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The ability of lymphocytes of patients with schizophrenia and of healthy subjects to respond to 
the st imulant action of T mttogens (concanavalin A and phytohemagglutinin) was studied: The 
number of T cel ls  was determined by the rose t t e - fo rma t ion  method and the effect  of adhesive 
cells on the response  of the lymphocytes to the mitogens was investigated. The response  to 
both mitogens was depressed  in cul tures of the patients '  lymphocytes compared with the con- 
trol, but the number of T cells was indistinguishable f rom normal.  Removal  of the adhesive 
lymphocytes leads to disappearance of the differences between the responses  of the patients'  
and healthy subjects '  lymphocytes to both mitogens. 
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The study of the per iphera l  blood lymphocytes of patients with schizophrenia  has revealed cer ta in  special  
features of the physiological state of these cells.  Blood of these patients has been shown [!, 5] to Contain a 
subpopulation of lymphocytes distinguished by their active physiological state and their marked adhesive 
proper t ies  (atypical lymphocytes).  Meanwhile, in experiments  to a ssess  the ability of lymphocytes to respond 
to the stimulating action of mitogens, a smal le r  proport ion of the lymphocytes of schizophrenic patients than of 
normal  subjects was found to respond to phytohemagglutinin (PHA), a T mitogen [3]. It was accordingly con- 
cluded that in schizophrenic patients there is a subpopulation of functionally altered, possibly defective, 
T lymphocytes,  or an actual deficiency of T cells in the per ipheral  blood of these patients. However, more  
recent  observations have shown that not all T lymphocytes can respond to anjz one T mttogen [12, 13] and that 
at least two T mitogens must  be used for the objective a s sessment  of the state of all the T ceils in the lympho- 
cyte population. Such more  complete a s ses smen t  is very  important  for the elucidation of the role of T lympho- 
cytes in the change in the react ions  of cel lular  immunity in schizophrenia.  

It was accordingly decided to study the response of the peripheral  blood lymphocytes of patients with 
schizophrenia to two T mitogens: PHA and concanavalin A (con A). An attempt also was made to assess  the 
role of adhesive activated lymphocytes in the response of the whole population to these T mitogens. 

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

A group of 12 patients with schizophrenia  and a control  group of 17 healthy blood donors  were studied. 
The schizophrenic group consisted of four patients with a cont inuous-progress ive  form, seven with an episodic-  
p rogress ive  form, and one patient with a periodic form of schizophrenia.  The whole lymphocyte population 
was obtained together with all the white blood cells after sedimentation of the e ry throcy tes  in tubes from the 
per ipheral  blood after the addition of heparin (13-15 i .u./ml).  The fraction of nonadhesive lymphocytes also 
was obtained after passing the leukocytes through a column containing glass beads [11]. The purity of the r e -  
suiting fraction was over 90%. The number of cells in the suspension obtained by the methods descr ibed above 
was counted and the suspension was diluted to a concentrat ion of 1 million cells to 1 ml of medium containing 
20% autologous se rum and 80% Eagle ' s  medium with glutamine, after which 1 ml of the suspension was poured 

Labora tory  of General  Pathophysiology, Institute of Psychiatry ,  Academy of Medical Sciences of the 
USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR A. V. Snezhnev- 
ski[.) Trans la ted  f rom Byulleten' t~ksperimental 'noi  Biologii i Meditsiny, Vol. 84, No. 8, pp. 182-185, August, 
1977. Original art icle submitted November 22, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, iV. Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $Z50. 

1136 



20 

/5 

/0 

5 10 15 

t i} 

~5 
l r 

40 8o pg/rnl  

% 

40 

30 

20 

70 

0 

% 

40 

30 

20 

I0 

0 

t 

�9 i . l  

A 

T: 

l/z ~ ./11 

///z///.~ 

< / / / / / / . 1  % 

25 

lI 

Fig.  1 Fig.  2 

F ig .  1. Pe rcen t age  of lymphocytes  with i nc r ea sed  DNA content in cu l tu res  s t imula ted  by d i f ferent  
concen t ra t ions  of con A. A b s c i s s a ,  concent ra t ion  of con A (pg/mD; ord ina te ,  pe rcen tage  of 
r e spond ing  ce l l s .  

