

la te r  in  l i f e  than th ym ic  ly m p h o m a s  and gra n u lo cy t ic  le u k a e m ia s .

Î

I



51

In c id en ce  h as  g e n e r a l ly  b een  d e c r e a s e d  by s in g le  w h o le -b o d y  

ir ra d ia t io n ,  except in th y m e c to m is e d  m ic e .  F r a c t io n a te d  w h o le -b o d y  

ir ra d ia t io n  at h igh er  c u m u la t iv e  d o se  l e v e l s  has b een  o b serv ed  to 

in c r e a s e  th e ir  in c id e n c e  in  CBA and LAF m ic e  (Upton, 1977).

R et icu lu m  c e l l  s a r c o m a  i s  m a n ife s te d  by nodular a s  w e l l  a s  

d iffu se  p r o l i fe r a t io n  of r e t ic u lu m  c e l l s  and c a u s e s  in f i l tra t io n s  

which m ay  v a ry  fr o m  a sa r c o m a to u s  pattern  to a gran u lom atou s  

or  H odgkin’s d i s e a s e - l i k e  p attern  fr o m  s ite  to s i te  w ithin  the sam e  

a n im al.

In a m in o r ity  of c a s e s  a b n orm al m onocyto id  c e l l s  appear in the  

blood. It o c c u r s  la te r  in  l i f e  and i s  m o r e  c o m m o n  than other  

h a em o p o ie t ic  n e o p la s m s  in  n o n - ir r a d ia te d  aging m ic e  of m o s t  s tr a in s .

The in c id e n c e  i s  c h a r a c t e r i s t i c a l ly  reduced  by w h o le -b o d y  ir r a d ia t io n ,  

but not in a l l  s tr a in s  (Upton and C o s g r o v e ,  1968; M e l la l i  et a l ,  1974). .j
i

;
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1 , 1 0  H a e m o p o ie t ic  S tem  C e l l s  in  M urine L e u k a e m ia s

V ir a l ly  induced le u k a e m ia s

S om e RNA tum our v i r u s e s  a r e  the apparent c a u s e  of m uch  

'natural' c a n c e r  o r  le u k a em ia  in c h ic k e n s  and m ic e .

F r ien d  v ir u s  le u k a em ia  A n a e m ia - in d u c in g  F r ie n d  v ir u s  (FVA)  

w as iso la te d  fr o m  a S w is s  m o u s e .  The v ir u s  in d u ces  a d o se  

dependent en la r g e m e n t  of the s p le e n  and l i v e r  a fter  a la ten cy  p eriod  

of only  a few  w e e k s  in  D B A /2 ,  S w is s ,  B A L B /C ,  C ^H and CBA m ic e .

T h ym u s tu m ou rs  a r e  n e v e r  o b se r v e d  with FVA v ir u s  in sharp  

co n tra s t  to the g rea t  m a jo r ity  of spontaneous f o r m s  of m o u se  

le u k a e m ia s  and p e r ip h e r a l  or in tern a l lymph n odes  a r e  not en la rg ed .  

Induction by F r ie n d  v ir u s  i s  not in fluenced  by the p r e s e n c e  or a b se n c e  

of the thym us (M etca lf  et a l ,  1959).

In blood s m e a r s  sta ined  with G ie m sa ,  the p red om in an t c e l l s  are  

h y p erb a so p h il ic  c e l l s ,  r e la ted  m o r p h o lo g ic a l ly  to the p r o e r y th r o b la s t .  

T h e s e  a r e  known a s  'F r ien d ' c e l l s .  A n aem ia  and th rom b ocytop en ia  

a re  p a rt ly  due to a shorten ed  l i fe  span of red blood c e l l s  and p la te le t s  

on which the v ir u s  i s  budding (T am bou rin , 197 8). F r ie n d  v ir u s  i s  

m o r e  potent in the f e m a le  m o u s e .

T he R a u sch er  le u k a em ia  v ir u s  of which the H or ig in  of the s tra in  

i s  not c l e a r  w as  ab le  to induce a tw o- step  type of d i s e a s e .  M ice  

d eveloped  a d i s e a s e  c o m p a r a b le  to F V A -in d u ced  sy n d r o m e  with  

m in or  be rep ro d u c ib le  d i f f e r e n c e s .  T h is  v ir u s  i s  m o r e  potent in  

m a le  than in fe m a le  m ic e .
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V ir u s e s  can  change and g ive  r i s e  to two or m o r e  d ifferent d i s e a s e s  

and th is  can lead  to d if fere n t  r e s u l t s  in d if feren t  la b s .  F r ie n d  and 

R a u sc h e r  v ir u s e s  a r e  ra th er  c o m p le x  m ix tu r e s  in w hich at l e a s t  two  

v ir a l  e n t i t ie s  e x i s t .  One of th e s e  v ir u s e s  the S p leen  F o c u s - F o r m in g  

v ir u s  (SFFV) in d u ces  m a c r o s c o p ic  fo c i  of p r im it iv e  ery th ro id  c e l l s  

in  the sp len ic  red pulp (P lu z n ik ,  D .H .  and S a c h s ,  L . , 1964;

A xelrad  and S te e v e s ,  1964; Ik aw a et a l ,  1 967 and M irand et a l ,  1968).  

The second  is  the murine lym phoid  leu k a em ia  v ir u s  (M uLV). The  

S F F V  i s  d e fe c t iv e  and d epends fo r  i t s  r ep l ica t io n  on the p r e s e n c e  of 

i t s  a s s o c ia t e d  MuLV h e lp e r .  M cG arry  et.a l,(1974) is o la te d  a 

m y e lo g e n o u s  le u k a e m ia - in d u c in g  v ir u s  (MgLV) fr o m  a c h lo r o le u k a e m ic  

m o u s e  in jec ted  n eo n a ta lly  with the M u L V -con ta in in g  h e lp er  

com ponent of the F r ie n d  v ir u s  c o m p le x .

A fter  la r g e  d o s e s  of the p o ly c y th a e m ia - in d u e in g  F r ie n d  v ir u s ,

30 h ours  la te r ,  the h y p erb a so p h il ic  c e l l s ,  the s o - c a l l e d  F r ien d  c e l l s ,  

appeared  m a s s i v e l y  in the sp leen  red pulp only , not in  the lym phoid  

a r e a s  and o u ts id e  the g ran u lop o ie t ic  and m e g a k a r y o c y t ic  foc i  

(T am b ou rin , 1978).

The sp leen  co lo n y  a s s a y  of T i l l  and M cC u lloch  (1961) using  

ir ra d ia ted  r e c ip ie n ts  h a s  b een  w id e ly  u sed  to quantify or d e m o n str a te  

the e x i s t e n c e  of a tum our c e l l  population  (B ru ce  and Van der G aag,

1963; W adinsky et a l ,  1967; B e r g s a g e l  et a l ,  1968; Tanaka and 

L ajtha, 1969).

In v ir u s  prod ucing  m u rin e  le u k a e m ia s  the sp leen  c o lo n ie s  do 

not appear to c o m e  s o le ly  fro m  the transp lanted  le u k a em ia  c e l l s .

The v i r u s e s ,  t h e m s e lv e s  a ls o  prod uce  tum our C F U 's  (TC FU ) a s  

m en tion ed  b e fo r e .  T h o m so n  et al (1974) and M cG a rry  and M irand
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(1977) d em o n str a ted  that T C FU  and h a em o p o ie t ic  C FU  do not

c o n st itu te  id e n t ic a l  p op u la tion s .  T h e TCFU m u st  be an in fected

c e l l  with a rad ia tion  su rv iv a l  c u r v e  co m p a ra b le  to the typ ica l

rad iation  su rv iv a l cu rv e  of h a e m o p o ie t ic  c e l l s  (D^ = 90 rads;

T h om son  and A x e lr a d ,  1968). T h ey  a r e  p r e s e n t  in a proportion

5of about 3-4 TC FU  p er  10 c e l l s . i n  the sp leen  (T h o m so n  and A x e lr a d ,  

1968; B en tv e lz e n ,  1972), and 20 TC FU  p er  10^ c e l l s  in the bone  

m a r r o w  (T am b ou rin , 1978). M atio l i  (1974) c o m p a red  F r ien d  

tum our c e l l s  w ith n o r m a l and ' leu k a e m ic '  s te m  c e l l s .  T h e r e  w a s  

high m e ta s ta t ic  a c t iv i ty ,  lack  of d ifferen t ia t io n  and d e te r m in is t ic  

growth and ind ep en d en ce  f r o m  the sp leen  m ic r o -e n v ir o n m e n t  

ex p er ien ced  by tumour c e l l s  in c o n tr a s t  to the n o r m a l and F r ie n d -  

l e u k a e m ia -d e r iv e d  s te m  c e l l s .

The sp le e n  co lo n y  a s s a y  has b een  u sed  to quantify lym ph om a  

(B ru ce  and Van D e r  G aag, 1963) p la s m a  (B e r g s a g e l  and V a le r io te ,  

1968) m y e lo id  (Tanaka and L ajtha, 1969), L1210 (W odinsky,

S w in ia rsk i and K e n s le r ,  1967) tum our c e l l  populations w h ich p ro d u c e  

sp leen  c o lo n ie s  in ir ra d ia ted  o r  n o n - ir r a d ia te d  sy n g en e ic  h o s t s .

In F r ie n d  and R a u sc h e r  le u k a em ia  c y to lo g ic a l  and h is to lo g ic a l  

in v e s t ig a t io n s  of the c o lo n ie s  d ev e lo p in g  in the s p le e n  of ir ra d ia ted  

r e c ip ie n ts  grafted  with sp le e n  or bone m a r r o w  c e l l s  fro m  le u k a e m ic  

d o n o rs ,  ind icated  that the p attern  of d ifferentia tion  a long  e r y th r o c y t ic ,  

m y e lo c y t ic  (e ith e r  neutrop h il or eo s in o p h il ic )  and m e g a k a r y o c y t ic  

l in e s  appeared  c o m p a r a b le  with the pattern  for  d if fere n t ia t io n  

o b serv ed  in sp leen  c o lo n ie s  d er iv ed  fr o m  gra fts  of n o r m a l  

h a em o p o ie t ic  c e l l s  (W endling et a l ,  1972; B r o m n e r  and B e n tv e lz e n ,  

1974).
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S p leen  c o lo n ie s  o r ig in a t in g  fr o m  a le u k a e m ic  c e l l  graft showed  

only  a s l ig h t ly  g r e a te r  p e r c e n ta g e  of ery th ro id  c o lo n ie s  and a s ligh t  

d e c r e a s e  in the p e r c e n ta g e  of m e g a k a r y o c y t ic  c o lo n ie s  b e low  co n tro l  

v a lu e s .  No tum our c o lo n y  w a s  found in  m o s t  c a s e s  excep t  in one  

ex p er im en t  out of 100 in w hich a donor in fected  27 d ays  p r e v io u s ly  

w as u s e d .  In that p a r t ic u la r  c a s e  the num ber of c o lo n ie s  o b se r v e d  

on the rec ip ien t  s p le e n s  w a s  at l e a s t  ten -fo ld  g r e a te r  than u su a l .

T h e s e  c o lo n ie s  w e r e  m a c r o s c o p ic  a l ly  la r g e r  and w h iter  than the  

ty p ica l  h a em o p o ie t ic  c o lo n ie s .  H is to lo g ic a l ly  la r g e  c e l l s  with fa in tly  

b a so p h il ic  c y to p la s m  and a few  c e l l s  m o r p h o lo g ic a l ly  re la ted  to  

m a tu r in g  e r y th r o b la s ts  could  be s e e n .  T h e s e  c o lo n ie s  w e r e  

in d e f in ite ly  tran sp lan tab le  in e i th e r  irra d ia ted  or  n o n - ir r a d ia te d  

h o s ts  by subcutaneous or  in tra v en o u s  m ethod (T am b ou rin , 197 8).

The C F U -S  fr o m  le u k a e m ic  a n im a ls  w e r e  ab le  to repopulate  

th e ir  own co m p a rtm en t  with a doubling t im e  of 20 to 25 h ours  

(T am bourin , 197 8) w hich  is  quite s im i la r  to the v a lu e s  obtained with  

n o r m a l c e l l s  (S im on ov itch  et a l ,  1963; M cC ulloch  and T i l l ,  1964),

W endling et a l ( 197 2) and O hunewitch et al (1972) found that 

the r e la t io n s h ip s  b e tw een  the n u m ber of c o lo n ie s  counted in the sp leen  

and the num ber of c e l l s  in jec ted  rem ained  l in e a r  a fter  in fec t io n .

A fter  in jec t io n  with F r ien d  or  R a u sc h e r  le u k a em ia  v ir u s e s  th ere  

w as an exponentia l in c r e a s e  in the sp leen  w eight (W endling et a l ,  1972; 

M arhoe et a l,  197 3; B r o m n e r  and B e n tv e lz e n ,  1974 ; O' kune w ick  et a l ,  

1972; S ie d e l ,  1973).

5
T he num ber of C F U -S  p er  10 sp leen  c e l l s  rem a in ed  n e a r ly  the  

sa m e  w hether  grafted  c e l l s  c a m e  fr o m  n o rm a l or  le u k a e m ic  s p le e n s .

i
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C o n seq u en tly ,  the tota l num ber of C F U -S  in in fected  s p le e n s  w as  

in c r e a s e d  by a fa c to r  (1 5 -3 0  fold) depending on sp leen  w eigh t .

A fter  in fec t ion  with R a u sc h e r  or F r ie n d  v ir u s ,  C F U -S  in  

f e m o r a l  bone m a r r o w  rem a in e d  n e a r ly  con stant (ab o u t  3000 C F U -S  

p er  fem ur) d e sp ite  a m o r e  or  l e s s  pronounced  cy to p en ia  (W endling  

et a l,  1972; S e id e l ,  1973; I tu r r iz z a  and S e id e l ,  1974).

Okunewick and P h i l l ip s  (197  3) o b se r v e d  a pronounced  fa l l  in  the  

num ber of bone m a r r o w  C F U -S  of R a u s c h e r - in fe c te d  S J L /J  m ic e  

but a s light in c r e a s e  o c c u r r e d  w hen the sa m e  m o u s e  s tra in  w a s  in fec ted  

with F V P .

Van G r ie n s v e n  et al (1974) found that the tota l num ber of bone  

m a rro w  C F U -S  w as  in c r e a s e d  by a fac tor  of 2 .7  in R a u s c h e r  in fec te d  

B A L B /C  m ic e .

T he m ea n  num ber of c ir c u la t in g  C F U -S  w a s  in c r e a s e d  5 0 0 -1 0 0 0  

fold a fter  F V P  v ir u s  in fec t io n  and tota l num ber of c ir c u la t in g  C F U -S  

d etected  in the blood of w e l l -d e v e lo p e d  m u rin e  le u k a em ia  has b een  

a s s e s s e d  at 4 0 ,0 0 0  C F U -S  p er  m o u se  a s  co m p a red  to 45 in n o rm a l  

m ic e  (W endling et a l,  1972; S e id e l ,  197 3b), S e id e l  rep orted  that the  

in c r e a s e  in C F U -S  o c c u r r e d  at about the t im e  of in c r e a s e  in nu m ber  

of p e r ip h e r a l  lym phoid  c e l l s .

W endling et a l  (1972) rep o rted  an in c r e a s e  by a fa c to r  of on ly  10 

in the n um ber of C F U -S  in the m o u se  a fter  in fect ion  with F r ie n d  or  

R a u sch er  v ir u s .

In n o rm a l a n im a ls  the sp leen  r e p r e se n ts  on ly  6-10% of h a em o p o ie t ic  

t i s s u e .  A la r g e  in c r e a s e  in the s iz e  of the CFU c o m p a rtm en t  in blood  

or the sp leen  d o es  not r e p r e s e n t  a la r g e  in c r e a s e  w hen the h a em o p o ie t ic
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s y s te m  i s  c o n s id e r e d  in total.  The s iz e  of the h a em o p o ie t ic  s tem  c e l l  

co m p a rtm en t  h o w e v er  i s  g r e a t ly  m od if ied  by v ir u s - in d u c e d  le u k a e m ia s ,

A ' sp e c if ic  ' a n t is e r u m  ag a in s t  a m ix tu r e  of m u r in e  v ir a l  le u k a em ia  

c e l l s  and v ir u s  w as  e f fe c t iv e  a g a in st  the h a em o p o ie t ic  s te m  c e l l s  of 

in fec ted  a n im a ls  (T am bourin , 197 8). In fection  with v ir u s  a f fe c ts  the  

num ber of s tem  c e l l s  in c y c l e .

In v itro  su ic id e  t e s t s  showed that 4 h o u rs  a fter  in fe c t io n  with  

R a u sc h e r  v ir u s  the num ber of sp le e n  C F U -S  k il led  by tr it ia ted  th ym id in e  

e x p o su re  in c r e a s e d  to 20% fro m  a b a se  l ine  o f  10% in c o n tr o ls .  In the  

next 2 w eek s  the proportion  of C F U -S  in DNA s y n th e s i s  rem a in ed  at 

a p p ro x im a te ly  2 0%. In the 3rd w eek  a fter  v ir u s  in fec t io n  the
3

proportion  of C F U -S  k i l led  by HTdR d e c r e a s e d  to a point of b e in g  no 

lo n g er  d e tec ta b le  even  though the total num ber of C F U -S  w a s  in c r e a s e d  

s e v e r a l  fold over  n o r m a l (O kunew ick et a l ,  1976).

In F V P  le u k a em ia  sp len ic  C F U -S  w e r e  about 8 - fo ld  l e s s  e f f ic ien t  

at repopulating  le th a l ly  ir ra d ia ted  m ic e  than C F U -S  fro m  n o rm a l m ic e .  

The e f f ic ie n c y  of the bone m a r r o w  w as  only s l ig h t ly  a l t e r e d .  In 

R a u sc h e r  le u k a em ia  the r a d io p r o te c t iv e  a b il i ty  of the sp le e n  c e l l s  w a s  

at l e a s t  eq u iva lent to n o rm a l (LD^^y = 17 C F U -S )  (T am b ou rin , 1978).  

T h e se  r e s u l t s  su g g e s t  that h a em o p o ie t ic  s tem  c e l l s  in  le u k a e m ic  s p le e n s  

m ain ta in  th e ir  r e la t iv e  n u m b e r s  but a ls o  re ta in  th e ir  d if fere n t ia t io n  

e f f ic ie n c y .

C F U -S  d er iv ed  fr o m  F r ie n d  leu k a em ic  s p le e n s  w e r e  ab le  to p ro v id e  

r e t i c u lo c y te s ,  le u k o c y te s  and p la te le t s  in p e r ip h e r a l  b lood . H o w e v e r ,  

they  had poor a b il i ty  to p rod u ce  th rom b ocyte  p ro g en y  and eryth ro id  

production  w a s  lo w ere d  7 . 5  fo ld . N o rm a l n u m bers  of g ra n u lo cy te s  

w e r e  produced  (W endling et a l ,  1973a). C o n v e r s e ly  C F U -S  fr o m
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F V P - in f e c t e d  m ic e  behaved  l ik e  th e ir  n o rm a l co u n te r p a r ts  a s  r e g a r d s  

e ry th ro p o ie t ic  and gra n u lo p o ie t ic  fu n ction s  but p rod u ction  of p e r ip h e r a l  

p la te le t s  w a s  q u antita t ive ly  red u ced  although the t im e  of p la te le t  

e m e r g e n c e  w as  not d e layed  (W endling et a l ,  197 3b),

59
F r o m  F e  s tu d ie s  O kunew ick et a l (1973) found that e ry th ro p o ie t ic  

a c t iv i ty  of the RLV p ro g en y  w as  m uch  lo w er  than n o r m a l.

T he C F U -C  co m p a rtm en t  s i z e  fr o m  C B A /J  m ic e  with R a u s c h e r  

le u k a em ia  in it ia l ly  d e c r e a s e d  2 d ays  a fter  v ir u s  in fec t io n  (a s  did 

C F U -S) but th e r e a f te r  th ey  in c r e a s e d  rap id ly  up to 3 0 -fo ld  n o r m a l  

v a lu es  2 - 6  w e e k s  a fter  in it ia t ion  of the d i s e a s e .  I tu r iz z a  and S e id e l  

( 1 974 ) found that C F U -C  p a r a l le le d  the evolution  of C F U -S .

Van G r ie n sv e n  et a l (197 3, 1975) found that in the bone m a r r o w  of  

B A L B /C  m ic e  in fec ted  by R a u s c h e r  le u k a em ic  v i r u s e s  a 2 . 6  fold  

in c r e a s e  in CFU (C FU -S , C F U -C ) o c c u r r e d  on day 12 a fter  in fection;  

th e r e a f te r  th is  n um ber returned  to n o r m a l v a lu e s .

G olde et a l ( 1976) found that co lo n y  fo rm a tio n  dependent on CSA 

and c lon in g  e f f ic ie n c y  of F r ie n d  le u k a em ic  sp le e n  c e l l s  found to be  

ap p ro x im a te ly  10 t im e s  the n o r m a l v a lu e s .  C o lo n ie s  ap peared  

m o r p h o lo g ic a l ly  n o r m a l.  T he to ta l C F U -C  p er  le u k a em ic  sp le e n

w as 300-fo ld  n o r m a l but c e l l s  e lab ora tin g  CSA w e r e  d e c r e a s e d .

5
When 10 le u k a em ic  sp le e n  c e l l s  from  a sp ontaneous m y e lo id  

le u k a em ia  in an R F  m o u s e  w e r e  in jected  into s y n g en e ic  m ic e  6 to 7 

days la te r  th e r e  w as  a d ec l in e  of a l l  n o rm a l p a r a m e te r s  in vo lv in g  

e r y th r o p o ie s i s ,  p lu ripoten t s t e m - c e l l s  and sp leen  C F U -C .  The'

C F U -C  h o w e v er  showed a s ig n if ic a n t  r i s e  betw een  d ays  3 and 6

(L ajlha et a l ,  1972). T he C F U -S  w e r e  d e c r e a s e d  during the d ev e lo p m en t

of th is  tran sp lan ted  m y e lo id  le u k a e m ia . Î
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S e id e l  (197 3c) found a t r a n s i to r y  d e c r e a s e  of C F U -S  in the bone  

m a rro w  and sp leen  fo llo w ed  by an in c r e a s e  in the b lood . L1210  

lym ph atic  le u k a em ia  showed no m o d if ic a t io n  in  C F U -S  num ber in the 

m a r r o w  (C h e v a lie r  C and F r in d e l ,  E . ,  197 3). •

In A K R -sp o n ta n eo u s  p r im a r y  T - lym phoid  le u k a em ia  th ere  w a s  a 

d e c r e a s e  in the n um ber of C F U -C  in bone m a r r o w  and an in c r e a s e  

in the sp leen  w hen co m p a red  to the num ber of C F U -C  ' s in  n o n - le u k a e m ic  

m ic e  of the sam e  age  (C h e v a lier  et a l,  1974),

When a n ti-©  se r u m  w as  u sed  to e l im in a te  lym phoid  c e l l s  in  the 

leu k a em ic  bone m a rro w  th e r e  w a s  a d e c r e a s e  in the num ber of C F U -S  

in the bone m a r r o w  in  the t e r m in a l  s tage  of spontaneous  AKR le u k a em ia  

(F r in d e l  and C h e v a lie r  C, 197 5)

In tran sp lan ted  AKR le u k a em ia  the d e c r e a s e  in C F U -S  w as  

c o r r e la te d  with the p r o g r e s s  of the d i s e a s e ,  the sp le e n  w eight and with  

an in c r e a s e  in the p rop ortion  of C F U -S  in DNA sy n th e s i s  ph ase  

(Sainteny et a l,  1 97 8).

When the AKR le u k a em ic  c e l l s  w e r e  d e s tr o y e d  with a r a b in o sy l-  

c y to s in e  (A ra-C ) the n um ber of m e d u lla r y  C FU  in c r e a s e d  rap id ly  

after  a tr a n s ito r y  d e c r e a s e ,  s u r p a ss in g  n o rm a l co n tro l  v a lu es  

(Sainteny et a l,  1977).

T he num ber of bone m a r r o w  C F U -S  d e c r e a s e s  at the te r m in a l  

stage  of spontaneous AKR le u k a e m ia .  T h is  d e c r e a s e  i s  co m p en sa ted  

by an in c r e a s e  of C F U -S  in the sp leen ,  lym ph n o d e s ,  l i v e r  and th y m u s.  

T hus o v e r a l l  C F U -S  num ber i s  b a s ic a l ly  eq u iva len t  to that found in  

n o rm a l m ic e .  T h is  im p l ie s  that th ere  i s  a sp a tia l  r e d is tr ib u t io n  of 

C F U -S  in AKR le u k a em ia  (Sainteny and F r in d e l ,  197 8).
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Hagecbeek et al (1977) found an increase in spleen 

and blood CFU-S in a chemically induced myeloid 

leukaemia in BN rats , with a decrease of CFU-S in the 

bone marrow.

Most studies , however, of spleen colony formation 

by murine leukaemic cells  have used v ira lly  induced 

leukaemias.

Sainteny and Frindel (1978) reported that Charbord 

et al had found i t  impossible to asses CFU-C in 

leukaemic bone marrow (human) in which fibrosis was 

predominant. In patients with myelofibrosis CFU-C 

numbers in the blood were increased as compared to the 

controls.



2. MATERIALS AND METHODS

'I

Î
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2 ,  M a t e r ia ls  and M ethods

2 . 1  Mic_e T h e s e  in v e s t ig a t io n s  w e r e  c a r r ie d  out u s in g  GDI m ic e .

S p ec if ic  pathogen  f r e e  random  bred GDI f e m a le s ,  w eigh ing  b etw een  

20 and 25 g r a m s  w e r e  supplied  by G h a r le s  R iv e r  UK Ltd, M a r g a te ,K e n t ,

T he m ic e  w e r e  housed  in the A n im al H ou se  of the Bute M ed ica l  

B u ild ings  in a ro o m  w hich  w as  a r t i f i c ia l ly  lit  and kept at a te m p e r a tu r e  

of 20°G .

The m ic e  w e r e  kept in sm a ll  saw dust l ined  c a g e s .  U su a l ly  each  

ca g e  held no m o r e  than 5 m ic e .

F e e d in g : -  T he m ic e  w e r e  g iven  u n lim ited  q u an tit ie s  of dry food

(4 IB Rat Gake, N orth  E a s te r n  F a r m e r s  Ltd, A b erd een )  and tap w a te r .

F i f te e n  day old fo e t u s e s  w e r e  u sed  for  the e m b r y o  c u l tu r e s .

2 . 2  A utopsy  P r o c e d u r e s

M ice  w e r e  a n a e s th e t is e d  by ex p o su re  to e th er  vapour and k il led  

by c e r v ic a l  d is lo c a t io n .

The sp leen ,  th y m u s,  ingu ina l lym ph n od es  and b ra ch ia l  lym ph  

nodes w e r e  d is s e c te d  and w e ig h ed  im m e d ia te ly .

A fem u r  w as  e x c is e d  and the m e d u lla r y  c a v ity  w a s  opened at the  

p r o x im a l end, A 23 guage n eed le  ^Everett M ed ica l  P r o d u c ts ,L td ,  

M itcham , S u r r e y ]  w as  in s e r te d  into the fe m o r a l  m e d u lla r y  ca v ity  

and the co n ten ts  w e r e  w ash ed  out and gently  a s p ir a te d  in s in g le  

s trength  F ' is ch ers  m ed iu m .

2 .3  Cell^(^ount^

The su sp e n s io n  of f e m o r a l  bone m a rro w  c e l l s  in s in g le  s trength  

F i s c h e r s  m ed iu m  w as d iluted  in 'Isoton' (G oulter  E le c tr o n s  Ltd,
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H arpenden, H e r ts ) ,  'Zaponin' (C oulter  E le c tr o n s  Ltd, H arpenden ,  

H e rts)  w a s  added to l y s e  e r y th r o c y te s .  The n u c lea ted  c e l l  content  

of the su sp e n s io n  w as d e term in e d  u sin g  a m o d e l D C o u lter  p a r t ic le  

co u n ter .  The attenuation  w as s e t  at 1, the a p er tu re  cu rren t  at 

0 .0 1 7 ,  the m a n o m e te r  vo lu m e s e le c t o r  at 0 . 5  m l and the th resh o ld  

at 1 ^ / M T s x , The fo llow in g  fo rm u la  w as u sed  to c o r r e c t  c e l l  cou nts  

for p a r t ic le  co in c id en ce :

for 100yO- a p er tu r e  ^

w h e re  n  ̂ = n um ber of c e l l s  counted

2 .4  Cytolp^

C y to lo g ic a l  p r e p a r a t io n s  w e r e  m ad e  on c le a n  g la s s  s l id e s  u s in g  

a S h a n d o n -E ll io t  c y to sp in .  F e m o r a l  b o n e -m a r r o w  c e l l s  w e r e  

suspended  in s in g le  s tren gth  F i s c h e r s  m ed iu m  su pp lem en ted  with 20% 

h o r s e  s e r u m . About 10^ c e l l s  suspended  in 0 . 5  m l of m ed iu m  

w e r e  in troduced  into each  c y to s p in  co n ta in e r .

T he s m e a r s  w e r e  sta ined  by the J e n n e r -G ie m s a  m ethod  

d e sc r ib e d  by D a c ie  and L e w is  (1963).

2 . 5  Sta in ing for  r e t i c u lo c y te s

B lood  w as  rem o v e d  fr o m  the r e t io -o r b ita l  s in u s  of m ic e  u s in g  

m ic r o h a e m a to c r i t  tubes con ta in in g  h ep arin .

B lood  fr o m  two of th e se  tubes w a s  em ptied  into a s m a ll  t e s t - tu b e  

and equal v o lu m e s  of new  M eth y len e  blue s ta in  (B r e c h n e r ,  G, 194 9) 

w e r e  added. The t e s t - t u b e  w a s  s topp ered  and p la ce d  in  a water bath
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at 37°C for  2 0 -2 5  m in s .  F i l m s  o f  th is  so lution  w e r e  m ad e on g la s s  

s l id e s  and a llow ed  to dry  b e fo re  counting.

2 . 6  Histjology

T is s u e s  w e r e  f ixed  in B ou in 's  f lu id , dehydrated  and em bedded  

in P a r a p la s t  (Sherw ood M ed ica l  I n d u s tr ie s ,  S t. L o u is ,  M issou r i) ,

S ec t io n s  of 5^  th ic k n e s s  w e r e  cut and th e se  w e r e  sta ined  with  

M a y e r 's  H aem a to x y lin  and E o s in .

2 .  7 P r e p a r a t io n  of T r y p s in

T r y p s in  pow der ( 'B a c t o - t r y p s in ' , D ifco  Lab, D etro it)  w as  d is s o lv e d  

in a 10 m l of s t e r i l e  d is t i l le d  w a ter  to g ive  a 5% so lu tion . T h is  w a s  

diluted  with s in g le  stren gth  F i s c h e r s  m ed iu m  to g ive  a final co n cen tra t io n  

of 0 .25% . The pH w as  adjusted  to 7 . 8  using  4.4%  sod ium  b icarbon ate

Iso lu tion  (W e llc o m e ,  B eck en h a m ).  T r y p s in  so lu tion  r e m a in s  a c t iv e  i |

for only  one w eek  if s to red  at -20^C so the so lu tion  w a s  p rep ared  ju st  

b efo re  u s e .

§ 
i2 , 8  P re p a r a t io n  of F i s c h e r s  M edium  .2

100 m l of F i s c h e r s  10 x co n cen tra ted  m ed iu m  with L -g lu ta m in e  

(G ib e o -b io -c u lt ,  G lasgow ) w as  m ix ed  a sep t ica l ly  with 900 m l of

s t e r i l e  double d is t i l l e d  w a te r .  1

S trep to m y c in  so lu tion  (50 m g  in 0 . 5  m) (S trep to m y c in  su lphate #

5 i
B . P .  D is ta ,  L iv e rp o o l)  and 5 x 1 0  units of p e n ic i l l in  (Sulupox- |

f
B en zyp en  D is ta ,  L iv e r p o o l)  w as  added to the m e d iu m . The so lu tion  2

w as stored  in a liq u o ts  of 9 6 .8 5  m l  at 4°G . Ju st  p r io r  to u s e  3. 15 m l
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of 4.4%  sod ium  b icarb on ate  (W e llc o m e  Ltd) w a s  added to adjust  the  

pH to 7 .4  . H o r se  se r u m  (F lo w  Lab, Irvine) w as  added to the m ed iu m

in the ap p rop ria te  co n cen tra t io n  ju st  p r io r  to u s e .

