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The uptake of rad ioac t ive  ca lc ium (45Ca) and the effect  of adrenal in  on this  p r o c e s s  were  studied 
in suspensions  of f ib roblas t s  f r o m  monolayer  cu l tures  of skin f ib roblas t s  f r o m  healthy p e r s o n s  
and f r o m  pat ients  with s y s t em i c  s c l e r o d e r m a  and rheumat ic  fever .  A cons iderable  inc rease  in 
ca lc ium uptake was found in sys t emic  s c l e r o d e r m a  compared  with normal  and with rheumat ic  
fever .  Adrenal in,  in concentra t ions  of 2- 10 -7 - 2 . 1 0  -5 M, increased  the r a t e  of ca lc ium accumu-  
lation by n o r m a l  f ib rob las t s  but had the opposi te  action in s c l e r o d e r m a .  The r e su l t s  point to 
a d is turbance  of the function of the f ibroblas t  m e m b r a n e  in sys temic  sc l e rode rma ,  and this may 
lie at the bas i s  of changes in the metabol ic  act ivi ty of these  cei ls .  
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In some sys t emic  connective t i s sue  d i s o r d e r s  in man the f ibroblas ts  have the power  of inc reased  collagen 
b iosynthes is  [2, 8, 14]. However,  t he r e  a r e  v i r tual ly  no data in the l i t e ra ture  on the biochemical  mechan i sms  
which lie at  the bas i s  of act ivat ion of the function of f ib roblas t s  in these  d i seases .  

Consider ing  the ro le  of Ca 2+ ions as r e g u l a t o r s  of the level  of cell  functional activity,  an invest igat ion 
was under taken to de te rmine  the accumulat ion of 45Ca by skin 2ibroblasts  f rom normal  human subjects  and 
pat ients  with rheumat ic  fever  and with sys t emic  s c l e r o d e r m a  (in vitro) and to study the effect  of adrenal in  on 
this p r o c e s s .  

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

Cul tures  of f ibroblas ts  were  obtained f r o m  biopsy spec imens  of the skin f rom the f o r e a r m  of pat ients  
with sys temic  s c l e r o d e r m a  and rheumat i c  fever  and f r o m  healthy donors aged f rom 14 to 52 yea r s .  The cel ls  
were  cultured in medium of the following composit ion:  Eag le ' s  medium 50%, 0.5% lactalbumin hydrolysa te  30%, 
inact ivated bovine s e r u m  20%, penicil l in and s t r ep tomyc in  50 u n i t s / m l  of each. The f ibroblas ts  of  the cul tures  
were  studied between the 2nd and 6th subcul tures  on the seventh to eighth day a f te r  the las t  subcul ture  during 
the s ta t ionary  phase  of growth. To p r e p a r e  the cell  suspension,  the cul ture  was t r ea ted  with 0.25% t ryps in  for  
5 min, suspended in growth medium, a f te r  which the sample  was centrifuged for 10 rain at 200g and the cel ls  
were  resuspended  in medium No. 199 containing 1% bovine se rum.  The final concentrat ion of f ibroblas ts  was 
1.0 • 106 c e l l s / m l .  The pro te in  concentrat ion in the sample  was de termined by Lowry ' s  method [9]. 

To de te rmine  Ca 2+ ions, 45Ca was added to 1 ml  of the f ibroblas t  suspension in a dose of 1.4 • 10G-2.3 • 106 
cpm (the final Ca 2+ concentra t ion was 1.2-2.1 raM) and the sample  was incubated a t  37~ with constant mechani -  
ca l  shaking for  5 rain. After  incubation, e thy leneg lyco lb i s ( f i - aminoe thy l ) -N,N ' - t e t raace ta te  (EGTA) in T r i s -  
HC1 buffer ,  pH 7.4, and ru then ium red  were  added (the final concentra t ions  were  2 mM and 12 pM respec t ive ly) .  
P r e l i m i n a r y  ana lys i s  showed that  addition of EGTA and ru thenium red  inhibited the uptake of ~Ca by the f ib ro-  
b la s t s  a lmos t  complete ly .  Isotope bound nonspecif icat ly to the outer  su r face  of the cel ls  could thus be washed 
off and, in that  way, the in t race l lu lar  4~Ca only could be de termined.  The samples  were  then centr ifuged in the 
cold and the r e s idue  was washed off 3 t imes  (with subsequent centrifugation) with cold Hanks'  solution made 
up without Ca 2+ ions and containing EGTA and ru thenium red  in the above-ment ioned concentra t ions .  The dried 
r e s idue  was hydrolyzed in concent ra ted  HCIO 4 (2 h at  70~ and the radioact iv i ty  of the hydrolyzate  (0.1 ml) was 
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T A B L E  1. U p t a k e  o f  45Ca by S k i n  F i b r o b l a s t s  f r o m  N o r m a l  D o n o r s  and  P a t i e n t s  w i th  
S y s t e m i c  C o n n e c t i v e  T i s s u e  D i s o r d e r s  (M * m) 

Characteristics of cultures l_i Rate of Uptake of ~, pmoles/min/10" 

[ l--~: aZ+"~-concentration-- - : - - - - -  --in -'--I C az+ concentration in 
~ime ~r om ] i medium mM 

experimental beginning~ subculture day " ~ ~a1-~n -~ without adrenalin '' conditions and No. [explanta- [ | 
additions 2 .2  • 10 -5 M 1 additio.~ 2.2 • 10-~ M days / ! / 

