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It  was shown by co r r e l a t i on  ana lys i s  of the e x p e r i m e n t a l  data  that 51Cr-labeled m a c r o p h a g e s  
migra t ing  f r o m  cap i l l a ry  tubes  and lysed with sodium dodecyl sulfate can be used for the ob- 
jec t ive  quanti tat ive evaluat ion of the r e s u l t s  of the macrophage  migra t ion  inhibition m i c r o t e s t  
(MMI) m i c r o t e s t .  The degree  of migra t ion  and sens i t iv i ty  of the 5~Cr-labeled m a c r o p h a g e s  to 
the action of migra t ion  inhibition fac tor  (MIF) were  shown not to differ  f r o m  those of unlabeled 
m a c r o p h a g e s .  De te rmina t ion  of the absolute migra t ion  of m a c r o p h a g e s  and its reduct ion by the 
action of MIF f o r m e d  in the H-2 sys t em,  and a lso  of the specif ic i ty  of this dec rea se ,  r evea l ed  a 
high level  of co r r e l a t i on  between the a r e a  of the migra t ion  zone and the labeling of the m i g r a n t  
ce i l s .  
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The m a c r o p h a g e  migra t ion  inhibition (MMI) tes t  is widely used as a tes t  of hype r sens i t i v i t y  of delayed 
type (HDT) in v i t ro  in an imals  and man  and enables  in terac t ion  between lymphocytes  and m a c r o p h a g e s  to be 
studied in the course  of the immune r e s p o n s e .  One of the pr incipal  d i sadvantages  of the method is the subjec-  
tivity of evaluat ion of the r e s u l t s .  To  ove rcome  this d isadvantage,  pho tomet r ic  [13] and t e l eme t r i c  [10] 
methods  of de t e rmin ing  the a r e a  of mac rophage  migra t ion  and counting the number  of cel ls  migra t ing  f rom the 
cap i l l a ry  tube by means  of a ce l loscope [2] have been suggested.  Recent ly  the method of labeling the cel ls  
with rad ioac t ive  i so topes  has  been used for  the quanti tat ive and object ive a s s e s s m e n t  of some cel l  immuni ty  
r eac t ions .  

In the invest igat ion desc r ibed  below it is shown that 51Cr-labeled m a c r o p h a g e s  can be used to a s s e s s  the 
r e s u l t s  of MMI as a tes t  for  T ce l l s  - the e f fec to r s  of HDT in the H-2 s y s t e m  in mice .  

EXPERIMENTAL METHOD 

Mice of inbred l ines were  immunized  subcutaneously  at five points and in t raper i tonea l ly  in one sess ion  
with ce l l s  of a l logeneie  a sc i t e s  s a r c o m a s  $1 of line A or M C h l l  of line C57BL (5.107 ee l l s  p e r  mouse) .  F rom 
6 to 10 days  la te r  suspens ions  of reg iona l  lymph node ce l l s  were  used in the d i r ec t  or ind i rec t  MMI test .  For  
the d i r ec t  MMI tes t  [4],  as  modif ied by the w r i t e r s  [3],  ce l l s  of immune (exper imenta l  samples)  and n o r m a l  
lymph nodes (control  samples)  were  mixed in the r a t io  of 1:3 with 51Cr-labeled per i tonea l  m a c r o p h a g e s  of the 
donor ' s  (allogeneic) or r ec ip ien t  + s (syngeneic) s t ra in .  Glass  cap i l l a ry  tubes ( f rom Behr ingwerke ,  West  G e r -  
many) were  filled with the mixed cel ls ,  centr i fuged,  cut below the upper  boundary of the cel l  res idue ,  and 
placed on the base  of wells  in Micropla te  II No. 3040 p la tes  (from Falcon P las t i c s ,  USA). RPMI-1640 medium 
or E a g l e ' s  medium with L-g lu tamine  (2 mM), HEPES (5 mM), 10% embryon ic  calf  s e r u m  (ECS), and antibiotics 
were  used as the incubation med ium.  After  incubation for  18 h at  37~ the cap i l l a ry  tubes were  r e m o v e d  f r o m  
the wells  and the migra t ion  zones were  t r aced  on paper  by means  of a p ro jec to r ,  cut out, and weighed. The 
cul ture  fluid containing 5tCr spontaneously  l ibe ra ted  f r o m  the cel ls  during cul ture  was then r e m o v e d  f r o m  the 
wel ls .  Cel ls  m ig ra t i ng  f r o m  the cap i l l a ry  tube were  des t royed  with 0.2 ml  of 3% sodium dodecyl sulfate (SDS) 
solution for  20 min at 37~ and the SDS was t r a n s f e r r e d  to counting tubes.  The rad ioac t iv i ty  of the s amp le s  
was de te rmined  with a f l - s p e c t r o m e t e r  ( f rom Nuclear ,  Chicago, USA). Indices  of MMI for  evaluat ion based on 
a r e a  (MMIs) and by r e l e a s e  of 51Cr (MMIM) were  ca lcula ted  by the equation: 
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TABLE 1. Cor r e l a t i on  Ana lys i s  of Leve l s  of Migra t ion  D e t e r m i ne d  f rom A r e a  of 
Migra t ion  and L y s i s  of 51Cr-Labeled Mac rophages  