2 . 9  P r e p a r a t io n  of 5% A gar  G el

75 g of agar  pow der ( ’A g a r  N o b le ' ,  D ifco  Lab, M ichigan) w as  

d is s o lv e d  in 1500 m l double d is t i l le d  w a ter  in a 2 l i t r e  c o n ic a l  f la sk  

and heated  in  a w a ter  bath at i0 0 °C  for  1 hour. A liq u o ts  of 10 m l w e r e  

d is p e r s e d  into M cC artn ey  b o t t le s  and au toclaved  at 15 lb p r e s s u r e  for  

15 m in u te s .  The agar  g e l  w a s  s tored  at 4°C .

2 . 1 0  Conditioned m ed iu m

C onditioned  m ed iu m  conta in ing  the growth fa c to r  e s s e n t ia l  for

co lon y  fo rm a tio n  in  cu ltu re  w as  p rep a red  u s in g  f if tee n  day old m o u se  9
1

f o e t u s e s .  g
i

The f o e tu s e s  w e r e  d e l iv e r e d  by abdom inal h y s te r e c to m y  and k il led  |

by d ecap ita t ion . A fter  being w ash ed  in sa l in e ,  they  w e r e  m in ced  

u sin g  s t e r i l e  s c i s s o r s  with cu rved  p o in ts .  M incing  w as  continued until 

the s m a l le s t  p o s s ib le  fr a g m e n ts  w e r e  obtained . 0.25% try p s in  so lu t io n  S

I
(5 m l per em bryo) w a s  added to the hom ogenate  w hich  w as  incubated fo r  f

1 hour at 37°C . |

T he c e l l  su sp e n s io n  w as then cen tr ifu ged  at 1000 rpm  fo r  10 m in u te s .  

The supernatant w a s  rem o v e d  and the c e l l s  w e r e  w ash ed  tw ice  in s in g le  

strength  F i s c h e r s  m ed iu m  supp lem en ted  with 20% h o r s e  s e r u m .

T he c e l l  co n c e n tr a t io n  w a s  d e term in e d  u s in g  a m o d e l  D C o u lter  .Î

C ounter and the s u sp e n s io n  d iluted  to a co n cen tra t io n  of 4 or 5 x 10^ 

c e l l s  p er  m l ,  u s in g  F i s c h e r s  m ed iu m  and h o r s e  s e r u m .
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S ubseq uently  the so lu tion  w a s  divided into 20 m l  a liqu ots  in  

p la s t ic  t i s s u e  cu ltu re  b o tt le s  ^75 cm ^ , C o r n in g /J o b lin g ,  New  Y orkj.  

T he b o tt le s  w e r e  g a s se d  with 5% CO^ in a ir ,  s e a le d  and incubated  

at 37°C .

A m o n o la y er  of c e l l s  ad h er in g  to the p la s t ic ,  w a s  fo rm ed  after  

3 or  4 d a y s .  On the 7th day of incubation  the supernatant w as  

h a r v e s te d  and f r e s h  m ed iu m  with 20% h o r s e  se r u m  w as p ipetted  o v e r  

the la y e r  of c e l l s .  T he b o tt le s  w e r e  r e g a s s e d  and incubated for  a 

fu rth er  7 d a y s .  T h is  p r o c e s s  of h a r v e s t in g  and re fe ed in g  w as  

rep eated  a s  long  a s  the m o n o la y e r s  su rv iv ed .

2 . 1 1  C ulture of H a e m o p o ie t ic  C e l l  C o lo n ie s  in A gar

T he m ethod u sed  w as  that d e s c r ib e d  by T e s ta ,  1972.

The fo llo w in g  c o n s t itu e n ts  w e r e  m ix ed  togeth er

a m l of s in g le  stren gth  F i s c h e r s  m ed iu m  su pp lem ented  with  

4 0% h o r s e  seru m  

b m l of m o u se  c e l l  su sp e n s io n  (to g iv e  the ap p rop r ia te  f in a l  

c e l l  dilution)

2 .7  m l of con d itioned  m ed iu m  (to g ive  a f ina l co n cen tra t io n  of 

15%)

The tota l vo lu m e would be equal to 18 m l .  U su a l ly  the req u ired  

num ber of c e l l s  w e r e  suspended  in 1 m l  of F i s c h e r s  m ed iu m  so  the  

am ount of m ed iu m  with h o r s e  se r u m  added would be 1 3 .2  m l .

T he agar  w as  added to the c e l l s ,  m ed iu m  and h o r s e  s e r u m  at 

a fa ir ly  high te m p e r a tu r e .  T he heat fro m  the a g a r  w a s  qu ick ly  

d is s ip a te d  when it w as  p ip etted  into the m ix tu re  and did not h arm  the 

c e l l s .  Adding the m o lten  a g a r  at a high tem p e r a tu r e  p reven ted  it
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g e l l in g  b e fo re  it w a s  thorou gh ly  m ix ed  with the m ed ia  and spread  

even ly  o ver  the p e tr i  d i s h e s .

A liq u ots  of 3 m l of the m ix tu r e  w e r e  plated in 50 m m  p la s t ic  

p etr i  d is h e s  (N unclon, G ib e o -b io -c u l t ,  G lasgow ) and spread  ev en ly  

over  the d is h e s  by gen tle  agg it ion  of the p la te s .

T he agar m ix tu r e  w as  a llow ed  to ge l at ro o m  te m p e r a tu r e ,  

b efo re  being p laced  in a s e a le d ,  hum id ified  box.

T he c u ltu r e s  w e r e  g a s s e d  with 5% CO^ in  a ir  and incubated for  

7 days at 37^C .

2 . 1 2  Bone m a r r o w  c e l l  s u sp e n s io n s

M ice  w e r e  k i l le d  by c e r v i c a l  d i s s lo c a t io n  and the f e m o r a  rem o v e d  

a s c e p t ic a l ly .  T he m u s c le  t i s s u e  w a s  c lean ed  off u s in g  a gau ze  sw ab.

T he p ro x im a l ends of the fe m o r a  w e r e  rem oved  and the m a r r o w  w as  

w ashed  out into F i s c h e r s  m ed iu m  u s in g  a sy r in g e  with a 23 G n e e d le .

A s in g le  c e l l  su sp e n s io n  w as obtained by gen tle  a sp ir a t io n  of the so lu tion .

2 . 1 3  S p leen  c e l l  s u sp e n s io n s

The m ic e  w e r e  k i l le d  and the s p le e n  d is s e c t e d  out, f r e e  of 

surrounding t i s s u e s .  V ery  s m a ll  p ie c e s  w e r e  rem o v ed  fr o m  each  end 

of the sp leen  and the sp len ic  pulp w as  gen tly  fo rce d  out fr o m  the -n

c a p s u le  by strok in g  the sp leen  su r fa ce  with the blunt edge of a s t e r i l e  

s c a lp e l .  The c e l l  f r e e  sp len ic  c a p s u le  w as  then d is c a r d e d  and a 

s in g le  c e l l  su sp e n s io n  in F i s c h e r s  m ed iu m  w as obtained fr o m  the pulp  

by gentle  a sp ir a t io n  with a s y r in g e  and n e e d le .

2 . 1 4  B le ed in g  of M ice

M ice  w e r e  a n e s th e t is e d  by 20 s e c s  ex p o su r e  to e th er  and blood  

rem o v ed  by in s e r t io n  of a m ic  roh aem atoc  rit tube into  the r e t r o -o r b i ta l
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s in u s .  F o r  m o s t  e x p e r im e n ts  the m a x im u m  am ount rem o v e d  w as

0. 3 m l .  T o m e a s u r e  the PC V  (packed c e l l  vo lu m e) the h a em a to cr it  

tubes w e r e  sea led  at one end by h ea tin g .  The tub es  w e r e  spun in a 

m ic  roh aem atoc  r it  c e n tr ifu g e  (H aw k sley , London) fo r  5 m in u te s .

The PCV w a s  m e a s u r e d  u s in g  a m ic  roh aem atoc  rit r ea d er  (H a w k sley ,  

L ondon). '

2 . 1 5  S p len ec to m y

M ice  w e r e  a n a e s th e t is e d  with Sagata l P en tob arb iton e  Sodium  

Solu tion  (35 m g /k g  body w eight) .

T he skin o v e r ly in g  the s p le e n  w a s  shaved and c lea n ed  with  

a lc o h o l .  An in c i s io n  w as  m ad e  on the la te r a l  a s p e c t  of the skin w h e re  

the s p le e n  could  be v iew ed  through the abdom inal w a l l .  T he abdom inal  

ca v ity  w as  opened by a s m a ll  in c is io n  and the sp le e n  w as  gen tly  l i f ted  

out. T he sp len ic  v e s s e l s  w e r e  t ied  with su r g ic a l  thread (E th icon  

su tu r e s ,  Edinburgh) and th e  sp le e n  e x c is e d  d is ta l  to the l ig a tu r e .

The p e d ic le  of the sp leen  and the p a n c r e a s  w e r e  rep la ced  w ith in  the  

abdom inal c a v ity  and the abdom inal in c is io n  w as s t itch ed  with s u r g ic a l  

th read . T he skin  in c is io n  w a s  c lo s e d  with 2 or 3 'M ichel' c l ip s .

In sham  operated  c o n tr o ls ,  the sp leen  w as e x te r io r i s e d  and then  

rep la ced  in the abdom inal c a v ity  without in terru p tin g  the blood supply.

59
2 . 1 6  K adio iron  ( F e) Uptake S tu d ies

59E ach  m o u se  w a s  in jec ted  in tra p e r ito n e a lly  with ly^Ci F e  

(R ic h e s ,  1970) ( f e r r ic  c i t r a te ,  sp e c if ic  a c t iv i ty  10 C i / g  F e ,  

R a d io c h e m ic a l  C e n tr e ,  A m e r  s h a m ) . 24 H ours a fter  a d m in is tra t io n
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the ap p rop ria te  t i s s u e s  w e r e  re m o v e d ,  w eighed  and p laced  in t e s t - t u b e s .

The a c t iv i t ie s  w e r e  m e a s u r e d  by an Inter technique CG 30 G am m a C ounter ,

59
Standards w e r e  p rep a red  fr o m  F e  so lu tion , to enable  the g r o s s  uptake j

in each  t i s s u e  to be  c a lc u la te d .

2 . 1 7  M ic e  :|

C B A /H  m a le  m ic e  of about 100 days old w e r e  u sed  fo r  ir r a d ia t io n s .  |

T h is  s tra in  has been  inbred fo r  a lm o s t  25 y e a r s  in the M . R . C .  |

R ad iob io logy  U nit, H a r w e l l .  j
'j

The a n im a ls  w e r e  p rov id ed  with food p e l l e t s  and ch lor in a ted  -j

w a ter  'ad l ib i tu m ' .  j

2 . 1 8  K - ir r a d ia t io n

A f i l t e r  c o n s is t in g  of c o n c e n tr ic  cop p er  s h e e ts  w as  u sed  to g ive  

a un iform  f ie ld  with a h a lf -v a lu e  la y e r  of 1. 1 m m  of Cu. C onstant  

vo ltage  (250 kV) w a s  m ain ta in ed  by autom atic  c o m p e n sa t io n .  

M e a s u r e m e n ts  w e r e  m ade in the actua l boxes  u sed  to conta in  the  

a n im a ls  in w hich  phantom  m ic e  m ad e  of L in c o ln sh ir e  b o las  in  

polythene b ags w e r e  p laced  on a saw dust bed to s im u la te  e x p e r im e n ta l  

c o n d it io n s .  E x p o su r e  w a s  d o r s a l  v en tra l  and the d o se  r a te s  w e r e  

4 . 2 ,  57 . 3 and 552. 0 r a d /m in  and the app rop ria te  S . 8 .  D . ' s a llow ed  

con stant d o sa g e  through the m ic e  to within  1-2%.

2 . 1 9  M etap h ase  a r r e s t  s tu d ie s  in  ir r a d ia t io n  induced m u r in e  m y e lo id  

le u k a e m ia s

V in c r is t in e  ("O ncovin", V in c r is t in e  su lphate , B . P .  E l i -L i l ly )  

or c o l c e m id ( D e m e c o lc in e  Ciba Lab, H orsham ) w as  a d m in is te r e d  by 

in tra p er ito n ea l  in jec t io n  to C B A /H  m a le  m ic e .  T h e s e  m ic e  had
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r e c e iv e d  d if feren t  d o s e s  of ir r a d ia t io n  when a p p ro x im a te ly  100 d ays  

old. L eu k a em ia  w as  d iagn osed  at v a r io u s  in te r v a ls  a f ter  ir r a d ia t io n  

(M ajor, 1979).

2 .  2 0  C ulture of le u k a em ia  c e l l s

I
S p leen  c e l l s  fro m  m ic e  with p r im a r y  of p a s sa g e d  le u k a e m ia s  

w e r e  suspended  in  E a g le s  m ed iu m  (E a g le s  MEM with E a r le s  s a l t s  

without L -g lu ta m in e  - G ib c o -B io C u lt ,  G la sg o w ).  S ing le  c e l l  1

s u sp e n s io n s  w e r e  obtained by p a s s in g  the su sp e n s io n  through • |

p r o g r e s s iv e l y  s m a l le r  b o re  n e e d le s  until the so lu tion  p a s se d  e a s i l y  1
'I

through a 25 G n e e d le .  i

C e l l s  w e r e  cu ltu red , with the app rop ria te  co n cen tra t io n  of J

v in c r is t in e  or c o lc e m id ,  fo r  2 h ou rs  in s t e r i l e  u n iv e r s a l  tu b e s ,  kept

m o b ile  on a ro tary  m ix e r .  |

6 ’1C e l l s  w e r e  cu ltu red  at a c o n cen tra t io n  of 10 / m l .

S m e a r  sjo£ cuU\£r^c^cens_ w e r e  m ad e  using a cy to sp in  (Shandon-E llio tt)  . '

C e l l  s u sp e n s io n s  w e r e  spun at 800 -1 0 0  rpm  for  10 m in u te s .

I
I.'!

Ê ^ I j G u k a e n q i c ^ w e r e  m ad e by te a s in g  the t i s s u e  in s m a ll  -i
.j

am ou nts  of fo e ta l  c a l f  s e r u m .  S m a ll  drop s of the c e l l  su sp e n s io n  |

obtained w e r e  sp read  on g la s s  s l id e s  a ir  dr ied  and fixed  in m eth an o l J
vj

for  10 m in u te s .  The s m e a r  p rep a ra t io n s  w e r e  sta ined  with :|

M ay-G runw ald  G ie m s a  s ta in .
1

2 . 2 1  Counting of m e ta p h a se s

One thousand le u k a e m ia  c e l l s  w e r e  counted f r o m  each  s m e a r  and 

the num ber in m e ta p h a se  r e c o r d e d .  S e v e r a l  s l id e s  of each  p rep ara tion  

w e r e  coun ted . T h e  m e a n s  and e r r o r s  of the b in o m ia l  p r o p o r t io n s ,

obtained fr o m  th e s e  c o u n ts ,  w e r e  c a lc u la te d .



3 .  RESULTS
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3 . 1  The E f fe c t s  of C oncen tra tion  of H o r s e  S eru m  on C olony  Y ield

A liq u ots  of f e m o r a l  bone m a r r o w  c e l l  su sp e n s io n  fr o m  one CDI 

f e m a le  m o u s e  w e r e  cu ltu red  with v a r io u s  am ounts  of h o r s e  se r u m  

p r e s e n t  in  the m ed iu m .

F i s c h e r s  m ed iu m  conta in ing  20, 30, 40, 50 and 60 p er  cen t  h o r s e  

se r u m  w as m ad e  up. The bone m a rro w  c e l l s  and agar  w e r e  added  

to th e se  m ix tu r e s  su b seq u en tly ,  so  the above p e r c e n ta g e s  do not 

r e p r e se n t  the f in a l  co n cen tra t io n  of h o r s e  se r u m  in the agar  m ed iu m

R e s u l t s
5

F ig .  I sh ow s the num ber of C F U ^ /2  x 10 n u c lea ted  c e l l s ,  fo rm ed  

with v a r io u s  c o n c e n tr a t io n s  of h o r s e  s e r u m  in the m ed iu m .

T h e r e  i s  a s tea d y  in c r e a s e  in  the n u m b ers  of C FU  with thec

in c r e a s e  in the amount of h o r s e  s e r u m  up to 50%. At 60% the n u m b ers  

of C F U c fa l l ,  su g g est in g  th e r e  i s  so m e  inhib ition  of co lon y  form ation  

in c u ltu r e s  conta in ing  th is  high am ount of h o r s e  s e r u m ,  although th is  

d e c r e a s e  in  C FU c could  be due to the fa c t  that o ther n u tr ien ts  in the  

m ed iu m  have  been  diluted  by th is  amount of s e r u m .

T h is  ex p er im en t  i l lu s t r a t e s  the d ependency  of co lon y  fo rm a tio n  

on the a c t iv e  p r in c ip a l in seru m  and the co n cen tra t io n  of that a c t iv e  

p r in c ip a l p r e s e n t  in the m ed iu m .

The sa m e  batch of con d it ion ed  m ed iu m  w as  u sed  in  each  a s s a y .
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3 * 2  E f f e c t s  of amount of Condit ioned  M edium  on co lony  y ie ld

In th is  e x p e r im e n t  n o r m a l  m o u s e  bone m a r r o w  w a s  cu ltured in the  

usual m an n er ,  but with d if ferent  c o n cen tra t io ns  of the s a m e  condit ioned  

m e d iu m .

F i v e  groups of f iv e  p la t e s  each contained  10, 15, 20, 25 and 30 

per cent  condit ioned  m e d iu m  r e s p e c t i v e l y .  T h e s e  p e r c e n t a g e s  

r e p r e s e n t  the f inal  co n cen tra t io n  of conditioned  m e d iu m  in the agar  

m e d iu m .

R e s u l t s

The co lony  n u m b e rs  a re  s e e n  to p lateau  at the v a lu e s  of 15 and 20 

per  cen t  i . F i g . 2 j .  T h i s  r e s u l t  i s  c o n s i s t e n t  with the s ig m o id  c l o s e  

re la t ion sh ip  reported  by other  w o r k e r s  (M etca l f  and M o o r e ,  1971),  

T h e r e  is an i n c r e a s e  in the p ro p o r t io n s  of m ix ed  and granulocyte  

c o l o n i e s ,  when h igh er  co n c e n tr a t io n s  of CSF a r e  p r e s e n t ,  but this  

i n c r e a s e  i s  not highly  s ign i f icant .
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3 , 3  V aria t ion  in n u m b e r s  and typ es  of  C F U -C  produced by d if ferent  b a tch es  

of condit ioned  m e d iu m

C u l tu r e s  of n o r m a l  bone m a r r o w  f r o m  the f e m u r s  of GDI f e m a l e  

m i c e  w e r e  se t  up u s in g  th ree  d i f ferent  b atches  of  condit ioned  m e d iu m .

The fo l lowing  r e s u l t s  w e r e  obtained

T y p e s  of C o lo n ie s
Conditioned Tota l  No.  of % of total  I" SE |
M edium  C o lo n ie s  ' 4

M acrophage  Mixed G ranu locyte  J

l l i i a  1 8 8 .0 0  + 1 5 .5 0  5 1 . 9  1*0 .10 2 6 . 9  + 0 . 1 0  2 1 . 0 6  + 0 . 0 9

12 ii  a 8 8 . 6 6  + 1 4 .5 3  3 5 . 3 3  + 0 . 2 9  19 .54  + 0 . 3 0  4 5 . 1 1  ± 0 . 2 5

14 ii  1 9 6 .6 7  + 1 6 .8 0  5 5 . 2 5  + 0.  10 2 4 . 4 0  + 0 . 2 0  18 .64  + 0.10';

Two b atch es  of m e d iu m  gave  v e r y  s im i l a r  r e s u l t s  n a m e ly  l l i i a  and Ï

14ii .  T h e s e  b a tch es  which  gave  a h igher  yie ld than the third a l s o  B

produced s i m i l a r  p rop ort ion s  of types  of c o l o n i e s ,  m a c r o p h a g e  c o l o n i e s  ' j

m ak in g  up the l a r g e s t  p rop ort ion  fo l low ed ,  in o r d e r ,  by m ixed  and ..v

granulocyte  c o l o n i e s .  I

Granu locyte  c o l o n i e s ,  h o w e v e r ,  m ade  up the h ig h e s t  p rop ort ion  In 

the c u l tu r e s  total ,  whi le  gran u locy te  m ade  up 64%. T h i s  d is tr ib ut ion  4

of co lony  type c o r r e s p o n d s  to the situation w h e re  a weak  condit ioned  i

m e d iu m  w as  u s ed .  Although co lon y  n u m b e r s  w e r e  low the p rop ort ion s  |
1

of m ix ed  and g ran u locy te  c o l o n i e s  w e r e  h igher  than the p rop ort ion  of !

1
m a c r o p h a g e  c o l o n i e s  which i s  the r e v e r s e  of the s ituat ion  when an a c t iv e  J

condit ioned  m e d iu m  w a s  u s ed .
v | i

S ince  the co n c e n tr a t io n  of C F U -C  on the f e m u r  in m a r r o w  I

re g e n e r a t in g  3 days  a f ter  HN^ i s  the s a m e  as  n o r m a l  m a r r o w  the s a m e
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n um ber  of c o l o n i e s  should f o r m  per  m i l l io n  c e l l s .

The co lony  fo rm a t io n  in the r eg e n e ra t in g  m a r r o w  cultured with  

no CSF m u s t  be due to the p r e s e n c e  of a h igh er  p rop ort ion  of m a r r o w  

c e l l s  r e l e a s i n g  C SF .

3 . 4  V ar ian ce  of C FU c content  am ong  individual m i c e

The f e m o r a l  content  of individual  CDI m i c e  w a s  m e a s u r e d .  The

5
number of C F U c  p e r  2 x  10 c e l l s  w a s  rec o rd ed  s in c e  this  w as  the

fo rm  of m e a s u r e m e n t  adopted in m o s t  e x p e r i m e n t s .

T he  number of C F U c  i s  not re la ted  to the body w e igh t  of the

5an im al .  The  C F U c / 2  x  10 c e l l s  in an animal w eigh ing  29 g r a m s  

d if fered  s ign i f ican t ly  f r o m  the n u m ber  of C F U c / 2 x 10^ c e l l  in two  

a n im a ls  w e igh in g  26 g r a m s  and 35 f r a m e  r e s p e c t i v e l y  (p < 0 , 0 5 ) .

T h is  l e v e l  of b io lo g i c a l  v a r ia n c e  w as  c o n s id e r e d  a c c e p ta b le  for m o s t  

e x p e r i m e n t s  and m ight  be o v e r c o m e  by pool ing the m a r r o w  f r o m  5 

id en t ic a l ly  trea ted  m i c e .  4

I

i
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3 ,  5 Splenic  C F U c

An e s t i m a t e  of  the n u m b e r  of C F U c  p er  number of  sp leen  c e l l s  

plated w as  m a d e  with a v iew  to f inding a su itable  n um ber  of s p leen  

c e l l s  to s eed  in each  cu l ture  d i s h .  Spleen  c e l l s  w e r e  suspended  

in m e d iu m  then s eeded  at d i f fere n t  c o n c e n tr a t io n s  in agar  m e d iu m  

and cu ltured  fo r  fo r m a t io n  of c o l o n i e s .

R e s u l t s

Although the n um ber  of  C F U c  fo rm ed  v a r i e s  g r e a t l y  with the

batch of condit ioned m e d iu m  u s ed ,  i t  req u ired  about 10^ n o rm a l

5
sp leen  c e l l s  to p roduce  a s  m an y  c o l o n i e s  as  10 n o r m a l  bone m a r r o w  

c e l l s  produced  with the s a m e  batch of condit ioned m e d iu m .
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T h e  nu m ber  of C F U -C  obtained fr o m  plating d i f ferent  n u m b e r s  

of sp leen  c e l l s .
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Table 3

Number of CFU--C in p la tes  conta in ing d i f fe re n t  numbers of spleen c e l ls I
Numbers o f 
Spleen Cells

Macrophage
Colonies

Mixed
Colonies

Granulocyte
Colonies

Tota l
Colonies C lusters

g

1
5 x 1 0 ^ X 3.00 2.40 3.80 9.20 8 .8

SD 2 . 0 0 1.94 1.64 2.77 2.28
SE 0.894 0.87 0.73 1.24 1.02 J

10^ X 8 . 2 0 8.60 7.00 23.80 26.60
SD 5.07 2.70 3.32 8.71 5.41 I t

SE 2.27 1 . 2 1 1.48 3.96 2.42
■i.

2 X 10^ X 36.80 16.60 29.80 83.20 39.60
SD 11.30 8.44 7.39 13.36 12.83

'4 ;

SE 5. 05 3.77 3.30 5.90 5.74

1
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I

3 . 6  E f f e c t s  of lOCyCtg HN  ̂ on H a e m o p o ie t i c  and Lymphoid  t i s s u e s  in the  |

12 days  a f ter  t r e a tm e n t  4

Grovç» s of 5 CDI f e m a l e  m i c e  w e r e  autopsied  at regu lar  in t e r v a l s  

during a 12 day p er iod  of l y m p h o m y e lo id  t i s s u e  r e g e n e r a t io n  

fo l lowing  the h y p o c e l lu la r i ty  which  o c c u r s  a f ter  t r e a tm e n t  with  

100/^g  HN^,. The m i c e  w e r e  w eighed  before  k i l l in g .  The  th ym u s ,  

lymph nodes  and s p le e n s  w e r e  d i s s e c t e d  out. The f e m u r s  w e r e  

d i s s e c t e d  out,  c l e a n e d  and the bone m a r r o w  w ash ed  out into F i s c h e r s  

m e d iu m  for  c e l l  coun ts .

F i g u r e  5 shows that the m o u s e  body weight  f a l l s  s l ig h t ly  and r e m a i n s  

around 20 g r a m s .

F i g u r e  6 shows that the thym us  f a l l s  to a m in im u m  weight  b e tw een  

days  3 and 8 a f ter  1 0 0 y tg  HN^ then r i s e s  again  tow ards  n o r m a l  v a lu e s .

F i g u r e  7 shows that the pooled  lymph node w e igh ts  (au x i l iary  and 

inguinal)  fal l  to a m in im u m  b etw een  days  2 and 10 a f ter  100yw.g HN^ 

and r i s e  af ter  10 d a y s .

F i g u r e  8. The m e s e n t e r i c  lymph node weight  f a l l s  to a m in im u m  

b etw een  days  3 and 8 then r i s e s  betw een  days  8 and 12.

F i g u r e  9. The sp le e n  weight  f a l l s  betw een  days  3 and 8 and r i s e s  

b etw een  d a y s  8 and 12.

F i g u r e  10. The  f e m o r a l  c e l l u l a r i t y  f a l l s  to a m in im u m  b etw een  days  |

2 and 6 then r i s e s  to n o r m a l  v a lu e s  by day 10 and then b eg in s  to 

f luctuate around the n o r m a l  v a lu e .  4

T h e s e  r e s u l t s  a r e  s i m i l a r  to th ose  obtained by Sharp et al (197  3) 

on CSX/ASH f e m a l e  m i c e . ’if'
■i
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F i g u r e  5

20'

"S'OQ

2 4 10 126 8
Days after 100 jjg

M o u s e  body weight  on days  fo l lowing  t r ea tm en t  with 100yxg HN,

I
?
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F i g u r e  6

40

30

a

2 4 6 8 10 12
Days after 100 ug HN^

T h y m u s  weight  (mg) on days  fo l lowing tr e a tm e n t  with 100y C L g  HN,
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F i g u r e  7

e n

O)

x:
e x

Days after 100 ug HN

Poo led  lymph node (aux i l iary  and inguinal)  weight  (mg) on days  

fo l low ing  t r e a tm e n t  with lOOyCtg HN^
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Days after 100 ug

M e s e n t e r i c  lymph node weight  (mg) on days  fo l low ing  t r ea tm en t  

with 100 y u g  HN



86

F i g u r e  9

100

J Z
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o>

2 4
Days after 100 ug

10 12

Spleen  weight  (mg) on days  fo l lowing  t rea tm en t  with 100yug HN.

I
I
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F i g u r e  10

20

v O
CD

o>O
ro

2 4
Days after lOOug HN»

10 12

The f e m o r a l  c e l lu la r i t y  x  10^ on days  fo l lowing t r e a tm e n t  with

100 ŷ g HN
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3 . 7  R e c o v e r y  of  G FU-G af ter  100 y<̂ g

GDI f e m a l e  m i c e  w e igh in g  2 0 - 2 5  g, w e r e  g iven  100 /tg  m u s t i n e

h ydroch lor id e  in t r a v e n o u s ly .  On the days  a f ter  t r e a tm e n t  which

a r e  tabulated,  C F U -C  a s s a y s  w e r e  set  up. Bone  m a r r o w  f r o m  the

f e m u r s  of 5 m i c e  w as  pooled  for  each  a s s a y .

The  num ber  of  c o l o n i e s  p r e s e n t  a f ter  t r e a tm e n t  with i s

e x p r e s s e d  a s  a p e r c e n ta g e  of the n um ber  of c o l o n i e s  f r o m  n o rm a l

m a r r o w  cultured  at the s a m e  t im e  and under the s a m e  con d i t ion s .

T h i s  obv ia tes  the need  to c o n s i d e r  the in f luence  of the v a r ia n c e  in the

e f f e c t i v e n e s s  of d i f ferent  condtioned  m e d ia  on the r e s u l t s .

T h e  total  C F U -C  f e m o r a l  content  a f ter  100 g i s  v e r y  low  on

days  1 and 2.  It r i s e s  to half  n o r m a l  l e v e l s  by day 5 then r i s e s  sh arp ly

to a l m o s t  tw ice  n o r m a l  l e v e l s  by day 6. It then f a l l s  aga in  to half

n o r m a l  l e v e l s  by day 10 ( F i g u r e  11).  T h e r e  i s  p o s s i b l y  c o n s id e r a b le

o s c i l l a t io n  around n o r m a l  v a lu e s  for  s o m e  t im e  a f ter  th is .

The co n cen tra t io n  of C F U -C  in the f e m u r  a f ter  i s  v e r y  low

on days  1 and 2 but r i s e s  sharp ly  to th ree  t i m e s  n o r m a l  l e v e l s  by day 6,

fa l l ing  aga in  to a l m o s t  half  n o r m a l  l e v e l s  by day 10 ( F ig u r e  12).

The  m a s s i v e  e r r o r s  on the  e a r l y  v a lu e s  ( i e .  days  1 and 2) a re

produced  by the fo rm u la  u sed  to c a l c u la te  e r r o r s  of p r o p o r t io n s ,

i e .  f S E w f  [sElbll ^
SEJr) = a b

w h e r e  r = ^  L  b

T h ey  should not be c o n s id e r e d  to have any b io lo g ic a l  im p l i c a t io n s .



