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In the course  of development of leukemia foci of hemopoiesis  are always f o r m e d  in the l iver ,  both in 
the capil laries and in the per ipor ta l  zones. The part icipation of the l iver  in ext ramedul lary  hemopoiesis  
in various pathological  s tates has frequently been described,  but different opinions are  held on the source  
of the myeloid cells.  Most authors consider  that this source  in the Kupffer c e l l s - t h e  only one of the local 
cells capable of giving complete hemopoiesis  [1, 5, 7, 10, 18]. 

Invest igators  who have studied experimental  leukemia also consider  that the source  of format ion of 
the undifferentiated leukemic cells is the re t icular  cells of the organs,  including the Kupffer cells of the 
l iner [6, 16]. A gradual conversion of the re t icu lar  cell via a se r ies  of intermediate  fo rms  into a hemocyto-  
blas t  has been observed in these conditions. 

Some workers  altogether deny the possibi l i ty that the Kupffer cells can be converted into a hemoeyto-  
blast  with myeloid activity. The suggestion has been made that hemopoiesis  in the l iver  is associa ted  with 
special  mesenehymal  cells quite unrelated to the Kupffer cells [9]. Other authors [14, 17] consider ,  how- 
ever,  that the source  of formation of the hemopoietic cells in the l iver  and other organs is wandering 
hemopoietic elements .  

The object of the present  investigation was to study the changes in the Kupffer cells in mice with 
transplanted leukemia in o rde r  to d iscover  the role of these cells in the leukemic foci in the l iver .  

E X P E R I M E N T A L  M E T H O D  

The experimental  animals were  100 mice of line Afb, highly susceptible to leukemia, aged f rom 2 
to 3.5 months, inoculated with a transplantable hemocytoblast ic  leukemia. The experiments  were ca r r i ed  
out f rom the 1st until the 12th day of the disease.  Every  day 7-8 mice were taken for  investigation. The 
controls  were 10 inbred mice of the same age groups as the experimental  se r ies .  The l iver  was weighed 
at different times af ter  transplantation. Bouin's  fluid was used for  fixation and the sections were stained 
with hematoxylin-eosin,  eosin with azure,  with i ron hematoxylin by Heidenhain's method, and also by Van 
Gieson's  method. A his tochemical  investigation of the nucleic acid activity was made, staining with gallo-  
cyanin and by Feulgen 's  method for DNA and by Brache t ' s  method for RNA. Two paral le l  sections were 
used. One was t reated with r ibonuclease,  and both were then stained with methyl g r e e n - p y r o n i n e .  The 
resul ts  of the investigation were interpreted by the intensity of staining and a 3-point sys tem (+, + +, and 
+++) was used. The Kupffer cells and the f ree  cells were counted in a par t i cu la r  square of the field of 
vision, marked out by a m i c r o m e t e r  scale and constant fo r  all periods of the investigation, and the numer -  
ical resul ts  were subjected to s tat is t ical  analysis .  

E X P E R I M E N T A L  R E S U L T S  

In the control  se r ies  the l iver of the mice weighed f rom 1.3 to 1.5 g. Its surface  was smooth, its 
t issue was dark chestnut in color,  and its pat tern  was normal .  The per ipor ta l  connect ive- t i ssue  zones 
contained a few fixed s t romal  cells and sol i tary lymphocytes.  The Kupffer cells were elongated, round, 
o r  i r r egu la r ly  t r iangular  in shape, with dark flattened and oval nuclei; as many as 110 (• 13) were counted 
in 10 fields of vision. The Kupffer cells contained little RNA (+) and the intensity of their  react ion for 
DNA varied:  the cells with flattened nuclei, like the endothelium of the veins, stained a bright  red  color  
(++ +), and the cells with a thin, oval nucleus were less  brightly stained (++). 

Department of Pathological  Anatomy, I .  P.  Pavlov 1st Leningrad Medical Institute (Presented by 
Active Member of the Academy of Medical Sciences of the USSR, I .R.  Petrov) .  Translated f rom Byulleten'  
EksperimentalTnoi Biologii i Meditsiny, Vol. 63, No. 5, pp. 73-77, May, 1967. Original ar t ic le  submitted 
November 20, 1965. 

