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ABSTRACT. Previous work has shown that 5-hydroxytryptamine (5-HT),, receptors can be radiolabelled 
with various radioligands, including partial agonists, such as [‘25 II-DO1 and [3H]-DOB, and antagonists, such as 
[3H]-ketanserirl and [3H]-spiperone. Because 5-HT has high affinity for the 5-HT,, receptor when displacing 
[3H]-DOB, the purpose of the present study was to determine whether or not the receptor could be labelled with 
[3H]-5-HT and what would be the effect of labelling the receptor with various radioligands having differing 
efficacies at the receptor. Consequently, the human 5-HT,, receptor stably expressed in NIH 3T3 cells was 
radiolabelled with the endogenous agonist [3H]-5-HT, the partial agonist [3H]-DOB, and the antagonist [3H]- 
ketanserin. Thfz receptor could be radiolabelled with [3H]-5-HT with a K, value of 1.3 + 0.1 nM and a B,,, value 

of 3461 f 186 fmoles/mg protein and the radiolabelling was sensitive to the stable guanosine 5’-triphosphate 
(GTP) analogue guanylyl-imidodiphosphate (GMP-PNP). Ketanserin labeled significantly more receptors (Kd = 
1.1 f 0.1 nM: B,,, = 27684 * 1500 ftnoles/tng protein) than [3H]-DOB (Kd = 0.8 f 0.08 nM: B,,, = 8332 + 
16 fmoles/mg protein) which, in turn, labelled significantly more receptors than [3H]-5-HT. The apparent 
affinity of antagonists did not change when the receptor was radiolabelled with either [‘HI-agonists or [3H]- 
antagonists; however, agonists had a higher apparent affinity for [3H]-agonist-labeled receptors than for [3H]- 
antagonist-labeled receptors. Therefore, the apparent affinity of agonists for the 5-HT,, receptor estimated from 
displacement experiments depends on the intrinsic efficacy of the radioligand used. B~OCHEM PHARMACOL 51;l: 
71-76, 1996. 
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The neurotransmitter 5-H? exerts its effect through a number 
of receptor subtypes [l]. Tb:se were originally classified in the 
periphery by functional studies [2] and in the central nervous 
system by radioligand receptor binding [3]. These receptor- 
binding studies in animal or human brain membranes are dif- 
ficult to interpret due to the presence of multiple 5-HT recep- 
tor subtypes expressed in the same tissue. 5-HT receptor bind- 
ing sites were initially classified as either 5-HT, or 5-HT, on 
the basis of their affinity for 5-HT and spiperone (5-HT, re- 
ceptors have high affinity for spiperone and low affinity for 
5-HT and 5-HT, receptors have high affinity for 5-HT and 
low affinity for spiperone [3]). Other 5-HT receptors have 
subsequently been characterized and the 5-HT, receptor iden- 
tified by Peroutka and Snyder has now been renamed the 
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5-HT,, receptor [4, 51. The 5-HT,, receptor can be labeled 
with radioligands such as [1251]-DOI, [3H]-DOB, and [3H]-ket- 
anserin [6-81. Because 5-HT, agonists such as 5-HT, DOI, and 
DOB displaced [‘251]DOI and [3H]DOB binding with higher 
affinity than that seen with [3H]ketanserin binding [6-81, it 
was suggested that [3H]-DOI and [3H]-DOB labeled either sub- 
types of the 5-HT, receptor or different affinity states of the 
receptor. In studies using the cloned rat 5-HT,, receptor, 
similar differences for agonist affinity values were observed, 
suggesting that the 5-HT,, receptor does, indeed, display dif- 
ferent agonist affinity states [7]. 

