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Abstract

Chronic y-opioid receptor agonist treatment of Chinese hamster ovary (CHO) cells stably expressing the human y-opioid receptor (hDOR/
CHO) leads to increased cAMP formation after the removal of the agonist (adenylyl cyclase superactivation). We have previously found that

at the same time, chronic y-opioid receptor agonist treatment augments phosphorylation of the adenylyl cyclase VI isoenzyme. Since

phosphorylation of adenylyl cyclase VI by Raf-1 protein kinase was recently shown, we tested the role of Raf-1 in adenylyl cyclase

superactivation in hDOR/CHO cells. We found that pretreatment of the cells with the selective Raf-1 inhibitor GW5074 (3-(3,5-dibromo-4-

hydroxybenzylidene-5-iodo-1,3-dihydro-indol-2-one) (10 AM, 30 min) attenuates chronic deltorphin II-mediated increase in forskolin-

stimulated cAMP formation by 40% (n = 6, P< 0.05). Better understanding of the molecular mechanism of adenylyl cyclase superactivation

should aid in the development of analgesics that act longer and have fewer side effects.

D 2002 Elsevier Science B.V. All rights reserved.
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Chronic opioid receptor activation frequently leads to a

compensatory increase in adenylyl cyclase activity

(adenylyl cyclase superactivation) that becomes apparent

upon agonist withdrawal as increased cAMP formation

(cAMP overshoot) in response to different stimulators of

adenylyl cyclase. Adenylyl cyclase superactivation after

chronic opioid receptor agonist exposure is thought to play

an important role in opioid tolerance, dependence and

withdrawal (Williams et al., 2001).

We have previously demonstrated that chronic y-opioid
receptor agonist ((+)-4-[(aR)-a-((2S,5R)-4-allyl-2,5-

dimethyl-1-piperazinyl)-3-methoxybenzyl]-N,N-diethylben-

zamide (SNC 80), 1 AM, >4 h) treatment of Chinese hamster

ovary (CHO) cells stably expressing the human y-opioid
receptor (hDOR/CHO) leads to adenylyl cyclase superacti-

vation (Rubenzik et al., 2001). We have also found that

chronic SNC 80 treatment augments the phosphorylation of

one of the native cellular isoenzymes, adenylyl cyclase VI,

in the hDOR/CHO cells (Varga et al., 1999). Phosphoryla-

tion of adenylyl cyclase VI was SNC 80 dose and treatment

time-dependent and was antagonized by naltrindole (1 AM,

Varga et al., 1999). The protein kinase that phosphorylates

adenylyl cyclase VI in response to chronic y-opioid receptor

activation, however, has not been previously identified.

Recently, Tan et al. (2001) have found that Raf-1 protein

kinase directly phosphorylates adenylyl cyclase VI. Impor-

tantly, Raf-1-mediated phosphorylation of adenylyl cyclase

VI led to functional sensitization of the catalytic activity of

the enzyme in response to different stimulators. Therefore,

in the present work, we tested whether phosphorylation of

adenylyl cyclase VI by Raf-1 is involved in chronic y-opioid
receptor agonist-mediated adenylyl cyclase superactivation

in hDOR/CHO cells. We found that indeed, a selective

inhibitor of Raf-1, GW5074 (3-(3,5-dibromo-4-hydroxyben-

zylidene-5-iodo-1,3-dihydro-indol-2-one, Lackey et al.,

2000), attenuates chronic deltorphin II treatment-mediated

adenylyl cyclase superactivation in hDOR/CHO cells.

hDOR/CHO cells were preincubated for 30 min (37 jC)
in Iscove’s modified Dulbecco’s medium (IMDM) in the
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presence or absence of the Raf-1 inhibitor, GW5074 (10

AM). After pretreatment, y-opioid receptor agonist (deltor-

phin II, 100 nM) was added and the incubation continued for

another 4 h. Control cells were incubated in IMDM only, in

the presence or absence of GW5074. The cells were thor-

oughly washed and dose–response curves were determined

for forskolin-stimulated cAMP formation using minor mod-

ifications of the method of Gilman (1970), as previously

described (Rubenzik et al., 2001). Chronic (4 h) deltorphin II

treatment augmented forskolin (100 AM)-stimulated cAMP

formation to 570F 286% of IMDM-treated control (n = 7) in

hDOR/CHO cells (Fig. 1). Pretreatment (30 min, 37 jC) of
the cells with 10 AM GW5074 attenuated chronic deltorphin

II-mediated increase in forskolin (100 AM)-stimulated

cAMP formation by 40% (351F197% of control, n = 6)

(Fig. 1). The difference between deltorphin II-mediated

cAMP overshoot in the presence and absence of GW5074

was significant (P < 0.05).

The pathways leading to opioid receptor-mediated acti-

vation of Raf-1 are not completely understood. Raf-1 is the

key protein kinase in the mitogen-activated protein kinase

signal transduction cascade. The involvement of calmodulin

and protein kinase C isoenzymes has been demonstrated in

the pathways that led to G protein-coupled receptor-medi-

ated activation of the mitogen-activated protein kinase

cascade (Della Rocca et al., 1997). Interestingly, our pre-

liminary data indicate that chelerythrine-sensitive isoforms

of protein kinase C and calmodulin are also involved in the

pathway leading to chronic y-opioid receptor agonist-medi-

ated phosphorylation of adenylyl cyclase VI (Varga et al.,

1999, INRC abstracts, Saratoga Springs, NY).

In summary, we found that a selective inhibitor of Raf-1,

GW5074, attenuates chronic y-opioid receptor agonist-

mediated adenylyl cyclase superactivation in hDOR/CHO

cells. Further investigations are in progress to identify which

protein kinase isoforms are regulated by the y-opioid
receptor in hDOR/CHO cells and to determine their role

in the multistep process leading to Raf-1 activation,

adenylyl cyclase VI phosphorylation and superactivation.

Adenylyl cyclase superactivation upon chronic opioid

receptor stimulation is an important molecular mechanism

contributing to the development of opioid tolerance. Better

understanding of the molecular events involved in drug

tolerance upon chronic y-opioid receptor treatment should

aid in the development of analgesics that act longer and

have fewer side effects.
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Fig. 1. The effect of the Raf-1 inhibitor, GW5074, on deltorphin II-

mediated adenylyl cyclase superactivation in hDOR/CHO cells. hDOR/

CHO cells were pretreated in IMDM (37 jC) in the presence (E,4) or

absence (n,5) of 10 AM GW5074 for 30 min, and subsequently incubated

with (5,4) or without (n,E) 100 nM deltorphin II for 4 h at 37 jC. The
cells were thoroughly washed and forskolin dose– response curves were

determined. The results (meanF S.E.M.) are expressed as % of forskolin-

stimulated cAMP formation in IMDM-treated cells in the absence of

GW5074 (100%). The difference between forskolin (100 AM)-stimulated

cAMP formation in hDOR/CHO cells chronically treated with deltorphin II

in the presence or absence of GW5074 was significant (n= 6, P < 0.05).
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