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Exper imen t s  on guinea pigs infected with Myeobac te r ium tuberculos is  o r  vaccinated with 
BCG were  c a r r i e d  out to study the dynamics  of immunomorphologiea l  changes in the lung, 
the c h a r a c t e r  of d i sseminat ion  of mycobac te r i a l  antigens, and synthesis  of enzymes ,  prote ins ,  
and nucleic acids.  It is  concluded f rom the resu l t s  that  the lungs par t i c ipa te  in immuno-  
genes is  in tuberculos is .  

During immunizat ion  and var ious  pathological  p r o c e s s e s  in the lungs, p ro l i f e ra t ion  and immunologi -  
cal act ivi ty of the cel ls  of the lymphoid and h i s t iocy temacrophaga l  sy s t ems  take place in the lungs [1-8]. 

In the invest igat ion descr ibed  below the role of the lungs in immunological  reac t ions  was studied 
during tuberculous infection and a f te r  BCG vaccination.  

EXPERIMENTAL METHOD 

Dissemina t ion  and dis t r ibut ion of myeobac te r i a l  antigens in the lung were  studied in 180 guinea pigs 
infected with 0.0001 mg of an 18-day cul ture  of H37RV or  vaccinated with 0.1 mg of a 2-week culture of BCG 
(Coons' method in t i s sue  sect ions  and the complement  fixation tes t  in lung homogenates) ,  p ro l i f e ra t ive  syn-  
thetic and metabol ic  p r o c e s s e s  in the lung were  invest igated [staining with hematoxyl in-eos in ,  by Van Gie-  
son ' s  method and for  e las t ic  t i ssue,  for  DNA by Feu lgen ' s  method and RNA by B r a c h e t ' s  method, for  thiol 
groups and a romat ic  amino acids (tyrosine, t ryptophan,  histidine), and for  acid and alkaline phosphatase ,  
succinate  dehydrogenase ,  cy tochrome oxidase,  NAD- and NADP-diaphorase ,  and lacta te  dehydrogenase] .  
Synthesis of nucleic acids also was studied by means  of radioact ive  p r e c u r s o r s  of DNA (thymidine-H 3) and 
RNA (uridine-H3)~ and synthes is  of antibodies in the lungs was studied by the d i rec t  Coons'  method. 

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

During the f i r s t  few hours  a f t e r  BCG vaccinat ion and infection with H37RV , specif ic  antigens were  
found in lung homogenates  (Fig. 1), and subsequently the t i t e r s  of antigens increased ,  more  espec ia l ly  
following infection with the v i ru lent  s t ra in .  With the development  of tuberculous  inf lammation,  p r o g r e s s i v e  
d isseminat ion  of the antigens was obse rved  (until 1 month). During the next 4 weeks (until 2 months) ,  the 
t i t e r s  of specif ic  antigens in the lung homogenates  dec rea sed  considerably ,  and s ta r t ing  f rom the 8th week, 
they again inc reased  and continued to r i s e  until death of the animals .  The d e c r e a s e  in t i t e r s  of antigens 
(4th-8th week) in the lung homogenates  was probably  at tr ibuted to the i r  binding with antibodies.  T e r r i t o r i e s  
occupied by ant igen-containing cel ls  (detected by Coons '  method) p r o g r e s s i v e l y  inc reased  in size,  and the i r  
number  showed no tendency to d iminish  during the f i r s t  1-2 months. After  vaccination,  the inc rease  in d i s -  
seminat ion  of antigens (maximal  t i t e r s  2-3 weeks af ter  vaccinat ion and maximal  t e r r i t o r i e s  occupied by 
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Fig. 1. T i t e r s  of antigens in lung homogenates  in expe r i -  
mental  tubercu los i s  and vaccination.  Abscissa ,  t ime  a f te r  
infection or  vaccination; ordinate,  t i t e r  of antigens. 1) In-  
fection with s t ra in  H37RV; 2) BCG vaccination.  

ant igen-containing cells  observed  af ter  3 weeks to 3 months) was replaced by gradual  "s ter i l iza t ion"  of the 
body lantigens were  not found in the homogenates  a f te r  4 months, or  ant igen-containing cells  a f te r  10-12 
months). 

In the lungs, just  as in the body as  a whole, definite pa t te rns  were  observed  in the success ion  of cel ls  
absorbing  antibodies (Fig. 2a), with po lymorphonuc lea r  leukocytes  playing an unimpor tant  role,  and mos t  
absorpt ion  of antigen taking p lace  through macrophages .  Antigens were  also found in the smal l  lymphocytes ,  
espec ia l ly  in the late per iods  a f te r  vaccinat ion and at the t ime of death of the animals  a f te r  infection. The 
prolonged re tent ion of antigen by the lymphoeytes  in these cases  must  apparent ly  have a comple te ly  dif-  
fe ren t  significance. 

During the f i r s t  day a f t e r  introduction of mycobac te r i a  of both s t ra ins ,  intensif icat ion of migra to ry ,  
p ro l i fe ra t ive ,  and synthetic reac t ions  of var ious  cel ls  was observed  in the lungs, as has  also been descr ibed  
by Puzik and other  worke r s  [2, 7-11]. Mobilization of the blood ce l l s  occur red ,  with the i r  depar tu re  f rom 
the cap i l l a r ies  and lymphat ics ,  and these  cel ls  p ro l i fe ra ted  af ter  leaving the ves se l s .  Intensive pro l i fe ra t ion  
also developed among act ive connec t ive - t i s sue  cells .  Macrophages  of both hematogenous and local  or igin 
inf i l t ra ted into the a lveolar  septa  and escaped  into the lumen of the alveoli.  During hyperp las i a  and t r a n s -  
fo rmat ion  of the ce l lu la r  s t ruc tu res ,  reac t ions  for r ibonucleoprote ins  and pro te in  components  of the cel ls  
(aromat ic  amino acids and thiol groups) became  s t ronger .  The intensi ty of the ea r ly  p ro l i f e ra t ive  reac t ions  
was g r e a t e r  in the case  of infection with the v i ru lent  s t ra in.  

