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The mechanism of action of immune lymphocytes in immunologic react ions  of the delayed type has 
not been explained. G. Ya. Svet-Moldavskii  has suggested that the harmful  action of immune lymphocytes 
is due to the t r ans fe r  of nucleic acids or  nucleoproteins f r o m  them into ta rge t  cells  [1, 2]. It has la ter  
been shown that the nuclei of immune lymphocytes act  in the same  way as the lymphocytes themselves  [3]. 

In the present  investigation the interaction between normal  and immune lymphocytes of line B A L B / c  
mice  and L-ce l l s  was studied his tochemical ly  and autoradiographieal ly .  

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

Experiments  were  ca r r i ed  out by the sys t em of Rosenau and Moon [8]. Transplantable  L-ce l l s  of 
immune B A L B / c  mice  were  used. The method was descr ibed previously [3]. Penicil l in f lasks with cover  
slips were seeded at the ra te  of 100,000 L-ce l l s  per mil l i l i ter  of medium No. 199 and 10% bovine se rum,  
inactivated at 56 ~ After  incubation at 37 ~ for  18 h the medium was poured off and a suspension of spleen 
cel ls  in medium No.199, its concentrat ion adjusted to 4 million ce l ls /ml ,  was added to the cul ture.  Seven 
experiments  were  ca r r i ed  out. 

The preparat ions  were  fixed 1, 2, 3, 6, 9, 12, and 24 h af ter  addition of the lymphocytes to the L-  
cells  in Carnoy ' s  fluid or  methyl alcohol for  7-10 min. DNA was detected his tochemical ly  by the Feulgen 
method and staining with acr idine orange (0.012% solution of acridine orange in 0.1N acetate buffer, pH4.5 
fo r  5 min) af ter  p re l iminary  hydrolysis  of the preparat ions  (5 min in 1N HC1 solution at 60 ~ [4]). RNAwas 
detected by staining the preparat ions  by Brache t ' s  method wi thmethy l -g reen  pyronine with a r ibonuclease  
control .  Both DNA and RNA were  detected by staining with toluidine blue and ammonium molybdate with 
deamination by Van Slyke 's  method [4, 7]. 

For  control  purposes desoxyribonuclease (Research Institute of Organic Chemis t ry ,  Siberian Division, 
Academy of Sciences of the USSR; activi ty 10,000 activity uni ts /g  by Kunitz 's  method) in 0.005M MgSO 4 
solution and r ibonuclease in vi t ro  in a concentrat ion of 200 p g / m l  were  used. Incubation continued for  2 
h at 37 ~ 

Immune and normal  lymphocytes were  incubated with uridine-H 3 (specific activi ty 2.7 C~/mole in a 
concentra t ion of 5 # C i / m l )  or  with alanine-H 3 (specific activi ty 310 m C i / g )  in a concentrat ion of 30 
p Ci /ml  for 1 h in medium No. 199, af ter  which the lymphocytes were  washed three t imes and  added to the 
culture of L-ce l l s .  To remove  p r e c u r s o r s ,  the prepara t ions  were  t reated in 5% t r ichloroacet ic  acid fo r  
15 min at 4 ~ washed with distil led water ,  and covered  with type M (Motion P ic ture  Resea rch  Institute} 
emulsion. The exposure was for  15 days.  After  development,  the preparat ions  were  stained with methyl -  
green pyronine.  

Act inomycin D was added to the cul ture  of L-ce l l s  in a concentrat ion of 1.5 p g / m l  in medium No. 
199 for  20 min, af ter  which the cul ture  was washed twice and the labeled immune and normal  lymphocytes 
were  added. 
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Fig. 1. Formation of cytoplasmic bridges between lymphocytes and target cells and t ransfer  
of DNA and RNA along them. a) Transfer  of RNA from lymphocyte into target cell  along cyto- 
plasmic bridge. Methyl green-pyronine ,  magnification 10 x 90; b) nuclear band running f rom 
lymphocyte to nucleus of L-cell .  Feulgen, magnification 10 x 90; c) droplets of DNA-contain- 
ing material  in cytoplasm of a -ce l l .  Acridine orange after prel iminary hydrolysis,  magnifica- 
tion 10 x 90; d) DNA-containing bridge between two lymphocytes. Acridine orange after p re-  
l iminary hydrolysis,  magnification 10 x 90. 