In the present study, we investigated whether or not human 
5-HT,, receptors expressed in NIH 3T3 cells can be labeled 
with [3H]-5-HT as well as with [3H]-DOB and [‘HI-ketanserin. 
Furthermore, we investigated the effect of using these radioli- 
gands with different intrinsic activities on the apparent affin- 
ities of agonists and antagonists estimated from displacement 
experiments. The binding studies were performed on a single 
preparation of membranes prepared from an NIH 3T3 fibro- 
blast cell line expressing the human 5-HT,, receptor [9] using 
fermentation techniques. 
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MATERIALS AND METHODS 
Cell Culture and Membrane Pre@-ation 

We have previously reported the transfection and functional 

expression of the gene encoding the human 5-HT,, receptor 

in NIH 3T3 mouse fibroblasts [9]. Pools of transfected cells 

were tested for expression by [3H]ketanserin binding. Limited 

dilution was used to generate a panel of stably growing cell 

clones. Dissociation constants (Kd) and the maximum number 

of binding sites (B,,,) were determined in saturation experi- 

ments. One of the clones (clone 9), expressing 27 pmole/mg 

protein, was selected for radioligand studies. To obtain large 

quantities of membranes, the recombinant cell clone was cul- 

tured in 3.6 1 DMEM/Ham’s F12 medium (1:l) containing 5% 

(v/v) newborn bovine serum (hyclone) on cultisphere-G (5 

g/L) microcarriers in a celligen bioreactor at 37°C pH 7-7.4, 

100-110 rpm. Fresh medium was continuously perfused at a 

rate of 50% of the initial volume per day until a final cell 

density of approximately 5 x lo6 cells/ml was reached. The 

carriers containing the cells were washed twice with phos- 

phate-buffered saline (PBS) NaCl (8 g/L), KC1 (0.2 g/L), 

Na,HP04 (1.15 g/L) at room temperature and subsequently 

incubated in 100 mL Hank’s balanced salt solution containing 

2.5 mg/mL trypsin (Flow) for 5 min at 37°C. The reaction was 

stopped by adding 100 mL PBS containing 1.7 mg/mL soybean 

trypsin inhibitor (Sigma) and the cells were washed with PBS 

by 2 centrifugations for 10 min at 3000 x g. The resulting 

pellet was resuspended in 250 mL of ice-cold 50 mM Tris-HCl 

containing 10 mM MgCl,, 0.5 mM EDTA, and 0.1 mM phe- 

nylmethylsulphoyl fluoride (PMSF) using a Polytron homog- 

enizer (15 set at maximal speed), this homogenate was incu- 

bated for 10 min at room temperature. Subsequently, it was 

centrifuged at 20000 x g for 20 min and the pellets resus- 

pended in the homogenization buffer to which 20% (w/v) 

glycerol was added to obtain a concentration corresponding to 

4 x lo7 cells/ml. Aliquots of the homogenate were frozen and 

stored at -80°C. 

Radioligand Binding Assays 

On the day of the experiment, membranes were thawed and 

resuspended in 10 x the original volume of assay buffer. This 

assay buffer consisted of Tris-HCl 50 mM, pargyline 1O-5 M, 

MgCl, 5 mM and ascorbic acid O.l%, pH 7.4. All compounds 

were dissolved in either water or 10% DMSO and diluted in 

assay buffer. Assays were identical for each radioligand used 

and consisted of 100 PL of tissue preparation, 50 ~1 of the 

radioligand, and 50 ~1 of a displacing drug or assay buffer. For 

saturation and displacement analyses, nonspecific binding was 

defined in the presence of lop5 M methysergide and the spe- 

cific binding defined as the total binding minus nonspecific 

binding. All incubations were performed at room temperature 

for 1 h and the reactions stopped by rapid filtration through 

Whatmann GF/B filters. The filters were washed with 3 x 2 

mL Tris-HCl (50 mM, pH 7.4). The radioactivity retained on 

the filters was measured by scintillation spectroscopy in 2 mL 

of scintillation fluid. All experiments were performed in trip- 

licate and repeated at least 3 times. 

Saturation analyses were performed for [3H]-5-HT, [‘HI- 

DOB, and [3H]-ketanserin using at least 8 concentrations of 

each radioligand (concentrations ranging from 0.05-15 nM). 

