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M e c h a n i s m  of Buffy Coat Migrat ion Inhibit ion Tes t  

The  d i rec t  one-s tep  (buffy coat)  m i g r a t i o n  i n h i b i t i o n  
t e s t  (DMI)I ,  2 ha s  been  w i d e l y  used as a m eas u r e  of 
cel lular  i m m u n i t y  and  h a s  been  e q u a t e d  a,4 w i t h  t he  
indi rec t ,  two-s tep  5, G assay  for m i g r a t i o n  i nh ib i t i on  fac to r  
(MIF) p r o d u c t i o n  (IMI). I n  t he  I MI  t e s t  successful  
pe r fo rmance  requi res  l iv ing  l y m p h o c y t e s  7 capab le  of 
p ro t e in  syn thes i s  ~. Th e  p r e s en t  p a p e r  d e m o n s t r a t e s  t h a t  
t he  DMI  t e s t  pe r fo rmed  w i t h  soluble  an t i gen  also requi res  
l y m p h o c y t e s ;  t h a t  t h e  t e s t  is sens i t ive  to  t he  ac t ion  of 
p u r o m y c i n  ; t h a t  au to logous  se rum enhances  t he  i n h i b i t i o n  
response ;  a n d  t h a t  th i s  e n h a n c e m e n t  can  be  r e m o v e d  b y  
d i lu t ion  of t he  serum.  W e  conf i rm  t h e  c o n t e n t i o n  ~,9,~~ 
t h a t  s t r i c t  con t ro l  of mu l t i p l e  t e chn i ca l  va r i ab le s  is neces- 
sa ry  to ach ieve  r ep roduc ib le  results .  

Materials and methods. Subjec t s  chosen  for b lood dona-  
t ion  were h e a l t h y  n o r m a l  l a b o r a t o r y  pe r sonne l  w i t h  
n e g a t i v e  or  pos i t i ve  i n t e r m e d i a t e  s t r e n g t h  t u b e r c u l i n  
(PPD) tes t s  a n d  t u b e r c u l i n  pos i t ive  p a t i e n t s  w i t h  ac t ive  
tuberculos is .  

The  DMI  t e s t s  were car r ied  ou t  as specif ied b y  MAI~I 2,10 
w i t h  g r a v i t y  s e d i m e n t a t i o n  of l i gh t ly  hepar in ized  blood,  
4 washes  of b u l l y  coa t  celIs, p a c k i n g  of cells in  non -  
s i l iconized 20 ~1 capi l lar ies  (halved),  m i g r a t i n g  cells in  
10% horse  s e rum w i t h  300 Izg/ml W e y b r i d g e  P P D  in 
p las t i c  c h a m b e r s  a n d  m e a s u r i n g  m i g r a t i o n  areas  as t he  
l imi t s  of t he  ou te r  m i g r a t i o n  r ing.  S e r u m  source and  
concen t r a t i on ,  P P D  source a n d  concen t r a t i on ,  n u m b e r  of 
washes,  size of capi l lary ,  and  m e t h o d  of m e a s u r e m e n t  of 
m i g r a t i o n  were va r i ed  as ind ica ted .  L e u k o c y t e  types  were 
d i f fe ren t ia l ly  i so la ted  b y  F i co l l -Hypaque  g r a d i e n t  cent r i -  
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Fig. 1. Effect  of puromycin .  Migrat ion indices of leukoeytes  from a 
PPD-sensitive donor tested in media-containing horse serum (�9 -- �9 
and autologous serum (0 --- 0) in the presence and absence of I0-61~ 
puromycin. Effect on a PPD-insensitive donor in horse serum is 
shown for comparison (@ @). 

Iuga t i on  n.  P u r o m y c i n  a t  10 -s 2VI was added  in  some 
expe r imen t s .  I n  th i s  p a p e r  m i g r a t i o n  i ndex  (MI) is 
ca lcu la ted  as ave rage  a rea  of m i g r a t i o n  in presence  of 
an t i gen  (test) d iv ided  b y  ave rage  area  of m i g r a t i o n  in 
absence  of an t i gen  (control) .  