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

From 1-2 h after addition of the lymphocytes to the culture, cytoplasmic bridges were found between 
them and the L-cel ls .  They could be seen during phase-contrast  microscopy of unstained preparations, in 
films stained with hematoxylin-eosin, and also by all the histochemieal methods described above. The 
length of the bridge was approximately equal to the diameter of the lymphocyte. Autoradiographic an~alysis 
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Fig. 2. Dynamics of t r ans fe r  of nucleic acids into ta rge t  cells af ter  addition of immune and 
normal  lymphocytes.  A) Mean number  of granules of label over cytoplasm of ta rge t  cells  
af ter  addition of immune and normal  lymphocytes .  B) Number of L-ce l l s  (in percent) inwhose 
cytoplasm DNA or labeled RNA was found. A: a b s c i s s a - h o u r s  af ter  addition of immune and 
normal  tymphocytes to L-ce l l s ;  o r d i n a t e - n u m b e r  of granules of label; 1) mean number of 
granules of label above one L-ce l l  after  addition of immune lymphocytes;  2) mean number  of 
granules of label above one L-ce l l  af ter  addition of normal  lymphocytes.  B: a b s c i s s a - p e r -  
centage of cel ls ;  o r d i n a t e - t h e  same as in A; 1} percentage  of L-ce l l s  in whose cytoplasm DNA 
was found after  addition of immune lymphocyates;  2) percentage of cells  in whose cytoplasm 
DNA was found after  addition of normal  lymphocytes;  3} percentage of cells over  which DNA 
was found after  addition of normal  lymphoeytes;  3) percentage of cells over  which granules of 
label were  found after  addition of immune lymphocytes;  4) percentage of cells  over  which 
granules of label were found after  addition of normal  lymphocytes.  

and staining the f i lms by Braehe t ' s  method with a r ibonuclease control  demonst ra ted  the p resence  of RNA- 
positive mater ia l  in the region of the br idges.  In two experiments ,  immune and normal  lymphocytes 
labeled beforehand with uridine-H 3 were  added to the L-ce l l s .  The mean number  of granules over  the 
immtu~e lymphocytes 2 h af ter  addition to the L-ce l l s  was 10.4 per cell,  compared  with three per cel l  
above the normal  lymphocytes .  Label could be found in the L-ce l l s  soon (1-2 h} af ter  addition of the lym-  
phocytes (Fig. 1, a). 

After  two hours mainly those cells  to which lymphoeytes were  attached were  labeled. B y t h i s  t ime 
label was found mainly in the cytoplasm,  but af ter  6 h granules could also be seen both above the nucleus 
and above the cytoplasm.  Sometimes cytoplasmic bridges running f r o m  a labeled lymphocyte to a ta rge t  
cel l  not yet containing label were  themselves  labeled (Fig. 2, A). When normal  lymphocytes were  added 
to the culture the L-ce l l s  also were  labeled, but much less intensively.  

The possibil i ty of reuti l izat ion of labeled p r e c u r s o r s  entering the medium f r o m  dis integrated lympho- 
cytes was investigated in experiments  with act inomycin D (1 p g / m l ) .  The resul ts  of these experiments  
showed that blocking synthesis  of r ibosomal  RNA had no effect on appearance of the label in the cytoplasm 
of the L-ce l l s .  