Kd and B,,,,, were calculated using the EBDA/LIGAND [lo, 

111 program. The 5-HT,, receptor was labeled with either 

[‘HI-5-HT (3 nM), [‘HI-DOB (1 nM), or [3H]-ketanserin (1 

nM) and displacement curves were constructed with each ra- 

dioligand for a number of agonists and antagonists using 7 

concentrations of the displacing agents (1 data point per log 

unit of concentration: lo-“M to 10-j M). Displacement 

curves were analysed using EBDA/LIGAND to calculate Hill 

coefficients and pK, values, respectively. 

Experiments with GMP-PNP 

In separate experiments, the effect of the stable GTP analogue, 

GMP-PNP, on the dissociation constant and maximum num- 

ber of binding sites for [3H]-5-HT was studied. Saturation ex- 

periments were performed as described above in the presence 

and absence of GMP-PNP (200 PM). In another experiment, 

t3H]-ketanserin was displaced from the 5-HTZA receptor by 19 

concentrations of 5-HT (3 data points per log unit of concen- 

tration) in the presence and absence of GMP-PNP (200 PM). 

Each of these experiments was repeated 4 times. 

Statistical Analyses 

Differences between K, and B,,, values for radioligands were 

analyzed statistically using the unpaired Student’s t-test. Kd 

and B,, values are expressed as the arithmetic mean f SEM. 

pK, values are also expressed as the mean f SEM of at least 3 

separate determinations. Data from experiments where 3 data 

points were used per log unit of concentration were analyzed 

with both one-site and two-site models using the LIGAND 

program and the calculated F ratios were used to determine 

whether a two-site model fitted the data significantly better 

than a one-site model. 

Drugs 

Radioligands were purchased from either New England Nu- 

clear or Ammersham. The specific activity for [3H]-5-HT, 

[3H]-DOB, and [3H]-ketanserin were 27.9, 16.0, and 61.0 Ci/ 

mmole, respectively. All compounds used were synthesised at 

either Hoffmann-La Roche or Organon or were purchased 

from either Sigma or Research Biochemicals Inc. 

RESULTS 

We have previously reported the cloning of the gene encoding 

the human 5-HT,, receptor and,its functional expression in 

NIH 3T3 cells 191. From pools of stably transfected cells a 

single cell line expressing a high density of receptors was se- 

lected. To produce large quantities of membranes from this 

cell line, the fermentation technique was used to scale up the 

cell culture. When grown on cultispher-G microbeads, a 3.61 

fermentor yielded approximately 2 x 10” cells. As described in 
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the Methods section, a membrane batch from freshly cultured 
cells was prepared and used for the binding experiments. 

Saturation Experiments 

To verify the presence of 13H]-agonist and [3H]-antagonist 
binding sites, saturation binding experiments with agonist 
[3H]-5-HT, the partial agonist [3H]-DOB, and the antagonist 
[HI-ketanserin were performed. The corresponding Kd and 
B,,, values are given in %ble 1. Each of the radioligands 
labeled the binding site with nanomolar affinity and yielded 
linear Scatchard plots. Figure 1 shows Scatchard plots from 
one set of experiments that were representative of the other 
experiments. Furthermore, I’H]-ketanserin labeled recombi- 
nant receptors with a similar affinity with which it labels rat 
cortical 5-HT,, receptors [5]. The number of binding sites 
labeled with [‘HI-5-HT and [3H]-DOB was significantly 
smaller than the number of sites labeled by [3H]-ketanserin. 
Furthermore, [3H]-DOB 1 b:l d ‘g ‘f a I e sl nl scantly more sites than 
[‘HI-5-HT (Table 1). 

