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Ejection of DNA-containing macro th reads  was demonstrated by cells of the lymph glands and spleen 
in mice and hams te r s  and also by ci rculat ing human lymphocytes in t issue culture at slightly acid, neutral,  
and alkaline pH values in isotonic phosphate buffer solution, and also at neutral  and alkaline pH values in 
medium No. 199 and in Hanks ' s  solution. No ejection of DNA-containing macro threads  was observed in the 
tested media at acid pH values,  in 5% crystal l ine egg albumin solution, or in autologous or heterologous 
bovine inactivated se rum at alkaline pH values. 

DNA-containing bridges between lymphocytes and target  ceils were descr ibed previously  during cy to-  
chemical  studies of interact ion between these cells in t issue culture [1]. DNA-containing bridges between 
two or three lymphocytes were observed in the same sys tem [2], having the appearance of dense, twisted 
bands, of d iscre te ly  stained is thmuses  between pa i rs  of lymphocytes,  or a thin, twisted thread. A fur ther  
study showed that the ejection of DNA threads f rom the nuclei of lymphocytes is evidently a s tereotype r e -  
action of the lymphocyte to injury. 

Ejection of DNA-containing macro th reads  from the nuclei of lymphocytes in various media and under 
different conditions was investigated in the present  study. 

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

Lymphocytes  f rom lymph glands and spleen of golden hams te r s ,  BALB/c  mice,  and human per ipheral  
blood were used in the investigation. The following media were used to incubate the lymphoeytes:  0.15M, 
0.3M, and 0.06M phosphate buffer,  pH 5.0, 5.6, 6.0, 6.5, 7.0, 7.6, 8.0, and 8.4; 0.15M phosphate buffer with 
the addition of crysta l l ine  egg albumin in concentrat ions of between 0.001 and 5%, with pH adjusted to 7.0 
and 8.0; Hanks 's  solution, pH 5.6, 6.0, 6.5, 7.0, 7.6, and 8.4 without albumin and with the addition of 5% 
albumin; medium No. 199, pH 6.0, 6.5, 7.0, 7.2, 7.4, 7.6, 7.8, and 8.4; 6% and 3% polyvinol solution (the 3% 
polyvinol solution was obtained by dilution of the 6~0 solution with 0.15M phosphate buffer, pH 7.0, and 8.0); 

TABLE 1. 
tion of DNA Macrothreads  

Substances Protec t ing Lymphocyte Nuclei against E j e t -  

I Scram [ Po__Jyvinol I Esg albumin 

pH auto- hetero- r~ 
logous ]logous / 3 6 I 0,01 ] 0,1 I 0 ,5  ' 2 3 5 

! I 

7,0 t - -+ ] - - + +  + +  + -+ -+ + - 
8,0 . + . + l § 2 4 7 2 4 7 2 4 7  +-§ + § _-d § 

Note: --) Threads  absent; +) a few threads in severa l  fields of v i -  
sion; +) approximately  25% of nuclei eject a DNA macro thread ;  ++) 
about 50% of nuclei eject a DNA macro thread ;  +++) network of thin 
interwoven threads with adherent whole lymphocyte nuclei. 
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Fig. i. External appearance of cells after incubation for 3 h in 
0.15M phosphate buffer, a) pH 5.6 (200• b) pH 7.0 (200x); e) pH 
7.4 (600• d) pH 8.4 (600• Azure-eosin or Feulgen's method. 

