
ALLERGOLOGY 

I N H I B I T I O N  O F  T H E  I N T R A D E R M A L  H Y P O S E N S I T I V I T Y  R E A C T I O N  

O F  D E L A Y E D  T Y P E  BY P A T I E N T S '  S E R U M  F R A C T I O N  

C O N T A I N I N G  L E U K O C Y T E  M I G R A T I O N  I N H I B I T I O N  F A C T O R  

A .  D.  G o r b a c h ,  D .  K.  N o v i k o v ,  
a n d  I .  N.  G o r b a e h  

UDC 616-056.3:616.154 

The  blood s e r u m  of pat ients  with ac t ive  pu lmonary  tubercu los i s  and with chronic  pneumonia 
inhibited mig ra t ion  of donors '  leukocytes  and of per i tonea l  exudate mac rophages  of guinea 
pigs c o m p a r e d  with bovine s e r u m  o r  donors  t s e r u m .  Af ter  ch roma tog raphy  of the pat ients  T 
s e r a  on columns with Sephadex G-100, f rac t ions  containing leukocyte  migra t ion  inhibition 
f ac to r  (LMIF) inhibited the i n t r a d e r m a l  r eac t ion  to tubercul in  or  even abol ished it comple te ly  
in man and guinea pigs sens i t i zed  with BCG. A ro le  for  LMIF in the regulat ion of the h y p e r -  
sens i t iv i ty  reac t ion  of delayed type is postulated.  

KEY WORDS: hype r sens i t i v i ty  of de layed type; migra t ion  inhibition fac tor ;  in t r ade rmal  r e -  
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Af t e r  s t imula t ion  in v i t r o  of sens i t i zed  lymphocy tes  by specif ic  antigen, lymphokines  appea r  in the s u p e r -  
natant [7], including a mig ra t i on  inhibition f ac to r  [1, 5], which can ac t iva te  mac ropha t e s  [8, 9]. This  fac tor  
has been found in the s e r u m  of pa t ien ts  with c e r t a i n  tymphopro l i f e ra t ive  d i s e a s e s  [6], but its ro le  in vivo is  
not c l e a r .  

In the inves t igat ion desc r ibed  below the effect  of f r ac t ions  of the blood s e r u m  of pat ients  with tubercu lo -  
s is  and chronic  pneumonia,  containing a leukocyte  migra t ion  inhibition f ac to r  (LMIF), on the in t r ade rma l  r e -  
act ion of hype r sens i t i v i ty  of delayed type (HDT), developing in man and guinea pigs a f t e r  injection of antigen, 

was studied. 

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

LMIF was  d i scovered  in the blood s e r u m  of pa t ien ts  with ac t ive  tubercu los i s  and chronic  pneumonia  by 
the t e s t  of inhibition of migra t ion  of leukocytes  f r o m  healthy pe r sons  or  mac rophages  f r o m  guinea pigs f r o m  
g lass  cap i l l a ry  tubes [2] dur ing cul ture  in medium 199 containing the t e s t  s e r u m ,  compared  with migra t ion  of the 
the s a m e  leukocytes  in med ium with bovine s e r u m  for  heal thy human s e r u m .  The indicator  leukocytes  we re  
i so la ted  as  desc r ibed  p rev ious ly  [3] f r o m  hepar in ized  donors  t blood and suspended in medium 199 (5-10 m i l -  
l ion /ml) .  The t e s t  and control  s e r a  were  added in a volume of 20% to equal por t ions  (0.4 ml) of these  leuko-  
eytes .  With each por t ion  of leukocyte  f ive cap i l l a ry  tubes  w e r e  f i l led,  and these  were  lowered into wails in 
m i c r o t i t r a t o r  s l abs  [3, 4] containing 0.05 ml medium 199 with the s a m e  s e r u m  as in the cap i l l a ry  tubes.  The 
s l abs  w e r e  incubated for  24 h at 37~ a f t e r  which the number  of ce l l s  which had migra ted  f r o m  the cap i l l a ry  
tubes into the wel ls  containing medium were  counted and the index of inhibition of migra t ion  (IIM) was ca lcu -  

la ted (in %): 
Number  of ce l l s  with t e s t  s e r u m  in wells 

IIM = 1 - Number  of ce l l s  with control  s e r u m  in wells • 100% 

The s igni f icance  of d i f fe rences  was de te rmined  by StudentTs method. 

The pa t i en t s '  blood s e r a ,  inhibiting leukocyte migra t ion ,  and the control  s e r a  we re  subjected to ge l - f i l -  
t ra t ion  on columns fil led with Sephadex G-100 in T r i s - b u f f e r  o r  with phosphate buffer ,  pH 6.8. The column was 
ca l ib ra t ed  with blue dex t ran  (mol. wt. 2,000,000), alcohol dehydrogenase  (mol. wt. 150,000), egg albumin (tool. 
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Fig. 1. Effect of blood se rum of patients with pulmonary tuberculosis  and chronic 
pneumonia on migra t ion of donors '  leukocytes and of peri toneal  exudate m a c r o -  
phages of guinea pigs. Ordinate, index of inhibition (stimulation) of migrat ion - 
HM (ISM) of leukocytes, in %. Confidence intervals shown for  P = 0.05. A) Blood 
se ra  of healthy donors (n = 9); ]3) blood se ra  of patients with act ive pulmonary 
tuberculosis  (n = 10); C) blood se ra  of patients with chronic pneumonia (n = 6). U) 
Unfractionated sera;  I-IV) their  var ious  fractions.  Black columns - peri toneal 
exudate macrophages  of guinea pigs used as test  cei ls ;  otherwise donors ~ [euko- 
eytes used. 