Vaccination with BCG in its p u r e s t  f o rm reproduced immunomorphologiea l  changes in the organs  in 
which both specif ic  and nonspecif ic  components could be distinguished. Both specif ic  and nonspecific r e a c -  
tions developed in a pa r t i cu l a r ly  c l ea r  f o r m  in the lungs, lymph glands, and spleen. Intensive inf i l t rat ion of 
the a lveo la r  septa  with macrophages  and lymphocytes  developed in the lungs, and the number  of lymphoid 
nodules inc reased  considerably.  P ro l i f e r a t ive  and inf i l t rat ive reac t ions  some t imes  spread  over  wide a reas ,  
espec ia l ly  in the subpleural  regions  ("white pneumonia") ,  while at the same  t ime  specif ic vaccinal  s t ruc tu res  
developed, consis t ing of epithelioid and lymphoid cel ls  and also giant cel ls  of Langhans.  The p ro l i f e ra t ive  
reac t ions  reached the i r  m ax i m um  on or  a f te r  the 3rd-4th  week, and r e g r e s s i o n  began to take p lace  4 months 
a f t e r  vaccination.  At these  same t imes  (1--4 months), metabol ic  and synthetic p r o c e s s e s  reached the i r  level  
of intensity. 

The study of the synthes is  and content of nucleic acids in the lungs showed that both DNA and RNA 
were  synthesized in this organ much more  in tensively  af ter  immunizat ion than in control  an imals  (the H 3 
index for  DNA synthesis  between 1 week and 6 months af ter  infection was between 2.16 and 2.66, compared  
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Fig. 2. Lung t i ssue  of guinea pigs a f t e r  in-  
fection with tubercu los i s  o r  BCG vacc ina -  
tion: a) ant igen-containing cel ls  in lung t i s -  
sue 2 months a f t e r  infection with H~7RV; 
indi rec t  Coons '  method (350 • b) DNA syn-  
thes i s  in lung t i s sue  1.5 months a f te r  v a c -  
cination (200 x); c) RNA synthes is  in lung 
t i s sue  3 months af ter  vaccinat ion (200 • 

with 0.98 in the control; for  RNA synthes is  f rom 1 week 
to 8 months a f t e r  infection the H 3 index was 1.68-2.2, 
compared  with 0.54 in the control).  Between 1 week and 6- 
8 months a f te r  infection a much more  intensive incorpora  
tion of p r e c u r s o r s  of nucleic acids into the cel ls  of the 
in te rs t i t i a l  t i s sues  of the lungs and of the specif ic  vaccinal  
s t r u c t u r e s  (activated re t i cu la r  cel ls ,  b las t  cel ls ,  epi the-  
lioid cel ls ,  i m m a t u r e  p l a s m a  cells) was obse rved  (Fig. 
2b,c). 

The cour se  of exper imenta l  tuberculos is ,  l ike that of 
vaccinat ion,  was  cha rac t e r i zed  by a r egu la r  success ion  of 
di f ferent  ce l l s  p e r f o r m i n g  var ious  immunological  func- 
tions. Until 1.5 months,  act ive p ro l i fe ra t ion  of lymphoid 
and p l a s m a  ce l l s  took place  in the lungs, and synthes is  of 
nucleic acids and pro te ins  was intensified; cor responding  
changes also took place  in metabol i sm.  However,  i n  the 
ea r ly  s tages ,  the v i ru lent  p r o p e r t i e s  of the agent apparent ly  
lef t  an i m p r e s s i o n  on the development  of the immune  r e a c -  
tion, for  they were  apparent ly  in compet i t ion with nonspeci-  
fic changes and, la te r ,  specif ic  tuberculous  changes.  
Never the less ,  in the lungs of the infected an imals  p r o l i f e r a -  
t ive and synthetic reac t ions  continued to occur  until the l a s t  
days of life among cel ls  of the his t iocyte,  macrophagal ,  and 
lymphoid s y s t e m s  (gradually weakening a f te r  1.5 months). 

Of the specif ic  defensive reac t ions  in the lungs, ant i -  
body format idn  was studied, using the d i rec t  Coons'  method 
(with antigen f rom BCG, PPD, and an t i s e rum against  guinea 
pig globulins, labeIed with f luoresce in  isoeyanate) .  Af ter  

BCG vaccination the dynamics of antibody formation in the lungs, as in the other immunocompotent organs, 
was found to coincide in time with the dynamics of development of immunity against tuberculosis., the num- 
ber of cells synthesizing antibodies increased to a maximum and decreased parallel with changes in the 
intensity of immunity. In experimental tuberculosis the number of antibody-synthesizing cells in the lungs 
increased until the development of "frank tuberculosis" (i month), remained at a high level in the period of 
maximum development of the specific disease (to 1.5 months), and then decreased considerably as the tuber- 
culosis became generalized and hyperergic in character (2-3 months). In the lungs, just as in the other 
organs, gradual maturation of antibody-synthesizing cells was observed. Whereas during the first 2-3 
weeks after infection with myeobacteria, antibodies were synthesized principally by blast cells and imma- 
ture plasma cells, later, both in experimental tuberculosis and after vaccination, most antibody-synthesiz- 
ing cells were mature plasma cells. 
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