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Electron mierograph of the wall of 
a lymphatic vessel at the edge of 
the tumour mass present in a rat 
footpad 7 days after injection of 
20 million Rd/3 ceils into the 
footpad. Tumour cells (T) and 
lymphoid cells (L) are migrating 
through the lymphatic wall, into 
the lumen of the lymphatic 
vessel (V). Tile endothelium is 
invagillated between points (A) 
and (13) and there is an open gap 
between endothelial cells at the 
points arrowed. • 3200. 

f o o t p a d  a n d  me ta s t a s i ze  to  t he  ips i la te ra l  pop l i t ea l  l y m p h  
node ;  d i rec t  i n t r a l y m p h a t i c  i n j ec t ion  has  b e e n  excluded.  
The  mode l  is a fair, t h o u g h  acce le ra ted  mode l  of n a t u r a l  
t u m o u r  metas tas i s .  I n  th i s  mode l  c o n t i n u e d  r e c r u i t m e n t  
of t u m o u r  cells f r om the  p r i m a r y  si te  to  t i le l y m p h  node  
occurs.  The  p r e s e n t  r e p o r t  descr ibes  t h e  u l t r a s t r u c t u r e  of 
t he  l y m p h a t i c  vessels a t  t he  edge of t he  foo tpad  t u m o u r  
7 days  a f t e r  i n j ec t i on  of 20 mi l i ion  t u m o u r  cells in to  t h e  
foo tpad  us ing  g l u t a r a l d e h y d e - o s m i u m  f ixat ion,  a ra ld i t e  
e m b e d d i n g  a n d  t r a n s m i s s i o n  e lec t ron  mic roscopy  Of t h i n  
sect ions.  

The  l y m p h a t i c  endo the l i a l  j u n c t i o n s  are n o r m a l l y  
closed;  b e n e a t h  t he  l y m p h a t i c  endo the l i um,  t h e r e  m a y  be 
seen somet imes  a b a s e m e n t  m e m b r a n e  a n d  usua l ly  an  
in te r l ac ing  n e t w o r k  of col lagen f ibres  t h r o u g h  w h i c h  
neoplas t ic  ceils h a v e  to p e n e t r a t e  to  gain  access to  t h e  
l ympha t i c .  Rd /3  t u r n o u t  cells in  suspens ion  or in  non-  
m e t a s t a s i z i n g  s i tua t ions  are usua l ly  of c i rcular  or ovoid  
profile.  A r o u n d  l y m p h a t i c  vessels on t he  o the r  h a n d  t h e y  
are e longa ted  w i t h  organel le-free  p seudopod ia  a t  b o t h  
ends. 

T u m o u r  cell processes a n d  t u r n o u t  ceils lie in  p a t e n t  
i n t e r - endo the l i a l  gaps  w i t h  endo the l i a l  c y t o p l a s m  appl ied  
closely to t u r n o u t  cell c y t o p l a s m  (Figure).  Collagen f ibres  
v e r y  close to  t he  t u r n o u t  cells show no s ign i f ican t  changes  ; 
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on morpho log ica l  g rounds  i t  seems un l ike ly  t h a t  t he  
t u m o u r  cells secrete  a col lagenase  wh ich  ac ts  to  des t roy  
t h e  col lagen barr ier .  H o w e v e r  sho r t - r ange  col lagenolyt ic  
a c t i v i t y  c a n n o t  be  excluded.  T h e  d i rec t ion  of m o v e m e n t  
of t h e  neoplas t ic  cells is v i r t u a l l y  ce r t a in ly  f rom w i t h o u t  
i n w ard s  because  e x p e r i m e n t s  h a v e  shown  cons i s t en t  
me ta s t a s i s  in  th i s  direct ion.  Macrophages  a n d  l y m p h o c y t e s  
m i g r a t e  b e t w e e n  endo the l i a l  ceils in a s imi la r  w ay  e i the r  
alone,  or w i t h  t u m o u r  ceils, so t h a t  t h e  l y m p h a t i c s  come 
to co n t a i n  as m a n y  l y m p h o r e t i c u l a r  cells as t u m o u r  cells. 
I t  seems l ike ly  t h a t  t u m o u r  cells a n d  l y m p h o r e t i c u l a r  cells 
ga in  access to  t h e  vessels i n d e p e n d e n t l y  a n d  in t h e  same 
way.  Blood vessels are n o t  s imi la r ly  i n v a d e d  b y  t u r n o u t  
cells in  th i s  model ,  poss ib ly  because  t h e i r  walls are 
t h i c k e r  or n o t  so well he ld  open  b y  col lagen bands .  

