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INTERACTION BETWEEN DEXAMETHASONE RECEPTOR 

COMPLEXES AND ISOLATED NUCLEI FROM ZAJDELA 

HEPATOMA AND RAT LIVER CELLS 
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a n d  V.  S. S h a p o t *  

For  t rans loca t ion  of h o r m o n e - r e c e p t o r  complexes  (HRC) f r o m  the cytosol  of  the hepa toma and 
r a t  l iver  into the nuclei t e m p e r a t u r e  activation of the HRC is n e c e s s a r y .  I t  was shownby s a t u r a -  
t ion ana lys i s  t h a t  com pa red  with the amount of  HRC which n o r m a l  l ive r  nuclei bind f r o m  the 
homologous cytosol  of  the s a m e  t i s sue  (3 p m o l e s / m g  DNA), hepa toma nuclei bind only one-  
twentieth as much HRC f r o m  homologous hepa toma cytosol  (0.15 pmole /mg DNA) but twice as 
much HRC f r o m  heterologous  l iver  cytosol  (5.6 pmole s /mg  DNA). The o r d e r  of  the a s soc i a -  
tion constants  (K a) for  HRC with the acceptor  s i tes  in the nuclei of the hepa toma and l iver  is 
p rac t i ca l ly  identical .  I t  is suggested that inhibition of HRC t rans loea t ion  f r o m  the cytosol  of  
hepa toma cel ls  into the i r  nucleus is  the probable  r e a son  why these  cel ls  do not respond to 
hormone.  
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The p resen t  wr i t e r s  [1] and o ther  worke r s  [5] have found r e c e p t o r s  for  dexamethasone  with the same  
affinity for i t  as the cytosol  r e c e p t o r s  of n o r m a l  r a t  l iver ,  in the cell  cytosol  of  h o r m o n e - r e s i s t a n t  Zajdela  a s -  
c i tes  hepatoma.  However ,  these  r e c e p t o r s  a re  f r o m  th ree  to five t imes  m o r e  numerous  in n o r m a l  l ive r  than in 
the tumor .  

In the invest igat ion desc r ibed  below the m e c h a n i s m  of the subsequent  s tages  of  action of the hormone  in 
the no rma l  and t umor  cel ls  - t e m p e r a t u r e  activation of the h o r m o n e - r e c e p t o r  complex (HRC) and its  t r a n s l o c a -  
tion into the nucleus - was studied in vi t ro .  

EXPERIMENTAL METHOD 

The [l,2-3H]dexamethasone (D) used in the work, with a specific radioactivity of I0 Ci mmole, was from 
the Radiochemical Center, Amersham, England; nonradioactive D from Sigma, USA; Tris-(hydroxymethyl)- 
aminomethyl from Serva, West Germany; Norit A charcoal from Serva, West Germany; dextran (mol. wt. 80,000) 
from Fluka, Switzerland. The remaining reagents, of the chemically pure grade, were of Soviet origin. 

Male Wistar rats weighing 150-200 g were used. Adrenalectomy was performed on the animals of the con- 
trol group 3-4 days before the experiment. Zajdela ascites hapatoma was grafted intraperitoneally [I] and the 
cells were harvested on the sixth day after transplantation. All the operations for isolation of the cytosol and 
nuclei from the rat liver and hepatoma were carried out in the cold. The following buffer solution was used: 
A) 0.02 M Tris-HCl, pH 8.0, 0.25 M sucrose, 5 mM MgCl2, 1.5 mM dithiothreitol; B) 0.02 M Tris-HCl, pH 8.0, 
2.3 M sucrose, 5 mM MgCI2, 1.5 mM dithiothreitol (p=1.275 for the control and p=1.265 for the hepatoma). 

