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Abstract

The desensitization characteristics of recombinant human 5;H3-HT,g, and 5-HT. receptors (VSV and INI isoforms) stably
expressed in CHO-K1 (Chinese hamster ovary) cells was investigated by calcium fluorimetry. Comparative desensitization characterist
of the agonists 5-HT, m-chlorophenylpiperazine (mCPP), and 2,5-dimethoxy-4-iodoamphetamine hydrobromide (DOI) were performec
Human 5-HT¢ ) receptors exhibited a greater degree of desensitization to all agonists tested than edited SstATeceptors. A 2-hr
exposure to 5-HT resulted in a significantly larger reduction in response upon re-exposure to 5-HT @t fqhiTeceptors, as compared
to 5-HT,c (vsv) receptors (72% and 47% respectivey,< 0.01). Both receptor isoforms were expressed at similar densities. Human
5-HT,g receptors exhibited the most dramatic degree of desensitization, with prior exposure to 5-HT reducing subsequent response to 5-|
by 80%, with an extremely rapid time-coursg € 5 min). The response at 5-HJ receptors was reduced by 54%. The partial agonists
mCPP and DOI also elicited desensitization, generally in line with their relative efficacies at each receptor, but exhibited more rapid kineti
profiles than 5-HT. Heterologous desensitization of an endogenously expregseddapled purinergic receptor was also examined
following preincubation of the cell lines with 1M 5-HT. Only stimulation of 5-HTc sy, receptors resulted in a profound attenuation
of subsequent ATP mediated responses. These results demonstrate differing degrees of both homologous and heterologous desensitiz
of 5-HT, receptors. Additionally, the different desensitization profiles of 5,y and 5-HTc sy, receptor may be due to signal
transduction differences caused by RNA editing. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction ciency of G-protein receptor coupling and hence the ability
of agonists to induce a functional response [2].

The actions of the neurotransmitter 5-HT are mediated  Agonists active at 5-HJ receptors have been proposed
by a family of receptors of which the 5HTeceptors rep-  to be of therapeutic utility for a variety of CNS disorders
resent a closely related subgroup [1]. There are three 5-HT including anxiety, depression, and obesity [3—7]. Addition-
receptor subtypes, termed 5-bi 5-HT,5, and 5-HT.. ally, agonist action at 5-HJ, receptors is believed to be a
The 5-HT, receptor has recently been demonstrated to mechanism responsible for the effects of various hallucino-
undergo RNA editing, which is thought to reduce the effi- genic compounds [8,9]. However, GPCRs are known to

undergo desensitization, which is a regulatory mechanism

_ whereby prolonged receptor stimulation results in a reduc-
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688-4484 tion of agonist-induced responses [10,11]. Determination of
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AbbreV|at|ons:5-_HT,‘_5-hydr0xytryptam|_ne; CHO C_hlnese hamster come measure, and drug of interest [12—14]. For example,
ovary; PIl, phosphoinositide; FLIPR, fluorimetric imaging plate reader;

mCPP, m-chlorophenylpiperazine: DOI, 2,5-dimethoxy-4-iodoamphet- the available evidence suggests that there are different func-