Medium Level of migration 

RPM1- 
�9 1640 M 592 528 ~2~ 437 4 2 7  . . .  

S 14 12 13 8 l0 ... 

:agle's M 376 239 2 2 8  196 178 . . .  

S 7 12 15 13 7 ... 

RPMl- 
-1640 Z 29 

5 ul ~2 
13 
12 

It  

li 

525 445 437 
13 8 11 

234 226 221 
11 9 8 

I0 10 9 8 I 8 
I0 8 9 10 I 8 

8 7 
8 7 

8 6 6 
6 

n r r 8 

/ 

30 0,9289 ] 0,8818 P<~O,051 P~O,Ol 

0,4069 ] 0,4274 
39 P~0,01 P~0,01 

14 0,9919 0,9962 
P~0,001 P~0,001 

Legend. M, S) values  of mig ra t ion  e s t i m a t e d  f rom l ibe ra t ion  of 51Cr and a r e a  of 
mig ra t ion  zone r e s p e c t i v e l y ;  n) number  of p a i r s  compared ;  r) l inear  coeff ic ient  of 
c o r r e l a t i o n ;  r S) rank  c o r r e l a t i o n  coeff ic ient ;  S and Sul) mean a r e a s  of m ig ra t i on  
zones  for  five m e a s u r e m e n t s  for  51Cr-labeled and unlabeled m a c r o p h a g e s  r e s p e c -  
t ively,  t es ted  under ident ica l  condi t ions.  

MMI= (1 - - ~ - )  �9 100, 

where a and b are  the mean a r e a s  of the mig ra t ion  zone (in mg; for MMI S) or mean r a d i o a c t i v i t y  (in cpm; for  
MMI M) r e s p e c t i v e l y  in the e x p e r i m e n t a l  and cont ro l  s e r i e s  (five p a r a l l e l  t e s t s  for  each ce l l  sample) .  F o r  the 
ind i r ec t  t e s t  [7] the mixed  ce l l s  f rom immune and n o r m a l  lymph nodes with mouse  spleen ce l l s  of the t es t  l ine, 
taken in the r a t i o  of 5:1, were  incubated for  40 h at 37~ in an a tmosphe re  of 5% CO 2 in a concent ra t ion  of 
20.106 l iving ce l l s  in 1 ml  medium.  After  incubation the suspens ions  were  cent r i fuged for  30 min at  1000g 
and the superna tan t  was used as the cul ture  medium for mig ra t ion  of 51Cr-labeled pe r i tonea l  m a c r o p h a g e s .  
The ce l l s  were  labe led  as  fol lows.  Ce l l s  obtained f rom pe r i tonea l  exudate 1-3 days  af ter  in t ravenous  inject ion 
of 1.5 ml  m i n e r a l  oil were  washed twice and incubated in the p ropor t ion  of 20.10G-30"106 ce l l s  to 1 ml 
medium 199 containing 10% ECS, 10% lac ta lbumin  hydro lysa t e ,  5 mM HEPES, 20 u n i t s / m l  hepar in ,  and 
20~tCi /mt  51Cr (specif ic  ac t iv i ty  of ~lCr 50 m C i / m g ) .  The c e l l s  were  washed three  t i m e s  30 min af te r  the be -  
ginning of incubation at  37~ and used fo r  the MMI tes t ,  The e x p e r i m e n t a l  r e s u l t s  were  subjec ted  to s t a t i s t i c a l  
c o r r e l a t i o n  a n a l y s i s  [12] .  The d i s t r ibu t ion  of the mig ra t i on  zones in the con t ro l  and e x p e r i m e n t a l  s a m p l e s  was 
n o r m a l  [5, 11].  