The eytosol of the liver and hepatoma cells and the HRC of these eytosols were obtained by the method 
described previously [I]. The cytosols were incubated for 2-3 h at 4°C with [3H]D only in increasing concentra- 
%ions of 5 × 10 -I° to 1 x I0 -8 M or with 5 × I0 -9 M [3H]D with the addition of 2.5 × I0 -6 M nonradioactive D (non- 
specific binding). The unbound hormone was removed by adsorption on charcoal coated with dextran (a sus- 
pension of 2% charcoal + 0.2% dextran). The cytosol with HRC was used for the investigation. 
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Fig. 1. Kinetics of  binding of [3H]dexamethasone-receptor  complexes  f r o m  l iver  and 
hepa toma cytosol  with r a t  l ive r  nuclei. Absc issa ,  t ime  (in min); ordinate ,  quantity of  
[3I-I]HRC (in c p m / m m  × 10 ~) spec i f ica l ly  bound with nuclei.  HRC spec i f ica l ly  bound with 
nuclei de te rmined  f r o m  dif ference  between total  and nonspecif ic  binding of [3H]HRC with 
nuclei .  A) HRC f r o m  l ive r  cytosol  incubated in p r e sence  of l iver  nuclei at 20°C (1) and 
0°C (3); HRC incubated alone without additions at 20°C (2) and 0°C (4); B) HRC f r o m  
hepa toma  cytosol  incubated in p resence  of r a t  l ive r  nuclei at 20°C (1) and 0°C (3); HRC 
f r o m  hepa toma cytosol  incubated alone without addition at 20°C (2) and 0°C (4). 

Nuclei were  obtained by Chauveau 's  method [4]. The protein/DNA rat io  in the l ive r  and hepa toma nuclei 
va r i ed  f r o m  2 to 4 in both cases .  

Prote in  was de te rmined  by L o w r y ' s  method [9] or  spec t ropho tomet r i ea l ly  by means of an e m p i r i c a l  
equation: prote in  concentra t ion (in mg/ml)  =1.45 x E280 - 0.74 × E2~ 0 [7]; DNA in the nuclei was de te rmined  by 
Burton~s method [3]. 

To bind the HRC with the nuclei ,  usual ly  0.1 ml of a suspension of nuclei (1 x 108 nue le i /ml )  was added to  
0.5 ml  of  eytosol.  

T e m p e r a t u r e  act ivat ion of HRC was ca r r i ed  out at 20°C at dif ferent  t imes  f r o m  0 to 90 rain by two methods:  
a) HRC alone were  act ivated without any additions, b) HRC were  act ivated in the p r e sence  of  l ive r  cel l  nuclei.  
Af te r  activation (in the f i r s t  case  nuclei were  added) all the s amples  were  incubated at 0°C for  30 min. The 
nuclei were  then sedimented ,  washed twice with 1 ml  buffer  A to r emove  HRC adsorbed  by the outer  m e m b r a n e s  
of  the nuclei ,  the nuclei were  suspended in 0.5 ml water ,  a f te r  which they were  t r a n s f e r r e d  to counting f lasks ,  
to which 8 ml of  scint i l la t ion fluid was added. Specific binding of HRC by nuclei was es t imated  f r o m  the d i f fe r -  
ence between the total  and nonspecif ic  binding of D. 

Trans loca t ion  of HRC into homologous and heterologous nuclei a f ter  t e m p e r a t u r e  act ivat ion of the mix-  
t a r e  at 20"C for  30 rain was studied in different  combinat ions:  1) l iver  cytosol  + l ive r  nuclei;  2) l iver  cytosol  + 
hepa toma nuclei,  3) hepa toma cytosol  + hepa toma nuclei,  and 4) hepa toma cytosol  + l iver  nuclei.  After  incuba-  
t ion the nuclei were  washed, as d e s c r i b e d a b o v e ,  and the radioac t iv i ty  was counted. 

The assoc ia t ion  constants  (K a) and the n u m b e r  of speci f ic  binding s i tes  (n) in the cytosol  and nuclei were  
calculated by RosenthaPs  method [10] in Scatchard plots [11]. 