F i g u r e  11
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Days after HN2
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The p e r c e n ta g e  of n o r m a l  f e m o r a l  C F U -C  content  of bone m a r r o w  

on days  fo l low ing  t r e a tm e n t  with  100
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F i g u r e  12
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Days after HN2

The co n c e n tr a t io n  of C F U -C  in f e m o r a l  bone m a r r o w  fo llowing  

days  a f ter  t rea tm en t  with 100 y t C g  HN^ e x p r e s s e d  a s  a p e r c e n ta g e

of n o r m a l  f e m o r a l  C F U -C  con cen tra t ion .
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Table 5

Recovery of  CFU-C a f t e r  100 / i q  HNg

Days a f t e r  
HN„

CFU-C/femur

Control HN,

i  HN_ CFU-C/Control 
CFU-C CFU-C

(per femur)

1 32293.18 + 480.0 103.10 + 81,8 0.32 + 78.0

2 14754.00 + 1522 52.94 ± 11.10 1.88 + 7.07

3 21766 + 454 2931.96 + 102.6 13.47 + 3.74

4 21240 + 586 3256.5 + 289.8 15.33 ± 8.70

5 25860 ± 1134 14347.2 + 818.6 55.48 + 7.14

5 25928 ± 516 46680 + 259 180.03 + 1.81

a 20758.4 ± 1930 24825,6 + 907 119.59 + 9.64

10 18080 + 2254 8416 + 289 46.54 + 12.6
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Table  6

Concentration of  CFU-C during recovery from 100 / x . q  HN̂

I
5 9

Days a f t e r  CFU-C/lO femoral c e l l s  3

1 144.16 i  8.1 1.074 + 0.2 1
2 73.77 ± 7.61 1.764 t 0.37

3 108.83 ±  2.72 122.16 + 5.13

4 88.50 ±  2 .93 108.55 + 9,66 i
5 107.75 i  5.67 239.12 + 13.81

%

92.6 i  2.58 16 311.2 t 25.9

8 99.80 +  9.65 129.30 ± 9.07

10 90.4  t  11.27 52.6 ± 2.89 t

' S%
'ti

% Cone HNg /  Control &

1 0.74 t 18.16

2 2.39 + 22.30

3 112.24 ± 4.79 . 3
4 122.65 ± 8.94 1

5 221.92 + 7.07
1

6 336.06 8.71 :i
8 129.55 ± 11.40 1

10 58.18 + 13.41
3

;
I
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3 . 8  C e l l  P ro d u ct io n  in Bone  M a rr o w  R e g e n e r a t in g  a f ter  H N ^

D a y s  af ter H ou rs  af ter  v i n c r i s t in e
trea tm en t 2 4 6

1 0. 83 + 0 . 1 1 0 . 8 6  t  0 .1 1 0 . 7 1 î  0.  10

2 1 .0 0  t 0 . 4 0 6 . 6 0  t  1 .1 0 8 . 6 0 + 1 . 1 0

4 6 0 . 0 0  + 3 . 0 0 78 .  50 t  3 . 4 0 136. 00 ± 4 . 4 0

6 6 0 . 5 0  + 3 .0 0 1 1 4 .0 0  + 4 .  10 1 3 4 .0 0 ± 4 . 4 0

R e g r e s s i o n  l ine  y = ax + b

Day 1 y = 9 .2 4 3. 02x Æ  - 4 , 0 5 1 df
's = 4 . 0 5
V 2 -

2 y = 2.  0 Sx - 3. 07 = 1 .8 2 1 df
s = 1 .8 2

4 y = 1 8. 2x + 18 .4 = 2 . 2 3 1 df
8 = 2 . 2 3

6 y = 1 9. 3x + 25.  1 = 1 ,21 1 df
S = 1.21

M ic e  w e r e  given v in c r i s t in e  (2 m g / k g  body weight)  fOncovin,  

v i n c r i s t in e  su lphate ,  B P ,  E l i  L i l l y  and Co Ltd,  B a s in g s t o k e ,  England j 

in tr a p e r i to n e a l ly  on days  1, . 2 ,  4 and 6 af ter  lO O ^ g  , On t h e s e  

days  m i c e  w e r e  k i l l e d  at 2,  4 and 6 hour in t e r v a l s  a f t e r  r e c e iv i n g  

v in c r i s t i n e .

F e m u r s  f r o m  2 m i c e  w e r e  pooled  at each  point.  The con ten ts  

of the f e m u r s  w e r e  suspended in F i s c h e r s  m e d iu m  with 20% h o r s e  -%

s e r u m .  S m e a r s  w e r e  then p rep a red  us ing  a c y to s p in .

T h e  m e a n s  and e r r o r s  of the b in om ia l  p r o p o r t io n s  w e r e  c a lcu la ted  

at each  point.  S ix  thousand c e l l s  w e r e  counted fo r  each  v a lu e .  A 

l in e a r  r e g r e s s i o n  w a s  f it ted  to the points  us ing  an i t e r a t iv e  p r o c e d u r e  

based  on the method of m a x i m u m  l ike l ih ood .  T h e  g o o d n e s s  of fit of 

the l in e a r  r e g r e s s i o n  i s  t e s ted  by the x^ va lu e .  T he  s lope  of the 

l ine g iv e s  the product ion  ra te of the c e l l s  (F igure  13.

M e t a p h a s e s / 1000 f e m o r a l  n u c lea ted  c e l l s  x t  SE

I
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On days  1 and 2 the c e l l  product ion  i s  n e g l i g ib le .  On days  4 

and 6 the c e l l  product ion  ra te  i s  1 8 ,2  and 1 9 .3  c e l l s  per  1000 c e l l s  

per  hour.  T h i s  would g ive  a turn over  t im e  of 5 4 . 9  h r s  on day 4 

and 5 1 . 8  h r s  on day 6 which i s  m o r e  or l e s s  con stant .

It might  be sa id ,  although that the age  d is tr ib u t ion  o f  the c e l l s  

in the r e g e n e r a t in g  m a r r o w  i s  exponentia l  rather  than rec ta n g u la r .

In this  c a s e  it would be m o r e  appropria te  to apply the c o l l e c t i o n  function  

of P u c k  and Steffen  (1963)

log? 11 + M(t) ] =

w h e r e  M(t) i s  the m i to t i c  index,  t the duration of m i t o s i s ,  t the t im e  ' ‘ m

of m e ta p h a s e  a ccu m u la t io n  and T^ the c e l l  c y c l e  t i m e .
■

H o w e v e r  the r e g r e s s i o n  of the b in om ia l  p rop or t ion s  on x  a s  ,3

e s t im a te d  by m a x im u m  like lihood  m e th o d s ,  w h e re  log  i_l + M(t) J = a + bx 

g iv e s  the fo l lowing  r e s u l t s .

Day

4 log  [1 + M(t) ] = 0 . 0 2 9 0  + 0.0245%

a = 0 . 2 9 0  I  0 . 2 9 3  

b = 0 . 0 2 4  5 t  0 . 0 0 7  5 |

X? = 19.  61 (p = 0 .0 5 9 5 )  Si

6 log  1̂1 + M(t) J = 0. 0396 0. 0253x

a = 0 . 0 3 9 6  + 0 . 0 2 5 9
«

b = 0 . 0 2 5 3  + 0 . 0 0 6 5  ^

= 1 3 . 7 6  (p = 0 .0 0 0 2 1 )  I1

2
X. Is highly  s ign i f icant  th e r e f o r e  the r e g r e s s i o n  i s  a poor  f it .

It would s e e m  t h e r e f o r e  that the r e g e n e r a t in g  m a r r o w  d o e s  not |

have  an exponentia l  age  d is tr ibu t ion .



F i g u r e  13

9 6

1 0 0
ooo Day 6

Day k

2 / ^ 6

Hours after vincristine

- jN um ber  of c e l l s  a r r e s t e d  in m etap h ase  x  10 f e m o r a l  bone m a r r o w  

c e l l s  on days  4 and 6 fo l lowing t r ea tm en t  with 100ŷ Lg HN^
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3 . 9  C F U -C  in S - p h a s e  during bone m a r r o w  r e g e n e r a t io n  a f ter

trea tm en t  with HN^
 2—

20 m i c e  w e r e  given 1 0 0 / * %  IV. On the 3rd and 6th day af ter

t rea tm en t  5 m i c e  w e r e  g iven  100 m g h ydroxyurea  

which is  s p e c i f i c a l ly  toxic to c e l l s  in S - p h a s e .  40 m in u te s  la t e r  

the m i c e  w e r e  k i l l ed  a long with 5 m i c e  which had r e c e i v e d  100 /Lg 

HN^ 3 or 6 days  p r e v i o u s l y .

The  num ber  of nuc leated  c e l l s  in the f e m u r s  of each set  of m i c e

5
was m e a s u r e d .  The num ber  or  C F U - C / 2  x 10 bone m a r r o w  c e l l s  

plated w as  r e c o r d e d .  T h e  num ber  of C F U -C  in the f e m u r  a f ter  the  

d e s c r ib e d  t r e a t m e n t s  w a s  then ca lcu la ted .

C F U -C  p er  fem u r  

X + SE

A fter  100y t g  HN_ A fter  100 j i x %  HN
+ 100 m g  HU

Day 3 8 5 9 . 8  ^ 1 0 5 . 6  1 82 .4  + 3 1 . 2

Day 6 1 8 2 7 0 .0  + 6 5 . 1  161 2 8 .0  + 14 0 .4

P r o p o r t io n  of C F U -C  in S - p h a s e

Day 3 Day 6

78.8% 11.8%

In m i c e  not trea ted  with n i t ro g en  m u star d  the C F U -C  content  

b efore  and a f ter  HU w a s  a s  on the next page .

■i

J



F e m o r a l  C e l lu la r i ty

N o r m a l

2 . 8 x 1 0

100 m g  HU 

1 . 6 x 1 0 ^

C F U - C / 2  X 10 f e m o r a l  c e l l s  

N o r m a l  HU

1 9 1 . 6  t  8 . 4 5  96.  00 t  11.  14

C F U -C  / f e m u r

N o r m a l

53648

P r o p o r t io n  in S - p h a s e  50.  10%

HU 

24 960

98

à

I
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3 , 1 0  E r y th ro p o ie t i c  A c t iv i ty  in the S p leen  and F e m u r  af ter  n i trogen  m u sta r d  

and b leeding

E r y t h r o p o i e s i s  w a s  m e a s u r e d  in the sp leen  and f e m u r  by m e a s u r i n g  

59
the uptake of F e  in th e s e  t i s s u e s .

10 GDI f e m a l e  m i c e  w e r e  u sed  for each point.  T h e  m i c e  w e r e  

59given  1/UCi F e  each  and the p e r c e n ta g e  uptake c a l c u la t e d .  A

59standard v ia l  contain ing  O.OlyO-Ci F e  w a s  a lw ays  counted a long with

v ia l s  contain ing the t i s s u e s .  T he  act iv i ty  in 1 ytLCi w a s  then e s t im a te d

f r o m  this  and counts  f r o m  the t i s s u e s  e x p r e s s e d  as  a p e r c e n ta g e  of th is

a c t iv i ty  a f ter  background counts  had been  subtracted .

In each  of the c a t e g o r i e s ,  n o r m a l ,  day 1, 4 and 6 a f ter  n i trogen

59m u s ta r d  m i c e  w e r e  bled one day b e fo re  the F e  uptake w as  m e a s u r e d .

59
Uptake F e  %

D a y s  a f ter  Unbled B led
HN^ X + SE % X ± SE %

S p leen  F e m u r  S p leen  F e m u r

No drug 2 . 9 6  + 0 . 0 5  1 . 1 0  + 0 . 1 0  4 . 7 1  ± 0 . 5 2  0 . 5 2  ± 0 . 0 5

1 0 . 7 8  + 0 . 0 5  0 . 1 2  + 0 . 0 0 5  0 . 8 9  + 0 . 0 9  0 . 1 3  ± 0 . 011

4 2 . 0 0 9  + 0.  317 0 . 2 6 3  + 0 . 0 6 8  1 . 9 7 9  + 0.  866 0 . 4 1 5  ^ 0 . 1 1 9

6 1 . 367  ^ 0.  678 0 . 3 8 6  + 0 . 1 3 7  2,  64 3 + 1.  61 0 . 4 2 8  ± 0 . 1 4 5

59
With no drug the F e  uptake in the s p le e n  and fe m u r  i s  s ig n i f ic a nt ly  

g r e a te r  in m i c e  which  have  had 0.  3 m l  of blood r e m o v e d  the p r e v i o u s  day.  

H o w e v e r ,  in the sp le e n  and m a r r o w  which  are  r e g e n e r a t in g  f r o m  HN^ 

the d i f f e r e n c e  in bled and unbled a n im a l s  on days  1, 4 and 6 a f ter  the 

drug,  is  not s t a t i s t i c a l l y  v e r y  s i g n i f i c a n t ,  b u t  s h o w s  a  t r e n d  

q>f h i g h e r  u p t ^ c e  i n  t h e  b l e d  a n i m a l s .  On d ay  3  . a f t e r  lOOug.

HN„ t h e  f e m o r a l  CFU-C c o n t e n t  i s  r e d u c e d  by b l e e d i n g .  T h i s  

r e s p o n s e  o f  r e g e n e r a t i n g  marrow t o  a  r e q u i r e m e n t  f o r  

e r y t h r o i d  p r o d u c t i o n  i s  r e f l e c t e d  by a s l i g h t l y  r a i s e d

uptake of Fe^^. ( Table 8 ) i



Table 8

Haamatocrit P \ J C { % )  Femur^Cellularity spleen  Weight (mg)

NB 8 NB B 8 B
x ± S E

Normal 45 ±0.45 41.6±0.98 18.6+0.05 21.9+0.13 109.69±3.73 161.74±13.33

t  s ig  p = 0.01

 ̂ 46.7+2.86 36.37+0.96 4.5+0.08 5.5+0.10 4 8 . 4 + 5 . 5 9  50.75+ 6. 16

 ̂ 45.8+2.07 34.87+1.32 4.89+1.06 3.30+0.37 82.99+5.95 67.65+ 5. 24

 ̂ 46 .5 Î0 .64  34.24+0.59 12.56+2.31 14.10±3.05 69.35±7 .2  67. 2 +  4.9

NB = not bled 

B bled

Nos CFUc on days a f t e r  HN̂  may not be d i r e c t ly  compared to  

each other s in ce  d i f f e r e n t  conditioned media had to be used 
in each colony assay.
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59 59
'•■«•if

NB B NB B NB B

1.10+0.10 0.52+0.05 2.96+0.05 4.71+0.52 159.2+ 9.48 151.25+36.9
t  s ig  p = 0.05  t  s ig  p = 0.05

0.12+0.05  0.13+0.01 0.78+0.05 0.89+0.09 568.2+19,04 316.6+22.24
tg = 8.61

0.26+0.02 0.42+0.03 2 .01+0.10 1.98+0.29

0.38+0.04  0 .42+0.04 1 .36+0.22 2.64+0.50 235.8+30.51 242.6+17.00



1 0  2

3 . 1 1  Sp len ic  C F U -C  Content a f ter  lOOyUg

Splenic  c e l lu la r i t y  w a s  m e a s u r e d  by e s t im a t in g  the num ber  of  

c e l l s  p er  m g  w eight  of sp leen  and m u lt ip l ied  by the co r r e s p o n d in g  

weight  of the s p le e n  on the ap propria te  days  a f ter  n i t r o g e n  m u sta r d  

t re a tm e n t .

The con cen tra t ion  of C F U -C  in the sp leen  on t h e s e  days  w as  

a s s a y e d .  T h e s e  c o n c e n tr a t io n s  w e r e  then c o n v er te d  to tota l  sp len ic  

C F U -C  content  by m u lt ip ly in g  by the co rr es p o n d in g  sp leen  c e l lu la r i t y .

T h e  v a lu e s  for  sp len ic  C F U - C  content  on days  1, 3 and 5 a f ter  

100/i.g HN^ w e r e  c o m p a r e d  to the n o r m a l  sp len ic  C F U -C  content .

On day 1 a f ter  HN^ the sp len ic  C F U -C  are  four p e r  c e n t  of n o r m a l .

The  s p leen  w eight  at th is  t im e  i s  about 60% of n o r m a l .  On day 3 when  

the s p le e n  w eight  i s  at i t s  l o w e s t  a f ter  HN^ the C F U - C  content  i s  

a l m o s t  n e g l i g ib l e .  On day 5 when the sp leen  w e igh t  i s  in c r e a s i n g  the  

C F U -C  content  has  rebounded to half  n o r m a l  l e v e l s .

Bone  m a r r o w  C F U -C  r e a c h  th is  proport ion  3 days  af ter  100yx.g H N ^,

Spleen  w e ig h ts

r. tttvt N o r m a l  A f te r  100/t-g HN„
D a y  after  H I , ,  + g;,)  2

1 9 0 . 6 6  t  3.  69 42 .  83 1' 4 . 0 8

3 1 1 0 . 0 0  + 4 . 3 2  5 0 . 0 0  ± 4 . 4 9

5 1 2 8 . 0 0  + 5 . 31  4 0 . 5 0  + 7 . 7 7

7 111. 1  + 6 . 4 0  3 9 . 0  ± 7 . 0 7
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S pleen  C e l lu la r i ty

D ay  a f ter  H N ,  N o r m a l  A f ter  lOOyC/g H N ,

1 8 X 10^ 3. 5 X 10^

3 1 9 . 2  X 10^ 5.  3 X 10^

5 1 9 . 2  X 10^ 6 . 0  X 10^

7 24.  0 X 10^ 6 . 0  X 10^

C F U - C / 2  X 10^ s p leen  c e l l s

D ay  a f ter  H N ,  N o r m a l  A f te r  100/*g H N ,

1 1 9 6 . 6 6  + 10 . 81  2 . 0  + 0 . 7 1

3 416 .  6 + 5 . 5 6  1 . 2  + 0 . 8 4

5 15 . 4  + 2 . 5 4  18 . 4  + 1 . 3 6
(weak condit ioned  m edium )

7 Colony  a s s a y s  fa i led

H N ,  sp le e n  C F U -C  c o n t e n t / n o r m a l  sp leen  C F U -C  content  

D ay af ter  H N ,

I 0 . 0 4 3 3  + 0 . 0 6

3 0.  8 X 10“  ̂ + 0 . 6

5 0 . 4 4  + 0 . 1 7
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3 , 1 0  E r y th ro p o ie t i c  A c t iv i ty  in the Sp leen  and F e m u r  after  n i t ro g en  m u sta r d  

and b leeding

E r y t h r o p o i e s i s  w a s  m e a s u r e d  in the sp leen  and f e m u r  by m e a s u r i n g

59
the uptake of F e in th e s e  t i s s u e s .

10 GDI f e m a l e  m i c e  w e r e  u sed  for each point.  T h e  m i c e  w e r e

59given lyWCi F e  each  and the p e r c e n ta g e  uptake c a l c u la te d ,  A

59standard v ia l  conta in ing  0. 01 y i C i  F e  w a s  a lw a y s  counted a long with

v ia l s  contain ing the t i s s u e s .  T h e  act iv i ty  in  lyCtCi w a s  then e s t im a te d

f r o m  th is  and counts  f r o m  the t i s s u e s  e x p r e s s e d  as  a p e r c e n ta g e  of th is

ac t iv i ty  a f ter  background counts  had been  su btrac ted .

In each  of the c a t e g o r i e s ,  n o r m a l ,  day 1, 4 and 6 a f ter  n i trogen

5 9
m u sta r d  m i c e  w e r e  bled one day b e fo re  the F e  uptake w as  m e a s u r e d .

59
Uptake F e  %

D a y s  a f ter  Unbled B led
HN^ X t  SE % X + SE %

S p leen  F em u r  Sp leen  F e m u r

No drug 2 . 9 6  ± 0 . 0 5  1 . 1 0  ± 0 . 1 0  4 . 7 1  ± 0.  52 0 . 5 2  ± 0 . 0 5

1 0 . 7 8  ± 0 . 0 5  0 . 1 2  ± 0 . 0 0 5  0 . 8 9  ± 0 . 0 9  0 . 1 3  ± 0 . 011

4 2 . 0 0 9  ± 0 . 3 1 7  0 . 2 6 3  ± 0 . 0 6 8  1 , 979  ± 0 . 8 6 6  0 . 4 1 5  ± 0 . 1 1 9

6 1 . 367  t  0 . 6 7 8  0 . 3 8 6  ± 0 , 1 3 7  2 . 6 4 3  ± 1.  61 0 . 4 2 8  ± 0 . 1 4 5

59With no drug the F e  uptake in the sp le e n  and f e m u r  i s  s ign i f ic an t ly  

g r e a te r  in m i c e  which  have  had 0.  3 m l  of blood r e m o v e d  the p r e v i o u s  day.  

H o w e v e r ,  in the s p leen  and m a r r o w  which  a r e  r e g e n e r a t in g  f r o m  H N ,  

the d i f f e r e n c e  in bled and unbled a n im a ls  on days  1, 4 and 6 a f ter  the 

drug,  i s  not s t a t i s t i c a l l y  v e r y  s i g n i f i c a n t ,  b u t  s h ow s  a  t r e n d  

q>f h i g h e r  u p t ^ e  i n  t h e  b l e d  a n i m a l s .  On d ay  3 , a f t e r  lOOug.

HNo t h e  f e m o r a l  CFU-C c o n t e n t  i s  r e d u c e d  b y  b l e e d i n g .  T h i s" 2  - ' : ■ -. ■ . .

response of regenerating marrow to a requirement for 

erythroid production is  reflected by a slightly  raised

u p t a k e  o f  F e ^ ^ . ( T a b l e  8 )



1 0 0



Tabla 8

Haamatocrit P \ I C { % )  Famur^C e l l u l a r i t y  Splaan Weight (mg)

NB B NB B B B
X + SE

Normal 45 ±0.45 41.6±0.98 18.6±0.05 21.9±0.13 109.69±3.73 161.74±13.33

t s ig  p = 0.01

DAY 3 
HN,

DAY 4 
HN,

46.7+2.86 36.37+0.96 4.5+0.08 5.5+0.10 48. 4 +5.59 50.75+ 6. 16

45.8+2.07 34.87+1.32 4.89+1.06 3.30+0.37 82.99+5.95 67.65+ 5. 24
2

DAY 6 46.5+0.64 3 4 .24 i0 .59  12 .56 i2 .31  14.1013.05  69 .3517.2 67. 2 1 4. 9

NB = not bled  

B bled

Nos CFUc on days a f t e r  HN, may not be d i r e c t l y  compared to  

each other s in ce  d i f f e r e n t  conditioned media had to be used 
in  each colony assay.
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59 59

NB B NB B NB B

1.10+0.10 0.52+0.05 2.96+0.05 4.71+0.52 1 5 9 . 2 + 9 . 4 8  151.25+36.9
t  s ig  p = 0 .05 t  s i g  p = 0.05

0.12+0.05 0.13+0.01 0 .78+0.05 0,89+0.09 568.2+19.04 316.6+22.24
tg = 8.61

0.26+0.02 0 .42+0.03 2.01+0.10 1.98+0.29

0.38+0.04  0 .42±0.04  1,36+0.22 2.64±0.50 235.8+30.51 242.6+17.00
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3 . 1 1  Sp len ic  C F U -C  Content a f ter  10Q>u-g H N ^

Splenic  c e l l u l a r i t y  w a s  m e a s u r e d  by e s t im a t in g  the num ber  of  

c e l l s  p e r  m g  w e igh t  of  s p leen  and m u lt ip l ied  by the c o r r e s p o n d in g  

weight  of the s p le e n  on the  app rop r ia te  days  a f ter  n i t r o g e n  m u sta r d  

t r e a tm e n t .

The  con cen tra t ion  of C F U - C  in the sp le e n  on t h e s e  days  w a s  

a s s a y e d .  T h e s e  co n c e n tr a t io n s  w e r e  then co n v e r te d  to total  s p len ic  

C F U -C  content by m u lt ip ly in g  by the co r r e s p o n d in g  sp leen  c e l lu la r i t y .

The  v a lu e s  for  s p len ic  C F U - C  content on days  1, 3 and 5 a f ter  

100/Ag HN^ w e r e  c o m p a r e d  to the n o r m a l  sp len ic  C F U - C  content .

On day 1 a f ter  the sp len ic  C F U - C  are  four p e r  c e n t  of normal^

The s p leen  w eight  at th is  t im e  i s  about 60% of n o r m a l .  On day 3 when  

the sp le e n  w eight  i s  at i t s  l o w e s t  a f ter  the C F U -C  content  i s

a l m o s t  n e g l i g ib l e .  On day 5 when the sp leen  w e igh t  i s  i n c r e a s i n g  the  

C F U -C  content h as  rebounded  to half  n o rm a l  l e v e l s .

Bone  m a r r o w  C F U - C  reac h  this  prop ort ion  3 days  a f ter  lOOy-t-g HN^

S pleen  w e ig h ts

_ N o r m a l  A f t e r  lOOyO-gHN^Day a f ter  H I , ,  %

1 90.  66 + 3 . 6 9  4 2 . 8 3  + 4 . 0 8

3 1 1 0 . 0 0  + 4 . 3 2  5 0 . 0 0  + 4 . 4 9

5 1 2 8 . 0 0  + 5 . 31  4 0 . 5 0  + 7 . 7 7

7 111 . 1  + 6 . 4 0  3 9 . 0  + 7 . 0 7



S pleen  C e l l u l a r i ty
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Day a f ter  HN^

1 

3

5

7

N o r m a l

8 X 10?

1 9 . 2  X 10?

1 9 . 2  X 10^

2 4 . 0  X 10^

A fter  lOOyttg HN^

3 . 5  X 10^

5 . 3  X 10?

6 . 0  X 10^

6 . 0  X 10^

C F U - C / 2  X 10 sp leen  c e l l s  

D ay a f ter  HN^ N o r m a l

1 9 6 . 6 6  t  10 . 81

4 1 6 . 6  + 5 . 5 6

15 . 4 2 . 5 4

A fter  100/&g HN^

2 . 0  + 0 . 71  

1 . 2  + 0 . 8 4

1 8 . 4  + 1 . 3 6
(weak condit ioned  medium)  

Colony a s s a y s  fa i led

HN 2  sp leen  C F U -C  c o n t e n t / n o r m a l  sp leen  C F U -C  content

Day a f ter  HN^

0 , 0 4 3 3  - 0 . 0 6  

0 . 8  X 1 0 “  ̂ + 0 . 6

0 . 4 4  + 0.  17
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3 . 1 2  Spon taneous  Colony  F o r m a t i o n

Bone m a r r o w  of f e m a l e  CDI m i c e  w a s  cu ltured  in ag a r  without colony- 

s t im ulat ing  fa c t o r .  The v o lu m e  of CSF u su a l ly  added w a s  rep la ced  

by F i s c h e r s  m e d iu m  with s e r u m .

One m i l l i o n  c e l l s  f r o m  n o r m a l  bone m a r r o w  and one m i l l i o n  c e l l s  

f r o m  m a r r o w  f r o m  m i c e  which had r e c e iv e d  100 g three  days

e a r l i e r  w e r e  s eed ed  in each  cu l tu re  p late .

The tota l  C F U -C  content  in the f em u r  3 days  a f ter  i s  20% of

n o r m a l  but the co n cen tra t io n  of C F U - C  i s  100% of n o r m a l .

R e s u l t s

In p la t e s  contain ing n o r m a l  m a r r o w  no c o l o n i e s  f o r m e d .  In 

p la te s  contain ing m a r r o w  r e g e n e r a t in g  f r o m  HN^ the m e a n  n um ber  of  

c o l o n i e s  x  + SE = 9 .4  + 1 . 6 0  . T h e s e  c o l o n i e s  c o n s i s t e d  en t ir e ly  of  

the m ixed  or g ran u locy te  typ e .  Mixed  c o l o n i e s  m ad e  up 36% of the 

with the condit ioned  m e d iu m  which y ie lded  the l o w e s t  n u m ber  of 

c o l o n i e s .

F o r  a l l  e x p e r i m e n t s  an a c t iv e  condit ioned  m e d iu m  w a s  u sed  i e .

5one which y ie lded  100 -200  +  c o l o n i e s  per 2 x  10 n o r m a l  bone m a r r o w  

c e l l s .  With such m e d ia  m a c r o p h a g e  c o l o n i e s  a lw a y s  fo rm ed  the  

l a r g e s t  proport ion ,  fo l low ed  by m ix e d  and then g ran u locy te .  T h is  

rat io  held true  fo r  n i t rogen  m u sta r d  trea ted  m a r r o w  even  when a v e r y  

low nu m ber  of c o l o n i e s  f o r m e d  d e s p i te  the p r e s e n c e  of an a c t iv e  

condit ioned  m e d iu m .  T h e  low n um ber  of c o l o n i e s  of c o u r s e  w a s  

due to deple t ion  of C F U - C  by the drug.

It i s  c l e a r ,  h o w e v e r ,  that the ratio  of the t y p e s  of  c o l o n i e s  

fo r m e d  depends  on the nature  of the s t im ula t ing  fa c to r  and not the  

status  of the bone m a r r o w  co lo n y  fo rm in g  c e l l s .



Day 3 
a f ter  HN, C ontrol
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% M a croph age  7 2 . 6 3

Colony  M ixed  15 . 8 6

T y p e s  G r a n u lo c y te s  11. 51

63 . 14  

2 3 . 2 2  

13.  62



F i g u r e  14 T h e  p rop ort ion s  of c o l o n i e s  ty p es  in a g a r  c u l t u r e s  

obtained f r o m  n o r m a l  m a r r o w ,  and m a r r o w  3 days  af ter  t rea tm en t  

with 100yx.g HN^ plated with an ‘a c t iv e ’ condit ioned and the  

p rop ort ion s  of co lony  typ es  f r o m  n o rm a l  m a r r o w  plated with  a 

weak condit ioned  m e d iu m  and f r o m  m a r r o w  w hich  fo r m e d  

‘spontaneous* c o l o n i e s  3 days  a f ter  t r e a tm e n t  with 100 g H N ^.
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m a c r o p h a g e  I I m ixed granulocyte

Normal marrow Day 3 HN

Active conditioned medium

Normal marrow 

Weak conditioned medium

Day 3 HN2

Spontaneous 
colony formation



Plate 1 Colonies in Agar

A) Mixed colony

B) Granulocyte colony

C) Macrophage colony
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I I
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3 . 1 3  D i f f eren t ia l  counts  of bone m a r r o w  c e l l s  3 days  af ter  lOOy/g __ 

and b leeding

D if feren t ia l  counts  of 500 bone m a r r o w  c e l l s  w e r e  p e r f o r m e d  on m i c e  

w hich  had r e c e i v e d  lOO^ag in tra v en o u s ly  3 d a y s  p r e v i o u s l y  and on

m i c e  which had r e c e iv e d  100/ e g  th ree  days  p r e v i o u s l y  and had

0 . 3  m l  of blood r e m o v e d  f r o m  the r e t r o -o r b i t a l  s inus  1 day af ter  

t r e a tm e n t  with n i trogen  m u s ta r d .  No s ign if icant  d i f f e r e n c e  i s  v e r y

apparent in any of the c e l l  c l a s s e s .

The t ra n s i t io n a l  l y m p h o c y te s  show a slight but not h ighly  s ign i f icant  

d e c r e a s e .  It m a y  be s u g g e s t e d  t h e r e fo r e  that p r e c u r s o r s  of erythro id  

c e l l s  c o m e  f r o m  the t ra n s i t io n a l  lym p h ocyte  c o m p a r tm e n t .  On day 3 

after  lOO^ag HN^ the ly m p h o c y te s  con s t i tu te  the h ig h e s t  proport ion  of  

c e l l s  in the bone m a r r o w .  In n o r m a l  m a r r o w  g r a n u lo c y te s  m a k e  up 

the h ig h es t  proport ion  of nu c lea ted  c e l l s  and ly m p h o c y te s  the second  

h ig h e s t  proport ion .

T h is  i s  exagger a ted  in m a r r o w  8 days  after  100 j u L g  HN^ fSharp  

et a l ,  1973 J.
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"3̂

F i g u r e  15

DAY 3
Normal

( S h a r p  et al 1973)
HN2 + bled

others

erythroid

lymphoid

myeloid

The d is tr ibut ion  of c e l l  types  in n o r m a l  m a r r o w  and m a r r o w  3

days  a f ter  lOOyMg HN and m a r r o w  fr o m  m i c e  which  had been bled

af t er  t rea tm en t  with lO O ^g HN



■

1 0 9

T ab le  9  ,

D is tr ib u t ion  of c e l l  type  

m u star d  (% of nu c lea ted

s in m a r r o w  r e c o v e r in g  f r o m  nitrogen  

c e l l s )

M o n o cy te s Erythro id L y m p h o c y te s Other s

1 2 0 . 64 1 . 0 0 2 0 . 4 0 3 5 . 8 0 4 1 . 1 5

3 10 . 22 1 . 2 0 0 . 20 3 9 . 67 4 8 . 7 1

4 8 . 60 1 . 2 0 0 . 0 0 4 1 . 0 0 4 9 . 2 0

5 4 0 . 0 0 1 . 2 0 0 . 0 0 2 3 . 2 0 3 5 . 6 0

"Others" include dam aged ,  u n c l a s s i f i e d ,  p la s m a  c e l l s ,  m a c r o p h a g es .

maked n u c le i  and t i s s u e  c e l l s .

T ab le  10

D is tr ib u t io n  of c e l l  t y p e s  in m a r r o w  of m i c e  bled 1 day a f ter  100 

Day af ter
lOOyttg M ye lo id  M o n o cy tes  Erythro id  L y m p h o c y te s  O thers

(bled day 1)

2 2 2 . 2  2.  80 2.  00 30 . 8 0  4 2 . 2 0

3 2 7 . 0  2 . 2 0  0.  80 34 . 00  36 . 0 0

5 2 5 . 4  1 . 8 0  1 . 20  2 7 . 8 0  4 3 . 8 0

I

■

4 1 8 . 0  1 . 4 0  0 . 2 0  4 3 . 2 0  3 7 . 20  k

:;ï
i
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3 , 1 4  C F U -C  in bone m a r r o w  of s p le n e c t o m is e d  and non- s ^ n e c t o m i s e d  m i c e

F i v e  CDI f e m a l e  m i c e  w e r e  s p l e n e c t o m is e d  and f ive  w e r e  s h a m -

operated .  A sham  op era t ion  w a s  c a r r i e d  out by cutt ing open the skin

and m u s c l e  wal l  ab ove  the s p leen ,  pull ing out the  s p l e e n  s l ight ly  and

then rep lac in g  it.  T he  m u s c l e  w a l l  and skin w e r e  then c l o s e d  in the

s a m e  m an n er  d e s c r ib e d  for  the op era t ion  of s p l e n e c to m y .  The m i c e

w e r e  a l lowed  to r e c o v e r  f r o m  the op erat ion  for  th ree  w e e k s .