Displacement Experiments 

To determine the affinity of a number of 5-HT receptor ago- 
nists and antagonists for the human 5-HT,, receptor, compe- 
tition binding studies using [3H]-5-HT, [3H]-DOB, and [3H]- 
ketanserin as radioligands were performed. The corresponding 
affinities and Hill coefficients are shown in Table 2. In all 
experiments, Hill slopes were not significantly different from 
unity, consistent with the labeling of a single population of 
binding sites. The labeling Nlf the 5-HT,, receptor with dif- 
ferent radioligands did not affect the apparent affinities of the 
antagonists tested for the binding site. This, however, was not 
the case for the agonists tested. The affinities of the agonists 
varied in some cases by over a log unit between the [3H]- 
agonist and [3H]-antagonist labeled receptor. The pK, values 
for 5-HT, DOI, mCPP, and quipazine determined by compe- 
tition with [3H]-5-HT were higher than those observed with 
[3H]-DOB which, in turn, were greater than those found with 
[3H]-ketanserin (Table 2). 

Experiments with CjMP-PNP 

In the absence of GMP-PNE’, the Kd and B,,, values for [3H]- 
?HT were 1.3 nM and 3461 fmoles/mg protein, respectively. 

TABLE 1. Binding parameters calculated from saturation ex- 
periments performed with [ ‘H]5-HT, [3H]DOB, and [3H]ket- 
anserin 

[3H]-5-HT [‘HI-DOB [3H]-ketanserin 

Kd hM) 1.3 f 0.03 0.8 f 0.05 1.15 f 0.1 

B max 
(fmol/mg protein) 3461 f 186 8332 f 16 27684 + 1500 

*t * 

Values are given as means + SEM of 3 sdeterminatlons 

* I’ < 0.005 compared fo [3H]ketanserin data. 

tP < 0.005 compared to [‘HIDOB data. 

0 20 40 60 60 100 120 

Bound (fmoles / 2 x l~cells) 

FIG. 1. Examples of Scatchard plots of the saturation experi- 
ments using [3H]-5*HT, [3H]-DOB, and [3H]-ketanserin. Eight 
concentrations of each radioligand were used. Nonspecific 
binding was measured in the presence of 10 yM methysergide 
in all cases and specific binding was defined as total binding 
minus nonspecific binding. The data are taken from a single 
experiment that was repeated 3 times. 

In the presence of GMP-PNP (200 PM), insufficient binding 
remained to permit analysis (data not shown). These experi- 
ments were repeated 3 times and similar results were obtained 
in each experiment. The displacement of [3H]-ketanserin by 
19 concentrations of 5-HT (3 data points per log unit of con- 
centration) from the 5-HT,, receptor was studied in the pres- 
ence and absence of GMP-PNP. The pKi values of 5-HT for 
the [3H]-ketanserin binding site in these experiments were 
6.87 and 6.94 in the presence and absence of GMP-PNP, 
respectively. These data agree with those shown in Table 2. 
Furthermore, in the absence of GMP-PNP, the Hill coefficient 
was 0.98 and a Z-site model did not fit the data significantly 
better than a l-site model (F = 2.14 (d.f. 16,14) P = 0.16). 
GMP-PNP (200 FM) h a no significant effect on either the d 
affinity of 5-HT or on the slope of the displacement curve. 
Again, this experiment was repeated 4 times and displacement 
curves from one of these experiments is shown in Fig. 2. 

DISCUSSION 

Originally, the 5-HT,, receptor subtype was classified by its 
low affinity for 5-HT [3]. High-affinity binding sites for the 
partial agonists [3H]-DOB and [‘251]-DOI [12] have subse- 
quently been described in cell lines transfected with the rat 
5-HT,, receptor and in animal tissues [6-81. In the present 
study, we report for the first time that human recombinant 
5-HT,, receptors display high affinity for [3H]-5-HT, in ad- 
dition to the more classical radioligands used for this receptor 
such as [‘HI-DOB and t3H]-ketanserin. Furthermore, the af- 
finities of some reference compounds were estimated when the 
receptor was labeled with radioligands displaying different in- 
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TABLE 2. Affinities of 5.HT, agonists and antagonists at 5sHT,, 
or [ 3H]ketanserin 

receptor binding sites labeled with either [3H]5dHT, [‘H]DOB, 

Compound [3H]-5-HT 

5-HT 8.42 * 0.03 (0.91) 
DOI 9.22 f 0.18 (0.97) 
mCPP 7.29 k 0.18 (0.90) 
Quipazine 7.51 f 0.08 (0.94) 
Spiperone 8.60 + 0.17 (0.81) 
Mesulergine 7.49 f 0.02 (0.83) 
Ketanserin 8.49 f 0.14 (0.82) 

Data represent the mean k SEM of 3-5 experiments. Hill coeffuenta are gwen in parentheses. 