Radioact ivi ty  was counted in ZhS- 8 dioxane sc in t i l la tor  on a Mark 1I (Nuclear Chicago, USA) scint i l la t ion 
counter .  The resu l t s  were  calculated by a spec ia l  p r o g r a m  on an Olivetti  fftaly) computer .  
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Fig. 2. Specific binding of [~-I]HRC by l iver  (A) and hepa-  
t oma  (B) cell  nuclei.  Absc i s sa ,  quantity of  [3H]HRC bound 
with nuclei (in moles  × 10 -i° rag nuc lear  DNA); ordinate ,  
ra t io  of  bound [~-I]HRC to unbound ~ I -HRC (in units × 10-2). 
Cytosol  obtained with HRC, suspension of homologous nuclei 
added, sample  act ivated at 20°C for  30 min, then cooled, 
and rad ioac t iv i ty  counted in nuclei (see "Exper imen ta l  
Method"). Specific binding of [3HID by nuclei calculated 
by Rosentha l ' s  method [10] in Scatchard plots [11]. 

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

To study in terac t ion  between HRC and the nuclei,  a suspension of r a t  l iver  nuclei was added to eytosol  
containing labeled HRC as descr ibed  in "Exper imen ta l  Method." At 20°C so -ca l l ed  act ivat ion of HRC takes  
place,  a f t e r  which binding of HRC with the nuclei i nc rea sed  (Fig. 1). As Fig. 1 also shows, act ivat ion of HRC 
in the p r e sence  of nuclei led to a subsequent  a lmos t  twofold i n c r e a s e  in the binding of HRC with the nuclei com-  
pa red  with that obse rved  af ter  act ivat ion of HRC alone. The acceptor  s i tes  of the nucleus,  by binding the ac-  
t ivated HRC, may perhaps  have s tabi l ized them. Binding reached a m a x i m u m  for  the l iver  a f te r  15-20 min, 
and subsequent  incubation at 20°C actually led to a d e c r e a s e  in binding. S imi lar  data  for r a t  l ive r  have been 
obtained by o ther  worke r s  [2]. In the case  of hepa toma a m a x i m u m  occur red  af ter  46-60 rain, the binding 
curves  f lat tened out on a plateau,  and no dec r ea se  was observed .  Analysis  of  t e m p e r a t u r e  activation of hepa-  
t oma  and l iver  HRC thus showed that,  despi te  cer ta in  d i f fe rences  in the c h a r a c t e r  of  the binding curves ,  ac -  
t ivat ion was an essen t i a l  s tage in in terac t ion  of the hormone  with the tumor  cel ls ,  just  as with the n o r m a l  
cell .  

To de t e rmine  the phys icochemica l  c h a r a c t e r i s t i c s  of the nuc lear  aecep to r  s i tes  t r ans loca t ion  of HRC in-  
to the nucleus was inves t iga ted  as descr ibed  in "Exper imen ta l  Method." Analysis  of the specif ic  binding curves  
showed that  this binding of HRC by nuclei of both types was due to specif ic  accep tor  molecules  of the s ame  
c lass  (Fig. 2). 

