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Hypersens i t iv i ty  of delayed type was studied by means  of immunospeci f ie  reac t ions  of b las t  
t r ans fo rma t ion  and inhibition of migra t ion  in expe r imen t s  on 40 guinea-pigs  infected with 
s t ra in  H37Rv or vaccinated with BCG. The highest  degree  of b las t  t r ans fo rma t ion  of sen-  
s i t ized leukocytes  under  the influence of PPD occu r r ed  while the intensi ty of immunity  was  
high (2 months a f t e r  vaccinat ion) ,  whe reas  during widespread  tubercu los i s  the number  of 
b l a s t  ce l l s  in the cul ture  was  low and many  cu l tu res  we re  des t royed .  Maximum inhibition 
of migra t ion  of sens i t ized leukocytes  was  observed  in widespread  tubercu los i s  (2.5 months  
a f t e r  infection), whe rea s  in the case  of high immunity  inhibition of migra t ion  was  l e s s  marked .  

Immunospeci f ic  in terac t ion  of tubercul in  and mycobac te r i a l  antigens with sensi t ized ce l l s  in v i t ro  
has  been  used for  many y e a r s  as a model  for  the study of a l l e rgy  and immunity  in tubercu los i s  [5, 11, 13, 
15, 17]. In the l as t  decade,  s eve ra l  highly sensi t ive  methods have been developed for  studying hype r sen -  
si t ivi ty of delayed type in v i t ro  (the b las t  t r ans fo rma t ion  react ion,  inhibition of migra t ion  of macrophages ,  
cytotoxic effect  of lymphocytes) ,  and these  have r evea led  new genera l  immunological  pr inciples ;  m o r e -  
over ,  many of these invest igat ions have been under taken with m y c o b a c t e r i a  and the i r  antigens [6-8, 10, 
12, 14, 16]. 

The study of the co r re la t ion  and connection between hypersens i t iv i ty  of delayed type and immunity  
against  tubercu los i s  is a bas ic  p rob lem in the immunology of tubercu los i s .  Many invest igat ions have been 
devoted to this p rob lem,  and the subject  has  been surveyed mos t  fully by Arnason and Waksman [4]. How- 
ever ,  it is st i l l  not absolutely  c l ea r  whether  hypersens i t iv i ty  of delayed type is one of the m e c h a n i s m s  of 
defense against  tubercu los i s ,  nor  is it known whether  hypersens i t iv i ty  always accompanies  the s tate  
of immunity .  

The object  of the invest igat ion desc r ibed  below was  to use  reac t ions  in which the pr incipal  act ive 
ce l l s  a re  lymphocytes  sens i t ized  to mycobae te r i a l  antigens,  in o rde r  to study the co r re l a t ion  between hy-  
pe rsens i t iv i ty  of delayed type and immunity in tubercu los i s .  

EXPERIMENTAL METHOD 

The blast transformation test was carried out by the method describedby Pearmainet al. [12], Ling 
[i0], and others. It is based on the transformation of small lymphocytes into blast cells under the influence 
of antigen with which the ce l l s  o r  the i r  p r e c u r s o r s  have been in contact  in the pas t .  

Circulat ing blood leukocytes  obtained f r o m  guinea-pigs  by allowing the blood to stand with 10% gela-  
tin we re  suspended in autologous p lasma ,  diluted with Eagle - MEM medium (to a concentra t ion  of 2 �9 106 
ce l l s /ml  with 20% p lasma ,  in a total  volume of 5 ml) and cult ivated in 50-ml  f lasks  in an incubator at 37~ 
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TABLE 1. Blast  T rans fo rma t ion  of Lymphocytes  of Guinea-P igs  Infected with Strain 
H3~Rv or  Vaccinated with BCG, under  the Influence of PPD (30 ~g/ml) 

Index 

Number  of an imals  
Mean pe rcen t  of b l a s t  ce l l s :  

with PPD 
without PPD 

2 months a f te r  
vaccinat ion 
with BCG 

10 

3.83* 
0.86 

2.5 months a f te r  
infection with 
H s~Rv 

i0 

0.72 
0.54 

* P < 0.001 ( re la t ive  to control  group). 

Control 

t0 

0.95 
t .12 

s z  . : 

a b 

Fig. 1. T h r e e - d a y  cu l tures  of c i rcu la t ing  guinea-pig  
lymphocytes  with PPD (30 pg) : a) s t imulated culture 
of control  guinea-pig;  b) s t imula ted  culture of vac -  
cinated guinea-pig  (2 months a f t e r  vaccination).  
R o m a n o v s k y - G i e m s a  stain,  900 x 

with (experiment) or  without (control) 30 #g PPD/ml .  After  3 days the cul ture  fluid was  col lected and cen-  
tr ifuged at 1000 r p m ,  a f t e r  which f i lms  were  made f rom the cell  res idue ,  fixed, and stained by the Roman-  
o v s k y -  Giemsa  method.  In these  f i lms  2000 lymphoeytes  and b las t  ce l l s  were  counted and the number  of 
b las t  cei ls  e x p r e s s e d  a s  a percen tage .  

The inhibition of migra t ion  t e s t  was  c a r r i e d  out by the method of George and Vaughan [7] in David ' s  
modif icat ion [7]. It cons i s t s  essen t ia l ly  of the inhibition of migra t ion  of sens i t ized or  no rma l  mac rophages  
by the migra t ion  suppress ing  fac tor  s ec r e t ed  f r o m  lymphocytes  on the i r  contact  with antigen [6]. 

