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sal ine (pH 7.2) c o n t a i n i n g  1% b o v i n e  se rum a l b u m i n ;  
3. layer  6 m 1 of th i s  b lood so lu t ion  on  t o p  of 2 ml  of a 
F i co l l -Hypaque  g r a d i e n t  (dens i ty  1.08) ; 4. c en t r i f uga t i on  
a t  2,000 x g  a n d  4~ for 20 m i n ;  5. col lect ion of t he  lym-  
phocy t e s  f rom the  in te r face  w i t h  a P a s t e u r  p ipe t te .  
T h e r e a f t e r  t h e  ceils were fixecl in  2 .5% g l u t a r a l d e h y d e  
buf fe red  w i t h  sod ium cacody la t e  for 2 h a t  4~ followed 
b y  a n  osmif ica t ion  in 1% buf fe red  o s m i um t e t r ox ide .  
The  spec imen  were d e h y d r a t e d  w i t h  g raded  e t h a n o l  and  
e m b e d d e d  in Spur r  e m b e d d i n g  med ium.  T h i n  sect ions  
were s t a ined  w i t h  u r a n y l  ace t a t e  a n d  lead c i t r a t e  a n d  
e x a m i n e d  in a Ph i t ips  e lec t ron  microscope,  model  E M  
201. L y m p h o c y t e  yields were h igher  t h a n  80 %. R e m a i n i n g  
cells were p la te le t s  and  some granulocytes .  T he  m a j o r i t y  
of these  cells were morpho log ica l ly  normal ,  h o w e v e r  
a b o u t  2% of l y m p h o c y t e s  c o n t a i n e d  u n u s u a l  inclusions.  
These  s t r u c t u r e s  were ly ing  free in  t h e  cy top l a smic  
m a t r i x  (Figure,  a a n d  b). T h e y  were u n d u l a t i n g  or e longat -  
ed, t u b u l a r  a n d  f r e q u e n t l y  closely packed ,  (Figure,  a a n d  
b). 

Dense  c i rcular  ou t l ines  r e p r e s e n t i n g  cross sect ions  of 
t h e  t ubu l e s  h a d  a n  ou te r  d i a m e t e r  of a b o u t  300 A. The  
t h i c k n e s s  of t h e  wal l  was  a p p r o x i m a t e l y  50 A. The  
t ubu l e s  genera l ly  c o n t a i n e d  a s u b s t a n c e  of low e lec t ron  
d e n s i t y  (Figure,  a, b a n d  c). The re  was no r e l a t ionsh ip  
b e t w e e n  these  t ubu l e s  and  t he  endop lasmic  r e t i cu lum or 
o t h e r  cel lular  s t ruc tu res .  

Inc lus ions ,  s imi la r  to  those  he re  descr ibed,  h a v e  
f r e q u e n t l y  been  r e p o r t e d  to  occur  in l y m p h o c y t e s  a n d  
rena l  cells of p a t i e n t s  w i t h  d i s s em i na t ed  lupus  e r y t h e m a -  
tosus  ~, and  rena l  t r a n s p l a n t s  2, in l y m p h o c y t e s  of p a t i e n t s  
w i t h  chronic  r h e u m a t i s m  a, in l y m p h o c y t e s  in  va r ious  
s y n d r o m e s  associa ted  w i t h  a n t i b o d y  deficiencies 4, a n d  
o t h e r  diseases as r ev iewed  b y  ANDRES e t  a l ) .  T he  t r ue  
n a t u r e  of these  t u b u l a r  s t r u c t u r e s  is a t  p r e s en t  no t  known.  

The  inclus ions  resemble  closely t he  ' u n d u l a t i n g  t u b u l e s '  
of cells in a v a r i e t y  of t issues in  cu l tu re  descr ibed  b y  
CHANDRA 6 and  i n t e r p r e t e d  as pa tho log ica l  secre t ions  of 
endop lasmic  re t i cu tum,  or as an  ear ly  response  to i n j u r y  7. 