These  f ind ings  s u p p o r t  t h e  v iew t h a t  in  t h i s  mode l  of 
l y m p h a t i c  metas tas i s ,  t u m o u r  cells ga in  access to  lym-  
p h a t i c  vessels, in  s ign i f ican t  n u m b e r s ,  b y  a process  of 
reverse  diapedesis .  

Rdsumd. D a n s  un  module  a n i m a l  de m6tas t a s i e  l y m p h a -  
t ique ,  on  a pu  d ~ m o n t r e r  que  les cellules t u m o r a l e s  
m i g r a i e n t  en t re  les cellules endoth61iales p o u r  e n t r e r  
dans  les va i s s eaux  l y m p h a t i q n e s  (diapgd~se invers6e).  Les 
cellules endoth61iales des va i s seaux  sangu ins  ne  la i ssent  
pas  passer  les cellules tumora les .  
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Macrophage Activation in Mice Lacking Thymus-Derived (T) Cells 

T-ce l l -media ted  i m m u n i t y  (CMI) p lays  a m a j o r  role ill 
p r o t e c t i o n  f rom Listeria monocytogenes in fec t ion  in mice. 
Sensi t ized T l y m p h o c y t e s  t r igger  p r o t e c t i o n  b y  a c t i v a t i n g  
m a c r o p h a g e s  t-5, wh ich  t h e n  kill  t h e  bac ter ia .  Spleen cells 
f rom mice wh ich  were a d u l t - t h y m e c t o m i z e d ,  l e tha l ly  
i r r a d i a t e d  a n d  bone  m a r r o w  r e c o n s t i t u t e d  (ATx-BM) 
before  i m m u n i z a t i o n  do no t  t r ans f e r  p r o t e c t i o n  4, b u t  
surpr is ingly ,  A T x - B M  mice  su rv ive  p r i m a r y  infect ion.  
Ev idence  is p r e s e n t e d  here  t h a t  A T x - B M  mice  possess 
a c t i v a t e d  m a c r o p h a g e s  before  infect ion,  t h u s  exp la in ing  

th i s  pa r adox .  Macrophages  of a t h y m i c  (nude) mice  also 
show some ev idence  of ac t iva t ion .  
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Materials  and methods. CBA/H and  nude  mice (nu/nu) 
were bred locally and used as young  adults.  The s t ra in  of 
Lister ,  s monoeytogenes, bacter iological  techniques ,  pro-  
duct ion  of ATx-BM mice and  evaluat ion  of per i toneal  
macrophage  ac t iv i ty  have  been descr ibed elsewhere 4-v. 

Results.  ATx-BM mice differed f rom normal  in several  
ways  (Table I). First ,  i.v. in jec ted  Listeria were cleared 
more  eff icient ly f rom blood. Second, less of these  bac te r ia  
localized in spleen. Third,  Listeria was less successful a t  
paras i t iz ing livers and spleens. The fall in bacter ia l  
n u m b e r s  in l iver  over  the  first  4 h of infect ion was grea ter  
in ATx-BM mice (p < 0.0!), and  the  increase be tween  
4 h and  24 h was less (p < 0.01). In  spleens the  increase 
in bacter ia l  number s  over  the  first  24 h of infect ion was 
again less t h a n  normal  (p < 0.01). Since these  effects 
were de tec ted  wi th in  minu tes  or hours  af ter  the  inject ion 
of Listeria,  i t  seemed likely t h a t  the  macrophages  of 
ATx-BM mice which  were responsible  for blood clearance 
and  in which inges ted  organisms f irs t  resided, possessed 
improved  phagocy t i c  and an t ibac te r ia l  powers  before 
infection.  

13eyolld the  f i rs t  24 it a f ter  infect ion da ta  var ied con- 
s iderably  and  clear in t e rp re t a t ion  of t r ends  was difficult ;  

Table I. Distribution and behaviour of i.v. injected Listeria mono- 
cytogenes �9 in ATx-BM mice 

Time after 
Listeria 
injection Mice 

Viable counts b of Listeria in 

Blood Liver Spleen 

6min ATx-B1V[ 3.48 :~ 0.15~ -- 
Normal 4.11 __ 0.04 -- 

8 rain ATx-BN[ -- 4.83 q- 0.01 3.08 :~. 0.04 ~ 
Normal -- 4.71 :t: 0,02 3.63 ! 0.06 

4h ATx-BM -- 4.06 -4- 0,12 a 3.27 =k 0.12 ~ 
NormaI -- 4.37 ~ 0,07 3.94 =L 0.06 

1 day ATx-BM -- 6.13 4- 0.16~ 5.38 ~ 0.13 ~ 
Normal -- 7.25 4- 0.13 6.44 • 0.04 

3 days ATx-BM -- -- 5.38 ~ 0.20 
Normal -- - -  5.52 ~ 0.13 

6days ATx-BM - -  - -  4.24 =tz 0.16 ~ 
Normal -- -- 2.84 ~ 0.11 

�9 8.8 • 104 viable Listeric~ per mouse for time points from 6 rain to 
1 day. 5 x 10 ~ viable Listeria for 3 day and 6 day data. bMean log10 
viable bacteria per organ :}- standard error of the mean in groups of 
4-5 mice. . Significantly less than normal controls p < 0.01. a Signif- 
icantly less than normal controls p < 0.05. ,Significantly greater 
than normal controls p < 0.001. 