Control 
1 
] a 

5 
4 
5 
5 
7 

t59 
175 
-184 
73 
60 
54 
54 
60 

53 60 

21 
42 
19 

109 
100 
57 
46 
32 

40 
45 
34 

114 

47 
38 

Mean 53_4-12 53+12 

Systemic scleroderma 

1 
2 
3 

5 
6 

64 
156 
162 
159 
105 
94 

135 88 
1,53 

97 
91 

I04 
136 

121 

45 
25 
38 
56 

Mean 116_--+12 68• 

Rheumatic fever 
1 
2 
3 
4 
5 
5~ 
6 

7 

122 
120 
131 
116 
196 
218 
82 
92 
55 

24 

16 
22 

38 

25 

69 

35 
36 
6t 
19 

19 
79 

122 

3 4  
46 
7l 

99 

Mean 26~5 53_4-14 63-t-14 

200 

I0o 

Normal :umattc Scleroderma 
donors fev er 

F i g .  1. E f f e c t  o f  a d r e n a l i n  on 45Ca 

uptake by f i b r o b l a s t s .  U n s h a d e d  
c o l u m n s  i n d i c a t e  45Ca u p t a k e  w i t h o u t  

a d d i t i o n  o f  a d r e n a l i n ,  s h a d e d  c o l -  

u m n s  - in t h e  p r e s e n c e  o f  2 -  10 -5 M 

a d r e n a l i n .  O r d i n a t e ,  u p t a k e  o f  45Ca by  

f i b r o b l a s t s  ( in %; u p t a k e  o f  4SCa in  

h e a l t h y  d o n o r s  t a k e n  a s  100%). 
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de te rmined  in a scint i l lat ion mixture :  3 ml methylcel losolve  and 6 ml toluene, containing 0.4% 2,5-diphenyl-  
oxazole  (PPO). 

EXPERIMENTAL RESULTS 

Eight cultures of skin fibroblasts from 7 healthy donors, 6 cultures from 6 patients with systemic sclero- 
derma, and 9 cultures from 7 patients with rheumatic fever were investigated. 

Comparison of the rate of uptake of 45Ca in the same donor at the second and fourth subcultures in the 
case of normal fibroblasts and the second and fifth subcultures in the case of rheumatic fever, showed no dif- 
ference in the uptake of 45Ca. 

As Table 1 shows, under normal conditions the 45Ca uptake varied from 19 to 109 pmoles/min/106 cells; 
the protein content in the sample varied from 300 to 439 ~g. Only one reference could be found in the literature 
to the study of Ca 2+ transport in fibroblasts (from chick embryos), in which the Ca 2+ uptake was 5-7 moles/rag 
protein/15 rain of incubation (the conditions of incubation differed from those used in the present investigation) 
[12]. 

A marked increase in the 45Ca uptake into fibroblasts was discovered in systemic scleroderma (Table 1); 
in this case the protein content in the samples varied from 322 to 376 pg/106 cells and was indistinguishable 
from normal. A tendency to,Yard an increase in the uptake.of 45Ca also was observed in cultures of skin fibro- 
blasts from some patients with rheumatic fever (Table 1). 

The activation of collagen synthesis in the skin fibroblasts in systemic scleroderma was thus combined 
with a sharp increase in Ca 2+ incorporation. The latter, in turn, was evidence of a marked increase in per- 
meability of the outer cell membranes of the fibroblasts and a possible change in the velocities of a whole range 
of metabolic processes (glycolysis, oxidative phosphorylation, etc.). 

In the cells of many tissues the permeability of the cell membranes with respect to Ca 2+ is known to be 
controlled by cyclic AIV~P [1]. Meanwhile, no effect of accumulation of cyclic AMP in the cells on Ca 2+ trans- 
port has been found in bone cells [5] and lymphoeytes [11, 15]. This problem has not been studied in relation 
to fibroblasts. Attempts accordingly were made to study the effect of adrenalin as an agent raising the cyclic 
AMP level in cultures of fibroblasts [4] on Ca 2+ transport in fibroblasts in health and disease. As Fig. I shows 
addition of adrenalin in a concentration of 2.10 -5 M stimulated 45Ca uptake into normal fibroblasts. In systemic 
scleroderma the opposite effect was found. Adrenalin in concentrations of 2" 10 -6 and 2.10 -7 also had a stimu- 

�9 lating action on 45Ca uptake in normal donors but an inhibitory action in systemic scleroderma. ~n rheumatic 
fever, adrenalin had a stimulating action in most experiments. 

Preliminary results of experiments with cultures of skin fibroblasts from patients with rheumatoid ar- 
thritis showed that the Ca 2+ uptake was below or equal to normal, and that adrenalin inhibited this process. 

Changes in the response of the cells to adrenalin cannot at present be explained. The abnormal effect 
of hormones on enzymi c processes, as we know, may be the result of the appearance of isozymes that are con- 
trolled differently from normally. However, there are no corresponding data with respect to fibroblasts from 
patients with collagen diseases. It must however be pointed out that factors such as changes in the lipid (es- 
pecially fatty acid) composition of the cell membrane [7, 10] and a modification of its conformation [13] may 
play an important role in the modulation of adenylate cyelase activity and Ca 2+ binding. Lasting changes, main- 
tained during subculture, in the structure and function of the fibroblast membrane must in turn have a signifi- 
cant role in regulating the action of certain enzyme associations [i0]. 

The results thus point to a marked increase in permeability of the cell membranes of fibroblasts with 
respect to Ca 2+ in systemic seleroderma and the abnormal response of these cells to hormonal action. 
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