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SUMMARY: Pre-exposure of mouse anter ior p i tu i ta ry  tumor ce l ls  (A+T-20/DI6-16) 
to (-)  isoproterenol reduces the a b i l i t y  of th is  beta-adrenergic agonist to 
restimulate cycl ic AMP synthesis or adrenocorticotropin hormone (ACTH) release 
from these cel ls .  This beta-adrenergic receptor desensit izat ion is time and 
dose-dependent, recoverable and specif ic for beta-receptors. Longer pretreat- 
ment times are required to decrease beta-receptor density than to induce re- 
ceptor desensit izat ion. This i n i t i a l  beta-receptor refractoriness involves 
an uncoupling of the receptor from adenylate cyclase since (-)  isoproterenol 
treatment does not a l ter  forskol in-act ivated cycl ic AMP ~ormation or ACTH 
release. In addition to diminishing beta-receptor responsiveness, (-)  isopro- 
terenol treatment induces a prolonged elevation of basal ACTH release. This 
f inding indicates that the in t race l lu la r  events leading to ACTH secretion may 
also be altered during the desensit izat ion process. 

Desensitization of beta-adrenergic receptors fol lowing the i r  exposure to 

catecholamine agonists is believed to involve a multistep process ( I -4) .  The 

f i r s t  step is rapid in onset and characterized by a reduced a b i l i t y  of beta- 

receptor agonists to restimulate adenylate cyclase or to increase in t race l lu -  

la r  cycl ic AMP levels.  Beta-receptor density is not altered during th is  step 

although agonist a f f i n i t y  and the regulation of agonist binding by guanine 

nucleotides is diminished. The second step is much slower in onset and is 

associated with a loss of beta-receptors from the cel l  membrane. Despite 

the fact that th is  paradigm of desensit izat ion has been explored in many cel l  

systems few studies (5,6) have d i rec t l y  correlated these changes in beta- 
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receptors and the i r  coupling to adenylate cyclase with specif ic al terat ions 

in the functional responsiveness of the ce l l .  

We have recently ident i f ied and characterized beta2-adrenergic receptors 

on mouse anter ior p i tu i ta ry  tumor cel ls  (AtT-20/DI6-16) (7-9). The cel ls are 

a homogenous population of corticotrophs releasing ACTH and beta-endorphin. 

Act ivat ion of beta 2 adrenergic receptors on AtT-20 cel ls  leads to an increase 

in cycl ic AMP formation followed by enhanced immunoreactive adrenocorticotropin 

(ACTH) secretion. We now report that short-term exposure of AtT-20 cel ls to 

(-) isoproterenol reduces the a b i l i t y  of the beta-adrenergic agonist to restim- 

ulate cycl ic AMP formation and ACTH secretion, and that only af ter  longer 

treatment is a loss of receptor density apparent. Our results indicate that 

the in t race l lu la r  events leading to ACTH secretion are also altered during the 

desensit izat ion process. 

METHODS 

Mouse AtT-20/DI6-16 tumor cel ls  (AtT-20) were grown and subcultured in 
Dulbecco's modified Eagle's medium (DMEM) as previously described (7-10). For 
cycl ic AMP synthesis and immunoreactive ACTH release studies, cel ls were plated 
in 35 mm diameter culture dishes at a density of 2 x 105 cel ls /wel l  and were 
used 5-6 days af ter  subculturing (60-80% confluency). In receptor binding 
studies, the selective beta-adrenergic receptor antagonist [JH]-dihydroalpren- 
olol (3H-DHA; 43 Ci/mmol; 1Ci  = 3.7 x 1010 becquerels) was used to label re- 
ceptors. Specific binding of [3H]-DHA to AtT-20 cel ls was performed in the 
same manner as in previous studies (7,8). 

RESULTS AND DISCUSSION 

(-) Isoproterenol was shown to stimulate cycl ic AMP formation and ACTH 

secretion from AtT-20 cel ls  in a time and dose-dependant manner by act ivat ing 

beta2-adrenergic receptors (7-9). Pretreatment with (-) isoproterenol reduced 

the a b i l i t y  of a maximally ef fect ive concentration of the beta-adrenergic 

agonist to restimulate ei ther cycl ic AMP formation or immunoreactive ACTH re- 

lease (Fig. I ) .  Cyclic AMP formation and ACTH release were s ign i f i cant ly  

reduced af ter  only 15 min of agonist exposure. Following 20 hr of treatment 

with (-)  isoproterenol, st imulation of cycl ic  AMP formation and ACTH secretion 

were less than 20% of control values. 