Fig .  2. Response  of lymphocytes  to s t imula t ion  by PHA (A) and con A (B). Unshaded columns 
r e p r e s e n t  pa t ien ts ,  shaded columns heal thy subjec ts .  I) Ini t ial  population of lymphocytes ;  II) sub-  
populat ion of nonadhesive lymphocytes .  Ordinate ,  percen tage  of lymphocytes  with inc reased  DNA 
content.  

into each of a s e r i e s  of pen ic i l l in  f lasks  for incubation at 37~ PHA (Dlfco, USA) and con A (Sigma, USA) were 
added to the co r re spond ing  f lasks  up to a final concent ra t ion  of 40 and 20/~ g / m l ,  r e spec t ive ly .  The ce l l s  were  
co l lec ted  and fixed af ter  i and 72 h in cul ture .  To obtain each p r epa ra t i on  the contents of at l eas t  two f lasks  
with p a r a l l e l  cu l tu res  were  used. The r eac t i on  of the lymphocytes  to the mi togens  was a s s e s s e d  by counting 
ce l l s  with an i n c r e a s e d  DNA content.  To d e t e r m i n e  the DNA content all  p r e pa r a t i ons  were  s ta ined s imul t ane -  
ously by F e u l g e n ' s  method [4],  a f te r  which e o v e r s l i p s  with the s ta ined ce l l s  were  dr ied  in a i r  and mounted in 
Canada ba l sam.  The DNA content  was de t e rmi ne d  with a scanning cy tophotometer  (Opton, West  Germany) at a 
wavelength of 570 nm. At l ea s t  50 ce l l s  were  m e a s u r e d  in each p repara t ion .  Lymphoeytes  with a DNA content 
exceeding the mean  DNA content  in the ce l l s  of 1-h cu l tu res  by more  than 3 or, were  c l a s s e d  as ce l l s  r e spond-  
ing to s t imula t ion .  In some e x p e r i m e n t s  the r e l a t i ve  pe rcen tage  of T lymphocytes  was de te rmined  at the same 
t ime by the spontaneous r o s e t t e - f o r m a t i o n  method [7].  

EXPERIMENTAL RESULTS 

In this investigation concanavalin A (con A) was used for the first time to study the functional state of the 

lymphocytes in schizophrenia. Several investigations of lymphocytes from normal subjects and in patients with 

various diseases in which con A has been used as a mitogen have been described in the l[terature[ 8-10], but 

because of the contradictory nature of the data given by different workers it was not clear what concentration 

of mitogen should be used in the experiments with cells from schizophrenic patients; for that reason the ac- 

tion of various concentrations of con A on the lymphocytes of these patients was studied. The results are given 

in Fig. I, from which it follows that when con A was used in concentrations of 15 to 60 ~g/ml the percentage of 

transformed cells was unchanged. Accordingly, in the subsequent experiments con A was used in a concentra- 
tion of 20 ~g/ml. 

The study of the response of the peripheral blood lymphocytes of schizophrenic patients to stimulation by 

T mltogens showed that the percentage of responding cells in cultures of lymphocytes with PHA was 20.2 ~: 3.1, 
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and in cul tures with con A 14.9 • 2.5. In control  cul tures of healthy human lymphocytes the percentages  of 
these cells were 43.6 + 2.9 and 42.0 + 2.7, respect ively.  These resul ts  are shown graphical ly in Fig. 2, f rom 
which it is c lear  that the response  of the lymphocytes of the schizophrenic patients to both T mitogens was 
substantially less than normal .  In the case of PHA the difference in the response  was 23.4% (P < 0.001), 
whereas in the case of con A it was 27.1% (P < 0.001). P re l iminary  analysis of the data ref lect ing the response 
of lymphocytes of patients with different fo rms  of schizophrenia  to con A showed that the response of lympho- 
cytes obtained f rom patients with an ep i sod ic -progress ive  type of course  was substantially weaker than the 
response of cells f rom patients with a cont inuous-progress ive  form of schizophrenia.  

It is also c lear  f rom Fig. 2 that in cultures of cells both f rom patients and f rom healthy subjects ap- 
proximately equal numbers  of lymphocytes responded to both mitogens. This could be explained by the fact 
that the same subpopulation of T lymphocytes responds ~ to both PHA and con A. In that case, however, c o r r e -  
lation ought to be observed between the responses  of the lymphocytes to PHA and to con A. No such c o r r e l a -  
tion was found (in the cultures of patients '  cells r = 0.27, in cul tures of healthy lymphocytes r = 0.38). Conse-  
quently, different subpopulations of T lymphocytes mos t  probably respond to PHA and to con A. This view is 
supported by the observat ions of other workers  who have special ly studied this problem [13]. Meanwhile there 
is another point of view, based on experimental  data, namely that the whole population of T lymphocytes,  in- 
cluding PHA-react ing  cells,  responds to con A [12]. It is evident that in that case also d i rec t  corre la t ion  ought 
to be observed between the percentage of lymphocytes responding to con A and to PHA. The data descr ibed 
above thus make it appear more  likely that the hypothesis that basical ly different cells  respond to con A and to 
PHA is cor rec t ,  although evidently there are some lymphocytes which can respond to both mitogens. 