PK 

[3H].DOB 

7.72 + 0.03 (0.86) 
8.78 f 0.02 (0.83) 
7.14 + 0.02 (0.93) 
6.75 f 0.04 (0.89) 
8.57 f 0.05 (0.91) 
7.02 + 0.03 (0.94) 
8.26 * 0.11 (0.96) 

[3H]-ketanserin 

6.84 + 0.08 (0.98) 
7.97 f 0.03 (0.86) 
6.82 + 0.01 (0.93) 
5.81 If: 0.10 (0.94) 
8.71 f 0.07 (0.81) 
7.26+0.02 (1.1) 
8.63 k 0.03 (1.2) 

trinsic efficacies for the 5HT,, receptor (i.e. the antagonist 

[3H]-ketanserin [12-161, the partial agonist [3H]-DOB [12], 
and the endogenous agonist [3H]-5-HT [12-161. 

For this study, we have used a recombinant cell line trans- 

fected with the human SHT,, receptor gene that was previ- 

ously cloned [9]. To perform [3H]-agonist and [3H]-antagonist 

binding on a single membrane preparation devoid of other 

5-HT receptor subtypes, the production of a stably transfected 

NIH 3T3 cell line expressing a high density of 5-HT,, recep- 

tors was scaled up using the fermentation techniques described 

in the present report. 

In these membranes, we demonstrated that human 5-HT,, 

receptors could be labeled with [3H]-5-HT with a Kd value of 

1.3 nM. This is in agreement with calculated K, values ob- 
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FIG. 2. Displacement of [3H]-ketanserin from 5-HT,, recep- 
tors by 5.HT in the presence and absence of GMPZWP (200 
PM). Nonspecific binding was measured in the presence of 
methysergide ( 10 PM) and specific binding was defined as total 
binding minus nonspecific binding. All values are expressed as 
percentage of specific binding. The data are taken from a single 
experiment that was repeated 4 times. 

tained by labeling the 5-HT,, receptor with [‘HI-DOB or 

[‘251]-DOI [6-81. These findings are in contrast with the orig- 

inal classification of the 5-HT,, receptor as having low affin- 

ity for 5-HT [3]. Of the 3 radioligands used, [3H]-5-HT labeled 

significantly fewer binding sites than did [3H]-DOB which, in 

turn, labeled significantly fewer binding sites than [3H]-ketan- 

serin (Fig. 1). This relationship appears to be in the order of 

the intrinsic efficacies of the radioligands in the 5-HT,, re- 

ceptor-mediated stimulation of phosphatidylinositol metabo- 

lism [12]. It has previously been shown that there was no 

significant binding detected in cell lines transfected with vec- 

tor DNA only [9]. 

To further characterize the [3H]-agonist and [3H]-antagonist 

labeled 5-HT,, receptor binding sites, displacement studies 

with a number of agonists and antagonists were performed. 

Labeling the human 5-HT,, receptor with the various radio- 

ligands did not appear to have any significant effect on the 

estimated affinity of the antagonists tested, although spiperone 

and mesulergine did have lower affinity for the human recep- 

tor than has been reported for the rat receptor [17, 181. In the 

case of mesulergine, a single amino acid difference in trans- 

membrane segment V between the human and rat receptor has 

been found to be responsible for this species difference [19]. 

The affinities of the agonists tested, however, did vary with the 

radioligand used. Agonists had highest affinity for receptors 

labeled with the agonist [‘HI-5-HT and lowest affinity for 

receptors labeled with the antagonist [3H]-ketanserin. 