To determine the effect of exposure of (-) isoproterenol on receptor 

density, the binding of the beta-adrenergic antagonist, [3H]-DHA, was examined. 
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Figure I .  Time dependent reduction of (-) isoproterenol-induced cyclic AMP 
synthesis (top panel), immunoreactive ACTH secretion (middle panel), and 
beta-receptor density (lower panel), fol lowing desensit ization with IO-6M 
(-) isoproterenol. For cyclic AMP and ACTH studies, AtT-20 cel ls were equ i l i -  
brated for 30-60 min at 37% in DMEM containing 25 mM Hepes (pH 7.4), 2% fetal  
cal f  serum and 3 ug/ml bacitracin. For desensitization the medium was aspira- 
ted and the cel ls incubated at 37% with fresh medium containing IO-6M (-) iso- 
proterenol for the indicated times. At the end of incubation the medium was 
withdrawn and the cel ls were washed with agonist-free medium. For cyclic AMP 
studies, cel ls were f i r s t  preincubated for 15 min at 37°C in culture medium 
containing 0.5 mM 3-isobutyl- l-methylxanthine (IBMX) and then post-incubated 
15 min in IBMX containing medium with or without lO'bM (-) isoproterenol. 
The medium was aspirated and 1 ml of I0 mM acetic acid containing 0.5 mM IBMX 
was added to the cel ls,  The suspension was sonicated and an al iquot removed 
for cyclic AMP measurement. For ACTH secretion studies, fol lowing desensitiza- 
t ion the washed cel ls were incubated for 60 min with or without IO'6M (-) iso- 
proterenol. After completion of incubation, an al iquot of the medium was re- 
moved and centrifuged and ACTH in the supernatant was measured. Closed 
circ les represent (-) isoproterenol-pretreated, (-) isoproterenol-challenged 
cel ls.  The open c i rc le  represents basal cyclic AMP levels and ACTH secretion 
in nonpretreated cel ls.  Cyclic AMP and ACTH were determined as previously 
described (7,10). For receptor binding studies, ART-20 cel ls were grown in 
75 cm < flasks and desensitized by the addition of IO-6M (-) isoproterenol. 
At the times indicated the cel ls were washed with agonist-free medium and a 
membrane fract ion prepared as previously described (8). [3H]-Dihydroalprenolol 
([JH]-DHA) ~25 nN) was incubated with about 50 ug protein for 30 min at 25°C 
and bound [~H]-DHA was separated from free radioligand by f i l t ra t ion  over GF-C 
glass fiber f i l ters .  Specific binding (displaced by lO uM d,l-propranolol) 
accounted for about 70% of total tissue binding. Nonspecific, nontiss~e bind- 
ing was subtracted from total binding in calculating tissue specific [JH]-DHA 
binding. Values represent the means of 3-6 separate experiments. 

114 



Vol. 111, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

160 

140 

120 

~ 100 

80 

¢ . . )  

..~ 60 
>.- 

4O 

20 

m 

_ ~ t 3 - . . ~ . . _ . _ _ . ~  "3 

4 0 - -  

3O 

2o 

LU 

I.- 

I 1 I I I I 
0 10 10 10-9 10 -8 10 7 10-0 

( - ) I S O P R O T E R E N O L ( M )  

Figure 2. Concentration-dependent reduction of (-) isoproterenol-induced 
cycl ic AMP synthesis and ACTH secretion. Cells were equil ibrated and pre- 
treated with Io-IOM to IO-6M (-) isoproterenol for 1 hr at 37%. After 
washing, cel ls were incubated with or without IO-6M (-)  isoproterenol for 60 
min at 37°C and cycl ic AMP fomation (upper panel) and ACTH release (lower 
panel) then measured as described in Fig. 1 legend. Closed circ les represent 
(-) isoproterenol-pretreated, (-) isoproterenol-challenged cel ls.  Open circ les 
represent (-) isoproterenol-pretreated nonrechallenged cel ls.  Values represent 
the means of three separate experiments. 

[3H]-DHA binding to beta-receptors on AtT-20 ce l l  membranes was found to be 

saturable,  spec i f i c  and of high a f f i n i t y  (8) .  Decreases in [3H]-DHA binding 

fo l low ing  agonist treatment occurred r e l a t i v e l y  l a t e ,  but binding was reduced 

to 60% of  control  a f t e r  20 hours (Fig.  l ) .  This diminished binding ( a f t e r  

20 hr treatment) was associated with a decreased dens i ty  of  beta-receptors 

(contro l  Bmax = 61 + 55; t reated Bmax = 38.5 + 7.7; n = 3, P < 0.05) with no 

appreciable change in receptor - l igand a f f i n i t y  (Control K D = 10.7 ~ 2.4, 
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treated K D = 8.7 ± 0.9, n = 3, P > 0.05). Nonspecific binding and protein 

content were the same in control and treated cel ls .  

(-) Isoproterenol-induced desensit ization of beta-receptors on AtT-20 

cel ls with respect to cycl ic AMP formation was dose-dependant with half-  

maximal inh ib i t ion (IC50) of stimulated cycl ic AMP formation occurring at 5 

nM (Fig. 2). Higher concentrations of (-) isoproterenol were needed to reduce 

ACTH-stimulated release. The desensit ization of beta-receptors linked to 

adenylate cyclase and ACTH secretion was also produced by epinephrine, nor- 

epinephrine and the selective beta2-adrenergic agonist, salmefamol (data not 

shown). Furthermore, the (-)  isoproterenol-induced desensit ization was block- 

ed by propranolol but not by the betal-receptor antagonist, practolol (not 

shown). 