bovine inactivated serum, whole (pH 7.8) and diluted with 0.15M phosphate buffer, pH 8.0, to concentrations 
of 5, I0, 20, and 50%. Human blood plasma was added to the human lymphocytes, and inactivated hamster 
serum to the hamster lymphocytes. The lymphocytes (4-5 million/ml) were incubated in flasks with cover 
slips for 3 h. In two experiments the lymphocytes were incubated in 0.15M phosphate buffer, pH 8.0, with 
the addition of 2~0 albumin and in 6~ polyvinol solution in flasks without cover slips. The flasks were cen- 
trifuged for 5 min at 1000 rpm before incubation or af ter  incubation for 3 h. After fixation, the bottoms of 
the flasks were sawn off and stained for subsequent microscopic  investigation. Specimens were fixed by 
Carnoy ' s  method and stained with azu re -eos in  by Feulgen 's  method and with acridine orange after  p r e -  
l iminary hydrolys is  [3]. Control  specimens were t reated with desoxyribonuclease in a concentrat ion of 100 
t~g/ml in 0.005M MgSO 4 solution for 2 h at 37 ~ In two exper iments  the DNA of the Iymphocytes was labeled 
with thymidine-H ~ in vivo. For  this purpose ,  100 ~g thymidine-H 3 with specific activi ty of 1 C i / m g  was 
injected in t ramuscu la r ly  into BALB/e  mice.  The mice were sacr i f iced 1 h la ter  and lymphocytes taken 
f rom the spleen. Some labeled lymphocytes were used for making films. Specimens fixed by Carnoy ' s  
method were stuck to sl ides,  t reated with 5% TCA solution at 4 ~ to remove p r e c u r s o r s ,  and covered with 
type M NIKFI emulsion. The period of exposure was 2 weeks. The developed specimens were stained with 
methyl green--pyronine .  
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Fig. 2. DNA macro th read  labeled with thymidine-H 3. 
Methyl green--pyronine,  900• 

EXPERIMENTAL RESULTS 

The results of I0 experiments to determine the effect of pH on ejection of DNA threads from lympho- 
cyte nuclei were as follows: at acid pH values (5.0-5.6) the cells were uniformly distributed over the glass, 
palely stained~ the cytoplasm of most cells was invisible (Fig. la), and threads were absent. At pH 6.0-7.0, 
the lymphocytes settl ing on the glass  ejected a thin thread (at pH 6.0-5.5 approximately 25% of nuclei ejected 
a thread,  about 50% at pH 7.0), slightly widened at the base and narrowed at the end, and not exceeding 50-70 
# in length (Fig. lb); frequently the threads ran in a definite direction.  On these specimens the cells were 
distr ibuted uniformly over the glass (Fig. lc)  or ,  as is usually observed with lymphocytes incubated at pH 
7.0-7.4, numerous threads up to 200-400 p in length appeared,  with lymphocytes adherent to them, or ap-  
parent ly  s trung from them. In some places extensive interweaving of thin threads formed an azure  network. 
Clus ters  of ceils were grouped into d iscre te  is le ts ,  mainly at the per iphery  of the cover  slip. In some 
specimens ,  long, paral le l  threads with adherent  lymphocytes formed mass ive  bands. In an alkaline medium 
(pH 8.0-8.4), the same pat tern  was observed although it was quantitatively different:  in this case there were 
fewer whole lymphocyte nuclei and more  thin, long, interwoven or merging threads (Fig. ld), In 0.3M and 
0.06M buffer,  pH 5.6-8.0, s imi la r  resul ts  were observed.  The resul ts  obtained with the use of medium No. 
199 buffered with 0.15M phosphate buffer were contradictory.  The standard response was observed only at 
pH 5.0-5.6 and 8.0-8.4. At acid pH values no threads were formed,  and at pH 8.0-8.4, the appearance of the 
cells was the same as in 0.15M phosphate buffer. Within the range pH 6.0-7.5, a uniform response  could 
not be obtained, even during the same experiment.  The same pat tern  was found when HanksTs solution was 
used. Lymphocytes  placed in distil led water ,  pH 4.7 and 7.0, underwent lysis.  No ejection of threads took 
place under these conditions. In 5% egg albumin solution in 0.15M phosphate buffer,  pH 7.0 and 8.0, ejection 
of threads was a lmost  completely absent.  To determine the threshold concentrat ion of albumin at which this 
phenomenon is inhibited, the albumin was t i t rated in the range from 0.0001 to 5% solution. 