amine hydrobromide, GPCR, G-protein-coupled receptor; and PCR, poly- t?onal consequences Qf prolqnged 5-}dTeceptor stimula-
merase chain reaction. tion, the hypolocomotion rapidly tolerates, whereas the hy-
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pophagia and loss of body weight is maintained [12,15]. amplified a 488-bp product (Primer 1-&GT GAA CCT
The molecular mechanisms for such differences are cur- GAG GAA TGC GGT GQ'(Bsu 36 | site underlined) and
rently unknown. Although the 5-H;E receptor has not been  Primer 2—5'CGG CTA TGC TCA ATA GGA TTA CGA
studied to the same degree, chronic infusion of 5-HT in rats ATT GCT ACA TAC CGA T®). Primers 3 and 4 amplified
for 10 days has been demonstrated to result in a slight (buta 259-bp product (Primer 3—%AT CGG TAT GTA GCA
significant) reduction in the maximal 5-HT-induced con- ATT CGT AAT CCT ATT GAG CATAGC @&Gand Primer
tractile response in stomach fundus [16], a comrimovitro 4—5 GTC AGG CAA TAC GTATC AC3’ (SnaBl site
measure of 5-HJg receptor function. However, a confict  underlined), using the same template and PCR conditions.
ing report which included detailed behavioral analysis fol- PCR proceeded for 60 sec at 94°, 60 sec at 55°, and 60 sec
lowing maintained paroxetine or BW 723C86 administra- at 72° for 30 cycles. Each reaction contained 50 pmol of
tion concluded that the 5-HF receptor was resistant to each primer, 3 mM MgSg 200uM dNTP, 20 mM Tris pH
agonist-induced desensitization [17]. 8.3, 66 mM KCL, 0.1% Triton, 20 ng template DNA, and
In order to study the desensitization characteristics of all 2.5 U Vent DNA polymerase (NEB) in a final volume of 50
the 5-HT, receptors in a similar cellular environment and puL.
using the same functional measure, we expressed human PCR products were gel-purified, using Wizard purifica-
5-HT,,, 5-HT,g, and 5-HT receptors at low density in  tion resin (Promega) and combined in equimolar quantities.
CHO-K1 cells. Additionally, we wished to investigate the A second PCR was then performed on this mixture, using
impact of RNA editing on the desensitization characteristics Primer 1 and Primer 4. The final 707-bp product was treated
of the 5-HT, receptor by comparing the unedited (INI) with polynucleotide kinase (20 U) and 0.5 mM ATP in 1 X
receptor with the isoform that has been reported to be the polynucleotide kinase buffer at 37° for 30 min. Following
most abundantly expressed edited variant (VSV) in the gel purification, the final product was subcloned into
human brain [18]. Since all three receptor subtypes couplepUC18. The presence of the unedited DNA sequence was
to PI hydrolysis with a subsequent release of intracellular confirmed by fluorescent dideoxy sequencing, and a Bsu 36
calcium, we used a FLIPR to monitor 5-HT-induced intra- 1-SnaB | fragment was removed and exchanged with the
cellular C&" mobilization in recombinant cell lines as pre  VSV-containing fragment from the original template DNA
viously described [19]. As RNA editing has been reported to by subcloning. The final complete unedited isoform was
decrease the efficiency of G-protein coupling, we extended subsequently subcloned into a cytomegalovirus enhancer
our previous study which examined the 54T sy, recep promoter-based mammalian expression vector, pcDNA6
tor to include the unedited (5-HE () receptor isoform. (Invitrogen) as a BamH I-Xba | fragment.
The desensitization characteristics of the receptors follow-
ing acute exposure to the full agonist 5-HT and the partial 2.2. Cell culture
agonists mCPP and DOI were compared. We also investi-
gated any heterologous interaction between prolonged stim- Recombinant CHO-K1 cell lines were routinely cultured
ulation of 5-HT, receptors and an endogenously expressed in Dulbecco’s modified Eagle’s medium (Sigma) containing
purinergic receptor that also couples to intracellular calcium 10% heat-inactivated dialyzed foetal bovine serum (dFBS),
mobilization [20,21]. Although 5-HJ, and 5-HT,. recep 1% penicillin/streptomycin, 1%-glutamine, and 1% non-
tors have previously been shown to be susceptible to ago-essential amino acids. Human 5-5AT 5-HT,g, and 5-HT
nist-induced desensitizatian vitro [22—24], to our knowl- (vsv) cell lines were grown under selection with 0.8 mg/mL
edge this study represents the first direct demonstration ofof G-418. A stably expressing cell line for the 5-5T )
human 5-HTg receptor desensitization and is the first study receptor was created using the calcium phosphate method as
to compare the desensitization characteristics of differen- previously described [19] and cultured under selection with
tially edited 5-HT, receptor variants. 5 pg/mL of blasticidin. A clonal 5-H]c y cell line
expressing at 215 fmol/mg was chosen, as this expression
level most closely resembled that of the 54dTy s, cell
2. Materials and methods line which expressed at 238 fmol/mg as previously de-
scribed [19].
2.1. Mutagenesis of the human 5-4dTsy,receptor to
the 'unedited’ 5-H¢ () isoform 2.3. Desensitization assays and FLIPR

