
EXPERIMENTAL GENETICS 

STATE OF THE NUCLEAR CHROMATIN IN CIRCULATING 

I~LOOD LYMPHOCYTES OF PATIENTS WITH DOWN'S 

DISEASE AND PHENYLEKETONURIA AS REVEALED 

I~Y CYTOSPE CTROFLUOROMETRY 

K. N. Fedorova, D. M. Spitkovskii, 
R. R. Lideman, T. K. Belyakova, 
a n d  M.  G.  B l y u m i n a  

UDC 616.899.65 + 616.899-06: 616. 
633.598.4-07: 616.155.32- 
018.13-076.5 

Incubation of blood lymphocytes  f r o m  pat ients  with phenylketonuria  for  l h  in Eag l e ' s  m e -  
dium containing the i r  s e r u m  causes  an increase  in the staining p r o p e r t i e s  of the D N P - c o m -  
plexes  of the lymphocytcs ,  as re f lec ted  in an inc reased  intensity of acr idine  orange f luo res -  
cence,  i .e. ,  spontaneous act ivat ion takes  place,  whe reas  the intensity of f luorescence  of 
lymphocytes  f r o m  heal thy pe r sons  is not signifcantly changed. Phytohemagglut in does not 
inc rease  the f luorescence  of the acr id ine  orange bound with the chromat in  of the lympho-  
cy tes  f r o m  pat ients  with Down's  d i sease ,  but causes  a significant inc rease  in luminescence  
of the dye in r e s pons e  of the action of phytohemagglutin in control  donors.  

An impor tant  p r o b l e m  in molecu la r  genet ics  is the study of s t ruc tu ra l  va r i a t ions  in ch romat in  at 
dif ferent  s t age s  of the mitot ic  cel l  cycle .  The sequence of s t ruc tu ra l  changes of the chromat in  in this  case  
is ,  of course ,  de te rmined  genet ical ly.  It would the re fo re  be expected that the appearance  of ce r t a in  in- 
he r i t ed  d is turbances  mus t  modify to some degree  the course  of th is  s t r ikingly coordinated p roce s s .  Dis-  
tu rbances  of the no rma l  s t ruc tu ra l  t r an s fo rma t ions  of chromat in  in vivo can probably  be a s s e s s e d  f r o m  
changes  in a number  of the phys ieochemica l  p a r a m e t e r s  of the chromat in ,  with the r e su l t  that  the degree  
of blocking of the nuc lear  templa te  by prote in  could be de te rmined .  

If this  hypothes is  is t rue ,  the s t ruc tu ra l  changes in chromat in  could be analyzed by R i g l e r ' s  m i c r o -  
f luo rescence  method [1, 2]. 

In the invest igat ion desc r ibed  below an a t tempt  was made to de te rmine  ce r ta in  quanti tat ive physico-  
chemica l  c h a r a c t e r i s t i c s  of the nuclear  chromat in  of the lymphocytes  f r o m  pat ients  with Down's  d i sease  
( t r i somy) ,  and f r o m  thei r  pa ren t s  and s ibl ings.  

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

Blood (5 ml) was  taken f r o m  the cubital  vein into s te r i le  tubes containing 0.5 cm 3 R inge r ' s  solution 
with hepatin (200 i.u.). The blood was  incubated for  40-60 min,  a f te r  which the p l a s m a  containing leukocytes  
was  decanted and diluted 1 : 10 with Eag l e ' s  medium and poured into Pe t r i  d ishes  containing cove r  s l ips .  
All manipulat ions were  c a r r i e d  out in the incubator  at 37~ The cove r  s l ips  we re  r emoved  5 and 60 rain 
a f t e r  addition of the diluted p l a s m a  (beginning of incubation), r insed  in physiological  sal ine,  fixed to a spe-  
c ia l ly  cons t ruc ted  teflon holder ,  and dipped in fixing solution (a 1 : 1 mix tu re  of acetone and ethanol).  
Phytohemagglut in (PHA) was  added to the incubation medium in a pa ra l l e l  s e r i e s  of t e s t s  before  the be-  
ginning of incubation up to a final concentra t ion of 40 gg/ml.  
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Fig. 1. F luorescence  of acridine orange bound with c h r o -  
mat in  f r o m  ci rcula t ing human blood lymphocytes  (healthy 
donors  and pat ients  with phenylketonuria) as a function of 
incubation t ime at X =530 nm (a) and X =640 nm (b): 1) 
lymphocytes  of healthy donors;  2) lymphocytes  of healthy 
donors  + PHA; 3) lymphocytes  of patients  with phenylke to-  
nuria; 4) lymphocytes  of patients  with phenylketonuria  + 
PHA. Absc i ssa ,  t ime (in min); ordinate,  intensi ty of f luo-  
r e scence  of acridine orange bound with DNP-complex of 
lymphocytes~ 