Results. In  P P D  pos i t ive  sub jec t s  DMI  was cons i s t en t ly  
pos i t ive  (average  MI = 0.66, r ange  0.53-0.82) a n d  
cons i s t en t l y  nega t ive  in P P D  nega t ive  sub jec t s  (average 
MI = 0.98, r ange  0.83-1.24). In  P P D  pos i t ive  sub jec t s  
10 ~zl capi l lar ies  gave  i ncons i s t en t  resuIts.  P a r k e - D a v i s  
P P D  lot  n u m b e r  974775 (now e x h a u s t e d ;  a gif t  of Dr.  
H. B. DEVLI~r m o s t  c lear ly  s epa ra t ed  in v i t ro  t he  P P D  
pos i t ive  and  nega t i ve  subjects .  P a r k e - D a v i s  P P D  lot  
n u m b e r  997135C and  W e y b r i d g e  P P D  lot  n u m b e r  288 
(a gif t  of Mr. D B. LE~) p roduced  less d r a m a t i c  i n h i b i t i o n  ; 
g rea te r  cons i s tency  a m o n g  l eukocy te  donors  was found  
w i t h  \ u  p roduc t .  I n h i b i t i o n  in pos i t ive  t e s t s  was 
seen a f te r  3 a n d  4 l eukocy te  washes,  b u t  no t  a f t e r  t he  
f i rs t  two washes,  and  was n o t  seen a f t e r  4 washes  of 
l eukocy tes  o b t a i n e d  f rom P P D  nega t i ve  subjects .  Migra-  
t ion  of sens i t ive  l eukocy tes  in  t he  presence  of au to logous  
se rum or p l a s m a  (AS) p roduced  m u c h  g rea te r  i n h i b i t i o n  
t h a n  d id  m i g r a t i o n  in t h e  p resence  of horse  s e rum (HS) ~ :  
in a r e p r e s e n t a t i v e  expe r imen t ,  MI  = 0.20 in 20% AS, 
0.72 in 5% A S - 5 %  HS,  0.72 in 10% HS,  and  0.60 in 
20% HS.  The  effect  of AS was  easi ly d i lu ted .  ( Inh ib i t i on  
of non- sen i s t ive  i eukocy tes  sporad ica l ly  occur red  in  
20% H S ;  10% H S  was t he r e fo re  r o u t i n e l y  used). H e a t  
i n a c t i v a t i o n  of AS (56~ for  30 min)  d id  n o t  a l t e r  t he  
results .  Dose response  curves  to  P P D  were d e m o n s t r a b l e  
be tween  100 and  600 Fg/ml. Clearest  s e p a r a t i o n  of donor  
popu la t i ons  occur red  a t  300 ~g/ml.  M e a s u r e m e n t  of inne r  
m i g r a t i o n  r ings  13 was  found  to  be  sub j ec t i ve  and  inconsis t -  
en t  a n d  was no t  used. 

P u r o m y c i n  abol i shed  t he  i n h i b i t i o n  seen in expe r imen t s  
car r ied  ou t  in t-IS a n d  p a r t i a l l y  b u t  no t  comple t e ly  
abol i shed  i n h i b i t i o n  seen in  e x p e r i m e n t s  carr ied ou t  in  A S  
(Figure  1). (Control  mig ra t i ons  were n o t  s ign i f i can t ly  
af fected b y  puromycin14).  

The  m i g r a t i o n  in H S  of pur i f ied  (94%) p o l y m o r p h o n u -  
clear l eukocytes  (PMN) f rom skin  t e s t  pos i t ive  donors  was 
no t  i n h i b i t e d  b y  a n t i g e n ;  i n h i b i t i o n  was seen w h e n  t h e  
whole  b u f f y  coa t  cell  p o p u l a t i o n  was  used, or w h e n  
l y m p h o c y t e s  were added  b a c k  to t h e  pur i f i ed  PMNs  
(Figure  2). 