The 5-HT,¢ (vsv,) receptor previously available [19] un Recombinant cell lines were seeded at a density of
derwent site-specific mutation by splice overlap extension 30,000 cells/well in black-walled clear bottom 96-well
PCR, based on the method of Hortetral. [25], to create the  plates and incubated overnight before use. The following
unedited 5-HTc () isoform. Primers were based on the day cells were dye-loaded by incubation with M
DNA sequence (Genbank accession no. M81778) and twoFLUO-3 in 100 uL/well of Hanks’ balanced salt solution
separate PCR reactions were performed on 3:HTsy, (HBSS) (GIBCO) containing 20 mM HEPES and 2.5 mM
template DNA cloned in pUC18. Primer 1 and Primer 2 probenecid (Sigma). Plates were dye-loaded at 37° for 60—
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120 min prior to washing to remove unincorporated dye, 7.57 = 0.06, and 8.16+ 0.04 respectively (meatt SEM;
leaving 100uL HBSS/well. 5-HT was added to cultures (in - N = 4). Both mCPP and DOI acted as partial agonists at the

FLIPR) in a volume of 50uL at a rate of 70ulL/sec. 5-HT,c (niy receptor subtype with relative efficacies of
Maximal fluorescence responses occurred within 10—15 sec75 = 3% and 60+ 3%, respectively. In agreement with
after agonist addition. previous reports [2,18], agonists stimulated the edited 5-HT

Agonist-induced desensitization was investigated by pre- receptor with lower potency than the unedited receptor [19].
incubating the cells with 1M agonist in order to achieve
100% receptor occupancy (0—24 hr as indicated in the fig. 3.2. Time-course of 5-HT-, mCPP-, and DOI-induced
legends) prior to washing, and re-exposure to either 5-HT or desensitization
ATP as indicated in the fig. legends. Preincubation times of
2 hr or less were performed during the dye loading proce- Time-course desensitization experiments (Fig. 1, A)
dure. In all cases, the cells were subjected to a wash pro-show that preincubation with 5-HT, mCPP, or DOI (1B1)
cedure for approx. 3 min prior to being placed in FLIPR. induced varying degrees of desensitization at each of the
Hence, there was an effective recovery time of up to 4 min 5-HT, receptor subtypes. In all cases, maximal desensitiza
prior to the addition of 5-HT or ATP. Responses were tion was apparent following 20—30 min preincubation. The

measured as a percentage of response tp.NIO5-HT in rapidity of onset for maximal desensitization occurred in the

control wells expressing the receptor of interest. order 5-HTg > 5-HToc gniy > 5-HTac (vsv) > 5-HToa.
Greatest levels of desensitization were observed for the

2.4. Drugs 5-HT,g receptor with maximal responses reduced to 10—

20% of control levels (Fig. 1B). Comparison of maximal
All compounds were obtained from Sigma-RBI. Fluo- desensitization following 2-hr preincubation with 1M
3-AM and pluronic acid were purchased from TefLabs and 5.HT at the 5-HT wsvy and 5-HTc (i receptors re
Molecular Probes, respectively. Oligonucleotides were syn- yealed that desensitized responses at the unedited,5-HT
thesised to order by OSWEL. All cell culture reagents were , receptor subtype were significantly lower than the

purchased from Sigma or GIBCO. Cell culture plastic ware 5T receptor (28% of control compared to 53% re
was purchased from Falcon or Corning Costar. spectively of control) P < 0.01) (Fig. 1, C and D).

) Additionally, the partial agonists mCPP and DOI caused a
2.5. Data analysis very rapid desensitization of the 5-KT sy, exceeding

the level of 5-HT-induced desensitization. Interestingly, the
%esensitization induced by mCPP and DOI appeared to
recover following more prolonged incubation times (e.g.
MCPP reduced 5-HT-induced response to 26% after 5 min
but this recovered to 44% of 5-HT response following a 2-hr
incubation). The final degree of desensitization after 2 hr,
and maintained for 24 hr, was almost identical for all 3
agonists at the edited receptor (Fig. 1C and Fig. 2C). The
unedited receptor exhibited similar desensitization profiles
efor all 3 agonist compounds with no apparent resensitization

following more prolonged (2- to 24-hr) pre-exposure to
5-HT (Fig. 1D and Fig. 2D). 5-HJ, and 5-HT,g receptors
were generally more resistant to mCPP-induced desensiti-
zation after 24 hr with DOI and 5-HT inducing a greater
reduction in subsequent 5-HT-induced responses than at 2
hr (Fig. 1D and Fig. 2D).