Fig. 2. Inhibition of in t radermal  react ion to tuberculin in guinea pigs sensi t ized 
with BCG by third and fourth fract ions of patients '  se rum containing LMIF. Ordinate, 
s ize  of a rea  of infiltration (in ram). A) Fract ions  of s e r u m  f rom healthy donors 
(n = 6); B) f ract ions of blood se rum of patients with pulmonary tuberculosis  (n = 
4); C) fract ions of blood serum of patients with chronic pneumonia (n = 6). D Ex- 
per iments  of se r ies  I; 1I) experiments  of ser ies  1I. 

TABLE 1. Inhibition of In t radermal  Tuberculin Tes ts  in Healthy Subjects by- Fract ions  
of Pat ients '  Sera  Containing LMIF 

Donors of 3~d and 4th fractions Number of Number of ~ Mean diameter of 
of blood serum sera tested IIM (~ • people [ areas of infiltration 

tested I(M ~ m) 

Healthy subjects 

Patients with pulmonary 
tuberculosis 

Patients with chronic pneumonia 

1,04-+-0,065 

0,70+0,077 

0,62++_.0,062 

9• 
15 9• (0) 

31,43 
10 12• ,78 (--75) 

3-+-0,95 
6 7-+! ,26 (--57) 

_Legend. Numera tor  gives size (in ram) o f in t r ade rma l  infiltration in response to tubercul in 
injected withtes t  fract ion;  denominator  - the same without it. Percentage  inhibition of in -  
t r a d e r m a l  react ion 48 h a f te r  tes t ing,  given by. s ize of infiltration in experimelff.al se r i e s  

s ize  of infiltration in experimental  se r i e s  (in ram) • 100% 100%shown inparer~heseso 
s ize  of infil tration in control  (in ram) 

wt. 45,000), t ryps in  inhibitor (mol. wt. 21,500), and r ibonuclease (tool. wt. 13,500). Frac t ions  of blood se rum 
s ter i l ized by f i l t rat ion through a mil l ipore f i l ter  {pore d iamete r  0.30 ~) were  res to red  to physiological concen-  
t ra t ion with dry  Eagle ' s  medium and thei r  effect was tested in various dilutions (1.0-0.001 m g / m l  protein) on 
migrat ion of indicator cells.  The cytotoxici ty of the fract ions against healthy human leukocytes also was de-  
te rmined in the test  with t rypan blue. 
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The ac t ive  and cont ro l  f r ac t ions  of s e r u m  w e r e  mixed with tubercul in,  diluted in physiological  sal ine 
so that  the p ro te in  concent ra t ion  of the f rac t ions  was 0.2-0.5 mg /ml ,  and the tubercul in  dilution 1 • 10 -4 
(Mantoux test) ,  and the mix tu re  was injected i n t r a d e r m a l l y  in a dose of 0.1 ml  into healthy subjects .  

Tubercu l in  was injected i n t r a d e r m a l l y  in a dilution of 1 • -3 and a dose  of 0.1 ml,  mixed with the 
f r ac t ions  of pa t ien ts '  or  heal thy donor s '  s e r u m ,  into guinea pigs sens i t ized  2 weeks before  the exper imentwi th  
1 mg BCG. Each m i x t u r e  was injected a t  2 o r  3 points  in the dorsa l  region of the guinea pigs a f t e r  p r e p a r a -  
t ion of the skin.  The  reac t ion  was read ,  jus t  as in man, a f t e r  12, 24, 48, 72, and 96 h. 