On t he  o t h e r  h a n d ,  because  t h e i r  cha rac t e r i s t i c  
morpho logy ,  i t  was  sugges ted  t h a t  t h e y  r e p r e s e n t  a 
special  t y p e  of myxov i ru se s  i a n d  p e r h a p s  p l ay  a role in  
t he  e t io logy of some col lagen diseases, such  as sys temic  
lupus  e r y t h e m a t o s u s  1. 

The  i nduc t i on  of s imi la r  inclus ions  in cu l t u r ed  h u m a n  
l y m p h o i d  ceils a f t e r  a d m i n i s t r a t i o n  of h a l o g e n a t e d  
pyr imid ines ,  subs t ances  k n o w n  to  a c t i v a t e  l a t e n t  vi ruses ,  
seems f u r t h e r m o r e  to s u p p o r t  t h e i r  v i r a l  or igin s . Since 
' u n d u l a t i n g  t ubu l e s '  h a v e  been  found  to  occur  in  h i g h  
f r equency  in b iopsy  m a t e r i a l  f rom p a t i e n t s  w i t h  lupus  
e r y t h e m a t o s u s ,  a n d  in b lood l y m p h o c y t e s  of r ena l  
t r a n s p l a n t  pa: t ients  3, t h e y  are  cons idered  to  be  p a t h o g n o -  
monic  for these  diseases 1. Our  f indings,  however ,  con f i rmed  
those  of BESSlS 9 a n d  showed t h a t  also a p p a r e n t l y  h e a l t h  
donors  m a y  show in l y m p h o c y t e s  ' u n d u l a t i n g  tubu les ' .  
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Summary. The  g r o w t h  of colonies f rom m u r i n e  bone  m a r r o w  cells in  sof t  agar  cu l tu res  was found  to be  i n h i b i t e d  b y  
0.1 ml  or more  50% w a s h e d  syngenic  e r y t h r o c y t e  suspens ion  pe r  1.2 ml  cu l tu re  vo lume.  

I t  has  been  obse rved  b y  BRADLEY et  al. I, ~ t h a t  t he  
a d d i t i o n  of syngenic  or  xenogen ic  e r y t h r o c y t e s  to  sof t  
aga r  cu l tu res  of m u r i n e  h a e m o p o i e t i c  celts increased  t he  
n u m b e r  a n d  size of g r anu locy t i c  a n d / o r  m a c r o p h a g e  
colonies. E n h a n c e m e n t  of co lony  f o r m a t i o n  was found  
even  a t  t he  m a x i m a l  c o n c e n t r a t i o n  tes ted ,  i.e. a t  a b o u t  
0.03 ml  50% e r y t h r o c y t e  suspens ion  pe r  ml  cu l tu re  
med ium.  The  p r e sen t  e x p e r i m e n t s  show t h a t  syngenic  
e ry th rocy te s ,  w h e n  added  to  sof t  aga r  cu l tu res  of m u r i n e  
bone  m a r r o w  in q u a n t i t i e s  of a b o u t  0.1 ml  or  more  50% 
e r y t h r o c y t e  suspens ion  pe r  ml  cu l tu re  vo lume,  i nh ib i t  
t he  g r o w t h  of colonies. 

Materials and methods. 2- to  4 - m on t h - o l d  (BALB/c  • 
C B A ) F  1 mice  of b o t h  sexes were used. Bone  m a r r o w  cells 
were w a s h e d  ou t  of t he  f emur  wi th ,  a n d  suspended  in 
McCoy 's  5A m e d i u m  (see later) .  B lood  was t a k e n  b y  
ca rd iac  p u n c t u r e  a n d  a n t i c o a g u l a t e d  w i t h  p r e s e r va t i ve  
free h e p a r i n  or de f ib r ina ted .  T he  e r y t h r o c y t e s  were 
washed  th r i ce  w i t h  H a n k s '  so lu t ion  w i t h  an  a t t e m p t  to  
r e m o v e  b u f f y  coa t  cells a f t e r  each  cen t r i fuga t ion .  The  
packed  e r y t h r o c y t e s  were r e suspended  f ina l ly  in  an  equa l  
vo lume  of McCoy's  5A med ium.  