5-HT,¢ (vsv) receptors appeared to elicit a greater func

Agonist dose-response curves were constructed using
four-parameter logistic equation from GraphPad Prism
where Y= bottom+ (Top — Bottom)/1 + 10(-°9EG0—)nH,
The relative efficacy was determined from the Top value
(the maximum value of the Y plateau). The concentration of
agonist that produced a half-maximal response is repre-
sented by thescg, value. Each 96-well plate contained 4
wells dedicated to a positive control defined agdM 5-HT
and 4 wells as a negative control defined as assay buffer
alone. For pharmacological characterization, all data wer
normalized to the positive control wells, which were ex-
pressed as 100% signal.

Statistical analysis was performed using one-way
ANOVA in combination with Tukey’s test for multiple
comparisons with 95% confidence limits.

3. Results tional response as compared to 54dT;, receptors (Fig.
3). Both receptors were expressed at the same density,
3.1. Pharmaco|ogica| characterization of agonists plated into the same 96-well plate at 30,000 cells/well, and

assayed side by side from the same stock solutions. Both

We have previously investigated the potency and effi- receptors yielded similar baseline fluorescence values (e.g.
cacy of 5-HT, mCPP, and DOI at the 5-K], 5-HT,g, and 17684 and 19798 for the VSV and INI subtypes, respec-
5-HT,¢ (vsv) receptors [19]. In the present study, we inves tively), indicating similar cell densities and dye incorpora-
tigated the potency and efficacy of 5-HT, mCPP, and DOI at tion. Hence the final 5-HT-mediated calcium signal (as
the unedited 5-HJc () receptor subtype using the same measured by increase in fluorescence) was greater for the
assay (measurement of €amobilization in FLIPR). 5-HT, desensitized 5-HE s\, receptor than for control 5-HE
mCPP, and DOI exhibited pEg values of 8.50*+ 0.02, aniy receptors (Fig. 3).
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Fig. 1. Time-course of desensitization induced by full and partial agonists
at cloned 5-HT, receptor subtypes. Cells expressing the (A) 5:KTB)
5-HT,g, (C) 5-HT,c (vsvy @nd (D) 5-HTc i) receptors were dye-loaded
and simultaneously preincubated with 404 5-HT, DOI, or mCPP for
varying amounts of time as described in Materials and Methods. Following
washout cultures were then re-exposed to supramaximal1)6-HT on
FLIPR and peak responses recorded. Values are meaS8EM of 4—6
independent observations.
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5-HT,g receptors exhibited extremely rapid and fro
nounced desensitization following prior exposure to 5-HT
with a t: of < 5 min and responses reduced to approxi
mately 20% control levels. DOI exhibited an equally rapid
desensitization, but in contrast to 5-HT some recovery was
evident at longer time points (Fig. 1B and Fig. 2B). Prior
exposure to mCPP induced a smaller degree of desensitiza-
tion in line with a lower relative efficacy of this compound,
which also appeared to recover almost to control levels
following 2-hr incubation (97% of control values; Fig. 2B).

The 5-HT,, receptor was most resistant to desensitiza
tion, with 5-HT and DOI eliciting a similar degree of de-
sensitization to approx. 50—60% control values. However,
the time-course for DOI-induced desensitization appeared
more rapid than 5-HT itself (Fig. 1A). mCPP did not elicit
a significant degree of desensitization at 5, Teceptors
up to a 2-hr exposure (Fig. 1A), in line with its low relative
efficacy at the receptor. However prolonged treatment with
all 3 compounds for 24 hr greatly increased the degree of
desensitization upon re-stimulation with 5-HT (Fig. 2A).