518 



Fig.  1. Hyperp las ia  of the Kupffer 
ce l l s .  Hematoxyl in-eos in .  Objec-  
tive 40• ocular  15• 

In the f i r s t  2 days af ter  t ransplanta t ion  the weight of the l i ve r  
was unchanged, but in some  ca se s  edema and ve ry  sl ight loosening 
of the f ibe r s  were  obse rved  in the p e r i p o r t a l  zones.  The number  of 
Kupffer  ce l l s  in 10 f ield of vis ion i n c r e a s e d  to 160 (• On the 
3rd day the m e a n  weight of the l i ve r  was 1.5-1.55 g and the n u m b e r  
of Kupffer  ce l l s  in 10 fields of vis ion was 266 (• Although r e -  
maining fixed, they i nc rea sed  in s ize ,  b e c a m e  round, and p ro j ec t ed  
into the lumen of the cap i l l a r i es ,  while the c y t o p l a s m  devloped a 
del icate  basophi l ia  and the nucleus was h y p e r c h r o m i c  (Fig. 1). Be -  
s ides  e ry th rocy t e s ,  so l i t a ry  lymphocytes  and m a c r o p h a g e s  were  
seen  in the lumen of the hepat ic  cap i l l a r i e s .  On the 4th-5th day the 
weight of the l i v e r  i nc r ea se  to 1.6 g. The number  of Kupffer  cel ls  
in 10 f ields of vis ion i n c r e a s e d  to 300 (• By this t ime  the i r  
appea rance  var ied :  elongated,~oval, o r  round cel ls  we re  seen ,  with 
a dark,  h y p e r c h r o m l c  or  a light nucleus containing a nucleolus ,  and 
lying e i the r  s ingly  or  in sma l l  groups .  The Kupffer  ce l l s  with the i r  

l ight nuclei p ro jec ted  into the lumen of the cap i l l a r i e s ,  j oined to thei r  wall  by an a lmos t  invis ible  pedic le .  
The cy top l a sm of the cel ls  b e c a m e  basophi l ic  in color  and RNA had accumula ted ,  s taining a deeper  red  
co lor  by B r a c h e t ' s  method (++). Two or  th ree  nucleoli  appea red  in the nucleus,  so l i t a ry  mi to se s  w e r e  
observed ,  and the nuclei of the cel ls  s ta ined c l ea r l y  fo r  DNA (+++). 

The number  of f r ee  cel ls  in the lumen of the cap i l l a r i e s  had inc reased .  They included lymphocytes ,  
mac rophages ,  and la rge  cel ls  with basophi l ic  cy top la sm and a light oval or  lent icular  nucleus,  containing 
sma l l  angular  or  l a rge  pa r t i c l e s  of ch romat in  and nucleoli .  In their  morphologica l  p i c tu re  these  cel ls  
co r r e sponded  to hemocy tob las t s .  They lay f r e e l y  as so l i t a ry  cel ls  in the lumen of the cap i l l a r i e s ,  s o m e -  
t imes  in c lose  re la t ionship  with the en la rged  Kupffer  ce l l s .  In the pe r ipo r t a l  zones a s l ight  loosening of 
the t i s sue  f ibe r s  was obse rved  and the la rge ,  light r e t i cu l a r  cel ls  were  m o r e  numerous  and connected by  
p r o c e s s e s .  Sol i tary  lymphocytes  were  p re sen t .  

