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On the basis  of the i r  immunologic p roper t i es  and var ious other  fea tures ,  lymphocytes are  nowadays sub- 
divided into two c lasses  (T and B lymphocytes) .  No c l ea r  morphological  d i f ferences  can be detected between 
T and B cel ls  by methods of light and t r an smi s s io n  e lec t ron  microscopy ,  even after  the i r  identification on the 
basis  of rose t te  fo rma t ion [2 ,  5, 6, 8, 13, 14]. Never the less  the re  are cer ta in  his tochemical  d i f ferences  
between them [2, 5, 8]. More  encouraging resu l t s  have been obtained by the use of scanning e lec t ron  m i c r o s -  
copy (SEM). It can be concluded f rom a compar i son  of the resu l t s  of exper iments  with the use of ~mmuno- 
logic m a r k e r s  and data obtained by SEM that T lymphocytes  have a re la t ively  smooth surface ,  with only a few 
project ions  and folds, whereas  B lymphocytes  have a complex villous surface  [13]. However,  it is not always 
possible to investigate T and B cel ls  by S EM, for  groups of ce l ls  with an in termedia te  type of surface ,  p rob-  
ably subpopulations of lymphocytes ,  also may be observed,  Investigations into the subcel lular  morphology of 
lymphocytes  under conditions of active in terac t ion  and, in par t icular ,  of pathology, are also of definite in teres t  
[3, 4, 10, 11]. 

Tuberculous  inflammation is accompanied by var ious manifestat ions of react ions  of delayed-type hyper -  
sensi t ivi ty,  involving active par t ic ipat ion of lymphocytes  [1, 7]. Meanwhile, lymphocyte u l t r a s t ruc tu re  has been 
descr ibed  mainly in studies of BCG vaccinat ion [7]. The object of the present  investigation was thus a com- 
bined morphological  study of lymphoid cei ls  part ic ipat ing in the format ion  of tuberculous  granulomas in the 
lungs. 

EXPERIMENTAL METHOD 

Exper iments  were  ca r r i ed  out on 35 guinea pigs weighing 300-350 g, infected subcutaneously with cel ls  
of Mycobac te r ium tuberculos is  of the virulent  s t ra in  H3TRv, in a dose of 0.0001 mg. The animals were  decapi-  
tated at assigned stages of the exper iment  in the course  of 3 months.  The lungs were  used as the t e s t  ~bject. 
P ieces  of granulat ion t i ssue  obtained f rom a tuberculous  focus,  and also pieces of adjacent and remote  por-  
t ions of the lung were  fixed in buffered 2.5% glutaraldehyde solution, postfixed in 1% OsO 4 solution in phos- 
phate buffer ,  and embedded in Epon-Araldi te .  Ultrathin sect ions were  studied in the YEM-100B e lec t ron  
mic roscope .  Prepara t ions  of the lung, lyophilized in a sublimation apparatus of the KS-30 type,  and sprayed 
with carbon  and gold, were  examined in the scanning e lec t ron  microscope .  Histological  sect ions also were 
stained with hema toxy l in - eos in ,  for  RNA (Brachet) ,  DNA (Feulgen), succinate dehydrogenase (SDH), lactate 
dehydrogenase ,  and NAD-diaphorase (Nachlas), and acid and alkaline phosphatase (Gomori; azo-coupling method 
with naphthol salts) .  

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

Whereas  in the ear ly  s tages of tuberculous  inflammation lymphoid cel ls  were  found in blood capi l la r ies  
and in the in te r s t i ces  of the lung t i ssue ,  in the granuloma (1.5-3 months after  infection) they were  found within 
the s t ruc tu re  and at the per iphery  of the tuberculous  foci.  His tochemical  investigation showed that activity of 
ce r t a in  r e s p i r a t o r y  and hydrolyt ic  enzymes ,  chiefly SDH and alkaline phosphatase,  was increased  in the lym- 
phoid cel ls  in the ea r ly  periods af ter  infection. P lasma  cel ls  were  distinguished by an intensive react ion for  
RNA and r e s p i r a t o r y  enzymes .  P rog re s s ion  of tuberculous  inflammation with replacement  of the specific 
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Fig. 1. Ul t ras t ruc ture  of lymphoid cel ls  in tuberculous  granuloma: a) group I lymphoid cell .  
Increased  number of mi tochondr ia  (M) and of osmiophil ic  granules (gr) formed in the Golgi 
zone of s t ruc tu re s  of endoplasmic re t iculum (er) at per iphery  of a tuberculous  focus,  3 months 
af ter  infection. 32,000x. b) Group II lymphoid cell.  Invagination of p lasmalemma into cell ,  
multiple micropinocy~otic ves ic les  (mv), smal l  vacuole (v) with osmiophil ic  contents,  Golgi 
complex, polysomes (ps) at per iphery  of tuberculous  focus 3 months af ter  infection. 16 ,500x.  

granulat ion t i s sue  by caseous  necros is  was accompanied by a reduct ion of enzyme activity.  The change in the 
intensi ty of the h is tochemica l  reac t ions  re f lec ted  the level  of metabol ic  changes in tymphoeytes  and p lasma 
cel ls .  