3.3. Concentration-dependence of 5-HT-induced
desensitization of 5-HjIreceptor subtypes

The concentration-dependence of 5-HT-induced desen-
sitization was examined in each cell line by preincubation
with varying concentrations of 5-HT (10 nM—-1M) for 60
min followed by agonist washout and re-exposure to 5-HT
(0.01 nM-10 uM). Concentration—-response curves were
generated by expressing responses of pretreated cultures as
a percentage of the response tqu 5-HT in control cultures
expressing the appropriate receptor. The results (Fig. 4,
A-D) show that at all 5-HJ receptor subtypes tested, pre
incubation with increasing concentrations of 5-HT led to a
decrease in the potency of 5-HT-induced®Canobilization
and a decreased maximal response in comparison to control
cultures. Maximal responses following preincubation of
cultures with 10uM 5-HT were in line with the results
obtained from the time-course experiments (Fig. 1).

3.4. Heterologous desensitization of endogenously
expressed purinergic receptor responses

CHO-K1 cells endogenously express a purinergic recep-
tor that is coupled to intracellular €& mobilization [20,
21]. ATP acts as an agonist at this receptor witheag,
ranging from 80-182 nM in the recombinant 5-Hecep
tor cell lines (Fig. 5). Preincubation with 30M 5-HT for
60 min caused a differential degree of heterologous desen-
sitization upon stimulation with ATP. 5-HJ, 5-HT,g, and
5-HT,¢c iy receptor stimulation elicited small decreases in
the potency of ATP, and in the case of the 5-dTand
5-HT,¢ (niy receptors, small decreases in subsequent max
imal responses (12% and 16%, respectively) (Fig. 5, A, B, and
D). However, preincubation of cells expressing S:H Ty sy,
receptors resulted in a more profound reduction of maximal
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Fig. 2. Desensitization of cloned 5-HTeceptor subtypes following prolonged (24 hr) preincubation with full and partial agonists. Cells expressing the (A)
5-HT,4, (B) 5-HT,g, (C) 5-HT,¢ (vsvy and (D) 5-HTc () receptors were preincubated with 4 5-HT, DOI, or mCPP for 24 hr. Following washout
cultures were then re-exposed to supramaximap{¥) 5-HT on FLIPR and peak responses recorded. Data are expressed as percentage of response in contro
cultures. Values are means SEM of 3 independent observations. * Significantly different from contPok( 0.05).

ATP-induced response to 59% of control levels and a con- late receptor function. In addition, agonists were added at

sequent reduction iecg, from 119.2 to 496.6 nM (Fig. 5C).  supramaximal concentrations (LM) in order to achieve
100% receptor occupancy and circumvent any issues arising
as a consequence of the varying potency of 5-HT at these

4. Discussion receptors. Hence, the finding that the 54 Teceptor is more
sensitive to agonist-mediated desensitization than either the

In an attempt to better understand the molecular regula-5-HT,, or 5-HT,. receptors suggests that this is a receptor-

tion of 5-HT, receptors, we have studied the desensitization specific phenomenon. However, we note that despite the

characteristics of the receptors expressed in CHO-K1 cellsslightly higher expression level of the 5-EJreceptor [19],

in order to control for cell-specific factors that might requ- we have previously shown that stimulated fluorescence re-
sponses resulting from activation of this receptor are lower
than responses from either 5-5ATor 5-HT,¢ (ysv,) receptors

o 2007 e 5. HT.e, control [19]. We suggest that this phenomenon may occur as a result
E 30000 - —o—5-HT,qusv 2 h pre-inc. of reduced coupling efficiency of the 5-EJ receptor to in
8 1 :2:1“ ;T“;’;_inc tracellular C&" mobilization. Additionally, it has previously
g 2] e S prene. been reported in a study that compared the desensitization
5 10000 characteristics of 5-HJ, and 5-HT, receptors with respect to
i 1 PI hydrolysis and arachidonic acid, the two pathways were
_500?) - differentially susceptible to desensitization [26]. While dif-
0 10 20 30 40 S 60 70 80 90 ferent agonists may have a greater propensity to preferen-
Time (sec) tially stimulate one pathway than another, [27], no such
Fig. 3. Peak fluorescence responses measured using FLIPR in culturesnformation is available for 5-HJg receptors. Thus, we
expressing both unedited and edited isoforms of the human S-tEep have chosen to monitor release of intracellula? Cas a