Cells  of the per i tonea l  exudate taken 3 days af ter  injection of thioglycol broth were  sedimented by 
centr i fugat ion at 1000 rpm,  washed twice with medium No. 199, then col lected in capi l la ry  tubes 1 m m  indi -  
ame te r ,  again centr i fuged at 500 r p m ,  and placed in t r a n s p a r e n t  p las t ic  c h a m b e r s  containing medium 
No. 199 with 20~0 homologous s e r u m  arid with (experiment) or  without (control) 200 ~g /ml  PPD.  The a r e a  
of migra t ion  of the ce l l s  was  pro jec ted  on photographic f i lm a f t e r  48 h, and the p ieces  of f i lm were  cut out 
and weighed.  The migra t ion  index (J) was  calcula ted by the fo rmula :  

J = P e / p c ,  

where  Pe is the mean  weight of the s amples  of migra t ion  a r e a  in the exper imenta l  s e r i e s  and Pc the same  
in the control .  

The indices l i s ted  above were  studied in an imals  with a high intensity of immunity (2 months a f t e r  
vaccinat ion with 1 mg BCG [1]) and in an imals  with widespread  tubercu los i s  (2.5 months a f t e r  infection). 

EX P E l~li~IE NTA L RESULTS 

Lu the case  of an imals  with a high intensity of immuni ty  (2 months a f t e r  vaccination),  s t i m u l a t e d t h r e e -  
day cu l tu res  of c i rcu la t ing  blood ce l l s  of the guinea-pigs  we re  found (Table 1; Fig. 1) to contain 3-6% of 
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TABLE 2. Inhibition of Migrat ion of Leukocytes  f r o m  Guinea-P igs  Infected with 
Strain H37Rv or  Vaccinated with BCG, under  the Influence of PPD (200 ~g/ml) 

Index 

Number  of an imals  
Mean percen t  of b las t  ce l l s  

• , 

2 months a f te r  
vaccinat ion 
with BCG 

10 
0.72* 

* P < 0.001 ( re la t ive  to control  group). 

2.5 months a f te r  
infection with 
H37Rv 

10 
0.34 

Control  

I0 

1.05 

Fig. 2. Inhibition of migra t ion  of per i tonea l  m a c r o -  
phages  of a guinea-pig  infected with s t ra in  H37Rv (2.5 
months a f te r  infection); a) chamber  without PPD (con- 
trol) ;  b) c h a m b e r  with 200 ~g PPD.  

b l a s t  cel ls ,  whe reas  2.5 months af ter  infection the number  of b las t  ce l l s  was  much s m a l l e r  and many of the 
cu l tures  we re  des t royed  ( f rom six of the ten  guinea-pigs) .  Cul tures  without PPD ( reac t ion  control) w e r e  
l e s s  f requent ly  des t royed,  as  also were  those in the group with widespread  tubercu los i s .  

A study of the inhibition of migra t ion  (Table 2) of sens i t ized per i tonea l  exudate cel ls  (under the in- 
fluence of PPD) showed that 2.5 months a f t e r  infection there  was m a r k e d  inhibition of migra t ion,  while at 
the height of the immune r e sponse  af ter  PCG vaccinat ion,  inhibition of migra t ion  was much w e a k e r ( F i g .  2). 

Compar i son  of the r e s u l t s  of these t e s t s  thus showed that  if m a r k e d  immunity  was  p resen t ,  b l a s t -  
fo rmat ion  was s t imulated in the lymphocyte  cul tures  to the g r ea t e s t  degree ,  whereas  lymphocytes  of ani-  
m a l s  with widespread  tubercu los i s  f requent ly  not only were  not s t imulated by PPD but, on the con t ra ry ,  
were  des t royed.  On the other  hand, whe reas  inhibition of migra t ion  was slight when immunity  was  at  a 
high level ,  in the case  of widespread  tubercu los i s  the inhibition of migra t ion  was  always well  marked .  
Poss ib ly  despite the fac t  that both these  phenomena a re  re la ted  to hypersens i t iv i ty  of the delayed type, two 
different  populations of lymphoeytes  a re  respons ib le  for  them:  some a re  s t imulated and t r a n s f o r m e d  
under  the influence of the antigen against  which they are  immune,  while o thers  a re  injured by the antigen 
to which they a re  sensi t ized,  or  they in te rac t  with it with the l ibera t ion  of a fac tor  inhibiting migrat ion,  so 
that  migra t ion  of mac rophages  is  subsequently suppressed .  The poss ib i l i ty  is  not ruled out that the same 
cel l s ,  in different  s ta tes  of functional act ivi ty,  may  take pa r t  in the two t e s t s  desc r ibed  above.  

A number  of invest igat ions  [2, 3, 9, 10] have indicated the exis tence  of seve ra l  lymphocyte  popula-  
t ions,  but it is not ye t  known how the p r o p e r t i e s  of the different  populations of smal l  lymphocytes  c o r r e l a t e  
with the i r  abili ty to r e a c t  with antigen in vi t ro .  Very  probably  different  populations of lymphocytes  r eac t  
with mycobac te r i a l  antigen in vivo also,  in some ca se s  pe rhaps  through a mechan i sm of immunity,  and in 
o the r s  through hypersens i t i za t ion .  
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