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E F F E C T  O F  D E X A M E T H A S O N E  ON RNA S Y N T H E S I S  

IN H U M A N  P E R I P H E R A L  B L O O D  L Y M P H O C Y T E S  

V. V.  A d l e r ,  I .  A .  I o a n n e s y a n t s ,  
E .  E .  K u l e v i c h ,  Z.  G. K a d a g i d z e ,  
a n d  V. S. S h a p o t *  

UDC 612.112.94:612.398.145.1.014.46: 
615.357.453 

The action of dexamethasone on lymphoid t issue in a culture of par t ia l ly  purified per ipheral  blood 
lymphocytes was biphasic in charac ter .  After incubation of lymphocytes in vi t ro  with the hor-  
mone for 6 h stimulation of RNA synthesis  was found. Sedimentation analysis  of labeled RNA 
fract ionated on a column containing po ly-V-sepharose  indicated an increase in the mRNA content 
and enrichment  of cytoplasmic RNA with polyA sequences. Meanwhile Mn++-dependent RNA- 
polymerase ,  sensitive to a -amani t ine ,  was activated. After cultivation of the lymphocytes with 
the hormone for 24 h, RNA synthesis was inhibited. The biphasic cha rac te r  of the action of the 
steroid also was observed in the rose t te - format ion  test. 

KEY WORDS: lymphocytes;  RNA synthesis,  dexamethasone. 

It was in 1967 that Kidson~ [9] postulated and obtained experimental  evidence for the relat ively biphasic 
cha rac te r  of the action of glucocort icoids on lymphoid t issue. Munck [11] suggested that one of the f i rs t  mani-  
festations of the action of glucocort icoids on lymphoid t issue should be stimulation of the synthesis of nspecific 
fo rms  of RNA. However, the view is still held that the mechanisms of hormonal regulation of lymphocytes and 
of a parenchymatous organ such as the l iver are  in principle different, if not opposite. Under the influence of 
glucocort icoids,  metabolic p rocesses  in the l iver  are  stimulated, whereas  in lymphoid t issue the synthesis of 
RNA and protein, on the contrary ,  is depressed.  

In the investigation descr ibed below var ious  stages of RNA synthesis were studied during exposure of 
small  human lymphocytes to dexamethasone~ 

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

Small lymphoeytes were separated from the total leukocyte pool of blood by sedimentation on a nylon 
column by the wr i t e r s '  modification of the method of Shapot and Gorozhanskaya [3]. The leukocytes were r e -  
tained on the nylon column for 30 rain at 37~ in an a tmosphere  containing 5% CO 2. The suspensions studied con- 
sisted to the extent of 95-98% of small  lymphocytes.  The concentration of cells  in the suspension was adjusted 
to 6 x 106 cells/ml.  The lymphocytes were incubated in medium No. 199 with 20% autologous plasma. Dexameth- 
asone was added simultaneously with the beginning of incubation up to a final concentration of 60 /~g/ml. The 
nuclei were isolated from the lymphoeytes in a medium of 0.32 M sucrose  with 0.01 M MgC12 and Triton X-100 
in a final concentration of 0.5%, followed by disintegration of the cells in a Po t te r -Elveh jem homogenizer.  The 
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TABLE 1. C o m p o s i t i o n  of Ce i l s  of Blood 
Le ukocs, te  Poo l  

CeUs 

Original 
/ suspen- 

I SlOn 
After passage 
through column 

I 

Polymorphs 39% 
Monodies 3% 
Lymphocytes 58% 
Red cells 
P1atelets Many 

--3% 

99--97% 
Single cells 

TABLE 2. Ac t ion  of D e x a m e t h a s o n e  on RNA 
S y n t h e s i s  in L y m p h o c y t e s  

Specific radioactivity of 
[.RNA (in c______ounts/min/mg) 

l nucleus cytoplasm 
I 

Control [ 740 000 
Experiment [ 602 000 

23 000 
2 305 000 

T A B L E  3. Ac t ion  of  D e x a m e t h a s o n e  on A d -  
s o r p t i o n  of  P o l y A - C o n t a i n i n g  RNA in L y m -  
p h o c y t e s  on S e p h a r o s e  4B Columns  

Specific radioactivity of 
RNA (in counts/rain/rag) 

nucleus l cytoplasm 
I I 

ContrOl ] 1 625 000 [ 78 500 
Experiment [ 20 500 [ 130 000 

T A B L E  4. A c t i o n  of D e x a m e t h a s o n e  on DNA-  
Dependen t  R N A - P o l y m e r a s e  A c t i v i t y  of L y m -  
phocy te  Nuc le i  

Specific radioactivity of 
DNA (in counts~rain~rag) 