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

The blood s e r u m  of pat ients  with ac t ive  tubercu los i s  and chronic pneumonia inhibited migra t ion  of donors '  
leukocyles  and per i tonea l  exudate m a c r o p h a g e s  of guinea pigs compared  with migra t ion  of the s a m e  cel ls  in 
med ium with bovine o r  dono r s '  s e r u m  (Fig. 1). Mainly f rac t ions  3 and 4 (mol. wt. 10,000-40,000), obtained by 
ge l - f i l t r a t ion  of pa t i en t s '  s e r a  on Sephadex G-100, p o s s e s s e d  the abil i ty to inhibit leukocyte migrat ion.  Con- 
sequently,  with r e s p e c t  to mo lecu l a r  weight, the ac t ive  f rac t ion  of the blood s e r u m  cor responded  m o r e  to the 
f ac to r  inhibiting migra t ion  of guinea pig m a c r o p h a g e s  than to the fac tor  inhibiting migra t ion  of po lymorphs  
found in the superna tan t  of s t imula ted  lymphocytes  [10]. LMIF p resen t  in the blood s e r u m  of di f ferent  pat ients  
d i f fered  somewhat  in m o l e c u l a r  weight within the above l imits ,  i.e., it was a heterogeneous  c l a s s  of molecules .  
Only 2 of the 15 s e r a  had weak leukocyte  migra t ion  inhibiting act ivi ty in f rac t ion  1. This act ivi ty was evidently 
due to the a n t i g e n - a n t i b o d y  complex ,  which can inhibit leukocyte migra t ion  [4]. The blood s e r u m  f rac t ion  had 
no cytotoxic act ion on leukocytes ,  as shown by the t rypan  blue test .  Consequently,  the blood s e r u m  of pat ients  
with chronic  i n f l ammato ry  d i s ea se s  of the lungs accompanied  by s t rong act ivat ion of lymphoid t issue,  LMIF 
is p resen t .  

The t e s t  f r ac t ions  of blood s e r u m  mixed  with tubercul in  we re  injected i n t r ade rma l ty  into guinea pigs 
sens i t i zed  with BCG. The ac t ive  f rac t ion  conta in ing LMIF reduced the s ize  of the a r e a  of infi l t rat ion of the 
skin in r e s p o n s e  to tubercul in  (Fig. 2). Even g r e a t e r  inhibition of the i n t r a d e r m a I  reac t ion  to tubercul in  was 
obse rved  in guinea pigs into which the s a m e  ac t ive  f rac t ion  was injected in t raper i tonea t ty  in a dose  of 1-3 
ml /mg  pro te in  2 h be fo re  the i n t r ade rma l  t e s t  {Fig. 2, s e r i e s  II). 

F rac t ions  of pa t ien t s '  blood s e r u m  containing LMIF,  if  injected i n t r ade rma l ly  into healthy subjects  
mixed with tubercul in ,  a lso cons ide rab ly  inhibited the i r  i n t r a d e r m a t  reac t ion  (Table 1). However,  the degree  
of i ts  inhibition by f rac t ions  of d i f ferent  blood s e r a  in d i f ferent  tes ted  individuals var ied ,  although s t rong r e -  
ac t ive  f rac t ions  inhibited the i n t r a d e r m a l  reac t ion  cons iderably  in all  subjects ,  whereas  weakly act ive  f rac t ions  
did so only in s o m e  subjects .  

F rac t i on  1 of the pa t i en t s '  s e r u m ,  tes ted  in the s a m e  dose of pro te in  as f rac t ions  3 and 4, not only did 
not inhibit the  i n t r a d e r m a l  reac t ion ,  but could actual ly  potent ia te  it, poss ib ly  because  of the p r e s e n c e  of ant i -  
g e n - a n t i b o d y  complex,  s t imulat ing the in f l ammato ry  react ion.  In some  cases  f rac t ion  3 of some  cl inical ly 
heal thy subjec ts  a lso  inhibited the i n t r a d e r m a l  react ion.  Evidently e i ther  these  f rac t ions  also contained LMIF 
in low doses  in connection with s o m e  pathological  p r o c e s s ,  or  this inhibition was due not to it, but to some  
other  subs tance  p r e s e n t  in these  f rac t ions .  However ,  subs tances  in no rma l  p l a s m a  inhibiting the in f l ammatory  
reac t ion  have  a m o l e c u l a r  weight of under  1000 [11] and they mus t  have  been r emoved  in the p r e sen t  expe r i -  

ments  during d ia lys i s  of the f r a c t i o n s .  

F rac t ions  of pa t i en t s '  s e r u m  containing LMIF thus p o s s e s s e d  the abil i ty to inhibit the i n t r ade rma l  r e a c -  
t ion of HDT nonspecif icaUy in guinea pigs and man,  i .e. ,  in xenogeneic and al logeneic sy s t ems .  However,  
w h e r e a s  in guinea pigs this inhibition was caused  by pa t i en t s '  blood s e r u m ,  in man the f rac t ions  of blood s e r u m  
of s o m e  heal thy subjec ts  a l so  occas iona l ly  p o s s e s s e d  this p roper ty .  The re  is evidence that  the supernatant  of 
s t imula ted  guinea pig lymphocytes ,  containing a f ac to r  inhibiting migra t ion  of the i r  macrophages ,  can inhibit 
t he i r  i n t r a d e r m a l  HDT [12]. The p r e s e n c e  of LMIF in the pa t ien t s '  blood s e r u m  and the ability of the f rac t ion  
containing it to inhibit the i n t r a d e r m a l  react ion,  d i scovered  in these  exper iments ,  point to the par t ic ipat ion  of 
this f a c to r  in the regula t ion  of HDT, poss ib ly  by a mechan i sm of feedback type: contact  between sens i t ized  
lymphocytes  and antigen leads to the i r  act ivat ion and to the l ibera t ion  of LMIF,  which acts  on the r e c e p t o r s  of 

lymphocytes  and o ther  leukocytes  and inhibits ttDT. 
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