The resul ts  of these experiments  are  given in Table 1, showing that the phenomenon is inhibited at pH 
7.0 in a 0.5% solution and at pH 8.0 in a 1% solution of albumin. Short,  thick, twisted threads were still 
visible in the specimens ,  a few in severa l  fields of vision. When albumin was used in the corresponding 
concentrat ions in medium No. 199 or  in Hanks ' s  solution, s imi la r  resul ts  were obtained. Bovine inactivated 
serum in concentrat ions of 5, 10, and 20% had hardly any effect on the appearance of the threads.  However,  
whole homologous and heterologous se rum almost  completely abolished the phenomenon. Posit ive resul ts  
were obtained by using the p lasma substitute polyvinol, also in 6% solution. 

In one ser ies  of experiments  lymphocytes in 2% albumin solution and in 6% polyvinol solution, pH 8.0, 
were poured into flasks without cover  slips and the cells  were centrifuged 3 h later .  The same pattern was 
found on the stained sawn-off flask bottoms on which the cells had settled as on cover  slips in the pa ra l l e l  
experiment  without centrifugation. 
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After  inject ion of the rad ioac t ive  label  thymidine-H 3 into mice ,  about 10% of the cel ls  in f i lms were  
labeled.  The mean  number  of label  granules  pe r  labeled lymphocyte  was 30. This  high intensi ty  of thy-  
mid ine-H 3 incorpora t ion  by the lymphocyte  nuclei made it poss ib le  for label  to be obse rved  in the region of 
the threads  (Fig. 2). Th reads  were  seen  in spec imens  stained by Feu lgen ' s  method and with acr id ine  orange 
a f te r  p r e l i m i n a r y  hydro lys i s .  The s taining of the nuclear  th reads  d i sappeared  a f t e r  t r ea tmen t  of the s p e c i -  
mens  with desoxyr ibonuc lease  in control  expe r imen t s .  

The pos i t ive  r e su l t s  obtained by means  of spec ia l  techniques for  DNA detect ion (staining by Feu tgen ' s  
method,  with acr id ine  orange  a f t e r  p r e l i m i n a r y  hydro lys i s ,  incorpora t ion  of thymidine-H 3 using the a p p r o -  
p r i a t e  controls)  indicate  that  the phenomenon desc r ibed  above is one of e ject ion of m a c r o t h r e a d s  of DNA 
f r o m  lymphocyte  nuclei.  

In mos t  expe r imen t s  isotonic 0.15M buffer  solution was used. Eject ion of DNA m i c r o t h r e a d s  took 
p lace  in i t  at  a weak acid pH (6.0), although the externa l  appearance  of the th reads  and the number  of cel ls  
e ject ing them gradual ly  changed as the pH inc reased .  At alkaline pH values  only a few lymphocyte  nuclei 
r ema ined  intact ,  and there  was a del ica te  network of v e r y  thin th reads .  Rela t ive  hypotonicity (0.06M) or  
hyper tonic i ty  (0.3M) of the buffer  solution did not affect  the exper imen ta l  r e su l t s  at d i f ferent  pH values .  
Colloidal  solut ions - a 2-5 ~o solution of a lbumin and 3-6 % solution of polyvinol - inhibited this p r o c e s s ,  a l -  
though a few shor t ,  thick twisted th reads  were  always vis ible  in s eve ra l  f ields of vision.  The bes t  medium 
for  p r e s e r v a t i o n  of lymphocytes  at  alkaline pH values was autologous s e rum.  The pro te in  concentra t ion  in 
the bovine s e r u m  used was 4-6%, approx ima te ly  equal to the concentra t ion  of egg albumin used.  Human,  
h a m s t e r ,  and mouse  lymphocytes  behaved ident ical ly under the conditions studied. 
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