The early onset of beta-receptor refractoriness to stimulation of cycl ic  

AMP synthesis or ACTH release despite l i t t l e  or no change in receptor density 

could be due to an uncoupling of the beta-receptor from adenylate cyclase, a 

decreased ac t i v i t y  of the adenylate cyclase, or an a l terat ion in the ACTH 

secretory process. To determine which of these poss ib i l i t i es  were operative, 

the ab i l i t y  of forskol in ,  a compound that d i rec t ly  stimulates adenylate 

cyclase (12,13) to generate cycl ic AMP and to stimulate the release of ACTH 

was examined. Forskolin increases cycl ic AMP synthesis and ACTH secretion in 

a dose-dependent manner (9, in preparation). Pretreatment of AtT-20 cel ls 

with (-)  isoproterenol for 6 hr, at which time (-) isoproterenol stimulated 

cycl ic AMP synthesis and ACTH release were reduced, did not a l ter  the extent 

to which forskol in stimulated cycl ic AMP formation and ACTH release (Fig. 3). 

This f inding indicates that the desensit ization of the beta-receptor to stimu- 

lat ion of cycl ic AMP formation and ACTH release is most l i ke l y  due to uncoupl- 

ing of the receptor from the adenylate cyclase and not to changes in the adenyl- 

ate cyclase or changes in ACTH secretory mechanisms. 

Short-term beta-receptor desensit ization was reversible. The loss of beta- 

receptor responsiveness following 15 min exposure to (-)  isoproterenol (IO-6M) 

was reversed af ter  1 hr of drug withdrawal in the case of ACTH secretion and 
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Figure 3. The effect of (-) isoproterenol pretreatment on forskolin stimulated 
cyclic AMP synthesis and ACTH secretion. AtT-20 cells were treated with or 
without (-) isoproterenol (IO-6M) for 6 hours. The medium was then removed 
and the cells were washed once with fresh medium. For cyclic AMP (upper panel) 
studies, AtT-20 cells were incubated for 15 min with medium containing 0.5 mM 
IBMX and then post-incubated 15 min in IBMX containing medium with or without 
(-) isoprotereno] (lO-OM) or forskolin (lO-6M). Cyclic AMP was analyzed as 
described in Fig. I. Cross-hatched figures represent treated condition and 
clear figures are nontreated. ACTH secretion studies were performed as de- 
scribed in Fig. l except that forskolin (lO-6H) was also used to stimulate 
secretion. Values represent the mean ~ S.E.M. of 3-6 separate experiments. 

par t ia l l y  recovered (85% of control) for cyclic AMP synthesis (data not shown). 

Following pretreatment with lower concentrations of the beta-adrenergic agonist 

(lO-8M), complete recovery of the cyclic AMP response was observed. 

We have previously found that corticotropin-releasing factor (CRF) and 

vasoactive intestinal peptide (rIP) increase cyclic AMP synthesis and ACTH 

release (7,9,10). The desensitizing action of (-) isoproterenol treatment 

appeared to be limited to beta-adrenergic receptors since exposure of AtT-20 

cells to (-) isoproterenol (l uM) for 0.25 - 20 hr did not al ter  CRF or VIP's 

stimulation of cyclic AMP formation or ACTH secretion (data not shown). 

Exposure of AtT-20 cells to (-) isoproterenol also increased basal ACTH 

release during subsequent incubation. Basal ACTH secretion was greater than 
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untreated controls at al l  times examined (data not shown). The increased 

basal ACTH release induced by (-) isoproterenol (Fig. 2) and salmefamol was 

dose-dependent and blocked by propranolol. This elevated basal ACTH release 

may be due to a rapid stimulation of ACTH synthesis since total  ACTH content 

was increased after only 15 min of (-)  isoproterenol exposure (data not 

shown). 

The diminished stimulation of cycl ic AMP and ACTH secretion following 

(-) isoproterenol treatment may have been the result  of an act ivat ion of 

phosphodiesterase. This poss ib i l i t y  seems unl ikely in l i gh t  of the normal 

ab i l i t y  of forskol in to stimulate cycl ic AMP formation af ter  6 hr of (-) 

isoproterenol treatment. Furthermore, al l  the cycl ic AMP studies were done in 

the presence of a phosphodiesterase inh ib i to r  and at no time af ter  the (-)  

isoproterenol pretreatment were basal cycl ic AMP levels reduced. 

The uncoupling of beta-adrenergic receptors from adenylate cyclase 

following agonist pretreatment has previously been reported in several cell 

systems ( I -5 ) .  However, i t  is not clear whether th is  uncoupling results in 

a desensit ization of functional beta-receptors since in few cell systems can 

tile biological response and biochemical character ist ics of such receptors 

be measured. The simi lar  time course and magnitude for the diminished cycl ic 

AMP and ACTH secretory responses observed here indicates that most i f  not al l  

of the beta-adrenergic receptors on AtT-20 cel ls which were desensitized were 

functional receptors. This close relat ionship between adenylate cyclase ac t i v i t y  

and ACTH secretion should allow a further elucidation of the mechanism of 

regulation of functional beta-adrenergic receptors, 
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