T he  a n im a l s  w e r e  then k i l l e d  and the bone m a r r o w  f e m u r s  of the

5 m i c e  pooled  for each group. The b o n e - m a r r o w  w a s  then a s s a y e d

for C F U - C  content .

The c e l lu la r i t y  in both s p le n e c t o m i s e d  and n o n - s p l e n e c t o m i s e d  

7for 2 .  6  X  10 c e l l s  p e r  f e m u r .

T he  r e s u l t s  w e r e  a s  fo l lo w s

T o ta l  number of C F U - C  x  t  SE

Non-  s p l e n e c t o m is e d  S p le n e c t o m i s e d

124 . 4  + 8.  29 148 . 2  Î  3 . 31

t = 1 , 8 6  at 8 d e g r e e s  of f r e e d o m

T h is  i s  s ign i f icant  at the 5% l e v e l .  T h is  s ign if icant  i n c r e a s e  o f

CFU-C in splenectomised mice, although not great, may 

reflect a proliferative response of CFU-C to operative stress .

F e m o r a l  C F U - C  content  in s p l e n e c t o m is e d  and sham  s p le n e c t o m is e d  m i c e  

T h r e e  CDI f e m a l e  m i c e  w e r e  s p le n e c t o m is e d  and three  CDI f e m a l e  

m i c e  w e r e  sh am  o p era ted .  T h e s e  m i c e  w e r e  g iven  lOO^tcg HN^ IV 

af ter  s e v e n  d ays  r e c o v e r y  f r o m  the operat ion .

On day 3 when the c o n c e n tr a t io n  of C F U - C  in the f e m u r  i s  about  

100% of n o r m a l  the bone m a r r o w  w a s  a s s a y e d  fo r  C F U - C  ' s .  The  

total  f e m o r a l  content  on day 3 after  n i trogen  m u sta r d  i s  about 20%
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of n o r m a l .

T h e  c e l lu la r i t y  in the f e m u r s  of s p l e n e c t o m is e d  and sham

s p le n e c to m is e d  m i c e  w e r e  the s a m e .  T h e  f e m o r a l  bone m a r r o w

f r o m  the 3 m i c e  w a s  pooled  in each  group.
5

N u m b er  of C F U - C / 2  x  10 bone m a r r o w  c e l l s  
X + SE

Sham S p le n e c t o m i s e d  S p le n e c t o m i s e d

5 1 . 6 + 2 1 . 3 8  5 0 . 4 + 6 . 4 2

T he  d i f f ere n c e  b etw een  C F U - C  content  in the bone m a r r o w  of 

s p le n e c t o m is e d  and sham  s p le n e c t o m is e d  m i c e  trea ted  with HN^ 

i s  not s ign i f icant .

3 . 1 6  Ef fec t  of B le ed in g  on C F U - C  content  in s p l e n e c t o m is e d  and 

n o n - s p l e n e c t o m i s e d  m i c e

F i v e  f e m a l e  CDI m i c e  w e r e  s p le n e c t o m is e d  and f iv e  w e r e  sham  

o p e r a t e d .

After  s e v e n  days  r e c o v e r y  f r o m  the op erat ion  0. 3 m l  of blood was  

r e m o v e d  f r o m  the r e t r o -o r b i t a l  s in us  of th e s e  m i c e .  The  fo l low ing  

day the bone m a r r o w  w as  a s s a y e d  fo r  C F U - C  content .

The  f e m o r a l  c e l l u l a r i t y  in both groups of m i c e  w a s  the s a m e .

C F U - C  , 7 , _5  ,- + / 2 X 10 bone m a r r o w  c e l l s
X I  SE

Sham operated  S p le n e c t o m i s e d
and bled and bled

5 8 . 6  t  2 . 8 9  8 2 . 6  + 2 . 7 1

T h e s e  n u m b e r s  a r e  s ig n i f ic a n t ly  d i f ferent  p <  0 . 0 2 5 .

It would appear  that the p r e s e n c e  of the sp leen  m o d i f i e s  the  

bone m a r r o w  r e s p o n s e  to b leed ing .
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3 . 1 7  E f f e c t s  of S p le n e c to m y  and B le ed in g

T h r e e  groups of  CDI f e m a l e  m i c e  w e r e  g iven  the fo l lowing  

t r e a t m e n t s .

10 m i c e  w e r e  le ft  intact

10 m i c e  w e r e  s h a m - s p l e n e c t o m i  sed

10 m i c e  w e r e  s p l e n e c t o m is e d .

Af t er  a p o s t - o p e r a t i v e  r e c o v e r y  period  of s e v e n  days ,  0. 3 m l  of blood  

w a s  r e m o v e d  f r o m  the r e t r o - o r b i t a l  s inus of f ive  m i c e  f r o m  each  group.

The  packed c e l l  v o l u m e s ,  f e m o r a l  c e l l u l a r i t i e s ,  blood r e t i c u lo c y t e s  

and f e m o r a l  C F U - C  content  of each  subgroup of m i c e  w as  m e a s u r e d .

R e s u l t s

F e m o r a l  C e l lu la r i ty  

X + SE X 10^

Unbled B led

Intact 1 2 . 0 4 + 0 . 9 2  1 5 . 1 5  + 0 . 8 3

S h am -  s p le n e c t o m is e d  14 . 14 + 1, 67 1 1 . 8 2  + 3 . 47

S p le n e c t o m i s e d  14. 97 + 0 . 4 8  16.  30 t  1 . 44

P a c k e d  C e l l  V o lum e  

X + SE %

Unbled Bled

Intact 4 5 . 0  + 0 . 4 5  4 1 . 6  + 0 . 9 8

S h a m - s p l e n e c t o m i s e d  4 4 . 4  + 1, 20 3 9 . 7 5 ^ 0 . 8 5

S p le n e c t o m i s e d  4 4 , 4 + 2 . 1 4  3 9 . 8  + 0 , 5 8
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In tact

S h a m -  s p le n e c t o m is e d  

S p le n e c to m i s e d

R e t i c u lo c y t e  Counts  

X + SE 10“  ̂ c e l l s

Unbled

4 . 2 3  + 1 . 5 3

2.  50 ± 0 . 2 7  

9 . 0 7  t  1. 60

B led

1 2 . 3 7  + 2 . 6 6  

7 . 8 0  + 3 . 5 7  

1 1 . 3 2  ± 0 . 7 6

Intact

C F U - C
- 5X + SE 2 . 1 0  bone m a r r o w  c e l l s

Unbled

1 5 9 . 2  + 9 . 4

S h a m - s p l e n e c t o m i s e d  1 2 0 . 8  1 . 1 5

S p le n e c to m i s e d 8 6 . 47  ± 19.  25

Bled

1 5 1 . 2 5  t  3 6 . 93  

1 1 1 . 2 0 +  4 , 7 4  

1 1 8 . 5 6  + 1 0 . 7 6

S p le n e c to m y  or s h a m - s p l e n e c t o m i e s  did not affect  the packed  c e l l  

v o lu m e .  In bled a n im a l s  the packed  c e l l  v o lu m e ,  a s  ex p ected ,  w a s  

d e c r e a s e d .

S p le n e c to m y  appeared  to i n c r e a s e  the blood r e t i c u lo c y te  counts  

in a n im a l s  which  had not b een  b led .  B le e d in g  r a i s e d  the r e t i c u lo c y t e  

counts  in a l l  th r e e  groups  of a n i m a l s .

S p le n e c to m y  and sham isplenectomy depressed the number 

of femoral CFU-C in unbled, mice/ Bleeding only raised the 

number of'.femoral CFU*»C in the splenectomised mice.

3 . 1 8  The e f fec t  of  b leed ing  on C F U - C  r e c o v e r in g  f r o m  lOOyUg H N ^_

0. 3 m l  of blood w as  taken f r o m  m i c e  which had r e c e i v e d  1 OOy.1 g 

one day e a r l i e r .  The  m i c e  w e r e  a n e s th e t i s e d  with  ether  and the blood  

r e m o v e d  by in s e r t in g  a h a e m a t o c r i t  tube into the r e t r o - o r b i t a l  s inus
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and a llowing the blood to f low through the h a e m a to c r i t  into a graduated  

t e s t  tube.

M e a s u r e m e n t s  w e r e  taken of the packed ce l l  v o l u m e s ,  sp leen  

w eig h ts ,  f e m o r a l  c e l lu la r i ty  and C F U - C  on days  3 and 6 af ter  HN^. I

Day after Packed  C e l l  V o lu m e

Unbled

4 8 . 4 8  + 3.  29 

4 6 . 7 0  t  6 . 3 8  

46.  50 + 1 . 7 3

Bled  1 day after  HN

36 . 37  + 1 . 92  

34 . 24  + 1. 67

f

s
I

Spleen  W eights

4 8 . 4 0  + 12 . 47  5 0 . 7 5  ± 1 2 . 3 2

69.  35 ± 14 . 41  6 7 . 2 0  + 9.  80

F e m u r  C e l l u l a r i ty

3 . 2  X 10 

18.4 X 10*

4 . 8  X 10

12 . 0  X l o ‘

C F U - C / 2  X 10 bone m a r r o w  c e l l s  
X i  SD

5 6 8 . 2  t  4 2 . 4 8  

2 3 5 . 8  ± 68 . 0 4

3 1 6 . 6  f  4 9 . 6 0

2 4 2 . 6  + 3 7 . 9 2

C F U - C / f e m u r  x  + SD 

9 0 9 1 . 2 0  + 6 7 9 . 6 8  7 5 9 8 . 4 0  + 1190 . 4

2 1 6 9 4 . 0  + 6 2 5 9 . 7

t = 4;  38 s ig p < 0.  01

145 5 6 . 0  Î  2 2 7 5 . 2

t^ = 2 . 4  s ig p <• 0 . 0 5
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Dur ing  the ea r ly  days  of r e c o v e r y  f rom  the packed  c e l l  v o lu m e

was  reduced s ign i f ic an t ly  2 days  af ter  b leeding and r em a in e d  so fo r  a 

further  2 days .

The  C F U -C  in the f e m u r ,  although continuing to r e g e n e r a t e  a f ter  

deple t ion  by w e r e  reduced  in num ber  by b leeding  2 days  p r e v i o u s ly

and rem aine d  so  4 days  a f ter  b leed ing  although the reduct ion  w a s  l e s s  

s i g n i f i c a n c e .

T he  sp leen  w e igh ts  and f e m o r a l  c e l lu la r i t y  w a s  un a ltered  by 

bleeding .

S ince  C F U - C  n u m b e r s  in n o r m a l  m i c e  a re  reduced  by b leed ing ,  

m a rro w  r e g e n e r a t in g  f r o m  HN^ t h e r e f o r e  a p p ea rs  to be capable  of  

responding  n o r m a l l y  to a r e q u ir e m e n t  for e r y t h r o p o i e s i s .
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H A E M A T O C R iT S

D A Y  3 DAY 6

UNBLED /BLED UNBLED /BLED

t sig p <0.01 t sig  p<o.o5

The e f fec t  of b leed ing ,  on day 1 a f ter  t rea tm ent  with 1 OOytg HN^,  

on the h a e m a t o c r i t s  on days  3 and 6 fo l lowing  n i trogen  m u sta r d  

t r e a t m e n t .
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S P L E E N  W E IG H T

D A Y  3 DAY

UNBLED BLED
UNBLED /BLED

t not sig t not sig

Sp leen  w e ig h ts  of m i c e  on days  3 and 6 a f ter  100/x g HN^ c o m p a r e d  

with the s p leen  w e ig h ts  of m i c e  which  had been bled on day 1 fo l low ing  

tr e a tm e n t  with HN^



F i g u r e  18

B O N E  M A R R O W  

C a i - C / 2 . 1 0 ^  C E L L S

3 D A Y S  

A F T E R  1 0 0 u g H N 2

UNBLED

BLED

t  s ig .  p c 0.05

C F U - C  in the bone m a r r o w  in m i c e  3 days  after  t r e a tm e n t  with lOOyU-g 

HN^ c o m p a r e d  with C F U - C  in the bone m a r r o w  of m i c e  bled one day  

after  HN„

I
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F i g u r e  19

6 DAYS AFTER H N 2

B L E D UNBLED

C F U -C  in the bone m a r r o w  in m i c e  6 days  af ter  t r e a tm e n t  with  

10ü̂ ,̂<g HN^ co m p a red  with C F U -C  in the bone m a r r o w  of m i c e  

bled one day a f ter  HN^



120

3 . 1 9  Pa th o logy  of m y e lo id  l e u k a e m i a s  of C B A /H  m i c e

When the m i c e  d eve lop  l e u k a e m ia  this  m a y  be d e tec ted  in l i f e  by

a n o t icea b le  p a l l o r  of the f ee t  and rapid l o s s  of w e igh t .

If blood i s  taken f r o m  the tai l  vein  it shows a g r e a t ly  i n c r e a s e d

3 5 3
white  blood c e l l  count ,  10 to 10 / m m  , and a g r e a t ly  reduced  packed

c e l l  vo lum e 10-20%. Many ab n orm al  and ju v e n i l e  f o r m s  of m y e lo id  |
%

c e l l s  a re  s e e n  in s m e a r s  p r e p a r e d  fr o m  the blood.  P a r t i c u l a r l y  *
.li

d i s t in c t iv e  a r e  l a r g e  f o r m s  of the r i n g e d - n u c le u s  m e t a m y e l o c y t e  «

of the rodent.  A l s o  c h a r a c t e r i s t i c  of m u r in e  m y e lo id  l e u k a e m ia  a re  

elongated c e l l s ,  p o s s i b l y  f o r m s  of the p r o m y e l o c y t e .  At th is  s tage  

the m o u s e  m a y  su r v iv e  for  a further  2 - 3  w e e k s .
I

On p o s t - m o r t e m  exam in at ion  th ere  i s  u s u a l ly  s p le n o m e g a ly .  The  4
$

s i z e  of the s p leen  m a y  be i n c r e a s e d  2 to 15 t i m e s .  E n la r g e m e n t  of %

the sp leen  i s  m o s t  pronounced  on the e a r l y  p a s s a g e s  of m y e lo i d  ^

le u k a e m ia .  A f te r  30 or so t ransp lan ta t ions  the sp len ic  en lar gem en t

I
d e c r e a s e s  and by the 50 to 60th p a s s a g e  the s p leen  i s  only  tw ic e  i t s  |

I
I

n o r m a l  s i z e .  T h e  co lour  and tex tu re  of the sp leen  v a r i e s  f r o m  pale  

uniform  pink to v a r ieg a ted  and fa ir ly  lobulated  with  d is t in c t  white  or  

c r e a m  a r e a s .  In s o m e  c a s e s  the sp le e n  i s  a g r e e n i s h  brown c o lo u r .

The  l i v e r  i s  s o m e t i m e s  en larged  but by no m e a n s  in e v e r y  c a s e .

In m o s t  c a s e s  on exam inat ion  of h i s to lo g ic a l  s e c t io n s  of the l i v e r  

in f i l trat ion  can  be s e e n  with l e u k a em ic  c e l l s  s ituated around the "15

porta l  v e s s e l s .

In s o m e  c a s e s  the k id n eys  a re  en larged  with l e u k a e m ic  in f i l trat ion .

O c c a s i o n a l ly  the lymph n o d es  a r e  involved and show a g r e e n i s h  

c o lo u r .  E n la r g e m e n t  of the lymph n odes  h o w e v e r  i s  u s u a l ly  conf ined  

to 2 or 3 t i m e s  the n o r m a l  s i z e .  In a few p r i m a r y  and transplanted
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m y e lo id  l e u k a e m i a s  the bone m a r r o w  i s  a lm o s t  a c e l l u l a r ,  showing  

a f ib r o u s - fa t ty  change .

3 . 2 0  P a th o lo g y  of lymphoid  l e u k a e m i a s  in C B A /H  m i c e

Lymphoid  l e u k a e m i a s  m a y  be detec ted  in the s a m e  way as m y e lo id

l e u k a e m i a s .  The white  blood c e l l  count i s  u s u a l ly  in the h igher  

4 5 3
r an ges  10 -1 0  / m m  and blood s m e a r s  show lar ge  lymphoid  type c e l l s  

with p a c h y ch ro m a t ic  ch r o m a t in .

Splenic  en la r g e m e n t  i s  u s u a l ly  v e r y  c o n s id e r a b le  and the s p le e n  

m a y  w eigh  b e tw e e n  1 0 00 -1500  m g .  The en larged  s p leen  is  u s u a l ly  

dark red in co lo u r .

Lymph n od es  m a y  be h e a v i ly  invo lved ,  reac h in g  10 t i m e s  the ir  

n o r m a l  s i z e .  Lym ph node in v o lv e m en t  u sua l ly  d e c r e a s e s  with  

i n c r e a s i n g  p a s s a g e  of transplanted  l e u k a e m i a s .

A s  with m y e lo id  l e u k a e m i a s  sp len ic  e n la r g e m e n t  in transplanted  

lymphoid l e u k a e m i a s  d e c r e a s e s  when the 5 0 - 60th p a s s a g e  i s  r e a c h e d .



Plate 2

Myeloid leukaemic (primary)

infiltration in liver

Plate 3

Lymphoid leukaemic (primary

infiltration in liver
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Plate 4

Myeloid leukaeraic (primary) 

infiltration in kidney.

Plate 5

Lymphoid leukaemic infiltration 

in kidney.
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Plate 6

Femoral marrow from primary myeloid

leukaemia.

Plate 7

Femoral marrow from primary myeloid

leukaemia showing fibrous, fatty change.
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3 . 2 1  M e tap h ase  a r r e s t  of m y e lo id  l e u k a e m ia  c e l l s  by c o l c e  '.mid and 

v in c r i s t in e

C o le e m id  i s  the m o s t  c o m m o n ly  used  m ito t ic  a r r e s t  agent in 

c h r o m o s o m e  s tu d ie s .  In radiat ion induced m u r in e  m y e lo id  l e u k a e m ia  

the m ito t ic  a r r e s t  by c o l c e m i d  had proved  to be rather  low.

M yelo id  le u k a e m ia  can be induced re g u la r ly  in C B A / H  m i c e  

by s ing le  br ie f  e x p o s u r e s  of X - r a y s ,  rays  and f i s s i o n  neutrons  o v e r  

a wide  range of d o s e s  (Major and M o le ,  1978; M ole  and D av id s ,  1980;  

M ajor ,  1979).  The  l e u k a e m i a s  are  read i ly  transplanted .

Sm ith  et al (1974) reported  v in c r i s t in e  su lphate to be a m o r e  u se fu l  

m e ta p h a s e  a r r e s t  agent than c o l c e m i d ,  when studying m e ta p h a se  

accu m u la t io n  in GBA m a m m a r y  a d e n o c a r c i n o m a s .  M etaphase  

accu m u la t ion  w a s  said to be l i n e a r  o v e r  10 hours  with v in c r i s t in e  but 

f e l l  a f ter  2 h ou rs  with c o l c e m i d .  M etaphase  a r r e s t  w as  independent  

of drug d ose  in the range  1-4 m g / k g  body weight  with both d ru g s .

The e f f e c t i v e n e s s  of v in c r i s t in e  and c o l c e m id  in a r r e s t i n g  p r im a r y  or  

p a s s a g e d  m y e lo id  l e u k a e m ia  c e l l s  w a s  te s ted  in v ivo  and in cu l tu r e .

R esu l t  s

D o s e  r e s p o n s e  c u r v e s  of v in c r i s t in e  and c o l c e m i d  on two d if ferent  

m y e lo id  le u k a e m ia  l i n e s  w e r e  exam in ed  ( F i g u r e s  20 ,  21).

L ine  A was about the s ix t ie th  in tra p er i to n ea l  p a s s a g e  of  a m y e lo id  

le u k a e m ia .  M ice  surv ived  for about 15 days  af ter  an in jec t ion  of 10^ 

l e u k a e m i c  c e l l s .

Line  B w as  about the s ix teen th  p a s s a g e  of a m y e lo id  l e u k a e m ia  

w h e re  m i c e  su rv ived  about 30 days  af ter  in tra p er i to n ea l  in ject ion  of 

10^ le u k a e m ic  c e l l s .
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In the ’f a s t e r  growing' l e u k a e m ia  l ine A the p e r c e n ta g e  of c e l l s  

a r r e s t e d  in m e ta p h a s e  by both d rugs  w a s  very  m u ch  g r e a t e r  than the 

p e r c e n t a g e  a r r e s t e d  in the ’s lo w e r  growing' l ine B .

The d i f f e r e n c e  in num ber  of c e l l s  a r r e s t e d  by each  drug i s  v e r y  

m uch  m o r e  pronounced  in l ine  A than in l ine  B,  v in c r i s t in e  a r r e s t in g  

a very  much g r e a te r  p rop ort ion  of c e l l s  in l ine  A than c o l c e m i d .

With both l i n e s  A and B the d o s e  r e s p o n s e  a f ter  c o l c e m i d  i s  

f a i r l y  f la t ,  th is  a l so  being true  of v in c r i s t in e  with l ine B .  In both 

l i n e s  the peak a r r e s t  by v in c r i s t in e  i s  at about a co n cen tra t io n  of 

0 . 0  5 y ( g / m l .

A d ose  at which  peak a r r e s t  by c o l e m id  o c c u r s  i s  m o r e  diff icul t  

to e s ta b l i s h ,  but peak a r r e s t  l i e s  betw een  0 .0 1  and 0. 1 ^ g / m l  in both 

l i n e s  s tudied.  The  d o s e  at which  both drugs  show m a x im u m  a r r e s t  

m a y  t h e r e f o r e  be taken to be 0 . 0  5yU g/m l .  T h i s  d o s e  m a y  be said  

to be equivalent  for  each  drug.

In l ine B the p rop or t ion  of  c e l l s  in m e ta p h a s e  be fore  cu l ture  with  

the drug w a s  0 . 0 2  t  0.02%.

S p leen  c e l l s  f r o m  3 p r im a r y  l e u k a e m i a s  and 3 m u l t ip a s s a g e d  

l e u k a e m i a s  w e r e  cu l tu red  with 0 . 0 5 / c g / m l  of c o l c e m i d  or  v in c r i s t i n e .  

T a b l e l l  sh ow s  s ign i f icant ly  h igh er  a r r e s t  by v in c r i s t in e  in 2 of the 3 

p r im a r y  l e u k a e m i a s  although in le u k a e m ia  y the d i f f e r e n c e  i s  not v e r y  

s ign if icant .

Only one of  the p a s s a g e d  l e u k a e m i a s  showed h igher  m e ta p h a se  

a r r e s t  by vincr ifetine,  although the d i f f ere n c e  i s  v e r y  h ighly  s ign if icant ,

Line A w a s  ' fa s te r  growing'  than the other two.  M ic e  surv ived  

15 to 20 d ays  a f ter  in tr a p e r i to n e a l  in jec t ion  of 10^ l e u k a e m ic  sp leen  

c e l l s .  With the other  two l i n e s  B and C m i c e  su rv ived  30 to 40 days
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a f ter  an in ject ion  of 10^ le u k a e m i c  c e l l s .  T h e s e  l e u k a e m i a s  would  

appear  to be s lo w e r  grow ing  a s s u m i n g  it tak es  the s a m e  num ber  of  

l e u k a em ic  c e l l s  and c e l l  d iv i s i o n s  to k i l l  an a n im a l .

T h e  number of c e l l s  a r r e s t e d  'in v ivo'  by the two drugs  w as  

exam in ed .  M ice  w e r e  in jec ted  in tr a p e r i to n e a l ly  with 3-4 m g / k g  body  

weight  of c o l c e m id  or v i n c r i s t i n e .  T ab le  13  sh ow s  that the p rop ort ion  

of c e l l s  a r r e s t e d  by v in c r i s t i n e  i s  v e r y  much h ig h er  than the  proport ion  

a r r e s t e d  by c o l c e m i d  in 2 out of the 3 m u l t ip a s s a g e d  l e u k a e m i a s .  

L e u k a e m ia s  A and B are  the s a m e  l e u k a e m ia  l in e s  a s  th o se  t e s ted  

'in v i t r o ' .

T h r e e  m i c e  with  p r im a r y  m y e lo id  le u k a e m ia  w e r e  g iven  2 m g / k g  

body weight  of c o l c e m i d  and th r e e  m i c e  with p r i m a r y  m y e lo id  l e u k a e m ia  

w e r e  g ive n  the s a m e  d o s e  of v i n c r i s t i n e .  The m i c e  w e r e  k i l l ed  a f ter  

2 h ou rs  and the p e r c e n ta g e  of c e l l s  in m e t a p h a s e  a s s e s s e d .

None of th e s e  l e u k a e m i a s  a re  of c o u r s e  d i r e c t ly  c o m p a r a b le  to 

each  other .

An a n a l y s i s  of v a r i a n c e  b e tw een  the two groups  i e .  m i c e  r e c e i v i n g

c o l c e m i d  and m i c e  r e c e i v i n g  v i n c r i s t in e  w a s  c a r r i e d  out.
2

A 3^ t e s t  showed th e r e  w a s  c o n s id e r a b le  h e t e r o g e n e i t y  within  

each  group. T h is  h e t e r o g e n e i t y  m a s k s  any d i f f e r e n c e  be tw een  the 

two group s .

No s t r ic t  co n c lu s io n  can be drawn about the r e la t iv e  e f f i c i e n c y  

of v i n c r i s t in e  to c o l c e d m id  in a r r e s t i n g  c e l l s  in m e ta p h a s e  in p r im a r y  

m u r in e  l e u k a e m i a s .
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V e r y  high d o s e s  of c o l c e m i d  i e ,  16 m g / k g  body weight  or v e r y  

low d o s e s  i e ,  0 . 2 5  m g / k g  did not a c h ie v e  h igher  m e ta p h a se  a r r e s t

'in vivo'  than 3 m g / k g .

A n  a s s e s s m e n t  of the e f f ec t  of d o s e  of  v i n c r i s t in e  on m  eta phase

a r r e s t  in p r im a r y  m y e lo id  l e u k a e m i a s  showed that a d o s e  of 1 -3  m g / k g

gave  the opt im um  m ito t ic  a r r e s t .

-

■I

I

i

a

!
I

. . .
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Tablell
Primary Percentage of cells^arrested in metaphase
Leukaemia X ± SE
(in culture) Colcemid Vincristine

X 1.40 t 0.17 1.57 + 0.20 p = 0.49
y 0.78 + 0.12 1.16 + 0.15 p = 0.053
z 0.70 i 0.12 1.15 + 0.14 p = 0.015

-  2 X 2 contingency test for homogeneity

Table 12

Passaged Percentage of cells arrested in metaphase
Leukaemia X ± SE
(in culture) Colcemid Vincristine

B 1.10 + 0.16 1.40 ± 0.19 p = 0.23
C 1.20 + 0.15 1.20 + 0.15 p = 1.0
A 0.83 ± 0.17 5.55 ± 0.51 p = 9.7 X 24

Table 13

Passaged 
Leukaemia 
(in vivo)

Percentage of cells arrested in metaphae
X ± SE ^2

Colcemid

0.95 t 0.22 
0.73 ± 0.15 
0.97 ± 0.16

Vincristine

1.06 ± 0.18 
2.03 t 0.25 
4.00 ± 0.31

p = 0.69 
p = T.6 X 10  

p = 3.7 X 10 -19

Table 14

Colcemid

Vincristine

Primary
Leukaemia

r
8

t

d 
e 
f 

,-11\  = 55.74 p = 2.3 X 10
difference between groups F(1,4)

Percentage of cells arrested 
in metaphase x ± SE

0,650 p

2.25 t 0.17 
0.30 t 0.12 
1.15 ± 0.24

3.06 + 0.31
2.35 + 0.33
1.35 + 0.25

0.47

^2 _ 5

p = 1.6 X 10 

^2

p  * a. Q O O ^ f .
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Dose responses ’in vitro*

Leukaemia line Z

Leukaemia line X

% of cells arrested in metaphase x i SE

Dose
(xg/ml)

Colcemid Vincristine

0.01 0.55 ± 0.16 3.55 i 0.41

0.05 0.83 + 0.16 5, 55 + 0.72

0.1 1.10 0.23 4.5 ± 0.45

0.5 0.60 ± 0.17 2.3 ± 0.27

1.0 0.65 + 0.17 1.10 + 0.23

0.004 0.2 0.09 0.3 ± 0.12 :1

0.015 0.45 0.14 0.4 + 0.14 1

1
0.06 0.4 + 0.14 0.6 ±0.17

3
0,25 0.15 + 0.08 0.2 + 0.09

i
1.00 0.05 + 0.49 0.15 + 0.08 3
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D o s e  r e s p o n s e  c u r v e s  of  v i n c r i s t in e  and c o l c e m i d  on leukaem ia  l ine  B
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I
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Since,  ad m in is tr a t io n  of v in c r i s t in e  to m i c e  in the t e r m in a l  s t a g e s  

of le u k a e m ia  often  c a u s e d  e a r l y  death of the a n im a l  low  d o s e s  of the  

drug w e r e  g iven  to t ry  to extend the t im e  of m e t a p h a s e  a r r e s t ,  |

IT able  s i  5  and 16  show the n u m b er  of l e u k a e m ic  c e l l s  in m e t a p h a s e  

per  1000 c e l l s  af ter the g iven  d o s e  and t im e  in p r i m a r y  and p a s s e d  S

m y e lo id  l e u k a e m i a s .  It w a s  a s s e s s e d ,  h o w e v er ,  that a d o s e  of
'■ *

at l e a s t  20 g w as  req u ired  to g ive  m a x im u m  m e ta p h a s e  a ccu m u la t io n .  J
I

Although the r e s u l t s  a re  v e r y  v a r ia b le  it a p p ears  that a m a x i m u m  i

- 2num ber  of c e l l s  en ter in g  m e t a p h a s e  in 1 hour i s  about 2.  10 a s s u m i n g
J

that m e ta p h a s e  a ccu m u la t io n  i s  l i n e a r .  T h i s  prod uct ion  ra te  of about  

20 c e l l s  per  thousand per  hour i s  very  s im i la r  to that in m a r r o w  

r e g e n e r a t in g  f r o m  n i trogen  m u s t a r d .

The p rop ort ion s  of c e l l s  in m e ta p h a se  in the s p le e n  and m a r r o w  w e r e  |  

c o m p a r e d  by a t w o - w a y  a n a ly s i s  of v a r ia n c e  u s in g  a log i t  t r a n s fo r m a t io n  

of the b inom ia l  p r o p o r t io n s .

In the p r im a r y  m y e l o i d s  the  prop ort ion s  of c e l l s  in m e t a p h a s e  a re  

lo w e r ,  on the w hole ,  for  bone m a r r o w  than for  the c o r r e s p o n d in g  s p leen ,  

but the d i f f e r e n c e s  a r e  by no m e a n s  c o n s i s t e n t  in m agnitude  or d ir e c t io n  

^^20 ~  ^  v e r y  s m a l l  j. When this  in tera c t io n  i s  taken into

account ,  the d i f f e r e n c e  b e tw een  bone m a r r o w  and s p leen  i s  not 

s ta t i s t i c a l l y  s ign i f icant  It^^ = 1 .39 ;  P  = 0 . 1 8 ] .  F i g u r e  22 show s  a 

sc a t t e r  d ia g r a m  of the p rop or t ion s  of c e l l s  in m e t a p h a s e  in the 

p r im a r y  m y e lo id  l e u k a e m ic  s p l e e n s  and bone m a r r o w .
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In p a s s a g e d  m y e l o i d s  the p rop ort ion s  of c e l l s  in m e t a p h a s e  a r e

lo w e r ,  on the w ho le ,  in the bone m a r r o w  than for  the c o r r e s p o n d in g

sp leen ,  but the d i f f e r e n c e s  a r e  not c o n s i s t e n t  in m agnitude  or  

2
d ire c t io n  = 128; P  v e r y  s m a l l  J . In spite  of this  s ign i f icant

in terac t ion ,  h o w e v e r ,  the o v e r a l l  d i f f ere n c e  be tw een  bone m a r r o w

u
and sp leen  i s  s t a t i s t i c a l l y  s ign i f icant  = 2 . 2 1 ;  P  = 0 . 0 5 1 ] .