Discussion. Sens i t ized  h u m a n  l y m p h o c y t e s  cu l tu red  in 
t h e  presence  of soluble  specific an t i gen  p roduce  a subs t an -  
ce, MIF,  w h i c h  inh ib i t s  t h e  m i g r a t i o n  of cells f rom 
pe r i t onea l  exuda t e s  5,6 l ung  washingslS,  or p re -cu l tu red  
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Fig. 2. Effect  of different  percentages  of lymphocy tes  on migration 
index of leukocytes from a representative PPD-sensitive subject. 
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peripheral  blood cells 16-19. W h e n  particulate ant igens are 
used wi th  buf fy  coat  cells, l ymphocy tes  mus t  be present  
for posi t ive  responses~~ in the  mixed  lymphocy te  
cul ture sys tem produc t ion  of an M I F  capable  of inhibi t ing 
buffy  coat  cell migra t ion  has been demons t ra ted  ~2. 
E labora t e  mechanisms  have  been proposed to demons t ra te  
the  presence of macrophages  in posi t ive  soluble ant igen  
buf fy  coat  cell tests ~3, 23. Nontheless  i t  remains  an assump- 
tion, no t  cr i t ical ly  proven,  t h a t  soluble ant igen induced 
bu l ly  coat  cell migra t ion  inhibi t ion is med ia ted  by  MIF.  
The  present  exper iments  suppor t  this  assumpt ion  by  
demons t ra t ing  the  requ i rement  for l y m p h o c y t e s  and for 
puromycin-sens i t ive  prote in  synthesis.  

Autologous  serum and plasma clearly increase the  
inh ib i to ry  response of cells f rom skin- tes t  pos i t ive  donors, 
suggest ing t h a t  immunoglobul in -an t igen  complexes  can 
inh ib i t  buffy  coat  cell migra t ion  as t h e y  can macrophage  
migra t ion  or t h a t  cytophi l ic  an t ibody  is measured in the  
migra t ion  test  2~-26. The failure of puromycin  to b lock 
inhibi t ion comple te ly  when AS is present  is also consistent  
w i th  at  least  a par t ia l  effect of immune  complexes  
independen t  of pro te in  synthesis.  Howeve r  f indings t h a t  
the  AS-dependen t  response can be r emoved  by  di lut ion 
and t h a t  successsive washes of leukocytes  augmen t  ra ther  
t han  diminish the  pos i t iv i ty  of the  tes t  indicate  t h a t  serum 
an t ibody  is no t  the  sole de te rminan t  of the  DMI response. 

W h e n  cer ta in  condit ions are met ,  the  DMI tes t  is 
reproducible,  which is a t  var iance  wi th  our earlier 
experience~L W e  a t t r ibu te  the  difference to changes in 
ant igen  dose, capi l lary size, and species of origin of sera in 
the  media:  

Rdsumd. La pr6sence de lymphocy tes  et  la synth~se de 
la prot6ine sont  n6cessaires ~ la p roduc t ion  du M I F  

(migrat ion inhibi t ion factor). Pour  le tes t  de migra t ion  
des leucocytes  du sang p6riph6rique, nous avons  pu 
mont re r  en ut i l isant  un antigone soluble (PPD) et  du s6rum 
de cheval,  qu ' i l  n ' y  a po in t  d ' inh ib i t ion  de migra t ion  en 
l 'absence des lymphocy tes  ou en pr6sence de puromycine .  
Quand le mil ieu cont ien t  du s6rum de sujet  test6, l ' inhibi-  
t ion n 'es t  que par t i e l l ement  sensible k la puromycine .  
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P r e l i m i n a r y  Repor t  on the Inf luence  of the  P l a s m a  U p o n  the Effect of A D P  on Arter ia l  and V e n o u s  
P la te l e t s  

In  order  to expla in  whe ther  the  phenomenon  previous ly  
observed 1, i . e .  t ha t  ar ter ial  platelets  show less marked  
responsiveness to A D P  t h a n  venous ones, we under took  
exper iments  to check whether  the  different  p la te le t  behav-  
tour in pla te le t - r ich p lasma (PRP) is inherent  to platelets  
or to plasma.  