After  staining by Feulgen 's  method, with toluidine blue and ammonium molybdate,  and also with 
acr idine orange, t r ans fe r  of DNA f r o m  lymphocytes into ta rge t  cells  could be seen (Fig. 1, b). These 
methods revealed  that dense, convoluted, DNA-eontaining bands or spher ica l  s t ruc tu res  extended f r o m  the 
nuclei of some lymphocytes toward the cytoplasm or nuclei of the L-ce l l s .  Their  number  reached a maxi -  
mum in the ear ly  s tages of contact  between lymphocytes and L-ce l l s ,  while numerous tiny granules of DNA- 
containing mater ia l  appeared in the cytoplasm of the L-ce l l s  af ter  6, 9, and 12 h (Fig. 1, c). Curves showing 
the number  of L-cel ls  in whose cytoplasm DNA granules were  found a re  i l lustrated in Fig. 2, B. The num-  
be r  of bridges in cul tures with immune lymphoeytes was twice their  number in cul tures  with normal  l ym-  
phocytes and reached its maximum by 2-3 h; DNA granules began to appear in the cytoplasm of the L-ce l l s  
at the same t ime.  By 9 h, DNA could be seen in the cytoplasm of near ly  all L-ce l l s ,  and at this t ime cells 
began to appear  in whose cytoplasm the tiny DNA droplets ,  grouped around the per iphery,  somet imes  f o r m -  
ed a bright  red fr inge.  After  24 h the number  of L-ce l l s  whose cytoplasm contained DNA showed a slight 
dec rease .  The number  of L-ce l l s  whose cytoplasm contained DNA granules was only half as great  in the 
cul tures  with normal  lymphocytes.  
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Bridges  containing DNA were  also observed  between pairs  of lymphocytes somet imes  located fa r  
apar t  (Fig. 1, d). 

Autoradiographically,  the t r an s f e r  of protein could also be observed  f ro m  lymphocytes into L-ce l l s .  
In these experiments ,  the mean number  of granules per  immune lymphocyte was 3.6, compared  with 0.2 
per  normal  lymphocyte.  After  introduction of immune lymphocytes labeled beforehand with alanine-H 3 
into the culture,  granules appeared above br idges between lymphocytes  and L - c e l l s : o n l y  5% of L-ce l l s  were  
labeled and the mean number  of granules above one labeled L-ce l l  was 18. 

Cytoplasmic br idges  between macrophages  and his t iocytes  were  f i r s t  descr ibed  by Aronson.  Schoen- 
be rg  [9] observed  a reas  with disappearance of cytoplasmic membranes  between cel ls  of the lymphoid se r i e s  
in a lymph gland by means of the e lec t ron  microscope .  

In the p resen t  experiments,  cytoplasmic br idges regu la r ly  appeared in the ea r ly  stages af ter  addition 
of lymphocytes to the cul ture  of L -ce l l s .  Continuous migrat ion of cytoplasm of the lymphocyte into the 
cytoplasm of the L-ce l l  and absence of the boundary visible in the optical microscope  suggest  that this 
phenomenon is not accidental .  

The problem of t r ans fe r  of RNA f rom lymphocytes into ta rge t  cel ls  is complicated by the possibil i ty 
of label reut i l izat ion.  However,  the label appeared mainly in the region of the cytoplasmic br idges ,  above 
the cytoplasm of the L-ce l l s  to which, as a rule ,  lymphocytes had a l ready adhered in the ea r ly  periods of 
the exper iment .  The intensity of label in the L-ce l l s  increased  f ro m  2 h until 24 h, not by an increase  in 
the number  of granules in the t a rge t  ce l ls ,  but by an inc rease  in the number  of labeled L-ce l l s .  

The  d i scovery  of numerous  granules of DNA-containing mate r i a l  in the cytoplasm of the L-ce l l s  was 
preceded  by the appearance of nuclear  br idges running f r o m  the lymphocytes to the ta rge t  cel ls .  Nine hours 
a f te r  addition of immune lymphocytes ,  droplets  of DNA'containing mate r i a l  were  observed  in the cytoplasm 
of 100% of ce l l s .  After  contact  with normal  lymphocytes DNA was observed  in the cytoplasm of 50% of L -  
ce l l s .  La te r ,  af ter  24 h, DNA disappeared f rom the cytoplasm of the L-ce l l s .  No changes were  found in 
the nuclei of the L-ce l l s  visible in the ord inary  microscope .  

The possibi l i ty of migrat ion of genetical ly active mate r ia l  f r o m  cel l  to cel l  has been proved by somatic  
hybridizat ion exper iments  [6]. The pic tures  observed indirect ly  conf i rm views according to which in t e r -  
action between lymphocyte and ta rge t  cel l  is lethal hybridizat ion of the cel ls .  
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