The methods  of fixation, staining, and actual  p repa ra t ion  of the spec imens  were  c a r r i e d  out by R i g l e r ' s  
method [1, 2]. 

To m e a s u r e  the f luorescence ,  a s ing le -beam m i c r o f l u o r o m e t e r  designed on the bas i s  of the Ortholux 
(leitz) luminescence  m i c r o s c o p e  was  used.  F luorescence  was exci ted by light f r o m  a xenon lamp (X = 360- 
405 nm).  The appropr ia te  in te r fe rence  f i l t e r s  were  used  to distinguish the spec t r a l  bands.  

This  paper  gives the r e s u l t s  obtained by invest igat ion of the lymphocytes  of heal thy donors  (35 ob- 
se rva t ions) ,  pat ients  with phenylketonuria  (20), the mo the r s  (13), f a the r s  (8), and s ibs  of these pat ients  (7), 
and a lso  the lymphocytes  f r o m  pat ients  with Down's  d i sease  (16), and the mo the r s  (13), f a the r s  (8)~ and 
s ibs  (8) of these  pat ients .  

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

Incubation of lymphocytes  f r o m  healthy donors  for  1 h caused no significant inc rease  in the intensity 
of f luorescence ,  but the addition of PHA to the incubation medium caused a significant (P < 0.00D inc rease  
by 40-60% in the quantity of dye bound by the ce l l s  in both reg ions  of the spec t rum (Fig. la ,  10). 

Incubation of the lymphocytes  f r o m  pat ients  with phenylketonuria  for  60 rain led to a significant  
(P < 0.001) inc rease  in f luorescence  (by 250-300%) in 90% of c a se s .  This  effect  was  cal led spontaneous 
ac t ivat ion of the nuc lea r  ch romat in  of the lymphocytes .  As Fig. 1 shows, it occu r r ed  only in the pat ients .  
An inc rea se  in f lu roescence  was  obse rved  in both the red  and the g reen  reg ions  of the spec t rum (Fig. 1). 
Addition of PHA to the incubation medium of the lymphocytes  f r o m  pat ients  with phenylketonuria  led to a 
fu r the r  modera te  inc rease  in the intensi ty of f luorescence .  This  inc rease  cor responded  to that inthe control .  

Pa r a l l e l  invest igat ions of f luorescence  of the lymphocytes  f rom the siblings and parents  of the patients  
showed that  the ef fec ts  of incubation of the lymphocytes  f r o m  the siblings and fa thers  for  1 h and the i r  reac t ion  
to PHA were  indist inguishable f r o m  the changes in dye-binding p r o p e r t i e s  of the lymphocytes  f r o m  heal thy 
donors .  However ,  the intensity of f luorescence  of lymphocytes  f r o m  the mo the r s  of the pat ients  with 
phenylketonuria  a f t e r  incubation for  60 rain was  a mean  value between the cor responding  p a r a m e t e r s  for  
the lymphocytes  of the pat ients  and the control  group. No significant d i f ference was  found between the in- 
tens i ty  of f luorescence  of the lymphocytes  f r o m  the pat ients  and f r o m  thei r  mo the r s .  

Incubation of lymphocytes  f r o m  pat ients  with Down's  d isease  for  60 min,  just  as the control  t es t s ,  
r evea l ed  no significant i nc rea se  in the dye-binding p r o p e r t i e s  of the chromat in  in these  ce l l s .  