F o r  c u l t u r i n g  haemopo ie t i c  colonies, McCoy's  5A 
modif ied  m e d i u m  (Grand  I s l and  Biological  Co., G r a n d  
I s land ,  N.Y.)  was  supp l emen ted ,  accord ing  to  ROBINSON 
a n d  PIKE 3, w i t h  t he  on ly  modi f i ca t ion  t h a t  20% horse  
s e rum was used ins t ead  of 15% fe ta l  calf  serum.  Bone  
m a r r o w  cells, aga r  to  a f ina l  c o n c e n t r a t i o n  of 0.3%, and  
t h e  ma te r i a l s  to  be  t e s t ed  (e ry throcytes ,  etc.) were added  
to  t h e  above  med ium.  1 ml  a l iquo t s  of t h i s  m i x t u r e  were 
p laced  in to  40 m m  glass P e t r i  dishes,  to  wh ich  0.2 m l  per  
d ish  L cell cond i t ioned  m e d i u m  h a d  been  added  as source 
of an  o p t i m a l  a m o u n t  of co lony s t i m u l a t i n g  ac t iv i ty .  
Af te r  7 days  of i n c u b a t i o n  a t  37 ~ in humid i f i ed  air  w i t h  
3% CO 2 accord ing  to FIRKET 4, aggrega tes  of a t  l eas t  50 
cells were coun t ed  as colonies u n d e r  a d issec t ing  micro-  
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scope (magnif ica t ion:  • 40). I f  necessary,  d i luted acetic 
acid was added  to the  pla tes  pr ior  to  coun t ing  to lyse 
e ry th rocy tes .  

Leukocy tes  were  sepa ra ted  f rom hepar in ized  blood on 
a methylce l lu lose- iodamide  (Bracco, Milano) mix tu re  5, 6, 
washed  thr ice  w i th  Hanks '  solut ion and  f inal ly resus-  
pended  in supp l emen ted  McCoy's  5A medium.  

Results.  W h e n  bone  mar row  ceils were p la ted  wi th  
var ious  a m o u n t s  of e ry th rocy t e s  p repa red  f rom hepar in-  
ized blood, a r emarkab le  increase in colony number s  was 
observed  till  0.025 ml e ry th rocy t e  suspension per  dish. 
At  larger doses, however ,  a g radua l  decrease in co lony 
fo rma t ion  was found  witt l  a lmos t  no colonies a t  0.15 ml  
e ry th rocy te s  per  d ish  (Figure). This  inh ib i to ry  effect  
p roved  to  be reproducib le  even wi th  e ry th rocy te s  pre-  
pa red  f rom def ib r ina ted  blood (Table I). 

As some leukocytes  a lways c o n t a m i n a t e d  the  e ry th ro-  
cy te  suspensions,  t he  effect  of b lood leukocytes  on colony 
fo rmat ion  by  bone  mar row  cells was s tudied  in mixed  
cultures.  Table  I I  shows t h a t  leukocytes  in n u m b e r s  
equal  to  those  p re sen t  in 0.1 ml  of t he  fresh (unwashed) 
blood did no t  inh ib i t  t he  g rowth  of colonies. 

The effect  of mouse  se rum on bone mar row  colony 
fo rma t ion  was s tud ied  by  including 0.05 ml  of se rum 
(prepared f rom def ib r ina ted  blood) per  dish in t he  mix t u r e  

Table I. Effect of washed syngenic erythrocytes prepared from 
defibrinated blood on the in vitro growth of colonies from murine 
bone marrow cells 

No. of bone 
marrow cells 
per dish 

Number of colonies (mean 4- SE) 

Control With 0.15 mi 50% 
(without erythrocytes) erythrocyte 

suspension per dish 

5 • 104 39.3 j= 6.4 0 
5 x 104 18.3 • 3.4 0 
I05 41.0 ~= 7.2 0 
105 54.7 ~= 2.4 1.0 -~ 0.6 

The cultures were set up in triplicate. 
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Number of colonies developing from 5 • 10 ~ mouse bone marrow 
cells in cultures containing various amounts of syngenic 50% 
washed erythrocyte suspension prepared from blood anticoagulated 
with 10 15 IU/ml preservative free heparin. The total volume of a 
cuIture was kept constant at 1.2 ml. 