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

Pe r i t onea l  ex_udate mac rophages  labe led  with ~lCr had exac t ly  the same  ab i l i ty  to m i g r a t e  as  unlabeled 
ce l l s  (r and r S for  S and Sul a re  c lose  to 1; see  Table  1) and thei r  sens i t iv i ty  to the act ion of MIF was not l e s s  
than that of the unlabeled m a c r o p h a g e s  (r and r S for  MMI S and MMISu I a r e  c lose  to 1; Table  2). The s ca t t e r  in 
the p a r a l l e l  a s s e s s m e n t s  of MMI based  on the quanti ty of label  (M) l i be ra t ed  dur ing  ly s i s  of c e l l s  m i g r a t i n g  
f rom the c a p i l l a r y  tube dur ing incubation for  18 h did not exceed that for  eva lua t ion  based  on a r e a  of the m i g r a -  
tion zone (S): the mean s t andard  e r r o r  for  52 se t s  of five p a r a l l e l  de t e rmina t i ons  was 9.2 �9 0.57o for  M and 
8.7 �9 0.6% for S of the absolute  values  of the mean levels  of mig ra t ion .  The level  of mig ra t ion  based  on de -  
t e rmina t ion  of M c o r r e l a t e d  with that based  on de te rmina t ion  of S (Table 1). 

The act ion of MIF,  as r e v e a l e d  in both the d i r e c t  and the i nd i r ec t  MMI t e s t s ,  led as  a r u l e  to a d e c r e a s e  
in M in the e x p e r i m e n t a l  s a m p l e s  compared  with the cont ro l .  This  d e c r e a s e ,  jus t  as  the i n c r e a s e  or  absence  
of change which were  found in some ca se s ,  c o r r e l a t e d  with the c o r r e s pond i ng  inhibi t ion or s t imula t ion  of m i -  
gra t ion  of the m a c r o p h a g e s  or absence of ef fec t  ca lcu la ted  on the bas i s  of the change in S (Table 2). As this 
table shows, MIF format ion ,  as  demons t r a t ed  by M, was immunolog ica l ly  spec i f ic .  The degree  of c o r r e l a t i o n  
was higher  in c a s e s  when MIF ac t iv i ty  was d i scove red .  A high degree  of c o r r e l a t i o n  both for  M and S and for  
MMI M and MMI S was e s t ab l i shed  only when RPMI-1640 medium was used, and not with E a g l e ' s  medium.  The 
d i f fe rence  between the r e s u l t s  obtained by the use of the d i f ferent  m e d i a  can be expla ined  by the much l e s s  
effect ive  syn thes i s  of MIF in E a g l e ' s  medium than in RPMI medium,  and by the subs tan t i a l  d i f ference  in the 
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TABLE 2. Corre la t ion  Analys is  of Indices of Inhibition of Migrat ion Based on Area  of 
Migrat ion and Lys i s  of 51Cr-Labeled Macrophages  

Medium Level of migration 

;MMI.r 94 52 53 43 2t l 28135]20 t 2 5 - - 1 - - 2 9 - - 1 2  
- - , o - -  , _ , - 3  