The apparent  K a for HRC with the acceptor  s i tes  of homologous nuclei r emained  of the s a m e  o r d e r  of 
magnitude as K a for dexamethasone  with cytosol  protein:  0.9 × 108 M -1 for  nuclei and 3.7 × 108 M -~ for  cytosol  
of  the l iver ,  4 .7× 10 s M - t  for nuclei and 3 .9× l0 s M -1 for  cytosol  of the hepatoma.  However ,  the number  of  
accep tor  s i tes  de te rmined  in the hepa toma nuclei was only one- twent ie th  (0.15 pmole /mg  DNA) of the i r  number  
in the l iver  nuclei (3 pmole s /mg  DNA) in the case  of homologous binding. During heterologous  t rans loca t ion  of 
HRC f r o m  l iver  cytosol  into hepa toma nuclei ,  i .e . ,  during incubation of the l iver  cytosol  with the hepa toma 
nuclei ,  the number  of acceptor  s i tes  de te rmined  in the hepa toma nuclei was a lmost  twice (i.e., 5.6 pmoles  mg 
DNA) that  obse rved  in the l iver  nuclei a f te r  incubation with the s a m e  l ive r  cytosol  (3 p m o l e s / m g  DNA; Table 
1). Other  worke r s  who studied binding of a g lucoco r t i co id - r ecep to r  complex by nuclei of h o r m o n e - s e n s i t i v e  
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TABLE 1. Values of Associat ion Constants 
and Number  of Specifically D-Binding 
Macromolecules  in Cytosol and Nuclei of 
Hepatoma and Liver  Cells during Direct  
and Crossed  Translocat ion of HRC into 
Nuclei 

Material ~ "i n × 10 -m mole/ 
~ I%×lo 8~-1 mg DNA tested 

Hepatoma c~tosol 5 3,9 0,13 
Liver cytosol 6 3,7 0,6 

KaX10 8 M-a n× 10 -12 mole/m 
DNA 

Hepatoma nuclei - 
(at~ter incubation 
with HRC of hepa- 
toma cytosol) 

Liver nuclei (after 
incubation with 
HRC of hepatoma 
cytosol) 

HeDatoma nuclei 
(Mtet incubation 
with HRC of liver 
cytosol) 

Liver nuclei (after 
incubation with 
HRC of liver 
cytosol) 

4,7 0,15 

4,4 0,16 

1,1 5,6 

0,9 3,0 

* In each experiment  5-7 animals were used. 

and ho rmone- re s i s t an t  cul tures of tumor  ceils observed a s imi lar  picture. In the cytosol of ho rmone- res i s t an t  
cells they found no recep tors  for the synthetic gluoocort icoid t r iamcinolone acetonide. However, nuclei of 
these cells bound HHC f rom the cytosol  of hormone-dependent  cells just as well as homologous nuclei [6]. 

When HBC f rom hepatoma cytosol were incubated with l iver  nuclei the number  of acoeptor sites in the 
l iver  nuclei remained at just  as low a level as in the hepatoma nuclei after  their  incubation with hepatoma 
cytosoh 0.16 and 0.15 pmoles /mg DNA respect ive ly  (Table 1). 

It can be concluded f rom these d i rec t  and c rossed  t ranslocat ion experiments  that hepatoma nuclei them- 
selves are not defective compared with l iver  nuclei in the number of acceptor  sites determined in them. Mean- 
while nuclear  membranes  of the hepatoma evidently presen t  no obstacles  to the t ranslocat ion of HEC into the 
nucleus. 

The following conclusions can thus be drawn f rom these experiments:  1) the cell cytosol of hormone-  
res is tant  Zajdela asci tes  hepatoma contains glucocort icoid receptors  which form a complex with the hormone,  
although they are  between 3 and 5 t imes more  numerous in the normal  cell;  2) HRC f rom hepa toma cytosol,  
just  as in the l iver  also, requi res  t empera ture  activation to enable its subsequent t ranslocat ion into the nucleus 
in vi tro;  3) the number  of  acceptor  sites in hepatoma nuclei is the same as in l iver nuclei. 

The wr i te rs  suggest  on the basis of these resul ts  that in the cytosol of Zajdela asci tes  hepatoma cells the 
stage of t ranslocat ion of HRC into the nucleus is blocked. This view is also shared by Lin and Webb [8], who 
observed a 75% reduction in binding of the dexamethasone- recep tor  complex by isolated nuclei f rom the cells 
of a Novikoff hepatoma. 
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EFFECT OF DL-TRYPTOPHAN ON INDUCTION OF TUMORS 