tor. Cells expressing either the 5-b (ysvy OF 5-HT,c iy receptor .
subtype were exposed to 1M 5-HT with or without 2-hr preincubation common end point for all three receptors, and Compared

with 10 uM 5-HT. Values shown are the absolute fluorescence levels taken €aCh receptor to its control in order to assess the effect of
from a representative experiment. prior exposure to agonists of different relative efficacies.
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D Log [5-HT] (M) Fig. 5. Heterologous desensitization of an endogenous purinergic receptor

following preincubation with 1QuM 5-HT. Heterologous desensitization

Fig. 4. Concentration-dependence of 5-HT-induced desensitization of was investigated by preincubating cells expressing the (A) 5zHTB)
5-HT, receptor subtypes. Cells expressing the (A) 5;KHTB) 5-HT,g, (C) 5-HT,g, (C) 5-HT,c vsvy and (D) 5-HTc (i) receptors with 10uM
5-HT,¢ (vsvy and (D) 5-HTc () receptors were preincubated with vary — 5-HT for 60 min. followed by washout and re-exposure to the purinergic
ing concentrations of 5-HT as shown prior to washout and measurement of agonist ATP (0.1 nM—10@.M). Data points were calculated from the peak
5-HT concentration-response (0.01 nM-&M) on FLIPR. Values are response obtained at each concentration of agonist. Values are means
means* SEM of 3 independent observations. SEM of 3 independent observations. Relative efficacies are calculated as
percentage of the maximal response to 100 ATP.

Recent studies have shown that messenger RNA

(mRNA) transcripts that encode for the 5-5flreceptor are  Our results show that 5-HT induces a greater level of de-
subject to adenosine-inosine RNA editing at a number of sensitization of 5-HJ (, responses compared to 5-5T
sites [2,18]. This results in a number of differentially edited (vsv) responses following 2- to 24-hr preincubation. After a
5-HT, receptor variants that have reduced G-protein-cou 2-hr preincubation, both mCPP and 5-HT induced similar
pling efficiency and decreased levels of constitutive activity levels of desensitization of 5-HE ) receptors whilst the
and altered agonist responsiveness [18,28]. In the presenslightly lower efficacy partial agonist DOI was less effec-
study, we compared the desensitization characteristics oftive. A similar pattern of results has been reported for the
the unedited (5-HJc (nj)) and the reported most abundant (,-adrenoceptor where partial agonists (at concentrations
edited receptor expressed in human brain (5 §sv)- resulting in high receptor occupancy) induced lower levels
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of desensitization compared to the full agonist adrenaline treatment, DOI-induced desensitization was equally rapid
[29]. In contrast, comparison of full and partial agonist- (t2 < 5 min) at all four receptor subtypes with peak-levels
induced desensitization of the edited 5447y sy, receptor of desensitization occurring after only 5 min of preincuba-
subtype showed that following brief (5 min) preincubation, tion (Fig. 2, A-D).

the partial agonists DOl and mCPP triggered a greater level 5-HT,g receptors were the most sensitive to desensitiza
of desensitization than the fall agonist 5-HT. Following tion. Following 5-min preincubation, 5-HT and the partial
more prolonged preincubation (2—24 hr), the desensitizationagonist DOI induced a similar degree of desensitization.
elicited by DOI and mCPP exhibited a slow recovery to- 5-HT-induced desensitization of 5-HJ receptor responses
wards similar levels to 5-HT. Thus, our results show that exhibited a slight recovery following more prolonged (24
editing of the 5-HT, receptor results in an enhancement of hr) pre-exposure in contrast to DOI, which exhibited a
initial desensitization in response to preincubation with par- partial resensitization within 20—30 min. To our knowledge,
tial agonists and an increased propensity for resensitizationthis study is the first to report direct agonist-induced desen-
following more prolonged exposure. At present, the mech- sitization of the human 5-HE receptor, and the compound-
anisms accounting for the differential agonist- and receptor- specific profiles may in part help explain the conflicting

specific time-course of desensitization of the 5;HTy) reports in the literature following prolonged vivo admin-
and 5-HTc (ysv) receptors are unknown. However, the istration [16,17].
greater degree of desensitization of the 5;H{, receptor We also studied the effect of 5-HT preincubation on the