Table I [. Effect of syngenic peripheral blood leukocytes and erythro- 
cytes on the number Of in vitro colonies developing from 105 murine 
bone marrow (BM) cells 

Mean number of colonies =~ SE in cultures containing 

10 ~ BM cells 10 ~ BIV[ cells + l0 s BM cells + 
0.1 ml leukocyte 0.1 mI erythroeyte 
suspension ~ suspension~ 

115:~9 (3) b 161J= 9 (3) 0 (3) 

4 8 •  (6) 544-12 (2) 7:~5 (2) 

~The concentration of leukocytes and erythrocytes in the suspen- 
sions, respectively, was the same as in the fresh blood out of 
which the erythrocyte suspension was prepared. The same number 
of leukocytes did not give rise to more than 5 colonies when plated 
without bone marrow cells. ~The number of cultures is shown in 
parentheses. 

before  plat ing.  In  4 i n d e p e n d e n t  exper iments ,  the  n u m b e r  
of colonies was 99.05 i 4.6% (mean • SE) of the  con- 
t rols  set  up s imul taneous ly  w i t h o u t  mouse  serum. 

Discussion.  I t  was found in t he  p resen t  expe r imen t s  
t h a t  syngenic  washed  e r y t h r o c y t e  suspensions  p resen t  in 
soft  agar cul tures  of mouse  bone  mar row inh ib i ted  the  
g rowth  of cell colonies. 

Leukocytes  are k n o w n  to  inh ib i t  the  in v i t ro  colony 
fo rmat ion  by  mouse  bone mar row cells T, s. Thus  the  
ques t ion  arises as to w h e t h e r  leukocytes ,  t h a t  were al- 
ways  co n t ami n a t i n g  the  e ry th rocy t e  suspensions used in 
the  p resen t  exper iments ,  m a y  have  caused the  observed  
inhibi t ion of colony growth.  However ,  th i s  possibi i ty.  
can  be excluded on the  basis of da t a  p resen ted  in Table  II .  

Serum of mice and h u m a n s  m a y  con ta in  some sub- 
stance(s) inhib i t ing  haemopoie t i c  colony g rowth  9-n. As 
0.05 ml  mouse  se rum did no t  cause any  appreciable  in- 
h ib i t ion  in our exper iments ,  it  seems to  be unl ikely t h a t  
t races  of se rum t h a t  m a y  have  c o n t a m i n a t e d  the  e ry th ro -  
cyte  suspensions  could cause the  observed  inhib i t ion  of 
colony growth.  This  inhibi t ion,  similarly,  c an n o t  be ex- 
pla ined in t e rms  of a nu t r i t i ona l  def ic iency due to  the  
di lut ion of t he  medium,  since the  r ep lacemen t  of as m u c h  
as 0.15 ml  med i u m per  dish b y  bidis t i l led wa te r  decreased 
the  n u m b e r  of developing colonies to only  abou t  40% 
(not shown in Results) .  

As o ther  possibi l i t ies  have  been  excluded,  i t  seems 
l ikely t h a t  e ry th rocy t e s  themse lves  cause the  observed 
inhib i t ion  of colony growth.  I t  appears  r e l evan t  to note  
here t h a t  t he  p h y t o h a e m a g g l u t i n i n  induced t r ans fo rma-  
t ion of mur ine  per iphera l  blood Iymphocy te s  was found 
also to  be inh ib i ted  by  t h e  presence of more  t h a n  0.1 ml  
blood per  ml  med i u m 12. W h e t h e r  the  p h e n o m e n o n  de- 
scr ibed in t he  p re sen t  paper  has any  re levance to  in r i v e  
granulopoiesis  and /o r  mac rophage  p roduc t ion  canno t  be 
judged  a t  present .  
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