BY ACRYLIC PLASTIC 

G. B. Pliss and V. V. Eliseev UDC616-006-02:615.277.4:678]-092- 
02:547.757 

Plas t ic  disks implanted  subcutaneously  in r a t s  induced s a r c o m a s  in 11 of 27 animals  (40.7%) 
surviving until the appearance  of the f i r s t  t umor  (12.3 months).  No t u m o r s  were  found at the 
s i tes  of  implantat ion of powdered plas t ic .  After  prolonged adminis t ra t ion  of DL-t ryptophan 
t umor s  developed around the disks in six of 19 ra t s  (31.5%) af ter  13.8 months and around the 
powder in two of five r a t s  surviving until 18.7 months.  In some animals  of this group p r e -  
s a r coma tous  changes were  d i scovered  around concentra t ions  of  powder.  
KEY WORDS: ac ry l i c  plast ic;  t umor  induction; t ryptophan;  f i b rosa rcoma .  

The view is  held [3, 4] that  the abili ty of  p las t ic  disks to induce t umor s  can be explained by the i r  abili ty 
to deposi t  endogenous carcinogenic  agents ,  poss ib ly  t ryptophan metabol i tes ,  on themse lves .  As conf i rmat ion of 
this hypothesis  the r e su l t s  of  expe r imen t s  to study implantat ion of shredded cellophane, previous ly  incubated 
with ur ine  of intact  r a t s  [1], a re  cited; in 11 of 31 ra t s  which survived  11.5 months s a r c o m a s  developed. Under 
o rd ina ry  conditions shredded cellophane did not induce tumors .  

Potentiat ion of the action of s e v e r a l  chemica l  carc inogens  by adminis t ra t ion  of a ~tryptophan diet ~ has 
been demons t ra t ed  by a number  of  invest igat ions  [8, 9]. The effect  of t ryptophan on the induction of t u mo r s  by 
po lymer s  has not p rev ious ly  been studied. 

The object  of this invest igat ion was to study the induction of t umor s  by plast ic  implants  during loading 
with DL-t ryptophan.  

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

Exper iments  were  c a r r i e d  out on 66 noninbred albino r a t s  r e a r e d  by the wr i t e r s ,  weighing 140-160 g, into 
which the p las t i c  e thacry l  ( a copo lymer  of methyl  and ethyl e s t e r s  of methacry l i c  acid with the methyl  e s t e r  
of ac ry l i c  acid) was imp lan ted  under  e ther  anesthesia .  The powdered plast ic ,  with a par t ic le  s ize  of  20-300 #, 
was in t roduced in a dose of 800 mg beneath the skin of the r ight  flank, and a plas t ic  disk  of the s ame  weight, 
m e a s u r i n g  20 x 20 x 1 mm,  was introduced subcutaneously  into the left  flank. The animals  of group 1 (17 f emales  
and 17 mal les)  were  given 100 mg DL-t ryptophan  in 0.5 ml  sunflower oil pe r  os through a tube five t imes  a 
week, s t a r t ing  f r o m  the day a f t e r  the opera t ion until the end of the i r  life. The r a t s  of group 2 (16 females  and 
16 males)  r ece ived  0.5 ml  sunflower oil  with the i r  food five t imes  a week. The animals  were  kept under ob- 
se rva t ion  until they died natural ly .  The m a t e r i a l  was t r ea t ed  his tological ly  and paraff in  sect ions were  stained 
with hematoxy l in -eos in  and with picrofuchsin by Van Gieson ' s  method. 

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

Changes in the connect ive t i s sue  around the implanted p las t ic  in the r a t s  of  group 2 cor responded  to those 
desc r ibed  by o ther  worke r s  [2, 11]. Around the disks during the f i r s t  days af ter  the operat ion a pic ture  of  

L a b o r a t o r y  of Chemical  Carc inogenic  Agents,  N. N. Pe t rov  Resea rch  Inst i tute  of Oncology, Minis t ry  of 
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356, September ,  1978. Original  a r t i c le  submit ted  J a n u a r y  16, 1978. 
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