F i g u r e  23 shows  a s c a t t e r  d ia g ra m  of p rop ort ion s  of ce l ls  in 

m e ta p h a s e  in p a s s a g e d  m y e lo id  l e u k a e m i a s .

■I



PASSAGED m y e l o i d0 w

SPLEEN

0.13

BONE MARROW

0 .10

0 .0 8

0 . 0 6

0 .0 4

0 . 02

0.00

133

F i g u r e  23

S ca t ter  d iagram  of p e r c e n ta g e  of c e l l s  a r r e s t e d  in m e ta p h a s e  in the  

bone m a r r o w  and s p leen  of p a s s a g e d  le u k a e m i a s
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3 .  23  Colony fo r m a t io n  in Irrad ia t ion  Induced Murine  L e u k a e m ia s

A range of d o s e s  of  n o r m a l  or l e u k a em ic  s p leen  or bone m a r r o w  

c e l l s  w e r e  in jec ted  in tr a v e n o u s ly  into l e th a l ly  i r ra d ia ted  C B A / H  m a l e  

m i c e  of about 100 days  old.  If s to ck s  w e r e  low f e m a l e  GBA m i c e  of  

the s a m e  age  w e r e  u s e d .  A s s a y s  c a r r i e d  out with n o r m a l  and 

l e u k a e m ic  c e l l s  showed  that the sam e n u m b e r s  of c o l o n i e s  fo rm ed  in 

m a l e  and f e m a l e  m i c e  c o r r e s p o n d in g  to the c e l l  d o s e  in jec ted .

The  for m a l e  C B A /H  m i c e  is  about 900 rad s  at which  it

w a s  found no endogenous  c o l o n i e s  fo r m e d .  The for  f e m a le

m i c e  i s  about 850 rad.  No endogenous  c o l o n i e s  f o r m  in the s p le e n s  

of f e m a l e  m i c e  at th is  d o s e .

S ing le  c e l l  s u s p e n s io n s  w e r e  m ad e  in E a g l e s  m e d iu m .  F o u r  or  

f ive m i c e  w e r e  in jected  with each c e l l  d o s e .  T e n  days  l a t e r  the m i c e  

w e r e  k i l l ed ,  the s p le e n s  e x i s e d  and fixed in Bouin^ s f lu id .  A fter  

24 hours  f ixat ion the c o l o n i e s  w e r e  counted.

R es u l t  s I

C F U -S  fo r m e d  fr o m  n o r m a l  C B A / H  m a le  m o u s e  bone m a r r o w  in m a le

and f e m a l e  C B A / H  m i c e

No. of  c o l o n i e s  %
X Î  SE ^

No. of 3 4 c c 4
c e l l s  5 x 1 0  10 5 x 1 0  10 5 x 1 0  y
injected  |

m a le  m i c e  2 . 0 0  + 1 . 7 5  2 . 6 6  + 1 , 00  7 . 3 3  + 0 . 5 0  9. 33 + 1 . 3 3  conf l .  j

f e m a l e  m i c e  2 . 3 3  + 1 . 81  2 . 1 4  + 1 . 13  5 . 3 6  + 0 . 7 0  10. 52 + 1 . 14  conf l .  J
I
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C F U - S  fo r m e d  f r o m  a p r im a r y  m y e lo id  l e u k a e m ia  s p leen  c e l l s  in 

m a l e  and f e m a le  C B A / H  m i c e

No. of  c o l o n i e s  

X + SE

6 X 10^No.  of c e l l s  
Injected

m a l e  m i c e  

f e m a le

10

12 . 7 5  t  1 . 7 8

1 3 . 5 0  + 1 . 2 0

19 . 5 0  + 0 . 7 4  

19 . 00  + 1. 24

10

conf l .  sp+ 

conf l .  sp+

N o r m a l  C F U - S  in C B A / H  m i c e

No.  of c o l o n i e s  
X + SE

No. of c e l l s  
in jected 10 5 X 105 X 10 10 5 x 1 0

bone m a r r o w  2.00 ± 1.7 5 2.66 + 1.00 7.33 + 0.50 9.33 + 1.33 con f l .  

sp leen  0 0 0 0.7 5 ±0.54 -

10

7.00 ±3.56 1

N o r m a l  C B A / H  bone m a r r o w  conta ins  o v e r  10 t i m e s  as  m an y  

C F U - S  as  n o r m a l  C B A / H  s p leen ,  a s s u m i n g  the s e e d in g  e f f i c i e n c y  

i s  about the s a m e .

P r i m a r y  m y e lo id  l e u k a e m ia

No,  of c e l l s  
in jected

L eu k a em ia

2 . 1

3. 1

6 .1

1 1 . 5

10 10

No.  of c o l o n i e s  fo rm ed
5 5lO"" 5 X 10 10

12.75 ± 1.78 19.00 ±0.74 conf luent  sp+:

0 0 0.25 ±0.28

0.50 ±0. 57 1.00 ±0 .00  0.75 +0.28

0 0 0.60 ±0.27

9.50 ± 1.4 5 

13.50 ±2.02  

9.00 ±1 .50
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In th ree  out of four p r i m a r y  m y e lo id  l e u k a e m i a s  co lony  n u m b e rs

f o rm ed  c o r r e s p o n d e d  to the n u m b e r s  fo rm ed  by n o r m a l  s p leen  c e l l s  

at the h igher  c e l l  d o s e s .  H o w e v e r ,  in the fourth l e u k a e m ia  ( ie .  2.  1) 

co lony  n u m bers  w e r e  at l e a s t  17 t i m e s  g r e a t e r  than th ose  fo r m e d  by 

n o rm a l  s p leen  c e l l s .  In l e u k a e m ia  6. 1 the re la t ionsh ip  between  

co lony  number and c e l l  d o s e  i s  exponent ia l .  T h i s  m a y  appear  to be 

true  of n o r m a l  sp leen  c e l l s  although only two d o s e s  a r e  ava i lab le  f r o m  

this  study.

P a s s a g e d  m y e lo id  l e u k a e m i a s

P a s s a g e d  m y e lo id  l e u k a e m i a s  in var iab ly  did g iv e  r i s e  to su r fa c e  s p leen  

c o l o n i e s .

L in e  XIX

No. of c e l l s  
in jected

p a s s a g e  50

10

s p leen  0

bone m a r r o w  5 . 5  ±

No. of c o l o n i e s  

10^

1 8 . 3 3 ±

2 2 . 7 5  +

10

confluent
sp+2

confluent
sp+4

lO'"

confluent
sp-f-3

conf luent
sp+4

j

Î

Line  XIX

No.  of c e l l s  
in jected

bone m a r r o w

p a s s a g e  67 

3

No.  of c o l o n i e s

10 5 X 10 10 5 X 10 10 5 x 1 0 ^  g

0 0.25 + 0.28 2.00 +0.28 2.50 ± 0.90 19.50 + 1.52 con f l .
sp+2

Again  the re la t io n s h ip  b e tw een  co lo n y  number and c e l l  d o s e  i s  not 

l in ear  but of an exponent ia l  nature  indicat ing  a c o m p l e x  of in f lu e n c e s  

on l e u k a e m ic  c e l l  co lony  fo r m a t io n .

I



Line  XXXIII p a s s a g e  5
No.  of c o l o n i e s  

No of s p leen  ^^3 ^^4 ^^5 ^^6
c e l l s  in jected

ÿ
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In h i s t o l o g i c a l  s e c t io n  the c o l o n i e s  f r o m  l ine  XIX, appeared  to 

be of pu re ly  m y e lo id  l e u k a e m i c  c e l l s  (plate 10  )

Line  XXVII p a s s a g e  7

N o ,  of c o l o n i e s

No of s p le e n  ^^4  ̂ ^ ^^4 ^^5  ̂ x  10® 10^
c e l l s  in jec ted

0 0 0.75 ±0.54 1.40 ±0.70 4.75 + 0.98 15 .40+7.70

C olony  num ber  i s  again  exponent ia l ly  re la ted  to c e l l  d o s e  although  

c o lo n y  n u m b e r s  a r e  l o w e r  than th o se  fo rm ed  by l ine  XIX.

Line  XXX p a s s a g e  10 9
No. of c o l o n i e s

No of s p leen  ^^3 ^^4 ^^5 ^^6
c e l l s  in jec ted  .%

0 . 4 0  + 0 . 4 4  1 . 0 0  ± 0 . 4 6  3 . 0 0  + 1. 00 1 4 . 7 5  ± 1 . 7 2  +

T h is  l in e  a l s o  sh o w s  an exponent ia l  re la t io n s h ip  b e tw een  co lo n y  |

n u m b e r s  and c e l l  d o s e .
i

I
0 0 con f l .  sp+2 con f l .  sp+2 5:

-

In the c e l l  d o s e  range  exam in ed  co lo n y  n u m b e rs  could  not be a s s e s s e d  |

■Ï
b e c a u s e  of the e x t r e m e  exponent ia l  nature of the re la t io n  of c o lo n y  |

form at ion  to c e l l  d o s e .  Sp len ic  e n la r g e m e n t  a l s o  o b s cu red  co lo n y  |

fo rm a t io n  at the high c e l l  d o s e s  indicat ing  a rapid spread  p r o l i f e r a t io n  |

of the le u k a e m ic  c e l l s  throughout the sp len ic  pulp.  ,
"M

;
Colony f o r m a t io n  in lymphoid  le u k a e m ia

Lymphoid  l e u k a e m ia  on the whole  did not g ive  r i s e  to c o l o n i e s  in the  

s p le e n s  of i r ra d ia ted  m i c e .
v;5[

Two p r i m a r y  l e u k a e m i a s  gave  the fo l lowing  r e s u l t s .
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P r i m a r y  lymphoid le u k a e m ia  2 . 6

N o .  of sp leen  c e l l s  in jected

10^ 10^ 10^ 10^

N o .  of c o l o n i e s  0 0 0 , 5  ± 0 . 5 7  3 . 7 5  + 0 . 9 8  +
(x ± SE)

I
Splenic  e n la r g e m e n t  - - +

T e n  days  a f t er  in jec t ion  of l e u k a e m ic  c e l l s  at a dose  of 10^ c e l l s  

the s p leen  w a s  double the  s i z e  of s p le e n s  in l e th a l ly  i r ra d ia ted  m i c e  i

which had r e c e i v e d  no c e l l s .

In h i s t o lo g i c a l  s e c t io n  the v i s ib l e  su r fa c e  c o l o n i e s  which  had 

fo rm ed  appeared  to be  of n o r m a l  h a em o p o ie t i c  c e l l s  a s  in pla te 8

. J
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P r i m a r y  lymphoid le u k a e m ia  1 .3

No.  of sp leen  c e l l s  in jected

510 10

0 0

+ +

No. of c o l o n i e s  (x ± SE) 

Splenic  e n la r g e m e n t

In h i s t o lo g i c a l  s e c t io n  th is  l e u k a em ia  showed s m a l l  foc i  of 

c e l l  p r o l i f e r a t io n  in the p e r i a r t e r i o l a r  reg ion .  M itot ic  f i g u r e s  

can be s e e n  in th is  reg io n  (p la te  1 3 )

M u lt ip a ssa g ed  lymphoid  l e u k a e m i a s  a lm o s t  in v a r ia b ly  did not  

produce  sp le e n  c o l o n i e s  which  w e r e  m a c r o s c o p i c a l l y  v i s i b l e .

Lymphoid l e u k a e m ia  l in e  XX

J

No. of spl een c e l l s  in jected
1

P a s s a g e 10^ 10^ 10® 10^ i

'-1

No. c o l o n i e s  
( i  !  SE)

30
40

0
0

0
0

0
0 . 2 5  ± 0 . 2 8  1.

0
00 + 0 . 6 6 I

Splenic 30 _ 0 + 2 + 7
?
■>

E n la r g e m e n t 40 - 0 + +
1

Lymphoid le ul taemia  l ine  XXIV
No. of spl een c e l l s  in jected

1
1

P a s s a g e 10^ 10^ 10® 10® 1
■i

N o.  of c o l o n i e s 5 0 0 0 0 1
( i  t  SE) B - 0 s u rface  lumpy 0

i

Splenic 5 — - — -

ie

E n la r g e m e n t 8 - - sp+ sp+5 1

T h is  lymphoid  l ine  changed i t s  s p leen  co lo n y  fo rm in g  c h a r a c t e r i s t i c s  

between  p a s s a g e s  5 and 8. No c o l o n i e s  or sp len ic  e n la r g e m e n t  w as  

d etected  in p a s s a g e  5.  Splenic  en la r g e m e n t  did h ow e ver  take p la c e
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with p a s s a g e  8 and when s p le e n s  w e r e  e x i se d  on day 9 some showed  

rough, undulating s u r f a c e s .  T h e s e  e l eva t ion s  w e r e  h o w e v e r  much  

f l a t t e r  than th ose  produced  by n o r m a l  h a e m o p o ie t i c  c o l o n i e s .  T h ey  |

m a y  be due to the p ro jec t io n  of expanding lymphoid  f o l l i c l e s  on the  

s u r fa ce  of the radia t ion  red uced  s p le e n s .

P la te  12 shows a s e c t io n  of a sp leen  10 days  a f ter  i r ra d ia t io n  

and in ject ion  of c e l l s  f r o m  this  lymphoid  l e u k a e m ia  l in e .  T he  

lymphoid f o l l i c l e s  a r e  en larg in g  and a few  m ito t ic  f i g u r e s  can  be f

seen .  A few  dark a r e a s  of n o r m a l  h a e m o p o i e s i s  a r e  p r e s e n t .

N o.  of c o l o n i e s  
X t  SE

Splenic
en la r g e m e n t

1 0  ̂ 10  ̂ 1 0  ̂ 10 ^

U 0 . 2 5  + 0 . 2 8  0 . 2 5  + 0 . 2 8  0 . 2 5  + 0 . 2 8

sp+ sp+2

T h is  lymphoid  l e u k a e m ia  aga in  produced  s p le e n s  with rough undulated  

s u r f a c e s  at high c e l l  d o s e s .

S e c t io n s  f r o m  s p le e n s  e x i s e d  f ro m  le th a l ly  i r ra d ia ted  m i c e  which  

had r e c e iv e d  10^ l e u k a e m ic  c e l l s  f r o m  l ine  XXIX w e r e  studied on  

s u c c e s s i v e  d a y s  a f ter  t r e a tm e n t .

Without taking into c o n s id e r a t io n  the plane of s e c t io n  of the 

s p leen  the lymphoid  f o l l i c l e s  s e e m e d  to i n c r e a s e  in n um ber  and s i z e

Lymphoid  l e u k a e m ia  l in e  XXV p a s s a g e  20

N o.  of  sp leen  c e l l s  in jected
r 1 . 1 0 ^  1 0 ^  1 0 ^  1 0 ^  1 0 ^No. of c o l o n i e s

x + SE 0 0 0 0 0

, - +4 +6 -en la r g em en t

Lymphoid  l e u k a e m ia  l ine  XXIX p a s s a g e  15

N o.  of s p leen  c e l l s  in jected
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during the days  fo l low in g  i r ra d ia t io n  and in jec t ion  of c e l l s .  The  

f o l l i c l e s  reached  v e r y  m u ch  g r e a t e r  s i z e s  and w e r e  v e r y  m uch  m o r e  

defined than th ose  of the n o r m a l  sp leen  or s p le e n s  r e c o v e r in g  f r o m  

radiation af ter  an in ject ion  of n o r m a l  h a em o p o ie t i c  c e l l s .

F r o m  a crude  count,  the a v e r a g e  num ber  of  m ito t ic  f i g u r e s  

per  f o l l i c l e  in c r e a s e d  during s u c c e s s i v e  days  in an a l m o s t  l in e a r  

fash ion .  T h e  a r e a s  of n o r m a l  h a e m o p o i e s i s  in the sp len ic  red pulp 

d e c r e a s e d  in num ber  a s i z e  during th is  t im e .

Lymphoid l e u k a e m ia  l in e  XXIX

T h e s e  m ito t ic  f i g u r e s  w e r e  d is tr ibuted  rand om ly  throughout the 

fo l l i c l e .

Day af ter N o . of T ota l  no.  m ito t ic A v e r a g e  no.  m ito t ic
ir rad ia t ion f o l l i c l e s f i g u r e s  in f o l l i c l e s p e r  f o l l i c l e 1

2 31 10 0 . 3 2 1

5 23 42 2
1

7 40 600 15
■1

9 48 908 19
.1$
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N o r m a l  bone m a r r o w

P r i m a r y  L(M)
20

wI
D
k
U

310

No.  of c e i l s  in jected

F i g u r e  24

C F U -S  in n o r m a l  bone m a r r o w  and C F U -S  in sp leen  of p r im a r y  

m yelo id  l e u k a e m ia  6. 1

:

8
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Line  XIX

L ine  XXVII

Line  XXX20

o

o
%

1 0 *3 10

i

N o.  of c e l l s  in jected

F i g u r e  25

C F U -S  f o r m e d  f r o m  s p le e n s  c e l l s  of th ree  m u l t ip a s s a g e d  m y e lo id  

l e u k a e m i a s

1

Ï



4. DISCUSSION

I
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4 . 1  R e c o v e r y  of the ly m p h o - m y e lo i d  c o m p le x  f r o m  n itrogen  m u sta r d

The alkyla t ing  a g en ts  w e r e  at one t im e  t e r m e d  r a d io m im e t ic  

d ru gs  b e c a u s e  they c a u s e d  gene m utat ion ,  c h r o m o s o m e  brea k a g e  

or t r a n s lo c a t io n  a s  did radiat ion .  H ow ever  the m e c h a n i s m s  of ac t ion  

and the b io lo g ic a l  e f f e c t s  of  radia tion  and a lky la t ing  agen ts  are  c l e a r l y  

d i f ferent ,  so the t e r m  i s  no lo n g e r  u sed .

Bone m a r r o w  tran sp lan ta t ion  i s  requir ed  a f ter  a le thal  d ose  of  

ir ra d ia t io n  if  the  a n im a l  i s  to s u rv iv e ,  but it i s  not n e c e s s a r y  a f ter  

a highly d e s t r u c t iv e  d o s e  of n i trogen  m u sta r d .

T h e  h ae in op o ie t i c  c e l l s  r e c o v e r  rapidly  f r o m  n i trogen  m u sta r d  

but not f r o m  radiat ion .  The s t e m  c e l l  would appear  to be r e l a t iv e l y  

r e s i s t a n t  to n i t rogen  m u s ta r d .

X - r a y s  break  the m a in  p o lynuclea ted  ch a in s  of DNA by d ire c t  

act ion ,  n i t ro g en  m u s ta r d  d a m a g e s  DNA by cau s ing  in ters tran d  

c r o s s - l i n k i n g .  The s t e m  c e l l s  r e l a t i v e  r e s i s t a n c e  to n i trogen  m u sta r d  

m ay be b e c a u s e  r e s t in g  c e l l s  do not in co r p o r a te  the drug so e a s i l y  in  

DNA fo rm a t io n .

In th is  study 4 m g / k g  body weight  of HN^ produced  in GDI f e m a l e  

m i c e  a drop in body w e igh t ,  weight  of lymph n o d e s ,  s p le e n  and thym us  

and a fal l  in bone m a r r o w  c e l i u l a r i t y .  The  nadir of the th y m u s ,  

lymph nodes  and s p le e n  weight  o c c u r r e d  around day 6 a f ter  t r e a tm e n t .  

At this  point they w e r e  25-50% of their  n o rm a l  w e ig h t s .  T h ey  then  

began to r e c o v e r ,  a t ta ining near  n o r m a l  l e v e l s  by day 12 (apart f r o m  

the th ym us) .  The f e m o r a l  c e l i u l a r i t y  f e l l  to a nadir on day 3 after  

t r e a tm e n t .  At th is  t i m e  it w a s  about 1% of n o r m a l .  It then r e c o v e r e d
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to n o r m a l  v a lu e s  on days  1 0 - 1 2  when it appeared  to p r o c e e d  to 

o s c i l l a t e  around th is  l e v e l  ( F i g u r e s  5 -  l o  ) .  T h e s e  pat terns  

of dam age  and r e g e n e r a t io n  a r e  s i m i l a r  to th o se  reported  by Sharp  

et al  (197 3).

The f e m o r a l  C F U -C  content  f e l l  to a nadir of l e s s  than 1% 

of n o r m a l  on day 1 a f ter  HN^ t rea tm en t .  T h ey  im m e d i a t e l y  began  

to r e c o v e r  on day 2 reac h in g  50% of n o r m a l  v a lu e s  by day 5. The  

C F U -S  r e c o v e r e d  to this  va lue  by day 4 in CSI m i c e  studied by 

Sharp (1 970 ) .  T h e r e  w a s  a c o n s id e r a b le  o v e r s h o o t  of  C F U -C  

n u m b e rs  on day 6 reaching  180% of contro l  v a lu e s .  L e v e l s  began  

to fal l  aga in  returning to l e s s  than 50% of n o r m a l  by day 10. During  

this  t im e  th ere  would be an outflow from  this  c o m p a r tm e n t  to the  

m o r e  d i f ferent ia ted  c o m p a r t m e n t s  of  the h a em o p o ie t i c  s y s t e m ,  

p a r t ic u la r ly  the gran u locy te  co m p a r tm e n t  which m a k e s  up 94% of the 

r e c o g n i s a b l e  h a e m o p o ie t i c  c e l l s  on day 8 after  100 / t g  HN^ (Sharp et a l ,  

1973).

The sequentia l  r e c o v e r y  of C F U - S  and C F U -C  and the c e l iu la r i t y  

of the bone m a r r o w  f r o m  100/ t g  r e f l e c t s  the a n c e s t r a l  re la t ionsh ip

of the C F U - S  to the C F U -C  and that of the C F U -C  to the m ye lo id  e l e m e n t s  

of bone m a r r o w .  The C F U - S  as  e s t im a ted  by Sharp et al (1970) in 

CSI m i c e  reached  50% of n o r m a l  l e v e l s  on day 4 a f ter  100 y i x g  of  .

The C F U -C  w a s  found f r o m  this  study to reach 50% of n o r m a l  l e v e l s  on 

day 5 a f ter  and the f e m o r a l  c e l iu la r i t y  had r e c o v e r e d  to 50%,of

n o r m a l  by day 7 (F ig .  2 6  )• M y e l o b la s t s  f r o m  a high p rop ort ion  of

the ident i f iable  c e l l s  at th is  t im e .

During the ea r ly  s t a g e s  of r e c o v e r y  f ro m  n i trogen  m u s ta r d  the
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p rop or t ion s  of r e c o g n i s a b l e  m y e lo id  c e l l s  am on gst  nuc lea ted  c e l l s  

in the m a r r o w  d e c r e a s e  and then beg in  to r e c o v e r  by day 5.

M o n o c y te s  and erythro id  c e l l s  f o r m  a v e r y  low proport ion  of the  

nucleated m a r r o w  c e l l s  and r e m a i n  fa ir ly  constant  in the f i r s t  5 

days  a f ter  n i t rogen  m u s ta r d  tr e a tm e n t  (T ab le s  9 , 1 0  ).

The lymphoid c e l l s  show an i n c r e a s e  in proport ion  unti l day 4.

T h e s e  c e l l s  include the t ra n s i t io n a l  c e l l s ,  the or ig in  of the h a e m o p o ie t i c  

c e l l s .  T h i s  c o m p a r tm e n t  shows  an i n c r e a s e  c o n c o m m ita n t  with the 

i n c r e a s e  of C F U -S  fo l low ing  m a r r o w  deple t ion  by n i tro g en  m u sta r d  

as  p r e v i o u s ly  d e s c r ib e d  by Sharp et al (1971).

Although the C F U -S  and C F U -C  cont inue to i n c r e a s e  in num ber  

beyond day 4 after  100/Cg the lymphoid  c e l l s  d e c r e a s e  in proport ion

as  the c e l iu la r i t y  of the bone m a r r o w  and m o r e  m a tu r e  e l e m e n t s  

e s p e c i a l l y  the m y e lo i d ,  i n c r e a s e .

On days  4 and 6 a f ter  n i t r o g e n  m u sta r d  the tu rnover  t im e  of 

c e l l s  in the bone m a r r o w  i s  ju s t  o v e r  50 h ou rs  when a s s e s s e d  by 

m e ta p h a s e  accu m u la t io n  with v i n c r i s t in e .

On day 3 when f e m o r a l  C F U -C  content w as  about 20% of n o rm a l  

but the con cen tra t ion  of C F U -C  w a s  equal to n o r m a l  v a lu e s ,  the 

proport ion  of C F U -C  in S - p h a s e  a s  a s s e s s e d  by h y d ro x y u rea  k i l l in g  

w as  7 8 . 8%. The  proport ion  on day 6, when f e m o r a l  C F U -C  w e r e  180% 

of n o r m a l  and the con cen tra t ion  o v e r  300% of n o r m a l ,  w a s  only  11.8%.

The  p rop ort ion  of C F U -C  in S - p h a s e  in n o r m a l  m a r r o w  w as  

e s t im a te d  to be 50%. T h i s  i s  in good a g r e e m e n t  with the va lu es  

obtained by Lajtha et al (1 969) ,  I s c o v e  et al  (1970) and M etc a l f  (1972) .



149

F i g u r e  ' 26

50^

2 3 54 6 7
D a y s  a f ter  t r e a tm e n t  with 100 yU.g HN

C F U - S  (Sharp et a l ,  197 3)

C F U -C

F e m o r a l  C e l i u l a r i ty #  ..
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On day 3 a f ter  n i trogen  m u sta r d  the m a r r o w  w a s  able  to fo r m

spontaneous  c o l o n i e s  when plated in high n u m b e r s ,  w h e r e a s  n o r m a l  

m a r r o w  did not f o r m  c o l o n i e s  spontaneous ly  at the s a m e  n u m b e rs  

p la t e d .

The  r e s u l t s  im p ly  a p r e s e n c e  in g r e a te r  con cen tra t ion ,  in m a r r o w  

rege n e ra t in g  f r o m  , of c e l l s  which r e l e a s e  co lony  s t im ulat ing

act iv i ty ,  ie .  th o se  c e l l s  which  fo r m  an adherent  la y e r  in 'Dexter '  

long t e r m  c u l tu r e s  (D exter  et al ,  1977).

T h e s e  c e l l s  c o n s i s t in g  of phagocyt ic  m o n o n u c le a r  c e l l s ,  'endothelia l '  3 

c e l l s  and giant fa t -con ta in in g  c e l l s  p rov ide  an en v ir on m en t  'in v itro'  

which p r o m o t e s  p ro l i f e r a t io n ,  d i f ferent ia t ion  and m a tu ra t io n  of  

h a e m o p o ie t i c  c e l l s  (A l len  and D e x t e r ,  1976). The  phagocyte  m o n o n u c le a r   ̂

c e l l s  a r e  p o s s i b l y  the s a m e  as  the m a c r o p h a g e s  which  r e l e a s e  CSF  

d e s c r ib e d  by M o o re  (1978).

Lord et al (1977) detec ted  a s t i m u l a t o r  of C F U - S  when C F U - S  w e r e  

p ro l i f era t in g  in re g e n e r a t in g  bone m a r r o w .  T h i s  s t im u la tor  w as  

p r e s e n t  in the 3 0 -5 0  K dalton frac t ion .

It fo l l o w s  that s t im u la to r s  of C F U -C  f r o m  the lo c a l  en v ir onm en t  

should be p r e s e n t  in h igher  p roport ion  in re g e n e r a t in g  m a r r o w .  Gidali
I

and Lajtha (1972) d em o n str a ted  the e x i s t e n c e  and im p o r ta n c e  of l o c a l  i

s t e m  c e l l  p ro l i f e r a t io n  in the bone m a r r o w .  One m i l l io n  c e l l s  f r o m  

m a r r o w  r e g e n e r a t in g  f r o m  n i trogen  m u star d  at a s tage  w h e r e  m a r r o w  

c e l iu la r i t y  i s  low, as  on day 3, w i l l  no doubt conta in  a h igher  p rop ort ion  

of s t r o m a l  c e l l s  which  p r o m o te  deve lop m en t  of co lony  fo rm in g  c e l l s .
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One m i l l i o n  c e l l s  f r o m  n o r m a l  m a r r o w  w i l l  conta in  a g r e a t e r  n u m ber  

of m a tu re  blood c e l l s  and m u ch  f e w e r  s t r o m a l  e l e m e n t s .  The num ber  

of c e l l s  which  would have  to be p lated  f r o m  n o r m a l  m a r r o w  to induce  

spontaneous  co lon y  fo r m a t io n  would have to be v e r y  m uch  h ig h e r .

The p rop ort ion  of m atu re  g r a n u lo cy te s  in m a r r o w  i  days  af ter  

n itrogen  m u sta r d  t r ea tm en t  i s  v e r y  low. R ytbm aa and K iv in ie m i  

(1968) reported  an inhib itory  fa c to r ,  a ch a lon e ,  r e l e a s e d  by m a tu r e  

g r a n u lo cy te s  which  inhibited the production  of m y e lo id  c e l l s .  N o r m a l  

m a r r o w  if plated at su f f i c ien t ly  high con cen tra t ion  g iv e s  r i s e  to 

spontaneous  c o l o n i e s ,  which  a r e  enhanced by the r e m o v a l  of m a tu re  

gra n u lo cy te s  or inhibited by addition of m a tu re  granu locyte  ex trac t  

(B r o x m e y e r  et al ,  1977).
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4 .  2 R egu la t ion  of  C olony  F o r m a t i o n  in A g a r

T h e r e  a r e  s e v e r a l  v a r i a b l e s  am on gst  the cu l tu re  con s t i tuen ts  

that might  a f fec t  the form at ion  of c o l o n i e s  in a gar ,

0,  3% A gar  has  shown to be a c r i t i c a l  co n cen tra t io n  for co lony  

form at ion  (M etca l f  and M o o r e ,  1971).

In agar  c u l tu r e s  the co lon y  yie ld  i s  a l t er ed  by the amount of 

h o r s e  s e r u m  p r e s e n t  or the con cen tra t ion  and quality of co lony  

st im ula t ing  f a c to r .  In both c a s e s  th ere  i s  an opt im um  con cen tra t ion  t  

at which the m a x im u m  n um ber  of c o l o n i e s  i s  f o rm ed  when one or other  

and the number of c e l l s  p lated i s  kept constant .

" iIn both c a s e s  the d e p r e s s i o n  of c o l o n i e s  fo rm ed  when la r g e  

amounts  of the su b s tan ce  a re  p r e s e n t  m ay  be due to dilution of other  

e s s e n t i a l  nutr ients  in the cu l ture  m ed iu m .  T h i s ,  h o w e v e r ,  in the  

c a s e  of co lon y  s t im u lat in g  fa c to r  i s  l e s s  l ik e ly  to be tru e  s in ce  the  

amounts  of m e d iu m  conta in ing  the co lony  s t im u la t in g  ac t iv i ty  f o r m  a 

r e l a t i v e l y  s m a l l  p rop ort ion  of the f inal m ix tu r e  p la ted ,  i e .  co lony  

form at ion  w as  d e p r e s s e d  when condit ioned  m e d iu m  contain ing CSA 

r e p r e s e n te d  only  30% of the m i x t u r e .  Other w o r k e r s  rep ort  a 

pla teau  of co lony  fo r m a t io n  at high c o n c e n tr a t io n s  of  CSF (M etca l f  |

and M o o r e ,  1971).  T h e s e  r e s u l t s  as  far as  they  have b een  taken I

p o s s i b l y  r e p r e s e n t  a p la teau  of v a lu es  at h igher  c o n c e n tr a t i o n s .

High co n c e n tr a t io n s  of condit ioned  m e d iu m  showed a tendency  

to p roduce  a h igh er  p rop ort ion  of granulocyte  c o l o n i e s  and a l o w e r  

proport ion  of m a c r o p h a g e  c o l o n i e s .  fl
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S t ran ge ly ,  this  r e s u l t  w a s  obtained when a weak condit ioned  

m e d iu m  w a s  used  ( ie .  one producing a low tota l  n um ber  of c o l o n i e s  

at the standard c o n cen tra t io n  of 15%).

T h is  d i s tr ib u t ion  of co lon y  type w as  even  m o r e  pronounced when  

c o l o n i e s  fo rm ed ,  in the a b s e n c e  of added C SF ,  f r o m  m a r r o w  

rege n e ra t in g  f r o m  n itrogen  m u s ta r d .

M acroph age  c o l o n i e s  p red om in ated  at a l l  c e l l  c o n cen tra t io n s  

when the c e l l  n um ber  p la ted w as  var ied  e i ther  with bone m a r r o w  f

or sp leen  c e l l s  .