is in contrast to fact that the edited receptor studied encodesevel of ATP-induced calcium mobilization via activation of
a casein kinase Il (CKIl) phosphorylation site that is not endogenously expressed,(3-coupled purinergic receptors
present in the 5-HJ. () receptor. Our results also show [20,21]. Both 5-HT, and 5-HT,g receptors caused a small
that the absolute fluorescence increases measured in botkdegree of heterologous desensitization, in contrast to that
control and desensitized cultures are much greater for theelicited by 5-HT, receptor-expressing cells (Fig. 5). These
5-HT,c (vsv) receptor than for the unedited 5-b data suggest that desensitization of 5;KTand 5-HTg
receptor (Fig. 3). It has been suggested that the uneditedreceptors expressed in CHO-K1 cells may involve post-
5-HT o, TECEptor may exhibit a greater degree of consti translational modification of the receptors themselves and
tutive activity as a consequence of improved G-protein not of any of the components of the signal transduction
coupling efficiency in relation to the edited 5-bd (ysv, cascade leading to the release of intracellulaf’Cahe
receptor [2]. Hence, a possible explanation for the reducedobservation that prior stimulation of particularly the edited
calcium responses observed for the 5:HTy,, receptor subtype of 5-HT receptors elicited greater reductions in
would be if increased levels of constitutive activity resulted subsequent ATP stimulated responses suggests that there is
in a smaller stimulated increase in PI hydrolysis. However, a divergence in the intracellular signaling cascades of 5-HT
it is also possible that the different 5-HJ receptor ise receptors. The greater degree of heterologous desensitiza-
forms couple with differing efficiencies to different signal- tion from stimulation of 5-H¢ s\, receptors implies that
ing pathways that this study would not have detected [27]. RNA editing may alter the second messenger pathways of
Of all the 5-HT, receptor subtypes tested, the 5-{T  5-HT, receptors. The potential physiological relevance of
receptor is generally the least sensitive to 5-HT-induced such a finding is difficult to infer, and may depend on
desensitization, exhibiting slower rapidity of onset and whether RNA editing of the receptor is altered following
lower maximal levels of desensitization. Acute (0—2 hr) drug treatment. Such differential effects on heterologous
pretreatment of 5-HJ, receptor-expressing cells with desensitization between 5-Efand 5-HT,- receptors is in
mCPP, however, did not trigger desensitization of subse- agreement with a previous study that demonstrated a similar
quent responses to 5-HT. This is consistent with the fact thatdisparity on the ability of stimulation of each receptor to
MCPP acts as a low-efficacy partial agonist at this receptorreduce subsequent agonist stimulation of an endogenous
[19]. However, longer preincubation of 5-HJ-expressing 5-HT,g-like receptor in CHO-K1 cells [34]. These contrast
cells with mCPP for 24 hr did result in a significant inhi- ing results between homologous and heterologous desensi-
bition (~25%) of subsequent responses to a supramaximaltization paradigm for the 5-HE receptor and even between
concentration of 5-HT (Fig. 2A), suggesting that low-effi- 5-HT,c receptor isoforms suggest that additional and di
cacy partial agonists may require longer preincubation times verging signal transduction mechanisms are operating.
to trigger desensitization. However, 5-phI'and 5-HT In conclusion, this study reports that the human 5HT
receptors have previously been reported to undergo a parateceptors are differentially susceptible to agonist-mediated
doxical down-regulation in response to antagonists as well desensitization when expressed in a common cellular envi-
as agonist treatments [30—33]. Pretreatment of 5HE- ronment. Additionally, the different kinetics obtained be-
ceptor-expressing cells with the higher efficacy60%) tween different agonists and the contrasting results obtained
partial agonist DOI gave rise to similar levels of desensiti- between heterologous and homologous desensitization sug-
zation following either 2- or 24-hr preincubation. Interest- gest that the receptors (and 5-j&Treceptor isoforms) are
ingly, despite the fact that the 5-HIreceptor displayed the  differentially regulated, and differentially affect other re-
slowest desensitization kinetics in response to 5-HT pre- ceptor systems. The long-term consequences of prolonged
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5-HT,-receptor stimulation are therefore difficult to predict
and may extend beyond the serotonergic system per se.
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