The e l ec t ron -mic roscop i c  study showed that lymphoid cel ls  which par t ic ipate  in the development of 
specif ic  inf lammation differed in t he i r  u l t r a s t ruc tu re  in different  phases of the inf lammatory process .  
Toge ther  with mnnonuclear  cel ls  of monocytic origin,  the ea r ly  or  young granuloma contained many lympho- 
cytes  whose cytoplasm contained few u l t r a s t ruc tu re s .  As well  as the above-mentioned cells  with only a few 
organel les ,  the ma tu re  granuloma also contained activated lymphoid cel ls ,  with varied submicroscopic  organi-  
zation, ref lec t ing the i r  functional state.  Some lymphocytes  (group I) were  cha rac t e r i zed  by a wel l -developed 
u l t r a s t ruc tu re ,  evidence of the i r  high functional activity.  The number of mi tochondr ia  in such activated cel ls  
was increased ,  the rough endoplasmic re t iculum was well  developed, with hyper t rophy of the l amel la r  complex 
(Fig. la ) ,  and lysosomes  and lipid inclusions appeared.  These  changes indicated intensive synthetic and 
s e c r e t o r y  activity of the cel ls .  F u r t h e r m o r e ,  c rys ta l lo id  s t ruc tu res ,  bounded by a single or  double membrane ,  
also were  found in the cytoplasm of the lymphoid cel ls .  The i r  appearance was connected with changes in the 
ma t r ix  of the mi tochondr ia  (Fig. 2a). 

Bes ides  the lymphoeytes desc r ibed  above, which were  dist inguished by the more  intensive development  
of in t race l lu la r  s t ruc tu res ,  o ther  lymphoid cel ls  (group II) with high activity of the i r  cytoplasmic  membrane ,  
ass imila t ing ma te r i a l  adsorbed on it by invagination into the cell ,  were  found in the tuberculous  focus. All 
stages of this p rocess  were  observed - f rom contact  between the r m t e r i a l  in the surrounding medium and the 
cel l  sur face  to invagination of the p lasmalemma and absorption of the mate r ia l  by the format ion of m i c r o -  
ves ic les  or  smal l  vacuoles (Fig. lb).  The ability of lymphoid cel ls  to ingest insoluble substances by pinocy- 
tns is  is due to the functional specia l izat ion of cel ls  of this s e r i e s  [9]. Possibly in the course  of in t race l lu la r  
in teract ion they may rece ive  antigenic informat ion [12]. 

The new type of "dendr i t ic"  lymphoid cel ls ,  found in the organs of mice and descr ibed  in the l i t e ra tu re ,  
conf i rms  d i f fe rences  in t he i r  functional specia l izat ion [15]. The study of a purified population of these  cel ls  
has shown that  they possess  adhesive p roper t i e s ,  they have thin project ing p rocesses  of cytoplasm,  and a re  
capable of active endoeytosis .  Lymphoid cel ls  with an active ingestive function, part icipat ing in the format ion 
of the tuberculous  granuloma,  contained fewer  organel les  than the group I lymphocytes .  
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Fig. 2. Ultrastructural  changes in lymphoid cell at periphery of tuberculous focus: a) 
crystaUoid structures (cr) in cytoplasm of lymphoid cell. 33,600x. b) Lymphoid cell 
with degenerative and destructive changes in cytoplasm. Structures of rough endo- 
plasmie reticulum (er) are vacuolated and disintegrating; periphery of tuberculous focus 
3 months after infection. 30,500x. 
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Fig. 3. Lymphocyte in field of vision of scanning microscope: a) lymphocyte with smooth 
surface, giving off single short processes and wide projections, tuberculous granuloma, 
1.5 months after infection. SEM, 18,200• b) Lymphoid eells with i r regular ,  nodular sur-  
face, combined ir~o groups by means of cytoplasmic processes; periphery of tuberculous 
focus 3 months after infection. SEM, 7200x. 



Progressive tuberculous inflammation led to degenerative and destructive changes in the lymphoid cells: 
swelling of the mitochondria and disturbance of their  integrity, vaeuolation and disintegration of elements of 
the rough endoplasmic reticulum, and the development of perinuclear edema (Fig. 2b). 

During SEM the lymphocytes appeared as small (diameter 5-6 p), round formations with a smooth or 
viIlous surface. Most lymphoid Cells in the early (1.5 months) granulnma had a smooth surface with single 
short processes or wide projections (Fig. 3a). In the late granuloma (3 months), on the other hand, lymphoid 
cells with an i rregular  and nodular surface, combined into groups by means of cytoplasmic processes,  were 
predominant (Fig. 3b). Sometimes cra ter - l ike  depressions of unknown origin, possibly due to injury, were 
identified on the surface of the cell. 

CONC LUSION 

Activated lymphoeytes were found in the lymphoid population participating in the formation of the tuber-  
culous granutoma, and two groups of cells character ized by differences both in their  ul t rastructure and in the 
manner of manifestation of functional activity could be distinguished among them. Whereas the development of 
the ul trastructure in the group I lymphoid cells development of the ultrastructure is accompanied by intensive 
synthetic and secre tory  activity, the predominant feature of the group II cells i s  their  ingestive function, 
effected by active pinocytosis. Heterogeneity of the subcellular organization of the lymphoid cells in tuber-  
culous infection reflects differences in their  functional specialization. The surface of the cell is a good indi- 
cator of its functional state and of the intensity of processes taking place in it. Probably lymphoid cells in the 
young granuloma are T cells, whereas in the mature granuloma lymphocytes with an i r regular  surface, 
resembling B cells, become more numerous. Forms  of lymphoid cells with intermediate type of ul trastructure 
also are encountered. Consequently, without taking into account the degree of differentiation, of intercellular 
interaction, and density of the population of lymphoid cells in a granuloma it is difficult to identify whether they 
belong to the T or B class. Tests with special immunologic markers  are necessary for this purpose. 
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