The identity and s o u r c e  of CSF has  c l e a r l y  an ef fect  on the  

dis tr ibut ion  of co lony  type obtained in this  cu l tu re  s y s t e m .

T h e s e  r e s u l t s  m ay  r e f l e c t  the p r e s e n c e  of d i f ferent  subpopulations  

of C F U -C  which  respond to CSF at dif ferent m o l e c u l a r  w e ig h ts .

M etca l f  and M oore  (1973) h o w e v e r  report  no d i s c r e p a n c i e s  in |

the d is tr ibut ion  of co lo n y  ty p es  fo r m e d  in the p r e s e n c e  of d if ferent  

c o l o n y - s t im u la t i n g  f a c t o r s  i e .  L - c e l l  condit ioned m e d iu m  yie ld ing  a 

CSF of m o le c u l a r  weight  1 5 ,0 0 0  and human u r ine  y ie ld ing  a CSF of 

m o le c u l a r  weight  4 0 , 0 0 0 - 6 0 , 0 0 0 .

M o o r e  (197 8) s ta te s  that no one p rogen itor  c e l l  population can  

s p e c i f i c ia l l y  g ive  r i s e  to g ra n u lo c y te s  or m a c r o p h a g e s .

High co n c e n tr a t io n s  of CSF m a y  s t im u la te  the product ion  of 

m a c r o p h a g e s  producing P G E ,  d e s c r ib e d  e a r l i e r ,  which  in turn m a y  

inhibit  the product ion  of m a c r o p h a g e s  producing CSF and enhancing  

c o lo n y - fo r m a t io n  in it ia ted  by exogenous  C SF .
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In c o n t r a s t  a weak  s o u r c e  of CSF m ay  not s t im u la te  co lony  

fo rm a t io n  and d i f f ere n t ia t io n  to the point w h e r e  m a c r o p h a g e s

which produce  CSF a re  fo r m e d  and add to the e f fec t  of the exogen ou s

C S F .
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i n c r e a s e  in uptake in hypoxic  m i c e .

i

4 , 3  The r e s p o n s e  of re  gene r a t i f y  m a r r o w  to a r e q u ir e m e n t  for  

e r y t h r o p o ie s i s

The r e c o v e r y  of the m a tu r e  granulocyte  e l e m e n t s  in the bone

m a r r o w  p r e c e d e s  the r e c o v e r y  of the r e c o g n i s a b l e  erythro id  e l e m e n t s ,

a f ter  a le tha l  d o s e  of n i t r o g e n  m u s ta r d .  G r a n u lo c y te s  m a k e  up the

la r g e s t  proport ion  of d i f ferent ia ted  c e l l s  in the m a r r o w  by day 8

af ter  trea tm en t  with HN^. The erythro id  r e c o v e r y  ta k es  p la c e  f r o m

day 12 onwards  (Sharp et a l ,  197 5).

The r e s p o n s e  of m a r r o w  r e g e n e ra t in g  f r o m  n itrogen  m u star d  to

a s t im u lu s  for  e r y t h r o p o i e s i s  i s  shown by a d e p r e s s i o n  in the n um ber

of C F U - C ' s  in bled a n im a ls  t rea ted  with HN^ c o m p a r e d  with unbled

a n im a ls  treated  with HN^ th r e e  days  p r e v i o u s ly .  T h is  p o s s i b l e

d iv e r s i o n  of the C F U -C  to the erythro id  c o m p a r tm e n t  m a y  be r e f l e c t e d

59by a s l ight ly  h igh er  uptake ,  on day 4 after  HN^, of F e  by the f e m u r s

of m i c e  which  had been  bled on d a y i  a f ter  HN^.

Although the m a r r o w  p r e c u r s o r s  at this  t im e  a r e  p r e f e r e n t i a l l y

d i f ferent ia t ing  tow ards  the gran u locyte  c o m p a r tm e n t  an added s t im u lu s

for e r y t h r o p o ie s i s  c r e a t e s  what a p p ea rs  to be a n o r m a l  r e s p o n s e .

59The s p leen  w eight  and sp len ic  uptake of F e  a r e  in c r e a s e d

s ign i f icant ly  in n o r m a l  m i c e  3 to 5 days  a f ter  b leed ing .  Sp leen

59
weight  and sp len ic  F e  uptake i n c r e a s e s  on the 5th day of hypoxia

(T urner  et  a l ,  1967).  The f e m o r a l  m a r r o w  h o w e v e r  show s  a 

59d e c r e a s e  in F e  uptake in 'normal '  bled m i c e  w h i l s t  it show s  an

t
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No v e r y  s ign i f icant  d i f f e r e n c e s  w e r e  noted in th e s e  p a r a m e t e r s  

in m i c e  that had been  bled during r e c o v e r y  f r o m  n i trogen  m u sta r d .

The r e s p o n s e  to b leed ing  on day 1 af ter  n i t ro g en  m u stard  i s  

r e f l e c t e d  only s l igh t ly  by the erythro id  c e l l s  p r e s e n t  in the bone  

m a r r o w  on the f i r s t  5 days  fo l low ing  drug t r e a tm e n t  (Tables  9 ,  ,10 )
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4  . 4  The  R o le  of the Sp leen  in H a e m o p o i e s i s

The adult sp leen  i s  g e n e r a l ly  regarded  as  p red om inan t ly  a 

lymphoid  organ c o m p o s e d  of c e l l s  invo lved in the im m u n e  r e a c t io n s  

and as  a re t i c u lo e n d o th e l ia l  organ  w h o s e  m o n o n uc lea r  p h agocy tes  

a re  involved  in trapping and d e s t r u c t io n  of m i c r o o r g a n i s m s  and 

s e n e s c e n t  blood c e l l s .

The h a e m o p o ie t i c  potent ia l  of the s p leen  is  usual ly  e x p r e s s e d  in 

fe ta l  and p er in a ta l  l i f e  (M etca l f  and M oore ,  197 1; M etc a l f  and S tev en s ,

1972) and during t i m e s  of i n c r e a s e d  need for blood c e i l s  ( h a e m o r r h a g e  

or infection).

The  adult m u r in e  sp le e n  i s  c o m p o s e d  p red om in an t ly  of lymphoid  

c e l l s  with s o m e  m a c r o p h a g e s  and gran u locy te  e l e m e n t s  p r e s e n t .

In the adult m o u s e  the s p leen  conta ins  p luripotent  s t e m  c e l l s  (C FU -S)  

(M etca l f  and M o o r e ,  1971; B l a z i - P o l j a k  and B o r a n ic ,  1975) as w e l l  

as  p r o g e n i to r s  of erythro id  c e l l s  (G re gory  et a l ,  1973) and g r a n u lo c y te s  

and m o n o c y t e s .  C F U -C  a r e  p r e s e n t  in r e l a t iv e l y  low n u m b e r s  to the  

bone m a r r o w  C F U -C  and appear  to be r e s t in g  (M etca l f  and S te v e n s ,  1972).

In contrast: the bone m a r r o w  conta ins  a h e t e r o g e n e o u s  population of 

granulocyt ic  p r e c u r s o r s  with concatenated  p r o l i f e r a t iv e  and m atu ra t ion a l  

act iv i ty .

In this  study spe len ectorny  in one tr ia l  in c r e a s e d  the number of 

f e m o r a l  C F U -C  but not v e r y  s ign i f icant ly .  In o t h e r  t r i a l s  sham 

s p l e n e c t o m y  and s p l e n e c t o m y  d e y ) c e s s e d  t h e  f e m o r a l  CFU-C , _

c o n t e n t . T h j s  may be a r e s u l t  o f  o p e r a t i v e  s t r e s s .

B l e e d i n g  l o w e r e d  t h e  f e m o r a l  CFU-C c o n t e n t  s l i g h t l y  i n  

i n t a c t  and sham s p l e n e c t o m i s e d  a n i m a l s  b ut  i n  s p l e n e c t o m i s e d



158

mice t h e  f em or a l  CFU-C i n  t he  b l e d  mice was 

s i g n i f i c a n 1 1y h i g h e r .  The absence  o f  t h e  s p l e e n  

m o d i f i e s  t h e  r e s p o n s e  o f  the femora l  CFU-C to  

b l e e d i n g .

When t h e  s p l e e n  was p r e s e n t  there was a 

s l i g h t  r e d u c t i o n  i n  femoral CFU-C c o n t e n t  i n  

t he  b l e d  a n i m a l s .

IVhen t h e  s p l e e n  i s  absent a s t i m u l u s  for 

e r y t h r o p o i e s i s  b r i n g s  femora l  CFU-C into c y c l e  

and p r o l i f e r a t i v e  s t a t u s  thus i n c r e a s i n g  i n  number 

r e l a t i v e  t o  unb l ed  s p l e n e c t o m i s e d  a n i m a l s .

O t h e r . worke r s  ( see  i n t r o d u c t i o n ) have not  

reported a d e p r e s s i o n  in  femoral. CFU-C in  

sp l e n e c t o r n i s e d  a n i m a l s .

Richa rd  e t  a l  ( 19'71 3 found t h a t  in response tr> 

e r y t h r o p o i e t i c  s t r e s s , ,  when red c e l l  p r o d u c t i o n  

appeared to  be at a maximum the CFU-C were r ed u c e < 

i n  the  bone marrow and t h e r e  was u s u a l J y a 

r e c i p r o c a l  r i s e  i n  t he  s p l e e n .

M e t c a l f  (1969) reyjor ted that  b I eed i ng Ü. 3m j 

d a i l y  f o r  3 days  reduced  t he  t o t a l  numhri of  Cî U-(. 

i n  the  bone marrow to  l e s s  than o f  1 lia t in c< i • : U

mice and c aused  a s i g n i f i c a n t  i n c r e a s e  ,!
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15
ery th rop o ie t ic  c e l l s  in the bone m a r r o w .  B led  m i c e  deve loped  

sp leen  e n la r g e m e n t  with s o m e  i n c r e a s e  in the tota l  n um ber  of 1

in v i tro  co lony  form in g  c e l l s  in the sp leen  but th i s  did not c o m p e n s a t e  

for the reduced  n u m ber  of such c e l l s  in the bone m a r r o w .  1

Although the r i s e  in r e t i c u l o c y t e s  in the blood w a s  p r e v i o u s ly  

in terp re ted  as  an indicat ion of erythro id  product ion  which  would  

d e p r e s s  C F U -C  n u m b e r s  in the f e m u r ,  th is  r a i s e d  r e t i c u lo c y te  

count m a y  be due to the a b s e n c e  of the pitt ing act ion  of the sp leen  

alone (C rosby ,  1980).

A s  ment ioned  b e fo r e ,  Gun ale ' s c l a im  that the sp leen  exer ted  an 

inhib itory  e f fec t  on m a r r o w  C F U -C  p r o l i f e r a t io n  in u n st im ulated  

m i c e  i s  not supported by the r e s u l t s  (Gunale et al ,  1975).  |

Dons  et al (1974) in fac t  d e tec ted  a sp le e n  e x tr a c t  (supernatant  

f r o m  c e l l  hom ogenate  spun at 34, 000 g for 37 m in u tes )  which  l ike  

fetiun (an alpha globulin  p ro te in  fra c t io n  ex trac te d  f r o m  fe ta l  ca l f  

serum) enhanced the rate of r e g e n e r a t io n  of C F U - S ,  the p r e d e c e s s o r s  |

of C F U - C ,  in the bone m a r r o w .  T h e  spleen  e x tra c t  and fetiun c a u s e d  

a t r a n s ie n t  d e c r e a s e  in m a r r o w  c e l iu la r i t y  and p a r t i c u l a r ly  num ber  

of m a tu re  m y e lo id  c e l l s  in the m a r r o w .  The a c t io n s  d e s c r ib e d  h e r e  

s u g g es t  a d e s t r u c t iv e  ra th er  than inhib itory  e f fec t  of ap lee n  ex trac t  

on m a r r o w  m y e lo id  e l e m e n t s .  f

H e r e d i ta r y  a s p le n ic  m i c e  and n orm al  l i t t e r m a t e s  w e r e

Y
transplanted s u bc utan eou s ly  with 2 x 1 0  c o n g e n e ic  s p le e n s  at birth.

They  deve loped  subcutaneous  nod ules  c l o s e l y  r e s e m b l i n g  the  

s tructu re  of n o r m a l  m u r in e  s p le e n .  Growth of the graft  w as

'k
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a s s o c i a t e d  with an i n c r e a s e d  n u m b e r  of s t em  c e l l s  (CFU-S)  and 

agar co lony  f o r m in g  c e l l s  (C F U -C )  per  f e m o r a l  shaft  in both 

a sp len ic  and n o r m a l  m i c e .  T h e r e  w as  h y p erp la s ia  of the gran u locy te  

s e r i e s .  The  p r e s e n c e  of  the graft  did not m od i fy  the ery th roc y t ic  

s e r i e s  and l e u k o c y t e s  of a s p le n ic  m i c e  but reduced  a v e r a g e  p la te le t  

count.  T h is  indicate^ h u m o r a l  or  c e l l u l a r  in f lu e n c e s  of sp leen  on 

r e l e a s e  of and product ion  of m a r r o w  c e l l s  ( L e z z i o  and Machado,  197 5). j

The sp len ic  C F U -C  in c r e a s e d  in i t ia l ly  a f ter  a le thal  d o s e  of HN„ 4
:

but rapid ly  f e l l .  T h e ir  r e c o v e r y  i s  p r e c e d e d  by the C F U -C  of the  |

bone m a r r o w .  The  sp len ic  poo l  of C F U -C  m a y  respond  rapid ly  

to deple t ion ,  thus exhaust ing  i t s e l f  in a short  t im e .

S i l in i  et al (1976) a s s e s s e d  that the n u m ber  of C F U - S  per  f e m u r  

in intact  and s p len ectorn i sed  C 5 7 B 1 /C n e  x C 3 H /C n e  m i c e  w a s

i
6280 't470 r e s p e c t i v e l y .  T h e y  found that the p r e s e n c e  of the s p le e n  4

a f fec t s  m a r r o w  repopulat ion  only  at ea r ly  p o s t - i r r a d i a t i o n  s t a g e s .

E xp an s ion  of the m a r r o w  p ro g en i to r  pool  p r o c e e d s ,  rather  independently  €
%

of the sp leen  and the m a r r o w  C F U -S  re m a in  even tu a l ly  a s  the m a in  :■

s o u r c e  of h a em o p o ie t i c  c e l l s .  T h u s ,  the reac t ion  of the sp leen  m a y  I

be en v isaged  as  f a s t ,  im portant ,  but making t ra n s ien t  contr ibut ion  4

to the o v e r a l l  h a e m o p o ie t i c  funct ion of heav i ly  i r ra d ia ted  a n i m a l s .
I

The sp leen  w as  the m ajor  h a e m o p o ie t i c  organ  in m i c e  w h o s e  §1

bone m a r r o w  had been  ablated with the b o n e - s e e k in g  radionuclide  |

^^Sr (J a c o b s e n ,  S im m o n s  and B lo c k ,  1949).  T h e r e  w a s  a m ark ed  

i n c r e a s e  in the C F U - S  c o m p a r t m e n t  of the sp leen  in such m i c e

(T e r ie d ,  Gurney  and Swatek,  1966).  T h e r e  w a s  a l s o  a m a rk ed

89
i n c r e a s e  in the n u m be rs  of C F U - S  in the blood of in tact  S r - t r e a t e d  |

m i c e  which d r a m a t i c a l ly  dec l in ed  af ter  s p l e n e c to m y  (A dler ,  K n osp e
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a n d T r o b a u g h ,  1 9 7 7 ) .

The sp leen  su pp l ie s  an im p ortan t  m ic r o e n v ir o n m e n t  for  

e r y th r o p o ie s i s  in m i c e .

In the  g e n e t i c a l ly  a n a e m ic  S l /S l^  m i c e  in w hich  the h a e m o p o ie t i c  

m i c r o e n v ir o n m e n t  i s  d e f e c t i v e ,  the an aem ia  could be a l l ev ia ted  by  

t ran sp lan ts  of n o r m a l  intact sp le e n  t i s s u e  but in jec t ion  of s p le e n  c e l l  

s u sp e n s io n  had no b e n e f ic ia l  e f fec t  (B e r n s te in ,  197 0).

R e s p o n s e s  of p le th o r i s e d ,  sp lenec  tomi sed m i c e  to ery th ro p o ie t in

w e r e  v e r y  m u ch  s m a l l e r  than th o se  of intact m i c e  ranging f r o m
59

1 . 4 - 1 2 . 0 %  when m e a s u r e d  by F e  in corporat ion  in  RBC (B o zz in i  et al ,  

1976).

The en v ironm en ta l  in f lu e n c e s  of the sp le e n  would appear  to be  

outl ined by the r e s u l t s  with the d if ferent  l e u k a e m i a s  when a s s a y e d  

for  C F U - S .

About half  the sp le e n  c o l o n i e s  f o r m e d  fr o m  a tran sp lan t  of n o r m a l  

bone m a r r o w  a re  lo cated  on the s u r fa c e  of the sp leen ,  and 80% of 

th e s e  c o l o n i e s  a re  ery th ro id  or  of m ix ed  c o m p o s i t io n  (L ew is  et a l ,  

1968). Eryth ro id  c o l o n i e s  a r e  a l s o  p r e s e n t  in the red pulp but not  

in em pty  lymphoid  f o l l i c l e s ,  w h e r e a s  granulocyt ic  c o l o n i e s  grow  

along the t rabecu la  of  the sp leen  or in subcapsu lar  s h e e t s .

M egak aryoc y t ic  c o l o n i e s  u s u a l ly  grow beneath the c a p s u le  (C urry ,  

and T rent in ,  1967).  C u r r y  and T ren t in  c a l led  this  en v ir o n m en ta l  

in f luence  the " hem atop o ie t ic  induct ive  m ic r o e n v ir o n m e n t"  and 

concluded that the lo c a t io n  of the c o l o n y - f o r m i n g  c e l l s  within  the 

sp leen  d e t e r m i n e s  d i f ferent ia t ion .
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Mye lo id  l e u k a e m ia  c e l l s  f o r m e d  c o l o n i e s  in the red pulp of the  

sp leen  as  do th e ir  n o r m a l  m y e lo id  c o u n te r p a r t s .  T h e s e  c o l o n i e s  

did f o r m  p r o je c t io n s  on the s u r fa c e  of the s p leen  although t h e s e  w e r e  

som ew hat  f la t t er  than th o se  fo r m e d  by n o rm a l  bone m a r r o w  c e l l s  

(p la tes  8 - 1 1  ) .  C o lo n ie s  f r o m  lymphoid l e u k a e m ia  c e l l s  form ed  

around the p e r i a r t e r i o l a r  r e g io n s  of the s p leen ,  thus not cre a t in g  

v i s ib l e  s u r face  c o l o n i e s .

B c e l l s  p r o l i f e r a te  in the lym phat ic  nodules  fo r m e d  within the 

p e r i a r t e r i o l a r  shea ths  of the s p le e n .  T c e l l s  m ig r a t e  f r o m  the

c i r c u la t io n  to the m a r g in a l  zone  (the tra n s i t io n  b etw een  white  and J
1

red pulp.  T he  T c e l l s  then m i x  and in terac t  with the B c e l l s  in the #

lymphoid nodules  (Ham, 1974).
. -3
I

Mitotic f i g u r e s  w e r e  s e e n  d is tr ibuted  throughout the lym phat ic  |

nodules  fo r m e d  by lymphoid  l e u k a e m ia  c e l l s  in ir rad ia ted  m o u s e  

s p le e n s .  None of  the l e u k a e m i a s  exam ined  in the s p le e n  co lony  

a s s a y  had shown thym ic  in v o lv e m e n t  at any t i m e .

The l e u k a e m i a s  s e e m  to i l lu s t r a t e  that the d i f ferent  typ es  of 

c e l l s  s e l e c t  the sp e c i f i c  en v ir on m en t  in the sp leen  which s t im u la te s  

their  p ro l i f e r a t io n .

Although the sp le e n  co lon y  technique p r o v id e s  c l e a r  d is t in c t ion  

b etw een  m u r in e  rad ia t ion - ind u ced  m y e lo id  l e u k a e m ia  and m u r in e  

lymphoid l e u k a e m ia ,  in that m y e lo id  le uk a em ia  p r o d u c e s  c o l o n i e s  

in the sp len ic  red pulp (plate 1.0 ) and lymphoid l e u k a e m i a s  do not

f o r m  v i s ib l e  s u r fa c e  c o l o n i e s  but produce  highly  deve loped  lymphoid

i



nodules  (p late  12  ),  it m a y  p rov id e  no d is t in c t ion  fo r  T and B

lymphoid  l e u k a e m ia .  A l e u k a e m ia  that showed thym ic  in v o lv e m en t

I
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I

w a s  not a v a i la b le  for  t e s t in g .  The  lymphoid  l e u k a e m i a  c e l l s  t e s t e d  >

w e r e  in fact  la t e r  shown to have  Thy 1, 1 and Thy 1 ,2  an t igen s .

F ord  (1969) showed that la b e l l e d  ly m p h o c y te s  f r o m  the th o ra c ic  , |

duct,  m ig ra te d  to the s p leen  and fo r m e d  a ring around the p e r i 

a r t e r i o l a r  lymphoid  sheath into which  only  a few c e l l s  p en e tra ted ,  |

Tanaka and Lajtha (1969) d e s c r ib e d  c o l o n i e s  f o r m e d  by the y

transplanted  lym p h om a in AKR m i c e .  T h e s e  c e l l s  a r e  s e e n  to be  

p ro l i f era t in g  around the p e r i a r t e r i o l a r  r e g io n s  fo rm in g  s u r fa c e  

c o l o n i e s .  T h i s  l e u k a e m ia  showed  thym ic  in v o lv e m e n t  (B ru ce  and 

van d er  Gaag,  1963).

T h e  s e v e r a l  m e c h a n i s m s  d e s c r ib e d  h e r e  and p r e v i o u s l y  in the  

in troduct ion  m a k e  it p o s s i b l e  to sp ecu la te  on the e f f e c t s  of 

sp le n e c to m y  on le u k a e m ia .

It i s  c l e a r  that the h o m e o s t a s i s  of the bone m a r r o w  i s  g r o s s l y  -1

upse t  in a l e u k a e m ic  s ta te .  T h e  p r e s e n c e  of the s p le e n  m a y  pro long

'4
a d e g r e e  of n o r m a l  h o m e o s t a s i s  in the h a e m o p o ie t i c  s y s t e m ,  

delay ing  fa ta l i ty .

The p r e s e n c e  of the sp leen  e n h a n ces  re g e n e r a t io n  of s tem c e l l s  

in the bone m a r r o w ,  but could  equally  w e l l  enhance  the growth of 

t r a n s fo r m e d  le u k a e m i c  s t e m  c e l l s .  L eu k a em ic  c e l l s  s e e m  to reta in  

a c o n s id e r a b le  ab i l i ty  to behave  l ik e  their  n o r m a l  c o u n te r p a r t s .

Æ
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A d le r  and Trobaugh (197 8) reported  that s p le n e c to m y  d e la y s  

and l o w e r s  the in c id e n c e  of transplanted  m y e lo g e n o u s  le u k a e m ia  

in m i c e  and Upton (1977) rep orted  that s p le n e c to m y  inhibits  

radiation induction of m y e lo id  l e u k a e m ia  in m i c e .

H o w e v e r ,  once  the l e u k a e m ia  has  reached  a s tage  of d ev e lo p m en t ,  

a s  it w i l l  have  done in  c l in i c a l  c a s e s ,  s p le n e c to m y  m a y  be of no 

benef it  u n l e s s  the sp leen  i s  so g r o s s l y  en larged  and p lac ing  a burden  

upon the c i r c u la t io n .

P r i e s l e r  et  al  ( 1 979) rep orted  that s p l e n e c to m y  had no in f luence  

on the su rv iv a l  of a n im a l s  a f ter  transplanta t ion  of m y e lo g e n e o u s  

l e u k a e m ia  in R F M / U N  m i c e .

T h e  m u r in e  sp leen ,  of c o u r s e ,  a l s o  p la y s  a g r e a t e r  r o l e  in  

n o rm a l  h a e m o p o i e s i s  than the human s p leen .
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4 .  5 P e r tu r b a t io n  of n o r m a l  h a e m o p o i e s i s  in l e u k a e m i a s  'i

If the t echn iq u es  for m e a s u r i n g  and in v es t ig a t in g  n o rm a l  

h a e m o p o ie t i c  c e l l  product ion  and regu la t ion  a re  u sed  in a s s e s s i n g  

th e s e  m e c h a n i s m s  in con d it ion s  of  l e u k a e m ia  it m u s t  be e s ta b l i s h e d  

if th e s e  p a r a m e t e r s  so d e m o n s tr a te d  re la te  to th o se  e x p r e s s e d  during  

n o r m a l  h a e m o p o i e s i s .  T he  d e g r e e  of im b a la n c e  of n o r m a l  

h a e m o p o i e s i s  c r e a te d  by the le u k a e m ia  condit ion  m ig h t  be a s s e s s e d  

if a s s a y s  for s t e m  c e l l s  a r e  applied to l e u k a e m i a s .

C e l l  product ion  r a t e s ,  in l e u k a e m ia ,  do not s e e m  to g rea t ly  

e x ce ed  the product ion  r a te s  of n o r m a l  h a e m o p o ie t i c  c e l l s  resp ond ing  

to d ep le t ion  by d ru g s ,  h o w e v e r  the product ion  or  growth of the y

le u k a e m ia  c e l l s  i s  not a r r e s t e d  by the m e c h a n i s m s  which  act  when  

populat ions  of n o r m a l  h a e m o p o ie t i c  c e l l s  r each  a c e r ta in  n u m be r .

In addition  the growth of n o r m a l  h a e m o p o ie t i c  c e l l s  i s  inhibited by 

the overgr ow th  and product ion  of c e r ta in  s u b s ta n c e s  by the  

l e u k a e m ia  c e l l s .

L e u k a e m ia  c e l l s  f o r m  c o l o n i e s  in the s p le e n s  of i r rad ia ted  m i c e  

but th ese  a r e  not id en t ic a l  to th o se  fo rm ed  by n o r m a l  h a e m o p o ie t i c  

s t e m  c e l l s .  If c o l o n i e s  fo r m e d  by n o rm a l  c e l l s  or l e u k a e m ic  c e l l s  

could be d is t in gu ish ed  with c e r ta in ty  th e s e  p a r a m e t e r s  would in d ica te  

the ab i l i ty  of the m a r r o w  to r e g e n e r a te  n o r m a l  h a e m o p o ie t i c  c e l l s ,  

by a s s e s s m e n t  of the n o r m a l  s t e m  c e l l  content ,  i f  l e u k a e m ic  c e l l s  -3

w e r e  r e m o v e d .

T he  pluripotent  h a e m o p o ie t i c  s t e m  c e l l ,  h o w e v e r ,  a p p ea rs  to 

be the c e l l  in which  a l e u k a e m ic  t ra n s fo r m a t io n  i s  in it iated in 

radiat ion induced m y e lo id  l e u k a e m i a .

4
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4 ,  6 C e l l  product ion  in ir r a d ia t io n - in d u e e d  m y e lo id  l e u k a e m i a s  in  

C B A /H  m i c e

cu r v e .

i

C o lc e m i d  i s  the m o s t  c o m m o n ly  used drug for  a r r e s t i n g  c e l l  

in m e t a p h a s e  for  c h r o m o s o m e  p rep ara t ion .  Smith  et al (1974)  

h ow e ver  reported that v in c r i s t in e  sulphate w as  a m o r e  e f f ic ien t  

drug to u s e  for m e ta p h a s e  accu m u la t io n  and c e l l  product ion  s tu d ie s .

The a b i l i t i e s  of v in c r i s t i n e  and c o l c e m id  to a r r e s t  c e l l s  in 

m e ta p h a s e  w e r e  c o m p a r e d .

Within the l i m i t s  im p o s e d  by the a v a i la b i l i ty  of the m a t e r i a l  

used  for the study,  it m a y  be a s s e s s e d  that v in c r i s t i n e  i s  a m o r e  

ef f ic ient  m ito t ic  a r r e s t  agent in m u r in e  m y e lo id  l e u k a e m i a s  than 

c o l c e m i d .

In a study c a r r i e d  out on transplanted rat m a m m a r y  tumour  

and rat s m a l l  in t e s t in e ,  Tannock  ( 1 967) found that v in c r i s t in e  and 

c o l c e m id  gave  sharp ly  peaked d o s e  r e s p o n s e  c u r v e s  for  the tumour  

w h e r e a s  for the in t e s t in e ,  v in c r i s t in e  gave  a m o r e  broad ly  peaked  

d o s e  r e s p o n s e  and c o l c e m i d  showed no peak on the d o s e  r e s p o n s e  Fj

I
The d o s e  r e s p o n s e  c u r v e s  a ch ieved  with c o l c e m i d  for  a 'fast  ÿ

growing'  and a ' s low growing' transplanted  m u r in e  m y e lo id  le u k a e m ia  

w e r e  s i m i l a r l y  f lat ,  w h e r e a s  v in c r i s t in e  showed a sharp peak in the  

d ose  r e s p o n s e  cu rv e  for  the 'fas t  growing'  l e u k a e m i a .

Tannock ( 1967) m e n t io n s  that m e ta p h a s e  d e g e n e r a t io n  w as  often  

evident  when c o l c e m i d  w a s  u s e d .  M etap h ase  d e g e n e r a t io n  w a s  

evident  in l e u k a e m i c  c e l l s  cu l tured  with c o l c e m i d  . C e l l s  a r r e s t e d

i
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in m e t a p h a s e  by v i n c r i s t in e  ap peared  intact .  T h e  d e g e n e r a t io n  

could be r e s p o n s i b l e  for  l o s s  of m e ta p h a s e  a r r e s t e d  c e l l s  and so |

l o w er  the p rop ort ion  counted .  T h e  v iab i l i ty  of the c e l l s  a f ter  M

cu ltu re  with c o l c e m i d  or  v in c r i s t in e  w as  s i m i l a r .

The d i f f e r e n c e  in the r e s u l t s  with p r im a r y  and p a s s a g e d  

l e u k a e m i a s  r e f l e c t s  the d i f f e r e n c e  in the behaviour  of transplanted  

c e l l  l i n e s  to that of c e l l s  in the p r im a r y  d i s e a s e .

R ep ea ted  tran sp lanta t ion  of m y e lo id  l e u k a e m ia  c e l l s  in the 

rat (Hagenbeek et al,  1977) and the m o u s e  (M eldrum  and M ole ,

1981) has shown an i n c r e a s e  in the growth rate  of the  l e u k aem ia  

c e l l s  with in c r e a s i n g  num ber  of p a s s a g e s .

S ince  the g r e a te r  e f f i c i e n c y  of v in c r i s t in e ,  when co m p a red  to |

c o l c e m id  in a r r e s t i n g  m e t a p h a s e  in m u r in e  l e u k a e m i a s ,  i s  m o r e  

pronounced  in transplanted  l e u k a e m i a s .  T h is  m a y  be ev idence  to 

su g g es t  that caut ion  should be e x e r c i s e d  when u s in g  transplanted  ■%

c e l l s  to a s s e s s  the e f fec t  of d ru gs  on p r i m a r y  c a n c e r s .

S ince  v i n c r i s t in e  show s  an opt im um  d o s e  at which  it a r r e s t s  |

m e t a p h a s e s  in m u r in e  m y e lo id  leukaemia,  and th e s e  m e t a p h a s e s  'W
%

do not d e g e n e r a te  th is  drug would appear to fu lf i l  the c r i t e r i a  

stated by Tannock (1967) for an e f f e c t iv e  s ta tm ok in e t ic  agent to 

u s e  in th is  l e u k a e m ia  c e l l  s y s t e m .

$

■I
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4 , 7  G el l  production  in m y e lo id  le u k a e m ia

Irrad ia t ion  induced m y e lo id  le u k a em ia  in C B A / H  m i c e  m o s t  

r e s e m b l e s  acute  m y e lo id  l e u k a e m ia  in hum ans .  H o w e v e r  in the  

a b s e n c e  of c y to g en e t i c  s tud ies  a d is t in c t ion  b e tw een  ch ron ic  m y e lo id  

l e u k a em ia  and acute  m y e lo id  le u k a e m ia  cannot a lw a y s  be c l e a r l y  

drawn (Gunz,  1977),  In ch ildhood the m a jo r i ty  of c a s e s  a r e  acute .

Chronic m y e lo id  le u k a e m ia  u s u a l ly  t e r m i n a t e s  in a ‘b las t  c r i s i s ' .  