s ta t is t ica l  significance was ob ta ined  only wi th  the  spleen. 
However ,  in 2 exper iments ,  the  e l iminat ion of bac ter ia  
f rom the  t issues f rom tile 3rd to  6 th  day  of infect ion was 
impai red  in ATx-BM mice. 

Congeni ta l ly  a thymie  nude  mice (nu/nu) also seem to 
possess nonspecif ical ly  ac t iva ted  macrophages  as shown 
by  the i r  abi l i ty  to  p r ev en t  mul t ip l ica t ion  of Listeria in the  
l iver and  spleen s. Therefore  per i toneal  macrophages  of 
nude  mice were inves t iga ted .  Macrophages  of nude  mice 
exh ib i t ed  accelerated spreading  9 (Figure). Listevia were 
phagocy t i zed  more  eff icient ly in nude  mice as indica ted  
by  lower n u mb er s  of free bac te r ia  ill tile per i tonea l  
washing  (g 2 t e s t  gave p < 0.001, Table  II).  

A l though  less extracel lu lar  Listeria  were recovered  
f rom the  per i tonea l  cavit ies  of nude  mice the  bacter ic idal  
capac i ty  of the  macrophages  ob ta ined  was s ignif icant ly  
worse t h a n  t h a t  of the i r  l i t t e r  ma te s  unde r  t he  experi-  
men ta l  condi t ions  employed  (Z ~ t e s t  gave p < 0.001, 
Table  II).  

Discussion.  The reasons for the  exis tence  of ac t iva ted  
macrophages  in ATx-BM, nude  s, or neona ta l ly  t hy -  
mec tomized  mice 1~ and p ro b ab l y  also mice which  are 
le thal ly  i r rad ia ted  and  bone  mar ro w  recons t i tu t ed  ~ are 
unknown.  However ,  the  presence  of ac t iva ted  macrophages  
in mice lacking T cells for such a va r i e ty  of reasons 
suggests  f irst  a causal  re la t ionship  be tween  T cell (or 
thymic)  absence and macrophage  ac t iva t ion ,  and  second,  
t h a t  T cells (and CMI) are no t  a lways essential  for t he  
process of macrophage  ac t iva t ion .  Two possible explana-  
t ions  are as follows. Firs t ,  evidence is accumula t ing  t h a t  
B cells are able to  produce  factors  inf luencing macropha-  
ges, eg. mac rophage  migra t ion  inh ib i to ry  factor  ( M I F ) n  
This  13 cell func t ion  m a y  be suppressed  normal ly  b y  
unsensi t ized T cells 1~. Second, bac ter ia  phosphol ip id  
ex t rac t s  are appa ren t l y  able to  ac t iva te  macrophages  is. 
Thus,  subs tances  shed f rom the  gut  flora m a y  ac t iva te  
macrophages ,  especially in the  absende  of a control l ing 
inf luence of T cells. 

The presen t  inves t iga t ion  of nude  mouse  macrophages  
gave paradoxica l  f indings.  Firs t ,  as a popula t ion ,  ti le 
res ident  per i tonea l  macrophages  of nude  mice appeared  
to be more  efficient  a t  phagocytos is .  Second, fewer cell- 
associated bac te r ia  were recovered f rom nude  mice, 
suggest ing t h a t  m a n y  of t he  phagocy tes  which  inges ted  
bacter ia  were no t  r emoved  by  the  wash ing  t echn ique  
employed.  Finally,  despi te  increased spreading  in vi t ro  
(Figure), a f inding compat ib le  w i th  increased phagocy t i c  
abi l i ty  9, the  nude  mouse  macrophages  which  were  reco- 
vered  in the  per i tonea l  washings  were s ignif icant ly  in- 
ferior to normal  controls  in bac ter ic ida l  ac t iv i ty .  

Table II. The bactericidal activity of peritoneal macrophages of nude 
mice nu/nu and of their litter mates nu] + and + [ +_against Listeria 
monocytogenes 

M i c e  Numbers of extracellular Numbers of cell-associated 
bacteria ~ viable bacteria ~ 

0 rain 35 min 0 rain 35 min 

nu/nu 1.60 X 1 0  4 1.35 • 104 2.16 X 105 1.08 • 105 

n u + [ + +  2.28 x 104 2.14• 4-02• 1-20 x 105 

�9 Aetual numbers obtained as described in Materials and methods. 
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Peritoneal Inacrophages from nude mice nu/nu (a) and their Iitter mates nu /+  and + / +  (b) 30 rain after plating into plastic dishes at 37~ 
The maerophages of Ilude mice show extensive spreading and some phase-dense and phase-lucent vesicles. • 400. 