These findings can be explained on the basis of the G-pro- 

tein coupling with the receptor. Agonists potentiate the cou- 

pling of the receptor to G-proteins which, in turn, allows the 

receptor to have high affinity for agonists. According to this 

hypothesis, a full agonist such as 5-HT would predominantly 

label the high-affinity state, whereas an antagonist such as 

ketanserin would have equal affinity to both the high- and 

low-affinity states of the receptor. Our finding that the B,,, 

for [3H]-5-HT is much smaller than that found for [‘HI-ket- 

anserin is in line with this theory. It is, therefore, not surpris- 

ing that the B,,, for the partial agonist [3H]-DOB is between 

that of a full agonist and that of a full antagonist because it will 

also label some low-affinity sites. Therefore, if displacement 

studies are performed in the presence of a partial agonist or an 

antagonist, it may be less likely that the receptor is in its 
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G-protein coupled high-affinity state and, hence, will have 
lower affinity for a displacing agonist. 

Theoretically, the displacement of [3H]-ketanserin by 5-HT 
should be biphasic and modified by GTP analogues; however, 
in the present study, the Hill coefficient of the displacement 
was 0.98 and the curve was monophasic (Fig. 2). Furthermore, 
although specific [3H]-5-HT binding was reduced by GMP- 
PNP, the GTP analogue did not modify the displacement of 
[3H]-ketanserin by 5-HT. These data are in agreement with 

previously published reports [20]. The absence of a GMP-PNP 
effect on the 5-HT displacement of [‘HI-ketanserin in the cell 

line used in the present study may be due to the small pro- 
portion of high-affinity site:< (the number of sites labeled by 
[3H]-5-HT is approximately 13% of the number labeled by 
[3H]-ketanserin). Therefore, the proportion of high-affinity 
sites seen in the displacement of [3H]-ketanserin by 5-HT is 
probably too small to be detected by the present binding tech- 

niques. However, the data do suggest that in our cell line, and 
in other cell lines expressing high numbers of receptors of 

which only a small proportion are in the high-affinity state, 
the radioligand is more important than the displacing drug in 
determining whether the rec:eptor is in its high- or low-affinity 

state. Similar findings have not been reported for the 5-HT,, 

receptor, where the affinities of agonists are similar when the 
binding site is labeled with either an agonist [3H]-5-HT or an 
antagonist [3H]-mesulergincl [21-231. Unfortunately, in the 
present study, it was not possible to determine whether or not 
this discrepancy between the 5-HT,, and the 5-HT,, recep- 
tors is due to differences in the pharmacology of the 2 recep- 
tors or to some intrinsic properties of the radioligands used 
because [3H]-mesulergine was found to be a poor radioligand 
for human 5-HT,, receptors (Sleight, 1994, unpublished ob- 

servations). Nevertheless, it is interesting to speculate that one 
of the main differences between the 5-HT,, and the 5-HT,, 

receptors is not their affinity for 5-HT, but the differences 
between their high- and low-affinity states. 

In summary, our study shssws that human 5-HT,, receptors 
expressed in NIH 3T3 cells can be labeled with [3H]5-HT and 
that radioligands with varymg intrinsic efficacies label differ- 
ent numbers of receptor binding sites expressed in the same 
cell line. Furthermore, the affinities of agonists for the 5-HT,, 
receptor also appear to depend on the intrinsic efficacy of the 
radioligand and, therefore, care should be taken with the 
choice of radioligand used to estimate the affinity of agonists for 
the 5-HT,, receptor. As always, it should not be forgotten that 
this study was performed with recombinant receptors expressed at 

high levels and that care should be taken when extrapolating 
these effects to those that may occur in native receptors. 

The authors are grateful to Dr. F’. Lewering (N.V. Organon) for perform- 
ing fermentation cultures of the donal cell line NIH 3T3-5HT,,-5 and 
Alan Rudder, Valerie Meyer, E#!i&eth Bixel, and Catherine Carol0 for 
their excellent technical assistance with the radioligand binding assays. 
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