T h e r e  i s  an accu m u la t io n  of  m y e l o b l a s t s  and a l o s s  of m o r e  

dif ferent ia ted  c e l l s .  The s i m i l a r i t y  b etw een  th is  s ituat ion and the  

k in e t ic s  of acute  le u k a e m ia  i s  obv ious .

M y e l o b la s t s  a r e  the youn ges t  c e l l s  with d is t in c t  m o r p h o lo g y  and 

th ese  have  been  shown to be l e s s  p r o l i f e r a t iv e  than n o r m a l  m y e l o b l a s t s  

(Gavosto ,  1974).  The la b e l l in g  id i c e s  d e c r e a s e  with the p e r c e n ta g e  

in c r e a s e  in m y e l o b l a s t s .  It i s  probable  that during blast  c r i s i s  an 

i n c r e a s i n g  number fa i l  to d iv ide .  A n a l y s i s  of the k inet ic  p a r a m e t e r s  

of the c h ro n ic  m y e lo id  l e u k a e m ia  p r o l i f e r a t in g  c o m p a r t m e n t  and 

their  c o m p a r i s o n  with n o r m a l  granulopoie t ic  t i s s u e  , u su a l ly  shows  

that the la b e l l in g  index  and p r o l i f e r a t io n  rate a re  lo w e r ,  w h e r e a s  

c e l l  c y c l e  t i m e s  and in tr a c o m p a r tm e n ta l  t ra n s i t  t i m e s  a r e  lo n g er  in 

GML and that l e u k a e m ic  gran u locy te  p ro l i f e r a t io n  i s  par t ly  in e f fe c t iv e  

(Gavosto ,  1974).

M aloney  et al (1971) h o w e v er  conc lude  that there  i s  in e f fe c t iv e  

g ra n u lo p o ie s i s  in the n o r m a l  s ta te .  F l a s h - l a b e l l e d  g ran u locy te  .to 

erythroid  p r o g e n i to r s  w a s  unity ( 1 . 0 2  + 0. 05) but the net  product ion  

as  revea led  by p e r ip h e r a l  blood tu rn over  i s  g r e a t e r  for  e r y th r o c y te s  

than g r a n u lo c y te s .



169

In human acu te  m y e lo i d  le u k a e m ia  m e a s u r e m e n t s  of the la b e l l in g
1

index range f r o m  3-6% and the m ito t ic  index f r o m  0 . 4 - 0 .  8% é

(Gavosto and P i l e r i ,  1971).

In the i r ra d ia t io n  induced m y e lo id  l e u k a e m i a s  in G B A /H  m i c e

the h igh es t  number of c e l l s  accum ula t ing  in m e t a p h a s e  w as  about v
-

2 0 -25  per  1000 per  hour if m e ta p h a s e  accu m u la t io n  i s  a s s u m e d  to be  

l in e a r  over  t i m e .  T h i s  i s  true  for both p r im a r y  and p a s s a g e d  

l e u k a e m i a s .  T h i s  rate  of m e ta p h a s e  accu m u la t ion  h ow e ver  i s  not  

v e r y  m uch  g r e a t e r  than the rate  of m e ta p h a s e  accu m u lâ t  ion in m a r r o w  

reg e n e ra t in g  f r o m  n i trogen  m u sta r d  at a t im e  when m y e l o b l a s t s  m a k e  

up a la r g e  proport ion  of the c e l l  populat ion.

T h e  sp leen  sh ow s  a s l igh t ly  h igher  proport ion  of c e l l s  in m e t a p h a s e  

than the bone m a r r o w  in p a s s a g e d  m ye lo id  l e u k a e m i a s ,  but th is  i s  not  

highly  s ign i f icant .

The p r o p o r t io n s ,  on the w h o le ,  w e r e  lo w e r  in the bone m a r r o w  in 

p r im a r y  m y e lo id  l e u k a e m i a s  but th is  w as  not s t a t i s t i c a l l y  s ign i f ic an t .

L o w er  p ro p o r t io n s  in the bone m a r r o w  w e r e  m o s t l y  due to c a s e s

■sw h e r e  the bone m a r r o w  w a s  a c c e l l u l a r ,  fo l low ing  a f ib ro u s  fatty ch an ge .

The p ro p o r t io n s  of c e l l s  in m e ta p h a s e  in the blood w e r e  v e r y  low,  not y

exce ed in g  10% of the p ro p o r t io n s  in the s p leen .  I'

S ince  the p rop ort ion s  of c e l l s  in m e t a p h a s e s  a s i m i l a r  in the  

t i s s u e s  exam ined  ( s p leen ,  bone m a r r o w  and l iver )  th is  s u g g e s t s  that  

th e s e  t i s s u e s  a r e  supporting  the growth of a s i m i l a r  or  id en t ica l  

c l o n e s  of l e u k a e m ia  c e l l s ,  w h o s e  growth r a t e s  a re  s i m i l a r .

I

. . a
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T r an sp lan ta t ion  of the l e u k a e m i a  c e l l s  has  shown that c l o n e s  

of l e u k a e m ia  c e l l s  of d if ferent  growth r a te s  e x i s t .  S lo w e r  grow ing  

c l o n e s  a r e  r e v e a le d  when low  n u m b e rs  of c e l l s  a r e  transplanted  

(Mole  and M e ld r u m ,  to be publ ished) .

The low p rop or t ion s  of c e l l s  in m e ta p h a s e  in the blood m a y  

su gges t  that th e s e  c e l l s  a r e  not r e p r e s e n t a t i v e  of  the c l o n e s  of 

l e u k a e m ia  c e l l s  in the t i s s u e s .

I
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4 . 8  Sp leen  co lon y  fo r m a t io n  in m u r in e  l e u k a e m i a s

When n o r m a l  bone m a r r o w  or  s p leen  c e l l s  a r e  in jected  in 

su itable  d o s e s  into l e th a l ly  i r ra d ia t io n  m i c e ,  the s u r fa c e  c o l o n i e s  

fo r m e d  in the ir  s p le e n s  (CFU-S)  r e f l e c t  p r i m a r i l y  e r y t h r o p o ie s i s  

and not total  h a e m o p o i e s i s  ( L e w i s  et  a l ,  1968).  P l e th o r a  r e d u c e s

■S
the number of C F U - S  fo r m e d  (Curry  et al ,  1964) but th is  number m ay  

be r e s t o r e d  by exogen ou s  e ry th ro p o ie t in  (C urry  et a l ,  1964,  and 

B le ib e r g  et al ,  1965).

T he  m u r in e  s p le e n  p r o v id e s  a m a jo r  contr ibut ion  to 

e r y t h r o p o ie s i s  (T h o m a s ,  1973).

G ranu locyte  c o l o n i e s  a r e  not sharp ly  c i r c u m s c r i b e d  and b e c a u s e  

they  invade the sp len ic  t i s s u e  they  do not prod uce  a s ign i f icant  %

d i s p la c e m e n t  and e levat ion  of the sp len ic  c a p s u le  (L e w is  et al ,  1968).

A sp le e n  co lon y  fo r m e d  f r o m  n o rm a l  s p leen  c e l l s  in a l e th a l ly  

i r rad ia ted  C B A / H  m o u s e  (p late 8 ) shows  sh a rp er  e lev a t io n  than

sp leen  c o l o n i e s  fo r m e d  from  a p a s s a g e d  m y e lo id  l e u k a e m ia  (plate lo )*

I

C e l l s  f r o m  l e u k a e m i a s  often fo rm ed  m ix e d  c o l o n i e s  of n o r m a l

:
and le u k a e m ic  c e l l s

C e l l s  f ro m  lymphoid  l e u k a e m i a s  on the w hole  did not produce  

su r face  c o l o n i e s  but the lymphoid  f o l l i c l e s  of the s p leen  w e r e  h igh ly  %
'I

deve loped  (plate 12  ) and showed m any m i to t i c  f i g u r e s  (plate 13  ). - ;

N o r m a l  h a e m o p o i e s i s  could be seen  in the sp len ic  red pulp.

A l in e a r  re la t ion  b e tw een  the m e a n  num ber  of c o l o n i e s  per  s p le e n  

and c e l l  d o s e  in jected  w a s  not detec ted  ov er  the range of c e l l  d o s e  

exam in ed .  Tanaka and Lajtha (1969) o b s e r v e d  a l i n e a r  re la t ion sh ip  r

b etw een  the num ber  of c o l o n i e s  fo r m e d  f r o m  R F M / U n  m y e lo id

'i



Plate 8

Spleen colony formed from normal bone

marrow.

Plate 9

Cells from normal spleen colony.
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Plate 10

Spleen colonies formed by cells from 

multipassaged myeloid leukaemia*

Plate 11

Cells of myeloid leukaemia spleen

colonies
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Plate 12

Spleen of lethally irradiated mouse

given 10^ multipassaged lymphoid leukaemic

cells ten days previously.

Plate 13

Cells of enlarged lymphoid follicles 

showing mitotic figures and the splenic 

red pulp on the right.
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3
le u k a e m ic  bone m a r r o w  and c e l l  d ose  in the range of 2 x  10 to

5
1 .2  X 10 leulcaemic c e l l  in ocu lu m .

In l ine XIX the re la t io n s h ip  of num ber  of c o l o n i e s  to number of

4 5
bone m a r r o w  c e l l s  in jec ted  m igh t  be l in e a r  o v e r  the range  10 to 10 .

In the o ther  l e u k a e m ia  l i n e s  and the p r im a r y  l e u k a e m ia  exam in ed

5 6the re la t io n ip s  might  be l i n e a r  o v e r  the range 10 to 10 c e l l s  in jected .  

In C B A /H  m i c e  n o r m a l  bone m a r r o w  g iv e s  a l i n e a r  re la t io n s h ip  between

n um ber  of  c o l o n i e s  fo r m e d  and num ber  of c e l l s  in jec ted  o v e r  the

3 5
range  5 x 10 to 10 c e l l s

L ine  XIX w a s  known to g ive  a 'take' i f only ten c e l l s  w e r e  in jec ted

(M eldrum  and M o le  , 1982).  S in ce  at l e a s t  one in ten c e l l s  in jec ted

is  c lo n o g e n ic  and only  2 c o l o n i e s  p er  ten thousand c e l l s  in jec ted  fo r m

in the sp leen  the seed in g  e f f i c i e n c y  in the sp leen  i s  v e r y  low,  i e . 0 , 0 2 % .

T he h i s to lo g y  and shape of the c o l o n i e s  form ed  f r o m  l ine  XIX ,

which  w e r e  pure ly  m y e lo i d ,  w e r e  s i m i l a r  to the c o l o n i e s  f r o m  the

R F M / U n  m y e lo id  l e u k a e m ia  d e s c r i b e d  by Tanaka and Lajtha (1969).

The  l e u k a e m ia  c e l l s  w hich  f o r m  c o l o n i e s  do not s e e m  to e x p r e s s

a m u lt ip o ten t ia l i ty  a s  do the c e l l s  that f o r m  sp le e n  c o l o n i e s  f r o m

n o rm a l  m a r r o w .  The le u k a e m i c  sp leen  c o l o n i e s  appear  to c o n s i s t

of b las t  c e l l s  of the s e r i e s  of h a e m o p o ie t i c  c o m p a r t m e n t s  in which

they  o r ig in a ted .  The  m y e lo id  l e u k a e m ia  c e l l s  invade the sp len ic

red pulp and fo r m  f la t ter  s u r fa c e  c o l o n i e s  than the erythro id  type

f o rm ed  by n o r m a l  h a e m o p o ie t i c  c e l l s .  The lymphoid  le u k a em ia

c e l l s  grow  around the p e r i a r t e r i o l a r  r eg io n s  of the s p le e n .  Such

d eve lopm ent  of the lymphoid  f o l l i c l e s  in the sp leen  m a y  be s e e n  in

the n o n - ir r a d ia te d  s p le e n s  in p r i m a r y  lymphoid m u r in e  l e u k a e m i a s .
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4 . 9  In te rac t ion  of l e u k a e m ic  c e l l s  with n o r m a l  c e l l s

Cure  or con tro l  of l e u k a e m i a  could be m ad e  m o r e  e f f e c t i v e  by  

an understanding  of  the in terac t ion  of the l e u k a e m ic  c e l l s  with the  

n o r m a l  s t e m  c e l l s  during the p r o g r e s s i o n  of the d i s e a s e .

Kinet ic  s tud ies  of  the s t e m  c e l l  pool  fo l low ing  dep le t ion  with  

cytotox ic  drugs  have re v e a le d  the r e la t io n s h ip s  of the p r e c u r s o r s

to each  oth er  and the m o r e  d i f ferent ia ted  f o r m s  of h a em o p o ie t i c  ^
-

c e l l s  and the ca p a c i ty  of the s t e m  c e l l  pool  for  r e c o v e r y .  H o w e v e r  Jt

the p r e s e n c e  of l e u k a e m ic  c e l l s  w i l l  im p a ir  th is  cap ac i ty  fo r  r e c o v e r y

and product ion  of n o r m a l  d if ferent ia ted  c e l l s .

L e u k a em ic  c e l l  s u s p e n s io n s  fo rm  c o l o n i e s  in the s p le e n s  of |

i r ra d ia ted  m i c e .  T h e s e  c o l o n i e s  c o n s i s t s  of d i f ferent  c o m p o s i t io n s

of c e l l  ty p es  as  d e s c r i b e d  p r e v i o u s l y .  The  p r e s e n c e  or a b s e n c e  of

erythro id  c e l l s  which  p r e d o m in a te  in n o r m a l  sp le e n  c o l o n i e s  m igh t

55be co n f irm e d  by autorad iograph  with uptake of F e .

T ransp lan ted  l e u k a e m ic  c e l l s  ex e r t  a s u p p r e s s i v e  e f fec t  on f

5
n o rm a l  h a e m o p o i e s i s .  In ject ion  of 10 s p le e n  c e l l s  f r o m  RFM

I

m i c e  with m y e lo id  l e u k a e m ia  p ro d u ces  a d ec l in e  of a l l  n o r m a l  v

h a e m o p o ie t i c  p a r a m e t e r s  b e tw een  the sixth and seven th  days  a f ter

in ject ion  of l e u k a e m ic  c e l l s  (Lajtha et a l ,  1969).  E r y t h r o p o i e s i s ,  

59
m e a s u r e d  by F e  in co r p o r a t io n  i s  lo w ere d  a s  are  the n o r m a l  s t e m  

c e l l s ,  m e a s u r e d  by repopulat ing  c a p a c i ty  of the m a r r o w  and the  

n u m b e rs  of C F U -C  a l s o  f a l l .
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Lajtha,  Tanaka and T e s t a ,  197 2) conc lude  that the reduct ion  

in n o r m a l  h a e m o p o i e s i s  cannot  be attributed  s o l e l y  to ov e r c r o w d in g  I

5
by the le u k a e m ic  c e l l s ,  but that it i s  the re s u l t  of h u m ora l  in tera c t io n

ibetw een  the l e u k a e m ic  and n o r m a l  s t e m  c e l l s .

In RMF le u k a e m ia  c o l o n i e s  grown f r o m  n o r m a l  and le u k a e m ic  

m o u s e  c e l l s  a re  not d is t in g u is h a b le  by m o rp h o lo g y  or growth pattern  

in c u l tu re .  T ra n sp la n ta t io n  of C F U -C  cultured  f r o m  l e u k a e m ia  c e l l s  

fai led to prod uce  l e u k a e m ia  in re c ip ie n t  m i c e  w h e r e a s  high n u m b e r s  

of l e u k a e m ia  c e l l s  p la ted  in agar  produced  leulcaernia in rec ip ien t  

m i c e  (Gordon and G ogg le ,  1974).  Gordon and  Gogg le  found th e r e  

w as  a r i s e  and fa l l  in the n u m b e r s  of  n o r m a l  C F U -C  f r o m  le u k a e m ia  

s p le e n s .  Lajtha,  Tanaka and T e s t a  (1972) d e tec ted  the s am e r i s e  ’f .

and fa l l  and s u g g e s te d  the  e f fec t  m a y  be  due to s o m e  f o r m  of in t e r a c t io n  

b etw een  n o r m a l  and l e u k a e m i c  c e l l  popula t ions .  M e tc a l f ,  M o o r e  and 

W arn er  (1969) reported  a s t im u la t in g  e f fec t  on the fo rm a t io n  of  

granulocyt ic  c o l o n i e s  by c e l l s  f r o m  m u r in e  m y e lo m o n o c y t i c  l e u k a e m i a .  . |

Lymphoid  l e u k a e m ia ,  e r y th r o le u k a e m ia  or  p la s m a  c e l l  tu m o u r s  did 

not have a s t im u la to r y  e f f e c t .  The  s t im u la to ry  e f fec t  of m y e lo m o n o c y t i c  

l e u k a e m ia  c o m e s  f r o m  CSF r e l e a s i n g  m o n o cy t ic  l e u k a e m ic  c e l l s .

On the o ther  hand it h as  been  found that c e l l s  f r o m  acute

A

le u k a e m i a s  (m o s t ly  m y e lo i d  l e u k a e m ia s )  (Chiyoda et a l ,  197 5) or
n

e x tr a c t s  f r o m  le u k a e m i c  c e l l s  (Chiyoda et a l ,  1976) d e p r e s s  co lo n y  f'

I
fo rm a t io n  by n o r m a l  C F U - C .  I

Leulcaemia inhib itory  a c t iv i ty  (LIA) i s  found a s s o c i a t e d  with  

acute  and ch ron ic  m y e lo id  and lymphoid  l e u k a e m i a ,  although m uch  

g r e a te r  quant i t ies  a r e  found during acute  l e u k a e m ia  than during

I
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chron ic  le u k a e m ia  or acute  l e u k a e m ia  during r e m i s s i o n  ( B r o x m e y e r  

e t a l ,  1978a,  B r o x m e y e r  et  a l ,  1978b).

RNA and p ro te in  s y n th e s i s  a r e  required for  LIA product ion .  

P r o t e in  s y n th e s i s  i s  evident  in c e l l s  of ir rad ia ted  induced  C B A /H  

l e u k a e m ia  by the deep  basoph i l i c  c y t o p la s m  of the b l a s t - l i k e  c e l l s .  

LIA inhibited C F U -C  during S p h a se  but did not appear  to

affect  c e l l s  in s u s p e n s io n  cu l tu re  generat ing  C F U -C  or  im m a t u r e  -3

r e c o g n i s a b le  g r a n u lo c y te s  in the  c o l o n i e s  d eve lop ing  f r o m  C F U -C  

( B r o x m e y e r  et a l ,  197 8b). T h e  LIA producing  c e l l  populat ion i s  

not syn onym ou s  with the b la s t  c e l l  population a s  a w hole .  Only  

n o n -a d h er en t ,  low d en s i ty  and s lo w ly  sed im en t in g  c e l l s  contained  and 

r e l e a s e d  L I A .

T h e s e  c e l l s  have  been  c h a r a c t e r i s e d  a s  belonging to a ly m p h o id 

l ike  c e l l  population but a r e  n e i th er  T or  B but have  F c  r e c e p t o r s .

T h ey  a re  n o n - p h a g o c y t i c , and be long  to the sh eep  red  blood c e l l  

rose t t in g  populations  w hich  a r e  E , EAC , I g , EA and la  a s  

d eterm in e d  by c y t o t o x ic i t y  t e s t s .

C er ta in  im m u n o r e g u la to r y  agen ts  s u p p r e s s  the product ion  of LIA.

LIA w a s  not d e tec ted  in n o r m a l  human t i s s u e  and ev id e n c e  fo r  i t s  

s p e c i f i c i ty  of act ion  w as  obtained s in ce  LIA did not inhibit  B F U - e  or  

C F U - e  p r o l i f e r a t io n  ( B r o x m e y e r  et al ,  1979).

G r e a te r  co n c e n tr a t io n s  of LIA a r e  found during acute  l e u k a e m ia  

than during chron ic  l e u k a e m ia  ( B r o x m e y e r  et  a l ,  1 9 7 8a, 1978b) and 

r e m i s s i o n  of acute  l e u k a e m ia  i s  a s s o c ia t e d  with  low l e v e l s  of LIA 

( B r o x m e y e r  et a l ,  1979a) .  LIA has  a l s o  b een  d e tec ted  in m o u s e  

t i s s u e  in fected  with A b e l s o n  and F r ie n d  v ir u s  ( B r o x m e y e r  et a l ,  1980,
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and M a r c e l l e t t i  and F u r m a n  ski ,  1980).  LIA i s  not e f f e c t iv e  in 

su p p r e ss in g  growth of C F U -C  f r o m  m any  pa t ien ts  with le u k a e m ia  

or f r o m  v i r u s  in fec ted  m i c e .

LIA w as  ident if ied  a s  a c id ic  i s o f e r r i t i n s  ( B r o x m e y e r  et a l ,

1981) w h ose  r o le  a s  a n o r m a l  inhib itory  regu la tor  of m y e l o p o i e s i s  

w as d is t in c t  f r o m  that of l a c to f e r r in ,  a p o ly m o rp h o n u c lea r  c e l l -  

d er ived  l a c to f e r r in ,  which  in i t s  iron  saturated f o r m ,  inhib it s  m u r in e  

m a c r o p h a g e  and human m o n o c y te  r e l e a s e  and product ion  of CSF  

( B r o x m e y e r ,  1979; P e l u s  et a l ,  1979).

P r o s t a g la n d in s  a re  s e l e c t i v e  and highly  s p e c i f i c  r e g u l a to r s  of 

human bone m a r r o w  c o l o n y - f o r m i n g  c e l l s  c o m m it t e d  to m on ocy to id  

dif ferent ia t ion  (C FU -M ) but not th o se  which  g ive  r i s e  to neu trop h i l s  

or e o s in o p h i l s ,  C F U -C  w hich  g ive  r i s e  to n e u tro p h i l s  (C FU-G M )  

and p r e - C F U - G M  ( c e l l s  giv ing r i s e  to C F U -G M  in s u s p e n s io n  culture)  

a r e  h e t e r o g e n e o u s  in th e ir  s e n s i t iv i t y  to P G E .

Acid  i s o f e r r i t i n s  w hich  produ ce  the inh ib itory  e f fec t  of LIA have  

b een  found in t i s s u e s  f r o m  n o r m a l  healthy  ind iv idua ls  at a v e r y  low  

co ncen tra t ion ,  but the ir  p r e s e n c e  i s  m a r k e d ly  e l e v a te d  in in d iv iduals  

with le u k a em ia  and lym p h om a ( B r o x m e y e r  et a l ,  1 981).

The transplanted  m y e lo id  l e u k a e m ia  l ine  XIX, which or ig inated

in a p r i m a r y  h os t  g iven  two d o s e s  of  120 rads  w a s  known to have at

l e a s t  one in ten c lo n o g e n ic  c e l l s  (M eldrum and M o le ,  19 82). T h i s

le u k a e m ia ,  a f ter  s e v e r a l  p a s s a g e s ,  w a s  e s t im a te d  to have  25 c e l l s

en ter ing  m e ta p h a s e  each  h ou r .  T h is  would prod u ce  a doubling t im e

7 8of about 40 h o u r s ,  a s s u m i n g  no c e l l  l o s s .  If 10 - 1 0  l e u k a e m ia  

c e l l s  w e r e  fata l  to a m o u s e  the su r v iv a l  t i m e s  of m i c e  g iven  b e tw een
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one and ten  c e l l s  m igh t  be expected  to fa l l  be tw een  4 0 and 50 d a y s .  

Even  if only 10^ c e l l s  w e r e  fatal  to a m o u s e  the su rv iv a l  t im e  would

be o v e r  35 d a y s .

The actual  s u rv iva l  t i m e s  of m i c e  g iven  a low n um ber  of the  

m u lt ip a s s a g e d  l e u k a e m ia  c e l l s  w a s  lo w er  than 35 days  (M eldrum  

and M o le ,  1982 and s e e  addendum).  T h is  s u g g e s t s  that s o m e  other  

in f luence  such a s  a h u m o r a l  s u p p r e s s io n  of n o r m a l  h a e m o p o i e s i s  ;||

contr ibuted  to the rapid death of the a n im a l ,  | |

H agenbeek  and M a r te n s  (1981),  on the other  hand, concluded  

that h u m ora l  f a c t o r s  of s h o r t - r a n g e  c e l l - t o - c e l l  in tera c t io n  did not  

p lay  an e s s e n t i a l  r o l e  in the red i s tr ib u t io n  and d e p r e s s i o n  of C F U - S  

during the  p r o g r e s s i o n  of tran sp lan ted  rat (BNML) m y e lo id  l e u k a e m i a .

T h e ir  c o n c l u s io n s  w e r e  b ased  on dif fus ion  ch a m b e r  e x p e r i m e n t s  and 

'in v itro '  c o cu l tu r in g  of l e u k a e m i c  and n o r m a l  bone m a r r o w  c e l l s .

In the la te  s t a g e s  of l e u k a e m ia  the m a jo r i ty  of the re m a in in g  C F U - S  

i s  found in the s p leen  and in the blood.

E x c e s s i v e  product ion  of n o r m a l  c e l l  p r o t e in s  in tumour c e l l s  i s  

d i s c u s s e d  by K le in  (1981) .  It i s  s u g g e s te d  that th is  overp rod uct ion  

of p ro te in  c a u s e s  t r a n s fo r m a t io n  and it i s  h y p o th e s i s e d  that due to the  

in tegra t ion  of the on cogen e  in the w rong p la c e  or  in the w rong w ay ,  a 

c e r t a in  n o r m a l  c e l l u l a r  product  i s  s y n th e s i s e d  in e x c e s s i v e  quantity  

or at the wrong t i m e .

It i s  apparent that l e u k a e m ic  c e l l s  re tain  a c o n s id e r a b l e  d e g r e e  

of n o r m a l  behav iou r  p a t tern s  but the fatal  state c o - i n c i d e s  with l o s s  

of m atu re  c e l l s  which  prod uce  inh ib i tory  m a t e r i a l  that a c t s  on 

p r e c u r s o r  c e l l s .
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T h i s  l o s s  of n o r m a l  inhib it ion  i s  p o s s i b l y  not only  a c c e l e r a t e d  

by the inhib it ion  by l e u k a e m ic  c e l l  product ,  of n o r m a l  p r e c u r s o r  

c e l l s  which  produce  t h e s e  end c e l l s  but a l s o  by the d e s tr u c t io n  or  

l o s s  of the bone m a r r o w  s t r o m a l  e l e m e n t s  on w h ich  r e g u la to r y  c e l l s

i
depend,  a s  r e f l e c t e d  by the adherent  laye r  in D e x t e r  c u l t u r e s .

The growth of the bone m a r r o w  s trom a  w i l l  be  p h y s i c a l l y  l im i t e d  

by the b ou nd ar ies  of the bone c a v i ty  and w i l l  not be ab le  to expand to |

produce  enough reg u la to r y  co n tro l  which m ight  have  s o m e  in f luen ce  

on l e u k a e m ic  c e l l s  or  enough s t im u lu s  for the n o r m a l  c e l l s  to o v e r c o m e 1any inhib itory  ac t ion  produced  by the o verp rod u ct ion  of p r o te in s  by the  

l e u k a e m i c  c e l l s .

When S ir  Ralph,  in B e r n a r d  S haw 's  p lay  'The D o c t o r s  D i le m n a '  

r e fe r r e d  to ' s t im u la t ion  of the p h a g o cy te s '  a s  the natura l  r e m e d y  for  

al l  d i s e a s e s ,  he w as  r e f e r r in g  to the d e s t r u c t iv e  im m u n o lo g ic a l  e f f ec t  in y- 

which m a c r o p h a g e s  a r e  invo lved  "The p h agocy tes  are  s t im ulated;  they  

devour the d i s e a s e ;  and the pat ient  r e c o v e r s  - u n l e s s ,  of c o u r s e ,  he i s  

too far g o n e ,"  He could not,  of c o u r s e ,  e n v i s a g e d  the r e g u la to r y  

ro le  p layed  by m a c r o p h a g e s ,  and i t s  p o s s i b l e  m anipu la t ion  for  con tro l  

of l e u k a e m i a .

It i s  d iff icul t  to a s s e s s  though which  m e c h a n i s m  or  m e c h a n i s m s  

should be in t e r f e r r e d  with to p rod uce  to m o s t  e f f e c t i v e  contro l  of

l e u k a e m ia .  S t im ula t ion  of n o r m a l  c e l l  p r o l i f e r a t io n  to c o m p e t e  with Vl
:

leulcaemic  c e l l  p r o l i f e r a t io n  m ay  s t im u la te  potent ia l  l e u k a e m ic  s t e m  

c e l l  p r o l i f e r a t io n ,  s in ce  it i s  m o s t  l ik e ly  that m y e lo id  and other,  

l e u k a e m i a s  a re  s t e m  c e l l  d i s e a s e s ,  a s  w i l l  be d i s c u s s e d  n ex t .  ‘S;

■■u

• ' t
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A lo Radiation*induced leukaemia A stem cell disorder?

E v id en ce  that a n u m ber  of haematologicaX disorders  represent ,  

n eop las t ic  t r a n s fo r m a t io n  of p luripotent  s t e m  c e l l s  has  c o m e  fr o m  

c h r o m o s o m e  m a r k e r s .  T he  Ph i lad e lp h ia  c h r o m o s o m e ,  an 

a b n orm al i ty  s p ec i f i c  for CML, w a s  found to be p r e s e n t  in erythro id ,  

granulocyt ic  and m e g a k a r y o c y t i c  c e l l s  l i n e s ,  ind icat ing  that the 

d i s e a s e  w a s  p r i m a r i l y  at the p luripotent  s t e m - c e l l  l e v e l  (W an g-P en g  

et al ,  1963),

The g l u c o s e - 6 -ph osph ate  d e h yd rogen ase  (G - 6 - P D )  m a r k e r  which  

i s  X - ch ro m o  s o m e  l inked d e m o n str a te d  that c l o n e s  produced  

e r y th r o c y te s ,  g r a n u lo c y te s ,  p l a t e l e t s ,  m o n o c y t e / m a c r o p h a g e s  and 

B ly m p h o c y te s  indicat ing  a s t e m  c e l l  which g iv e s  r i s e  to a l l  th e s e  

l i n e s  (F ia lkow  et a l ,  197 8).

A b r a m s o n  et al (1977) showed that by in ject ing  c e l l s  with  

rad ia t ioned- indu ced  c h r o m o s o m e  m a r k e r s  into suble tha l ly  i r rad ia ted  

m i c e  of the W , s tra in ,  which  have a genet ic  m alfunct ion  of the ir  

own h a em o p o ie t i c  s t e m  c e l l s ,  that the m ye lo id  and lymphoid  s t e m  

c e l l s  w e r e  part ly  independent.  On the other  hand P r c h a l  et al ( 1 97 8) 

reported  the s in g le  m a r k e r ,  G - 6 - P D ,  in al l  h a e m o p o ie t i c  and 

lymphoid c e l l  typ es  in a c a s e  of s id e r o b la s t i c  a n a e m ia .

With radia tion  induced l e u k a e m i a s  the t im e  of the in it ia l  

l e u k a em o g en ic  insu lt  i s  known. Most  quantitat ive data a r i s e  f r o m  

the J a p a n es e  s u r v iv o r s  of the a tom ic  bom bs  at H i r o s h i m a  and 

N a g a sa k i .

L e u k a e m ia  in m an would beg in  to be d iagnosed  when about  

10^^ to 10  ̂ l e u k a e m ia  c e l l s  a r e  p r e s e n t  (Cronkite,  1981).  If 

th ere  w as  no l e u k a e m ic  c e l l  death the t im e  to grow out to lO^^-lO^^
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le u k a e m ic  c e l l s  f r o m  one or  m o r e  s im i l a r  l e u k e m ic  m utants  

with a d o u b l in g - t im e  of 4 8 hours  i s  68-7  5 day.  In H i r o s h i m a  

and N agasak i  the f i r s t  c l e a r  cut  i n c r e a s e  in the e v id e n c e  of 

l e u k a e m ia  w as  o b s e r v e d  18 m on ths  a f ter  e x p o s u r e  and peaked  

about 5 -6  y e a r s  a f ter  e x p o s u r e .  Inc id ence  of al l  s o r t s  of 

l e u k a e m ia  w as  h igher  and peaked soon er  in younger  ag e  g roup s ,  

eg.  th ose  under 15 at the t im e  of bombing had peak in c id e n c e  6 

y e a r s  after  e x p o s u r e ,  1 5 -2 9  y e a r s  at 9 y e a r s ,  30-44  y e a r s  at 

14 y e a r s ,  and 4 5 and o v e r  at 22 y e a r s  af ter  ex p o s u r e  (Ich im aru  

and I ch im a ru ,  1975). In th o s e  under 15 (at the t im e  of bombing)  

the in c r e a s e d  in c id e n c e  s e e m e d  to d isa p p e a r  by 17 y e a r s  a f ter  

ex p o su re  and is  s t i l l  s l igh t ly  e l eva ted  for al l  o lder  ag e  groups  

36 y e a r s  a f ter  e x p o s u r e .