Methods. Arter ia l  blood was collected in open-chest  
animals  f rom the  left  ventr ic le  of art if icial ly ven t i l a ted  
rats  and venous blood f rom the  r ight  ventricle.  P R P  was 
obta ined  as previous ly  described 1. ADP-responsiveness  
of washed pla te le ts  resuspended in different  mi l ieux was 
tes ted (see foreward). 

The  pla te le ts  were washed twice wi th  a modif ied Ty-  
rode 's  solut ion:  8 g NaC1, 0.2 g KC1, 1 g NaHCOa, I g/1 
glucose, p H  adjus ted  to 7.35 wi th  NaOH.  This solution 
does no t  conta in  calcium, magnes ium or phosphate .  

Wash ing  was carried out  as follows: P R P  (3 1111) was 
di luted in a plast ic centr ifuge tube  wi th  20 ml  of modif ied 
Tyrode ' s  solution and then  centr i fuged at  800 g for 8 mill  
at  room tempera ture .  The superna tan t  was discharged 
and the  pellet  again resuspended and centrifuged.  

Af ter  2 washings:  a) p la te le ts  were resuspended ei ther  
in Tyrode ' s  modif ied solution or  in pIa te le t -poor  plasraa 
(PPP) freshly obta ined  f rom arter ial  or venous b lood;  b) 
the  samples were centr i fuged a t  100 g for 5 min  in order  
to e l iminate  con tamina t ing  red blood cells and small  ag- 
gregates. P la te le t  count  was f inal ly  ad jus ted  to a number  
of 700.000/~1; c) ADP- induced  aggregat ion was es t imated  
as previous ly  described 1: The lapse of t ime  between a) and 
c) was about  1 h. 

Results. As can be seen (Figure 1 a) twice  washed 've-  
nous '  platelets  resuspended in Tyrode ' s  modif ied solution 
do not  c lump upon addi t ion  of A D P  (6 experiments) .  
Similar  responses have  been obta ined f rom 'ar ter ia l '  wash- 
ed platelets  resuspended in Tyrode ' s  modified solut ion 
(8 experiments) .  When  the  pla te le ts  were resuspended in 
P P P  freshly obtained,  t hey  recovered ADP-respons ive-  
ness, the  ex ten t  of which was related to the  type  of plasma.  
There  is evidence (Figure 1,b,c) t h a t  'venous '  washed 
platelets  resuspended in P P P  obta ined f rom arter ial  blood 
(6 experiments)  show a less-marked ADP- induced  aggre- 
gat ion than  'a r ter ia l '  washed platelets  resuspended in P P P  
obtained f rom venous blood (9 experiments) .  

In  7 exper iments  we resuspended washed pla te le ts  in 
thei r  own P P P ;  the  ADP-responsiveness  was qui te  simi- 
lar to t ha t  of ini t ial  P R P .  

Considering tha t  the  c lumping power  of twice washed 
platelets  is lost in Tyrode ' s  modif ied solution bu t  restored 
by  incubat ion  in plasma, we s tudied the  course of this  
recover ing (8 experiments) .  

Figures 2 and 3 show the  results obta ined  at  different  
t ime  in tervals  f rom the  resuspension of platelets  ill plasma.  
I t  can be seen t h a t  ADP-responsiveness  increases wi th  
the  incuba t ion  t i m e  of 'a r ter ia l '  or  'venous '  p la te le ts  w i th  
the  venous or  ar ter ia l  plasma, respect ively.  

Discussion. Exper imen t s  wi th  washed pla te le ts  indicate  
t h a t  washing abolishes any  c lumping power, while resus- 
pension in p lasma restores it. So there  should be a plas- 
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