Meanwhile,  s ignificant  d i f fe rences  w e r e  found on ana lys i s  of the action of PHA on the nuclear  e h r o m -  
atin of the lymphocytes  f r o m  these pat ients .  In this  case ,  by con t ra s t  with the control  expe r imen t s  and the 
r e s u l t s  obtained with lymphocytes  f r o m  pat ients  with phenylketonuria,  the PHA had no act ivat ing effect,  
i .e. ,  intensi ty of f luorescence  of the dye was  unchanged in r e sponse  to the act ion of PHA in both reg ions  
of the spec t rum (Fig. 2a, b). 
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Fig. 2. Fluorescence of acridine orange bound with human 
circulat ing blood lymphocytes (healthy donors and patients 
with Down's disease) as a function of incubation t ime at X = 
530 nm (a) and k = 640 nm (b) : D lymphocytes of healthy 
donors;  2) lymphocytes of healthy donors + PHA; 3) lympho- 
cytes  of patients with Down's disease;  4) lymphocytes of pa- 
t ients with Down's disease + PHA. Legend to absc issa  and 
ordinate the same as in Fig. 1. 

It is interesting to note that PHA likewise did not activate the nuclear  chromatin of lymphocytes 
f rom mothers  of children with t r i somy,  but this was not the case with the sibs of the patients, who were 
indistinguishable f rom control  donors.  

The initial f luorescence,  i.e., the intensity of f luorescence after incubation for 5 min, was 2.5-3 
t imes  higher, on the average,  in the patients with Down's disease than in the control.  The w r i t e r ' s  previous 
investigations showed that thymocytes  (functionally more  active cel ls  than lymphocytes) give a very  high 
initial f luorescence,  which does not reac t  to PHA, probably because the number of l iberated PO 4 groups 
bound with the dye is a lready at a maximum. 

The chromatin of lymphocytes f rom patients with phenylketonuria thus differs f rom that of the 
lymphocytes of healthy donors by becoming spontaneously activated after  60 min. Chromatin of lympho- 
cytes f rom patients with Down's disease,  on the other hand, as the resu l t s  of mic rospec t ro f luoromet ry  
show, is evidently in an activated state already without additional incubation, and is not modified on subse- 
quent t rea tment  with a powerful mitogen such as PHA. 

The resul t s  of these experiments  show that lymphocytes f rom patients with phenylketonuria are  po- 
tentially readier  for activation than healthy human lymphocytes.  In patients with Down's disease,  on the 
other hand, this potential p reparedness  is probably already accomplished in the isolated cells,  i.e., changes 
had already taken place in their  chromatin in vivo. Whether these changes were  the cause or  the resul t  of 
the disease is a question which cannot be answered without further  investigations. However, even at this 
stage it is c lear  that the nuclei of thymocytes  (functionally more active cells  than lymphocytes) behave to 
some extent like the lymphocytes in Down's disease, at least  as ref lected by resul ts  obtained by the mic ro -  
f luorescence method. Normal thymocytes,  however,  have a normal  karyotype.  Consequently, activation 
of chromat in  is an essent ial  but not an adequate condition for the development of numerica l  chromosomal  
anomalies,  at least for t r i somy.  Of course,  the possibili ty cannot be ruled out that activation of chromatin 
is the resul t  of whatever  it is which has caused the numerical  chromosomal  anomalies.  If such a hypo- 
thesis  is excluded, for it seem less  probable to the wr i t e r s  even though it is more in accordance with the 
prevail ing opinion, at least  three events untypical of the normal  situation and which could lead to activation 
of chromat in  must  be mentioned: a) the onset of a gene mutation and synthesis ,  as a resul t  of this muta- 
tion, of an abnormal protein which part icipates in the formation of the supramolecular  sys tem of the 
chromatin,  b) the onset  of a gene mutation and a result ing disturbance of cer tain normal  metabolic p roces -  
ses whose products lead by a feedback mechanism to changes in the normal  s t ructural  convers ions  of 
chromatin,  and finally, e) a p r im a ry  disturbance of the regular  three-dimensional  s t ructure or of the con- 
tinuity of the supramolecular  format ions (chromosomes) without injury to DNA (the justification for this 
conclusion depends on the d iscovery  of the true picture of chromosomal  s t ructure) .  The wr i t e r s  are  in- 
clined to believe that cases  of t r i somy are connected with chromat in  modifications descr ibed in event e. 
However, this view requi res  fur ther  experimental  verif ication.  
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