I merase A I merase B 
I 

Control [ 23 000 13 600 
Experiment I 11 000 16 000 

p u r i t y  of the  nuc l e i  was  v e r i f i e d  in the p h a s e - c o n t r a s t  m i c r o s c o p e .  DNA was  d e t e r m i n e d  by B u r t o n ' s  method  
[1] and a c t i v i t y  of DNA-dependen t  R N A - p o l y m e r a s e  (EC 2.7.7.6)  by m e a s u r i n g  the  i n c o r p o r a t i o n  of the  l a b e l e d  
p r e c u r s o r  into RNA [8]. P a r t i a l  p u r i f i c a t i o n  of the  D N A - d e p e n d e n t  R N A - p o l y m e r a s e  of  the n u c l e a r  e x t r a c t s  
was  c a r r i e d  out a s  d e s c r i b e d  p r e v i o u s l y  [8]. C y t o p l a s m i c  and n u c l e a r  RNA w e r e  s e p a r a t e d  by  the usua l  me thod  
[2] and  a d d i t i o n a l l y  p u r i f i e d  by  p a s s a g e  th rough  a co lumn  con ta in ing  Bioge l  P ' 2 .  The p r e p a r a t i o n s  of n u c l e a r  
RNA w e r e  f r a c t i o n a t e d  in a l i n e a r  s u c r o s e  d e n s i t y  g r ad i en t .  RNA con ta in ing  polyA s e q u e n c e s  was  a d s o r b e d  on 
p o l y - V - s e p h a r o s e  c o l u m n s  by  the method  d e s c r i b e d  e a r l i e r  [13]. Uridine-:3H, a d d e d  45 rain b e f o r e  the end of  
incuba t ion ,  was  u sed  a s  one of the  r a d i o a c t i v e  p r e c u r s o r s  of RNA. The  r a d i o a c t i v i t y  of the  l a b e l e d  p r e p a r a -  
t i ons  was  m e a s u r e d  on a M a r k  II N u c l e a r  Chicago  s c i n t i l l a t i o n  c o u n t e r  in to luene  s c i n t i l l a t o r  (PPO 4 g / m l ;  
P O P O P  0.2 g / l i t e r ,  with T r i t o n  X-100 310 m g / l i t e r ) .  R o s e t t e  f o r m a t i o n  was  a n a l y z e d  by B i o z z i ' s  me thod  [6] 
in P u k h a l ' s k i P  s m o d i f i c a t i o n  [5]. 

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

To ob t a in  a m o r e  homogeneous  c u l t u r e  of l y rnphoc y t e s ,  the  l y m p h o c y t e  f r a c t i o n  was  s u b j e c t e d  to spec i f i c  
p u r i f i c a t i o n  arid e n r i c h m e n t  (Table  1). The l y m p h o c y t e  p r e p a r a t i o n s  used  fo r  the  subsequen t  w o r k  w e r e  thus  
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Fig. 1. Sedimentation prof i les  of nuc lear  RNA of human 
blood lymphocytes .  Centrifugation in sucrose  densi ty 
gradient  (5-20%) on Spinco L-50 ul t racentr i fuge in SW-39 
ro to r  at 37,000 rpm for 200 min. Dexamethasone (60 
~g/ml)  added f rom beginning of incubation. Uridiue-3H 
(100 ~ Ci/ml) added for  45 min. A) Incubation of lympho-  
cytes  for  6 h; B) incuba t ionof lymphocytes  with dexameth-  
asone for 6 h. Absc i s sa ,  No. of f ract ions;  ordinate,  r ad io -  
act ivi ty  (in counts /min) .  
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Fig. 2. Sedimentation p ro f i l e s  of DNA-dependent 
RNA-po lymerase  of nuclear  ex t r ac t s  of human blood 
lymphocytes .  Centrifugation in sucrose  densi ty g r a -  
dient (5-20%) on Spinco L2-65B u l t racen t r i fuge  in SW- 
65 ro to r  at 60,000 rpm for  24 h. Dexamethasone (60 

g/ml) added f r o m  beginning of incubation. 1) Incuba-  
t ion of lymphocytes  for  6 h; 2) incubation of lympho-  
cytes  with dexamethasone  for  6 h. Absc i ssa ,  No. of 
f rac t ions ;  ordinate ,  specif ic  radioact iv i ty  (in coun ts /  
m i n / m g  protein).  

sufficiently homogeneous as r e g a r d s  cell  composit ion;  m o r e o v e r ,  the resul t ing  cel ls  re ta ined  the i r  immuno-  
reac t iv i ty  even a f te r  purif icat ion,  as  was shown by the i r  abil i ty to fo rm rose t t e s .  

Lymphocytes  obtained by the method desc r ibed  above were  incubated with dexamethasone for  5 h. After  
5 h u r i d i n e J H  was added to the cul ture for 45 min, a f t e r  which the nuclear  and cy top lasmic  RNA which had in- 
co rpo ra t ed  the labeled p r e c u r s o r s  were  again analyzed (Table 2). St imulation of RNA synthes is  was obse rved  
a f t e r  6 h. It was seen most  c l ea r ly  in the cy top lasmic  RNA. In the nuclear  RNA, on the other  hand, no signifi-  
cant changes in specif ic  radioact iv i ty  were  found. Additional c h a r a c t e r i s t i c s  of RNA which was induced 6 h 
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af te r  addition of the hormone were  obtained by eentr i fugat ion of this RNA in a sucrose  density gradient  (Fig. 1). 
Most of this RNA had a sedimenta t ion  coefficient  within the 10-15 S zone. Analys is  of the cy top lasmic  RNA by 
passage  through a Sepharose  4B column with poly-V fixed to it, a f t e r  the action of the hormone for  6 h, showed 
tha t the  specif ic  act iv i ty  of RNA enr iched  with polyA sequences  was sharp ly  inc reased  (Table 3). The resu l t s  
of these  expe r imen t s  suggest  that the induced f o r m s  of RNA belongs to the m e s s e n g e r  c lass .  