This  is superf ic ia l ly  i n c o m p a t i b l e  w i t h  f ind ings  of 
CHEERS S wh ich  ind ica te  suppress ion  of t he  g r o w t h  of i.v. 
inocu la ted  Lisleria in  t i le l iver  and  spleen. B u t  t he  dis- 
a g r e e m e n t  can  be reconci led  if i t  is a s sumed  t h a t  macro -  
phages  of n u d e  mice  are he t e rogenous  w i t h  respec t  to  
bac te r i c ida l  ac t iv i ty ,  a n d  t h a t  f ixed m a c r o p h a g e s  in t h e  
l iver  and  spleen a n d  p e r h a p s  those  r e m a i n i n g  in t h e  
p e r i t o n e u m  u n d e r  our  e x p e r i m e n t a l  cond i t ions  are m u c h  
super ior  to  those  o b t a i n e d  in per i tonea l  washings .  

Zusamme~/assung. Ein  gewisser  Grad  yon  M a k r o p h a -  
genak t iv i e rung ,  gemessen  an  der  F~thigkeit  der  Lis te r ien-  

E l i m i n a t i o n ,  wird  auch  in adu l t  t h y m e k t o m i e r t e n ,  m i t  
K n o c h e n m a r k  r e k o n s t i t u i e r t e n  M~iusen sowie in n u d e /  
nude-IK/iusen b e o b a c h t e t  u n d  d a r a u s  der  Schluss  gezogen, 
dass  die M a k r o p h a g e n a k t i v i e r u n g  n i c h t  u n t e r  al len U m -  
s t / inden  m i t  der  A n w e s e n h e i t  v o n  T - L y m p h o z y t e n  ver-  
kn i ip f t  sein muss.  
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Flashing Phenomenon in Blood Platelets Stained with Fluorescent Basic Drugs 

Fluorescen t  bas ic  d rugs  such  as mepacr ine ,  ac r id ine  
o range  and  d a u n o m y c i n  (an a n t i t u m o r  agent)  h a v e  been  
shown  to  se lec t ive ly  a c c u m u l a t e  in t he  5 - h y d r o x y t r y p t -  
amine  (5HT) s torage  organel les  of b lood  p la te le t s  1, ~. The  
p r e sen t  work  deals  w i t h  t he  f luorescence p rope r t i e s  of 
i sola ted p la t e l e t s  loaded  in v i t r o  or  in  v ivo  w i t h  these  
compounds .  

Materials and methods. R a b b i t s ,  guinea-pigs  an d  r a t s  
were e x s a n g u i n a t e d  us ing  d i s o d i u m e t h y l e n e  d i amine -  
t e t r a c e t a t e  (EDTA,  1/10 vol. 5%) as a n t i c o a g u l a n t  a. 
P l a t e l e t - r i ch  p l a s m a  o b t a i n e d  b y  cen t r i f uga t i on  of t h e  
blood for 20 m i n  a t  300 •  was  i n c u b a t e d  (37~ 30 rain) 
wi th  var ious  c o n c e n t r a t i o n s  (10 -5, 5 X 1 0  -5, M)  of me-  
pac r ine  (K & IK Labs ,  USA) ,  ac r id ine  o range  (DIFCO 
Labs,  U.K.)  or d a u n o m y c i n  (Fa rmi ta l i a ,  I ta ly) .  P la te le t -  
r i ch  p l a s m a  was also o b t a i n e d  f rom r a b b i t s  60 ra in  a f t e r  
i.v. i n j ec t ion  of 10 m g / k g  of mepacr ine ,  ac r id ine  o range  or 

d a u n o m y c i n .  T h e  p la te le t s  were t h e n  s e d i m e n t e d  and  
w a s h e d  twice  w i t h  modi f ied  Tyrode  buffer  ~, an d  t he  
whole  p la te le t s  or t h e i r  5I-tT organelles ,  i so la ted  as 
p rev ious ly  descr ibed  3, 4, s u b m i t t e d  to f luorescence micro-  
scopy. 

F o r  q u a l i t a t i v e  f luorescence mic roscopy  a m e r c u r y  
super  pressure  l a m p  H B O  200 W / 4  was  used. Ep i - i l lumina-  
t ion  was  pe r fo rmed  w i t h  a Lei tz  f luorescence ve r t i ca l  
i l l u m i n a t o r  5 equ ipped  w i t h  an  in te r fe rence  d iv id ing  p la t e  
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