MMI S - -  t ] - - 4 5 - -  0 . . . .  14 - -  --29 

56 

Legend. MMIsu I denotes MMI S for  unlabeled mac rophages .  
*Direc t  va r ian t  of MMI test .  
t r  and r s calcula ted for  values  of MMI M > 20 (n = 10). 
SSpecifiei ty control  (mixtures  of immune lymphocytes  with r e c i p i e n t ' s  spleen ce l l s  
and m i x t u r e s  of no rma l  lymphocytes  with the same  cel ls) .  

n r r,~ 

0,8647 ~ 0,8546 
23 P~0,0I P-~<0,0I 

0,8304 0,8187 
P~0,01 P~0,01 

' --0,4702 --0,2620p:>0.05 P>0.05 

0,9116 ] 0,9428 
P~0,05 P~0,01 

Fig. 1. Dif ference  in c h a r a c t e r  of migra t ion  of m a c r o p h a g e s  in RPMI-1640 medium (a) and 

in Eag l e ' s  medium (b). 

c h a r a c t e r  of cel l  migra t ion  f rom the cap i l l a ry  tubes in these media :  cel ls  m i g r a t e  in s e v e r a l  l aye r s  in RPMI, 
but in E a g l e ' s  med ium the a r e a  of migra t ion  is divided into two zones:  the zone p rox ima l  r e l a t ive  to the cap i l -  
l a ry  tube cons i s t s  of s eve ra l  l aye r s ,  whereas  the dis ta l  zone cons is t s  of a single layer  (Fig. 1). These  d i f fe r -  
ences  are  evidently due to the g r e a t e r  viabil i ty of the cel ls  in RPMI medium than in E a g l e ' s  medium.  MIF in 
E a g l e ' s  medium inhibits migra t ion  only in the monolayer  without affect ing the number  of cel ls  in the zone with 
s e v e r a l  l ayers ,  whe reas  MIF fo rmed  in RPMI inhibits migra t ion  of a la rge  m a j o r i t y  of cel ls  even when m i g r a t -  
ing in s eve ra l  l aye r s .  The following ways of inc reas ing  sens i t iv i ty  of the isotope tes t  in E a g l e ' s  med ium are  
poss ible :  en r i chmen t  of the medium;  sub t rac t ing  the value of M obtained dur ing the f i r s t  hours  of migra t ion ,  
as the background, and by pre incubat ing the m a c r o p h a g e s  with the tes t  MIF.  

The expe r imen ta l  r e s u l t s  conf i rm that 51Cr-labeled m a c r o p h a g e s  can be used for  the objective and quan- 
t i tat ive evaluat ion of the r e su l t s  of MMI test .  Cor re la t ion  between MMI S and MMI M shows that evaluation of 
the inhibition of migra t ion  by means  of these p a r a m e t e r s  c h a r a c t e r i z e s  the same  phenomenon. The appara tus  
r equ i red  for  the method suggested in this paper  is widely used in other cell  reac t ions ,  for  example ,  during 
test ing for  the cytotoxic ef fec t  [1] and chemotax is  [8],  unlike the appara tus  used in va r i an t s  suggested p r ev i -  
ously [10, 13], which is used for  that purpose alone. The modif icat ion desc r ibed  above, unlike that proposed 
by Novikov et  al. [2],  does not differ  in pr inciple  as  r e g a r d s  the p rocedure  of the tes t  f r o m  t h e c l a s s i c a l v a r i -  
ant [9]. Evaluat ion of the r e su l t s  of the MMI tes t  not only m a k e s  this tes t  objective,  but a lso  provides  the 
opportunity for  quanti tat ive a s s e s s m e n t  of mac rophage  migra t ion  and i ts  immunologica l  inhibition among ce l l s  
of d i f ferent  cul tures ,  for  it d is t inguishes  between cel ls  mig ra t ing  f r o m  a cap i l l a ry  tube and cel ls  of the culture 
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itself. Spontaneous liberation of 51Cr into the culture fluid can also be used to judge the toxicity of the medium 
and so to distinguish between the action of MIF and of nenspecffic toxic agents on macrephages. 

The work was partly subsidized by the World Health Organization. 
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