Evidence of the diminished response  of lymphocytes of schizophrenic patients to con A and to PHA was 
given above. This effect could be due ei ther  to a deficiency of T cells  or to their defective function in schizo-  
phrenia. There is evidence in the l i terature  that no deficiency in the number of T lymphocytes is observed in 
the blood of schizophrenic patients [2]. The resu l t s  of the present  investigation agree with this view. In ex- 
per iments  to determine the percentage of lymphocytes spontaneously forming rose t tes  with sheep' s red  cells 
(T lymphocytes) their number.~in-the blood of the schizophrenic patients was 55.8 • 9.1% compared with 
56.8 + 3.4% of T lymphocytes in the blood of the healthy donors.  These f igures agree with many others cited 
for the number of T cells  in healthy human blood [2, 6]. The hypothesis of defective function of a cer tain pro-  
portion of the T cells in schizophrenia  thus seems to be the most  likely one. 

As was already mentioned, "atypical" lymphocytes are found in the blood of patients with schizophrenia;  
these lymphocytes are distinguished by their marked adhesive proper t ies  and their more active physiological 
state, and it was therefore  interest ing to d iscover  the role of these cells in the diminished response  of the 
lymphocytes to T mitogens in schizophrenia.  To study this problem the ability of the atypical activated 
lymphocytes to adhere to the surface of glass was used, for these cells  can be removed from the general  popu- 
lation by the use of columns with glass  beads [ 5]. It was expected that if these atypical cells are in fact 
responsible for the difference between the schizophrenic and healthy lymphocytes,  the response of the cells in 
the nonadhesive fract ion of lymphocytes f rom schizophrenic patients would be the same as the response  of the 
corresponding fract ion of healthy blood. The resul t s  of these experiments  are given in Fig. 2. Clearly,  after 
removal  of the adhesive cells the percentage of the patients '  lymphocytes responding to PHA and to con A 
(32.2 J= 1.4 and 24.7 + 2.6, respectively) was equal to the percentage of responding nonadhesive healthy lympho- 
cytes (35.6 • 2.6 and 27.5 • 1.4, respect ively) .  Hence it follows that the weaker than normal  response  of the 
lymphocytes in cul tures of per ipheral  blood Cells of schizophrenic patients is due to the presence  of adhesive 
activated lymphocytes,  which evidently respond neither to PHA nor to con A. 

It is interest ing to note that removal  of adhesive lymphocytes leads to completely opposite changes in the 
responses  of the patients '  and donors '  lymphocytes:  In cul tures  of lymphocytes f rom patients with sch izo-  
phrenia the response  to both mitogens was increased,  whereas  in cultures of healthy donors '  lymphocytes it 
was reduced (Fig. 2). These facts can be explained on the assumption that the adhesive lymphocytes of patients 
with schizophrenia are  in a different  functional state f rom that of donors '  adhesive [ymphocytes.  

These experiments  thus showed that the per ipheral  blood of patients with schizophrenia  contains the 
normal  number of T lymphocytes;  however, by cont ras t  with normal  subjects,  a cer ta in  proport ion of these 
cells  does not respond to the stimulating action of the T mitogens con A and PHA. 
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E F F E C T  OF AVITAMINOSIS B 6 IN MICE 

T - L Y M P H O C Y T E  FUNCTION in v i t r o  
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The effect of different degrees of avitaminosis B e in mice on the cytolytic activity of T lympho- 
cytes, measured as the quantity of Na2CrSIO4 released from lysed target cells, was studied on 
a model of the primary immune response in a mixed lymphocyte culture in vitro. Keeping ani- 
mals for 3 weeks on a diet without pyridoxine did not affect the ability of the lyrnphocytes to 
proliferate in vitro or their cytolytic activity. In animals receiving a diet without pyridoxine 
for 45 days the content of pyridoxal-5'-phosphate in the spleen was 55% lower than in the con- 
trol. Lymphocytes taken from these animals, when cultured in vitro, showed sharply weakened 
ability to incorporate [3H]thymidine into DNA in response to the alloantigen. The cytolytic ac- 
tivity of these lymphocytes also was reduced. The ability of different forms of pyridoxine to 
restore the functions of T lymphocytes, when disturbed by avitaminosis Be, was studied. 

KEY WORDS: avitaminosis Be; pyridoxine; pyridoxal; pyridoxal-5'-phosphate; eytolytic ac- 
tivity. 

Mammalian lymphoid tissue is extremely sensitive to a deficiency of pyridoxine in the diet [ 7, 11]. 
Avitarninosis Be, induced in experimental animals by restriction of the pyridoxine intake with the food or by 
injection of antagonists of vitamin B e causes a disturbance of both humoral [ 5, 8] and cellular [4, 10] immunity. 
Robson and Schwarz [ 9] showed recently that, during in vitro culture of lyrnphoeytes taken from rats kept for 
2 weeks on a diet deficient in vitamin B e the incorporation of [ 3H]uridine into the DNA of the cells in response 
to an alloantigen is sharply depressed. 
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