On the 6th-8th day af ter  t ransplanta t ion  the weight of the l i ve r  va r i ed  f r o m  1.65 to 1.7 g. Clus te rs  
and chains of hemocytob las t s  could be seen  in the cap i l l a r i e s .  Kupffer  cel ls ,  mainly  l a rge  and round, p r o -  
jec ted  into the lumen of the cap i l l a r ies  and were  i so la ted  f r o m  the v e s s e l  wall; s o m e  of the ce l l s  were  a l -  
m o s t  unchanged in s t r u c t u r e - t h e y  were  e longated and contained a compact ,  h y p e r c h r o m i e  nucleus.  The 
number  of cel ls  in 10 fields of vision was i n c r e a s e d  at this per iod  to 550-700. Few mi toses  were  seen  
(5-7 in 10 f ields of vision) in both the fixed and  the f r ee  ce l l s .  In t r acap iUary  c lus t e r s  of hemoeytob las t s  
we re  uni formly  d is t r ibuted  throughout the lobule of the l ive r ,  and s o m e t i m e s  they accumula ted  nea r  the 
cen t ra l  ve ins .  Lymphoeytes  had d i sappeared  f r o m  the pe r ipo r t a l  connec t ive - t i s sue  zones ,  the cel ls  of the 
s t r o m a  w e r e  f r e e  f r o m  p r o c e s s e s ,  the i r  cy top l a sm had become  basophi l ic ,  and the ce l l s  we re  a r r a n g e d  in 
the manne r  of a s l eeve  around the v e s s e l s  and bi le  ducts .  

At the height of the d i sease  (10th-12th day a f te r  t ransplantat ion)  the weight of the l i ve r  was 2 g. The 
l i ve r  t i ssue  had los t  i ts  no rma l  s t ruc tu re ,  the t rabecu lae  were  thinner,  and the l i ve r  ce l l s  we re  a t rophied.  
The in t ra lobu la r  cap i l l a r i e s  we re  di lated and gob le t - shaped  p ro t rus ions  of thei r  lumen were  obse rved ,  con-  
raining l a rge  col lect ions of hemocytob las t s  (Fig. 2), including many  undergoing mi to s i s .  In 10 f ie lds  of 
vis ion the number  of cel ls  was 980 (• mos t ly  lying freely;  the commones t  cel ls  we re  hemocy tob las t s ,  
but s o m e t i m e s  p r o e r y t h r o b l a s t s  and so l i t a ry  e ry th rob l a s t s  and megaka ryocy te s  we re  seen  (Fig. 3). F ixed  
Kupffer  ce l l s  with a thin basophi l ic  r i m  of cy top la sm were  obse rved  e i ther  singly o r  in sma l l  g roups ,  and 
they di f fered  f r o m  leukemic  h e m o c y t o b l a s t s  in their  m o r e  compac t  nucleus and the c l ea r l y  v is ib le  connec-  
tion with the cap i l l a ry  wall .  In the p e r i p o r t a l  zones around the v e s s e l s  and b i le  ducts  wide s l e eves  of cel ls  
were  fo rmed ,  consis t ing of hemocytob las t s  with mi toses  among them (2-3 p e r  f ield of vision}. Most  of the 
leukemic  hemocytob las t s  contained only a l i t t le  DNA and RNA (+ or  ++). On staining by  Feu lgen ' s  method 
the i r  nuclei appeared  pale pink and the outline of the cy top lasm was v is ib le  as a na r row pink bo rde r .  The 
nucleolus always gave a br ight  staining r eac t ion  for  RNA. In a few nucleotides the nucleotide content was 
i n c r e a s e d  in both the nucleus and the cy top la sm (+++). This applied main ly  to cel ls  in a s t a te  of mitot ic  
division. 

In the l i ve r  of mice  with t ransp lan ted  leukemia  the changes taking place  during the f i r s t  2 days a f t e r  
t ransplan ta t ion  were  the re fo re  ve ry  slight:  only some  loosening of the f ibers  and edema of the s t r o m a  
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Fig.  2. I so la ted  foci of hemopoies i s  
i n the  cap i l l a r i e s .  VanGieson .  
Objective 40x,  ocular  15• 

Fig.  3. Megakaryocyte  in the 
cap i l l a r i e s  of the l iver .  Van 
Gieson. I m m e r s i o n .  

were  obse rved  in the pe r ipo r t a l  zones. On the 3rd day hyperp las ia  of the Kupffer  cel ls  and h y p e r c h r o -  
ma tos i s  of the i r  nuclei we re  observed .  Counting showed a succes s ive  i nc r ea se  in the number  of Kupffer 
cel ls  f r o m  160 in the f i r s t  2 days to 980 on the 10th-12th day of the d i sease .  Init ially the cel ls  b e c a m e  
rounded and their  volume increased;  the nucleus became  pa le r ,  nucleoli appeared  in it, and the cy top lasm 
developed a basophi l ic  hue. A few mi to se s  we re  observed .  Some Kupffer  cei ls  los t  their  connection with 
the cap i l l a ry  wall  and became  f ree - ly ing .  These f r ee  cei ls  had a round nucleus with neucleoli  and a na r row 
r i m  of basophi l ic  cy toplasm,  i .e . ,  they r e s e m b l e d  hemocytob las t s  in appearance .  