R adiat ion  i s  c l e a r l y  an in it iat ing  agent .  Modan ( 1974) s u g g e s t s  

that radiat ion s u p p r e s s io n  of the im m u n e  p r o c e s s e s  m a y  act a s  a 

p r o m o to r .  However ,  the detectable  s u p p r e s s io n  of im m u n ity  by -

radiat ion in a n im a l s  i s  s h o r t - l i v e d ,  la s t in g  only  a few w e e k s  to !

" ia few  m onths  and the durat ion of s u p p r e ss io n  i s  a d i r e c t  funct ion ,t

of radia t ion  d o s e  (Cronkite ,  1981) .  Irrad ia t ion  of the h o s t s  of 2

f i r s t  p a s s a g e  p r i m a r y  m u r in e  m y e lo id  l e u k a e m ia  c e l l s  did not 

shorten  the s u rv iva l  t im e  of the r e c ip ie n t s  of the  transplanted  

l e u k a e m ia  c e l l s ,  ind icat ing  the s u p p r e s s io n  of the im m u n e  s y s t e m  

had no in f lu en ce  on the growth of l e u k a em ic  c e l l s  (M eld r u m  and 

M ole ,  1981).  The opt im um  le u k a e m o g e n ic  d o s e  of 30OR, in m a l e  

C B A /H  m i c e  (Major and M o le ,  197 8) i s  not a d o s e  which has  a 

great  e f fect  on the im m u n e  s y s t e m .
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Lajtha (1981) points  out how the long latent  p er iod  betw een  I

the l e u k a em o g en ic  in su l t  and d e tec t ion  of the d i s e a s e  i s  c o n s i s t e n t  

with t im e  requir ed  for  a m p l i f i ca t io n  of the p luripotent s t e m  c e l l  

c o m p a r tm e n t  to produce  r e c o g n i s a b l e  blood c e l l  p r e c u r s o r s .

S ince  radiat ion c a u s e s  b r e a k s  in s trands  of DNA and S

abberat ions  during the r ep a ir  of the damaged DNA that tak es  p la c e  

i s  m o s t  l i k e ly  to in it ia te  the transplanta t ion  that l e a d s  to c a r c i n o g e n e s i s .  

Indicat ions  a r e  that c e l l s  which a r e  in S - p h a s e  at the t im e  of i r ra d ia t io n  

are  lo s t .  Lajtha et al (1969) re p o r t  that a daily  r e g i m e  of 50 rads  

acute  or 70 rads cont inuous  i r ra d ia t io n  d e p r e s s e s  the f e m o r a l  C F U - S  

content  to l e s s  than 1%. Each  s u c c e s s i v e  d ose  of i r ra d ia t io n  w i l l  

d e s tr o y  c e l l s  in S - p h a s e ,  so p rom ot in g  furth er  C F U - S  to enter  the  

c e l l  c y c l e .

N e c a s  and N eu w ir t  (1976) c l a im e d  that c e l l s  which  a re  

s y n th e s i s in g  DNA in the S - p h a s e  of the c e l l  c y c l e  inhibit  the entry  

of n o n -p r o l i f e  rating c e l l s  into the c e l l  c y c l e ,

A g r e a te r  proport ion  of c e l l s  w e r e  p rom oted  into c y c l e  by the 

agents  h y d roxyu rea  and c y t o s in e  arab in os id e  which  a r e  toxic  to the  

S - p h a s e  c e l l s  than by the agen ts  toxic in other  p a r t s  of  the c e l l  c y c l e  

( i e .  c o l c h ic in e  which  k i l l s  c e l l s  in m i t o s e s ) .

M i l la r  et  al  (197 8) pos tu la ted  that c e l lu la r  d a m a g e  r e l e a s i n g  f r e e  

DNA n u c l e o s i d e s  e n h a n ces  the regrow th  of su rv iv in g  s t e m  c e l l s .

Although the e f fec t  i s  w e a k e r  with radiation,  a n o n - s p e c i f i c  cy to tox ic  

agent,  cont inuous or s u c c e s s i v e  d o s e s  of ir rad ia t ion  w i l l  d e s t r o y  c e l l s  

and s u c c e s s i v e l y  bring m o r e  C F U - S  into c y c l e ,  expla in ing  the ef fect  

ob s e r v e d  by Lajtha et  al  (1969).
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The  C F U -C  d o es  not have  the e x te n s iv e  s e l f - m a in t e n a n c e  of the

C F U -S  as  indicated  by the i n e f f e c t i v e n e s s  of WW m a r r o w ,  d e f ic i en t
-

in C F U - S  but n o rm a l  with r e s p e c t  to C F U - C ,  to m a in ta in  g r a n u lo p o ie s i s  

when grafted  into ir rad ia ted  r e c i p i e n t s ,  A high prop ort ion  of C F U -C  -0

a re  n o r m a l l y  in S - p h a s e  - about 50%. A high num ber  of C F U -C  would ÿ

be l ike ly  to be lo s t  during a l e u k a e m o g e n ic  d o s e  of ir rad ia t ion ,

A fter  300 rads  repopulation  of the C F U -C  c o m p a r tm e n t  i s  not 'i

co m p le te  unti l 220 days ,  w h e r e a s  repopulat ion of the C F U -S

co m p a rtm en t  i s  c o m p le t e  w ithin  a month fr o m  t im e  of i r rad ia t ion  g

(H irash im a  et a l ,  1980).  The in c id e n c e  of l e u k a e m ia  w a s  v e r y  r a r e  j |

a f ter  c o m p le t e  repopulat ion of C F U -C  c o m p a r tm e n t .  T he  period  of '#{

220 days  i s  c o n s i s t e n t  with the s h o r te r  la ten cy  p e r i o d s  for l e u k a e m ia  ,

in i r rad ia ted  m i c e .  ÎÎ

■|The t r a n s i t  t i m e s  for  m o r p h o lo g ic a l ly  r e c o g n i s a b l e  granu locyte  i l i

I
p r e c u r s o r s  are  only  a few  h o u r s .  The m e t a m y e l o c y t e  t r a n s i t  t im e  

w as  e s t im a te d  to be 16 h o u rs  and the band c e l l  t r a n s i t  t im e  31 h ours

(C onstable  and B la c k e t t ,  1972).  T h e  c e l l  c y c l e  t im e  as e s t im a te d  g

3 4by f la s h  la b e l l in g  by HTdR fo r  m o u s e  g ra n u lo cy te s  and m o n o n u c le a r  ;â

c e l l s  was  15 hours  ( T e s t a  and Lord ,  1973).  The to ta l  t ra n s i t  t im e  j|

Iof 10 -15  days  of the 'p o s t - s t e m '  d i f ferent ia ted  m atu r in g  c e l l s  would
4

s e e m  to exc lu de  them a s  the o r ig in  of the l e u k a e m ic  c e l l s ,  for  if ^

they  w e r e  so ,  the l a t e n c y  per iod  of l e u k a em ia  would be m u ch  s h o r te r  

( L a j C i a ,  1 9 8 1 ) .  |

The p a r a m e t e r s  for the t r a n s i t  t i m e s  in the m o u s e  gran u locy te  

c o m p a r tm e n t ,  as  g iven  p r e v i o u s ly ,  are  too short  to account  fo r  a 

l a ten cy  p er iod  of about 200 days  for le u k a em ia  which  m ight  or ig in ate
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in c e l l s  of  th is  c o m p a r t m e n t .  T h e j e  a re  only  2 .to 3 days  b e tw e e n  

r e c o v e r y  of C F U -C  populat ion and the r e c o v e r y  of m a tu r e  

gran u locyte  e l e m e n t s  in the bone m a r r o w  a f ter  a le th a l  d o s e  of
L

n i trogen  m u s t a r d .

It i s  u n l ik e ly  that c e l l s  w hich  do not d iv ide i e .  m a tu r e  blood  

c e l l s ,  w h o s e  c h r o m o s o m e s  a r e  d a m a g ed  by radiat ion,  would  

contr ibute  to c a r c i n o g e n e s i s .

The  C F U - S  h a s  n o r m a l l y  the l o w e s t  p rop ort ion  of  c e l l s  in S - p h a s e  

of al l  id en t i f iab le  blood c e l l  p r e c u r s o r s .  A l l  l a r g e r  nu m be r  of th e s e  

pluripotent  s t e m  c e l l s  a r e  m o r e  l i k e l y  to s u r v iv e  rad ia t ion  d am age  

and have a b b era t io n s  in DNA f r o m  re p a ir  of the radia t ion  d a m a g e  

which  c o n s e q u e n t ly  l e a d s  to l e u k e m o g e n e s i s .

Although it h a s  been  c l a i m e d  that d if ferent  ty p e s  of rad ia t ion  

induce d i f f ere n t  ty p e s  of l e u k a e m i a  (M ole ,  1975; Gunz,  1 977) the  

l e u k a e m ia  t y p e s  in i r r a d ia t io n  induced  l e u k a e m i a s  appear  to fo l lo w  

a s i m i l a r  d i s tr ib u t ion  to that o b s e r v e d  a c c o r d in g  to a g e s  of 

l e u k a e m ia  s u f f e r e r s .  In ch ildhood acute  ly m p h o c y t ic  l e u k a e m i a  

is  m o s t  c o m m o n ,  in adulthocdand m id d le  age  gran u locy t ic  (chron ic )  

i s  m o s t  c o m m o n *  i n  t h e  i r r a d i a t e d  p o p u l a t i o n s .

T h e  d i s tr ib u t io n s  of l e u k a e m i a  typ es  in the J a p a n e s e  bomb  

s u r v iv o r s  a r e  a s  f o l l o w s

Mole__( 197 5) and I s h i m a r u  (1971)
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T ype  l e u k aem ia
A l l a g e s 0-14

y e a r s
15 + 

y e a r s

H N H N H N

A cute  granulocyt ic 14 7 0 3 14 4

A cute  lym p h ocyt ic 9 6 6 2 3 4

A cu te  "other" 11 1 5 1 6 0

Chronic granulocyt ic 25 3 4 2 21 1

T otal 59 17 15 8 44 9

The tota l  number of c a s e s in N agasak i a re som ew hat  low to m a k e

I

a s s e s s m e n t  on the d is tr ibut ion  of l e u k aem ia  c a s e s .  '

In old age although the in c id e n c e  of chron ic  granu locy t ic  l e u k a e m ia  

s t i l l  r i s e s ,  ch ron ic  ly m p h o cy t ic  l e u k a e m ia  i s  even  m o r e  c o m m o n  | |

(Gunz,  1977).

The  d is tr ibut ion  of ty p es  of l e u k a e m ia  rep or te d  in a l l  the populat ions  î 

“ irrad ia ted  and n o n - ir r a d ia te d  would s e e m  to be in f luenced  by the  

p h y s i o lo g ic a l  s ta tus  of  the populat ion.
i

In childhood the lymphoid  s y s t e m  i s  deve loping  and the th y m u s  i s  '

ac t ive  unti l the age  of puberty .  T he  s t r o n g e s t  p h y s i o lo g i c a l  in f luen ce  

on h a em o p o ie t i c  s t e m  c e l l s  for d i f ferent ia t ion  m a y  be along the lymphoid  

pathway.  In adulthood the dominating  p h y s i o lo g i c a l  s t im u lu s  m a y  be  

for  d i f ferent ia t ion  a long the gran u locyte  pathway.  T he  p o ly m o r p h o 

n u c le a r  c e l l s  a r e  short l ived  in the blood.  The  would be granu locy te  

p r o l i f e r a t io n  in r e s p o n s e  to in fec t ion .  A f te r  dep le t ion  by cy to tox ic  

a g e n ts ,  a s  with n i trogen  m u s ta r d ,  granulocyte  e l e m e n t s  of the bone  

m a r r o w  a re  often the f i r s t  m a tu r e  c e l l s  to r e c o v e r .

I

J
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In ch ildhood the m a jo r i ty  of l e u k a e m i a s  a re  acu te ,  and the 

acute  l e u k a e m i a s  for  the m a j o r i t y  at  al l  a g e s  up to 7 0 .  Chronic  

granulocyt ic  l e u k a e m ia  o c c u r s  r a r e l y  but c on s tan t ly  in  childhood  

and then i n c r e a s e s  in proport ion  with a broad peak in m id d le  a g e .

Chronic  ly m p h o cy t ic  l e u k a e m ia  i s  v e r y  r a r e  b e fore  the  ag e  of 40 

and i n c r e a s e s  s t e a d i ly  th e r e a f t e r  (Gunz,  1977).

F r o m  data f r o m  11 C a n c e r  R e g i s t r i e s  ch ron ic  gran u locyt ic  

le u k a em ia  w a s  found to be g r e a t e r  than chron ic  lym ph ocy t ic  

l e u k a e m ia  in m id d le  age and chron ic  lym ph ocy t ic  l e u k a e m ia  g r e a te r  

in old age in both m a l e  and f e m a l e s  (Doll ,  Muir and W a te r h o u s e ,  197 0).

G iven  that d if ferent  typ es  of l e u k a e m ia  o c c u r  and that one type  

p r e d o m in a te s  in  d i f ferent  p h y s io lo g ic a l  s ta t e s  and the long la ten cy  

p er io d ,  rad ia t ion  induced l e u k a e m ia  s e e m s  m o s t  l i k e ly  to or ig in a te  

in an u n com m it ted  s t e m  c e l l .

The  in it ia l  l e s i o n  in the s t e m  c e l l  m ay  go through a s e r i e s  of 

c o m p l i m e n ta r y  c h a n g e s  on each  c e l l  d iv i s io n  which l e a d s  to 

p r o g r e s s i v e  l o s s  of r e s p o n s i v e n e s s  to reg u la to r y  c o n t r o l s  and 

p ro d u ces  a l e u k a e m i c  s ta te .  Lajtha (1981) p o s tu l a te s  a d e c r e a s e d  

s e n s i t i v i t y  of the s t e m  c e l l  to sp e c i f i c  inhibitor Lajtha and W right,

197 8; Lord,  Wright and Lajtha,  197@; Lord  et a l ,  197 6, R ic h e s  et a l ,

1980; Wright  and L o rd ,  1979) or  an i n c r e a s e d  s e n s i t i v i t y  to s p e c i f i c  

s t im u la to r  (Lord ,  M ori and Wright ,  1977) g iv e s  the t r a n s f o r m e d  s t e m  

c e l l  a p r o l i f e r a t iv e  advantage o v e r  n o r m a l  s t e m  c e l l s .

H o w e v e r  in jec t ion  of 5 m i l l io n  n o r m a l  sy n g en e ic  bone m a r r o w  

c e l l s  during the lag  p h a se  in r e c o v e r y  of C F U - S  a f ter  450 R (F ig .  2 7 )

( ie .  24 h o u r s  a f ter  irrad iat ion)  m a r k e d ly  r e d u c e s  the in c id e n c e  of 

m y e lo id  l e u k a e m ia  in C B A / H  m i c e  induced by th is  d o s e  of X - r a y s ,

_ _    :
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T h i s  e f fec t  i s  not o b s e r v e d  when the bone m a r r o w  i s  in jected  w hen  

the C F U - S  a r e  r e c o v e r in g  ( ie .  on days  3, 7 and 28 a f ter  i r ra d ia t io n  

- s e e  addendum).  If ir rad ia ted  s t e m  c e l l s  had acquired  the change  

in the f i r s t  24 hou rs  a f ter  i r r a d ia t io n  that lead to l o s s  of contro l  by  

inh ib i tors  and s t im u la t o r s  it m ig h t  be  ex pected  that th e s e  c e l l s  

would have  a p r o l i f e r a t iv e  advantage o v e r  in jected  n o r m a l  s t e m  

c e l l s  and the in c id e n c e  of m y e lo i d  le u k a em ia  would not be a l t er ed  

at any t i m e .  If bone m a r r o w  i s  in jected  la ter  than day one a f ter  |

ir rad ia t ion ,  i r r a d ia te d  s t e m  c e l l s  a lr ead y  have  a p r o l i f e r a t iv e  

advantage by the v ir tu e  of the fac t  they  have been  brought  into c y c l e  

by the deple t ion  of th e ir  pool  by the i r rad ia t ion .  T h e  l o s s  of 

p r o l i f e r a t iv e  contro l  in l e u k a e m ia  i s  not apparent  unti l  the c e l l s  I

have reached  a c o m m it t e d  s tage  in the h a e m o p o ie t i c  s y s t e m .

Injection  of  bone m a r r o w  d oes  not in f luence  the in c id e n c e  of 

n o n -m y e lo id  l e u k a e m ia  in CBA /H m i c e .  The  in c id e n c e  of other  

l e u k a e m i a s  i s  s i m i l a r  in each  group g iven  450 rads  X - r a y s  with  

or without bone m a r r o w  in jec t ion  on v a r io u s  days  a f ter  ir r a d ia t io n .

T h e s e  l e u k a e m i a s  w e r e  of lymphoid  type .  T h e r e  i s  a s m a l l  

p e r c e n ta g e  of spontaneous  ly m p h o m a s  in G B A /H  m i c e .

T h e s e  r e s u l t s  a re  an i l lu s tr a t io n  of a c e r t a i n  in d ep end ence  of  

lymphoid c e l l s  f r o m  the p luripotent  s t e m  c e l l  w hich  g iv e s  r i s e  to 

erythro id ,  gra n u lo cy te ,  m o n o c y te  and m e g a k a r y o c y t e  c e l l  l i n e a g e s .

The ly m p h o m a s  in C B A / H  m i c e  m ay  indeed in vo lve  a d if ferent  

m e c h a n i s m  of induct ion  i e ,  v i r a l .  Inject ion  of m a r r o w  as  late  

as  4 days  a f ter  i r ra d ia t io n  c o n f e r s  substant ia l  p ro tec t ion  aga ins t  

lym p h om a d ev e lo p m en t  (Kaplan et  a l ,  1955),  The  lymphoid  

c o m p le x  shows a d if ferent  pattern of  r e c o v e r y  f r o m  the bone m a r r o w

I

I
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a f ter  i r ra d ia t io n .  T h e r e  a r e  two p h a s e s  of  r e c o v e r y  in t i s s u e s  

of the lymphoid  c o m p le x  a f ter  w h o le -b o d y  irradia t ion;  one  

occ u r r in g  at about 10-14  days  and the  other  at 24 days  (Sharp and 

Watkins ,  1980),  Inject ion of m a r r o w  would t h e r e f o r e  p ro tec t  

f r o m  rad ia ton- in d uced  ly m p h o m a s  for  s o m e  days  a f te r  radiat ion  

in su l t .  The f i r s t  p hase  of r e c o v e r y  would appear  to be a s s o c ia t e d  

with a r a d io r e s i s ta n t  p r o g e n i to r  whi le  the second depends  on 

repopulation f r o m  p r o g e n i to r s  gen erated  f r o m  the m ult ipotent ia l  

s tem  c e l l  (Sharp and C r o u s e ,  1980).

In jec t ion  of m a r r o w  d o e s  not h o w e v e r  a f fec t  the in c id e n c e  of 

lymphoid l e u k a e m i a s  in C B A / H  m i c e  su gges t in g  that the induction  

of th e s e  ly m p h o m a s  i s  brought about by a d if ferent  m e c h a n i s m .

C e l l s  f r o m  th e s e  l e u k a e m i a s  e x p r e s s e d  Thy 1-1  and Thy 1-2  

ant igens  (L. Cobb - p e r s o n a l  com m u n icat ion )  s u g g es t in g  they  w e r e  

T - c e l l  l e u k a e m i a s .  T r i s o m y  of c h r o m o s o m e  15 w a s  detected  in one 

of t h e s e  l e u k a e m i a s  (G, B r e c k o n  - p e r s o n a l  co m m u n ic a t io n ) .  

T r i s o m y  of c h r o m o s o m e  15 i s  the dominat ing  and of ten  the only  

change in v i r a l ly  and non- v i r a  11 y induced m u r in e  T - c e l l  l e u k a e m i a s  

(Kle in ,  1981).

T h e r e  i s  a r e q u ir e m e n t  fo r  w h o le  body i r r a d ia t io n  ra ther  than 

l o c a l  X - i r r a d ia t i o n  of the  th ym us  to induce  lymphoid  tu m o u r s  in  

Cgy black m i c e  (Kaplan, 1949; Kaplan and B row n ,  1952).  T h is  

i m p l i e s  that p r e - t h y m i c  c e l l s  in the bone m a r r o w  m u s t  be i r ra d ia ted  

to prod uce  the ly m p h o m a s  in t h e s e  m i c e .

The  im p o r ta n c e  of the p h y s i o lo g i c a l  s tatus  on l e u k a e m ia  type  

i s  i l lu s tr a te d  in m u r in e  ir r a d ia t io n  or  v ir a l ly - in d u c e d  l e u k a e m i a s .

If t h y m u s e s  a re  grafted  into t h y m e c t o m is e d  i r ra d ia ted  m i c e ,  the
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in c id en ce  of ly m p h o m a s  i s  ap p rec iab ly  h igh er  in m i c e  bear ing  |

e i ther  C57B1 or  F I  hybrid thym us  g ra f t s ,  than th o se  bearing  C 3H !

g ra f t s .  The t h y m u s e s  of C 57 black m i c e  m a y  be m o r e  'active '  |

than th o se  of C 3H m i c e .

G r o s s  ( 1 951 ) found that c e l l  f r e e  e x tr a c t s  p rep a red  fro m  

spontaneous  ly m p h o m a s  of AKR m i c e  could induce s i m i l a r  lymphat ic  

l e u k a e m ia s  a f ter  in ject ion  into C 3 H / B i  m i c e .  He had m o r e  s u c c e s s  

with th e s e  e x p e r i m e n t s  than other  w o r k e r s  b e c a u s e  the inocu la ted  

the f i l t r a t e s  and e x t r a c t s  into newborn, ra ther  than adult m i c e  

(Kaplan,  1967).  The  G r o s s  v ir u s  in duces  m y e lo id  l e u k a e m ia  in 

t h y m e c t o m is e d  m i c e  ( G r o s s ,  I960) indicating that when the s t r o n g e s t  

p h y s io lo g ic a l  s t im u lu s  for d i f ferent ia t ion  of the t r a n s f o r m e d  c e l l s  

along a sp ec i f i c  pathway i s  r e m o v e d  the second s t r o n g e s t  p h y s i o lo g i c a l  

in f luence  tak es  p r e c e d e n c e .

L e u k a e m ia s  induced by v i r u s e s  in m i c e  appear only a f ter  a long  

la te n c y  per iod ,  in m i d d l e - a g e d  or  old m i c e  (Klein,  1981).  The  

except ion  to this  i s  the F r i e n d  v irus  induced e r y th r o le u k a e m ia  which  

has a short  la ten cy  p er io d .  In th is  c a s e  a d i f ferent  m e c h a n i s m  not  

invo lv ing  in i t ia l ly ,  the m u lt ipotent  s t e m  c e l l  m a y  be in vo lved .

T h e r e  i s  a h igh er  in c id e n c e  of chron ic  lymphoid  l e u k a e m ia  in 

old a g e .  T h is  m ay  re la te  to the l o n g - l i f e  span of lymphoid  c e l l s ,  

which have long p e r i o d s  in n o n - c y c l i n g  s t a t e s .  Chronic  lym p h ocy t ic

■i

I
I
I

;

l e u k a e m ia  i s  ab sen t  f r o m  a l l  i r r a d ia t io n - in d u ced  l e u k a e m i a s  in the Æ

ir r a d ia te d  populat ions  studied (Mole ,  1975; Gunz,  1977).  T h e s e  

populat ions ,  h o w e v e r ,  do not inc lude  a la r g e  n u m ber  of aged  s u b je c t s .
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E v id e n c e  f r o m  radia t ion  induced m y e lo id  l e u k a e m i a s  and v i r a l ly  

induced m u r in e  l e u k a e m i a s  s u g g e s t s  that the l e u k a e m ia  i s  

in it ia ted  in a c e l l  that i s  l o n g - l i v e d  and n o r m a l l y  capable  of 

producing a c o n s id e r a b le  num ber  of progen y .

The r ec ogn i t ion  of the s tru c tu re  and con tro l l in g  m e c h a n i s m s  

of the h a e m o p o ie t i c  s t e m  c e l l  c o m p a r tm e n t  and c o n f ir m a t io n  of a 

s tem  c e l l  or ig in  of l e u k a e m ia  m a y  a s s i s t  to c e n tr e  s e a r c h e s  on a 

s p ec i f i c  l e s i o n  or l e s i o n s  which  in iate  le u k a e m ic  t r a n s fo r m a t io n .  

P r o g r e s s i o n  of the d i s e a s e ,  h o w e v e r ,  m ay  be furth er  co m p l i c a te d  

by e x c e s s i v e  product ion  of n o r m a l  p r o te in s  (Kle in ,  1981) by the 

p rogen y  of the t r a n s fo r m e d  s t e m  c e l l ,  which ,  in turn,  m a y  induce  

t r a n s f o r m a t io n s .



SUMMARY

Depletion of the haemopoietic cells in mice 

by nitrogen mustard produces a situation where the recovery 

patterns of the cells  reveal the ir  relationships to each 

other.

The spleen colony forming cells  ( CFU-S ), at 

present the most primitive pluripotent stem cell detected 

in mice, preceeds the recovery of cells  which form colonies 

of granulocytes and monocytes/macrophages in agar under 

suitable culture conditions indicating the ancestral 

relationship of the CFU-S to the CFU-C.

Depletion by nitrogen mustard of the haemopoietic 

cells ,  however, does not create an inability  of the 

system to respond in the normal way to extra stimulus 

to provide for a specific cell compartment as indicated 

by the effect of bleeding and erythroid cell proliferation.

The influence of the spleen on the granulocyte 

precursors ( CFU-C ) is  examined. I t ' s  role appears 

transitory and minor during the recovery from depletion 

by nitrogen mustard. I t ' s  absence exaggerates the response 

of the femoral CFU-C to bleeding and i t  plays a greater 

role in the recovery of erythropoiesis from nitrogen 

mustard and bleeding than the femoral marrow as indicated 

by the higher Fe^^ uptake in the spleen.

The controlled production of granulocytes in 

normal marrow recovering from nitrogen mustard is  

i l lus trated  by the large proportion of CFU-C in 5-phase 

at the nadir of the recovery curve and the small 

proportion of CFU—C in 5-phase at the peak of the



recovery curve.

In the leukaemic condition this controlled 

proliferation is  lost .

The rate of division of leukaemic cells in 

vivo or in vitro  does not seem to greatly exceed the 

rate of division of bone marrow cells  recovering from 

nitrogen mustard when assessed by metaphase accuramulation 

by stathmokinectic agents. Vincristine was assessed to 

be a more reliable stathmokinetic agent than colcemid 

for murine myeloid leukaemias.

The nature of the spleen colony forming cell 

in leukaemia is  examined and is  not consistently 
identical to that in normal bone marrow.

Radiation-induced myeloid leukaemia does 

however appear to be iniated in a stem cell of at least 

as primitive a level as the CFU-S. The proliferation of 

the CFU-S during recovery f r om  radiation is  discussed 

with relevance to prevention of induction of leukaemia 

by injection of normal bone marrow one day after a 

leukaemogenic dose of radation and the lack of prevention 
by bone marrow given on la te r  days.

Although i t  has been postulated that the 
transformed stem cell * slips away' from the control o f  

inhibiting factors released by bone marrow cells, giving 

i t  a proliferative advantage over normal stem cells, the 
lesion may not be effectively leukaemogenic and 

unresponsive to controlling mechanisms until the cell 

has gone through a number of divisions and series of 

complimentary changes in it's genetic coding and entered 
a specific differentiation compartment in the



haemopoietic system.
In view of the different kinetics of the lymphoid 

system from the myeloid and erythroid ,it is possible 
some lymphoid leukaemias may originate in the lymphoid 
cells,



ADDENDUM

I



—

120r

Mean
survival
(days) QQ

753

Clonogenic 
fraction

O PI 33.10'*

+ P3 46.10"^

•  P5 2 4

A P7 11 i  10 

■ P31 1 9

,-1

(Log)  No. of ce lls  injected

This diagram shows the shortening survival times of 
mice with successive passages of transplanted myeloid 
leukaemic cells from line XIX. The survival time of 
mice is lower than 35 days when the time for the 
leukaemic cells to grow out to 10^ cells would be 
longer if estimated from the number of cells entering 
metaphase. ( ref. pages 176-177)

The clongenic fraction is estimated from a regression 
on the poisson proportions of * takes' (i.e. proportions 
of mice killed ) by the transplanted leukaemic cells.
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Effect of injection of normal bone marrow cells 
after irradiation on the incidence of leukaemia.

The following table shows the incidence of
leukaemia in irradiated mice which were given an

6 'Sinjection of 5.10 normal bone marrow cells on days
1, 3, 7 and 28 after irradiation. It can be seen
that the bone marrow is only effective in reducing

'Vithe incidence of myeloid leukaemia when administered I
during the lag phase of recovery of the CFU-S from 
the given dose of irradiation as seen in figure 27.

'1
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CFU-S

%
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2 4

Days after irradation.

Recovery of CFU-S after 450 rads. X- irradation 
( Hendry J.H. BIR meeting . London, 1979 )
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Linear regression for binomial proportions.
(pages 94-96 )
Program description

This program fits the straight line 
y rs a 4- b%.
to a set of observations ( x^,y^ ), ( ^ 2*^2  ̂ ---( ),
where the y ’s are binomial proportions , say y . = ^i

"i
The values of a and b are computed iteratively by the 
maximum likelihood.

At each iteration, the program uses the current 
approximations a^,b^ to a and b in order to calculateî-

1. improved approximations a^,b^ and their estimated 
standard errors;
2. the variance-covariance matrix ( V  ) of a^,b^ ;
3. the weighed sum of squares of deviations of the 

current line, its degrees of freedom , and the 
corresponding mean-square (this information is used 
to test the goodness of fit of the line.)

Formula used
bi =g {x,yl a^ = JE wy - blwx

tx,x] j[w
sum of squares of deviations from line (SSR^

(SSR ) = ( y , y ]  -  

degrees of freedom = m-2
2mean-square devation from line (s ) = SSR

m-2
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V I  2wx
(Zw)fx,x]
- Z wx____

d w ) ( , x , x ]

wx
(lw)fx,xj

1

estimated S E (a )* j J ^ l l  tbe fit is satisfactory
J s  otherwise

estimated S.E(b) = j J ^ 2 2 ^be fit is satisfactory
^  s^ 2 2  otherwise

?

where
[x,x]=£ wx (Iwx)

w

f x,y7=£wxy - (2wx) ( i v r / ) 
^  ^  I w

The weighting factors in the above equations are 
given by:~

first iteration second iteration

w. " i Wi "i
f i d - y - )

when f^s a^ + b^x^.
Thus it is not necessary to provide first 

approximations to a and b to start the iterative 
procedure.

Goodness of fit is ordinarily tested by referring 
SSR to tables of the chi-squared distribution with 
m-2 degrees of freedom. However , this test needs to 
be modified if the y*s are the pooled results for 
several samples and there is significant heterogeneity,

overall, between samples.



In th is  case, i f  is  the pooled heterogeneity factor 

between samples, with y  degrees of freedom, goodness 

of f i t  is  tested by the variance- ratio .

F E! J 2 on ( m-2, y ) degrees of freedom. 
^1

The estimated standard errors of a  ̂ and are then

computed according to the following rules-

estimated S.E.(a^)
s f  Vll

s^ V11

estimated S.E.(b^) a
J < 22

V22

i f  the f i t  

is  satisfactory 

otherwise

i f  the f i t  is  

sa tis  factory 

otherwise



Paired Comparison of Binomial Proportions.

Program Description.
The program performs a paired comparison 

of two treatments in randomized blocks. In the case 
of comparing the proportions of cells in metaphase in 
the tissues of mice with myeloid leukaemia the bone 
marrow and the spleen enviroments are regarded as 
treatments.
The design is as follows s

Treatment 1
Block Sample

response

^11

^12

^13

Sample
size

”ll

Treatment 2 
Sample Sample

n12

n.

response

^21

^22

^23

size
n21

n

n

22

23

m Ira nIra 2m n2m

The test statistic /à^islgiven by
ra

5
where w. =

ra A  A ^ l i ^  ” 2 i

^ i  = ^ l i  ^ 2 i

" l i  ? 2 i

cont

t

1Ji

;



A

P . 2i = 1
A.

n l i n 2 i

■i
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