The effect  of s t imulat ion of RNA synthes is  under the conditions desc r ibed  was re f l ec ted  not only in an in- 
c r e a s e  in the label  in RNA. As Table  4 shows, by the sixth hour of incubation Mn++-dependent RNA-po lymerase  
in the nuclei was act ivated.  S imi lar  r e su l t s  were  obtained by analys is  of par t i a l ly  pur i f ied RNA-po lymerase  
f r o m  lymphocytes  by eentr i fugat io  n in a suc rose  density gradient .  It was  the Mu++-dependent, ~ - a m a n i t i n e -  
sens i t ive  f rac t ion  of R N A - p o l y m e r a s e  that  was sha rp ly  ac t iva ted  during this  per iod of in teract ion between the 
s te ro id  and the ce l l s .  Meanwhile, incubation of the s te ro id  with lymphocytes  for  24 h led, on the cont ra ry ,  to 
inhibition of the pa r t i a l l y  pur i f ied  p o l y m e r a s e  B p repa ra t ion  respons ib le  for  RNA synthes is  (Fig. 2). Inves t iga-  
t ion of lymphoeytes  f rom 32 donors showed that  the addition of dexamethasone in a dose of 60 ~ g / l i t e r  in- 
c r e a s e d  the number  of r o s e t t e s  by 1.73 �9 0.26 t i m e s  c o m p a r e d  with the control .  Dif ferences  between the e x p e r i -  
mental  and control  s a m p l e s  were  s ta t i s t i ca l ly  significant  by 'Student ' s  c r i t e r ion  (P< 0.05). 

According  to data in the l i t e r a tu r e  glucoeor t icoids  inhibit the synthes is  of RNA, DNA, and prote in  in l y m -  
phoid t i s sue  [i0]. This  has been shown pa r t i cu l a r ly  c l e a r l y  with r e spec t  to rodent thymus  cel ls .  So far  as the 
blood lymphocytes  a r e  concerned,  the facts  he re  a r e  v e r y  con t rad ic to ry  and many inves t iga tors  consider  that 
the smal l  lympbocytes  of  the blood, in the r e s t i ng  s ta te ,  a r e  genera l ly  unable to respond  to glucocort icoids  [12]. 
At the same  t ime,  during b las t  t r an s fo rm a t i on  of the blood tymphocytes  under the influence of PHA inhibition 
of synthes is  of RNA, DNA, and pro te in  by glucocor t icoids  is observed.  In o rgans  such as  the l iver ,  g lueoeor t i -  
coids ac t iva te  the synthes is  of RNA, DNA, and pro te in  by inducing the format ion  of many  enzymes  [4]. The 
i m p r e s s i o n  is thus obtained that lymphocytes  and l ive r  t i s sue  p o s s e s s  mechan i sms  capable  of dist inguishing 
between s te ro id  molecules  in the e a r l y  s tages  of interact ion of the s t e ro id  with the cel ls .  

Resul ts  obtained in the p resen t  investigation showed that a f te r  incubation of the lymphoeytes  with the hor -  
mone for  6 h, the synthes is  of cy top lasmic  RNA containing polyA sequences  was s t imulated.  At the s a m e  t ime,  
t e s t s  on s im i l a r  p repa ra t ions  a f t e r  cult ivation of lymphocytes  with the hormone for  24 h showed inhibition of 
RNA synthesis .  

The change in the ra te  of RNA synthes is  under the influence of gtueocort icoids  in human blood lympho-  
eytes  is evidently biphasie  in cha rac t e r .  F i r s t ,  the synthes is  of cy top lasmic  RNA containing polyA sequences 
is s t imulated through act ivat ion of Mn++-dependent RNA-po lymerase ,  but l a t e r  the synthes is  of these  RNA is 
inhibited. In fact ,  s i m i l a r  v iews regard ing  the biphasic  c h a r a c t e r  of the action of g lucocor t ieoids  on l iver  ceI~-~ 
were  exper imenta l ly  conf i rmed  by an invest igat ion of DNA synthes is  by D r e s s e r  [7]. 

In conclusion it mus t  be emphas ized  that, in the w r i t e r s '  opinion, the f i r s t  s tage in the act ion of g lucocor t i -  
colds on the l iver  and lymphoid t i s sue  has cer ta in  common fea tu res  and is e x p r e s s e d  as an inc rease  in the ra te  
of synthes is  of "spec i f ic"  f o r m s  of RNA, whereas  the second stage is evidently different  and is substant ial ly 
more  sharp ly  e x p r e s s e d  in lymphoid t i s sue  than in the l iver .  
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