Most  of the newly f o r m e d  hemocytob las t s  were  undifferentiated; as they p ro l i f e r a t ed  they f o r m e d  
sma l l  foci of cel ls ,  e i the r  event ly d is t r ibuted  throughout the lobule or  concent ra ted  nea r  the cen t ra l  ve ins .  
However,  the hemocytob las t s  evidently re ta ined  the i r  abil i ty to different ia te ,  for  in some  eases  cei ls  of the 
e ry th ro id  s e r i e s ,  of var ious  s tages  of matur i ty ,  and megaka ryocy te s  were  found in the hepat ic  cap i l l a r ies  
even in the l a t e r  s tages  a f t e r  t ransplanta t ion.  

In the per iod  of leukemia ,  when many i m m a t u r e  leukemic  cel ls  appeared  in the pe r iphe ra l  blood, the 
number  of l eukemic  foci  in the l i ve r  inc reased  v e r y  rapidly.  This was evidently due to re tent ion of leukemic  
hemocytob las t s  c i rcula t ing in the blood in the hepatic  cap i l l a r ies ,  where  they p ro l i f e ra t ed  to f o r m  new 
leukemic foci.  Three  per iods  could thus be dist inguished in the development  of the changes in the l i ve r  
in t ransplanted  leukemia:  a per iod  of nonspecif ic  hyperp las ia  of the Kupffe~ cellS, a per iod  0f d i f fe rent ia -  
tion and specif ic  p ro l i f e ra t ion  of the Kupffer cel ls  with their  isolat ion f r o m  the ve s se l  wall, and a per iod  
of leukemic  hyperp las ia  with colonization of c i rcula t ing  leukemic  cells  flooding the cap i l l a r ies  of the l iver .  

The study of the nucleic acid content in the mouse  l ive r  p repa ra t ions  by qualitative h i s tochemica l  
methods was of a pi lot  nature  in many r e spec t s  and it  cannot be  c la imed  to have given a comple te  p ic ture .  
However,  if the r e su l t s  a re  compa red  with the resu l t s  of the h i s tochemica l  invest igat ion of the blood cel ls  
in normal  and leukemic  conditions r e s p o r t e d  in the l i t e ra tu re  [1, 3, 4, 8, 12, 15], it may be concluded that 
the i so la ted  and f r ee - ly ing  Kupffer  cel ls  contained more  RNA then the f ixed cel ls ,  o r  in other  words,  thei r  
p ro l i f e ra t ive  potent ia l  was g r ea t e r .  

Stat is t ical  ana lys is  conf i rmed  that the inc rease  in the number  of Kupffer cel ls  in the l i ve r  during the 
development  of the d i sease  was significant .  

There  a re  thus two sou rces  of or igin of the foci  of leukemic  inf i l t rat ion in the l iver :  Kupffer  cel ls  
becoming isola ted and conver ted  into leukemic  cel ls  in the ea r ly  per iods  a f t e r  t ransplantat ion,  and coloni-  
zation of c i rcula t ing  cei ls  in the leukemic  per iod.  

The foci of leukemic  inf i l t rat ion a r i s ing  in the l ive r  were  mainly  in t r avascu la r .  P e r i v a s c u l a r  foci 
of leukemic  inf i l t ra t ion were  seen  in the region of the pe r ipo r t a l  zones as a r e su l t  of speci f ic  p ro l i fe ra t ion  
and different ia t ion of the s t r o m a l  cel ls .  

The nucleic acid me tabo l i sm  was d e p r e s s e d  in m o s t  of the hemocytob las t s ,  and they stopped p r o l i f e r a -  
ting and died. Some hemoeytob las t s  contained l a rge  amounts of nucleotides,  ac t ively  dividing by  mi tos i s ,  
and these were  r e spons ib le  for  the quanti tat ive growth of the leukemic  cel ls .  
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