’ Blackwell
#) vublishing

Acta Pharmacologica Sinica 2005 Oct; 26 (10): 1181-1186

Full-length article

Identification of human dopamine D1-like receptor agonist using a cell-
based functional assay*

NanJANG? Ke-ging OU-YANG?, Shao-xi CA I3, Ying-he HU?, Zhi-liang X U**

2Shanghai Institute of Brain Functional Genomics and Key Lab of Brain Functional Genomics, Ministry of Education, Science and
Technology Commission of Shanghai Municipality, East China Normal University, Shanghai 200062; 3College of Bioengineering, Chongging

University, Chongging 400044, China

Key words

dopamine D1 receptors; drug screening;
Chinese herbal drugs

1 Project supported by grants from the
Shanghai Commission for Education,
Shanghai Commission for Science and
Technology, and the Ministry of Science and
Technology of China (No 010231006,
2003CB716600).

4Correspondence to Dr Zhi-liang XU.
Phn/Fax 86-21-6223-3953.

E-mail zIxu@brain.ecnu.edu.cn

Received 2005-03-27
Accepted 2005-06-28

doi: 10.1111/j.1745-7254.2005.00199.x

Introduction

Abstract

Aim: To establish a cell-based assay to screen human dopamine D1 and D5 recep-
tor agonists against compounds from a natural product compound library.
Methods: Synthetic responsive e ements 6xcAMP response d ements (CRE) and
amini promoter contai ning a TATA box wereinserted into the pGL 3 basi ¢ vector to
generate the reporter gene construct pPCRE/TA/Luci. CHO cells were co-trans-
fected with the reporter gene construct and human D1 or D5 receptor cDNA in
mammalian expression vectors. Stable cell lines were established for agonist
screening. A natural product compound library from over 300 herbs has been
established. The extracts from these herbs were used for human D1 and D5
receptor agonist screenings. Results: A number of extracts were identified that
activated both D1 and D5 receptors. One of the herb extracts, SBG492, demon-
strated digtinct pharmacol ogical characteristicswith human D1 and D5 receptors.
The ECy, values of SBG492 were 342.7 pug/mL for the D1 receptor and 31.7 pg/mL
for the D5 receptor. Conclusion: We have established a cell-based assay for
high-throughput drug screening toidentify D1-like receptor agonists from natural
products. Several extracts that can active D1-like receptors were discovered.
These compounds could be useful tools for studies on the functions of these
receptors in the brain and could potentially be devel oped into therapeutic drugs
for the treatment of central nervous system diseases.

tion through interactions with dopamine receptors. The
possiblerole of dopamine D1-likereceptorsin brain function,

Thedopamine receptorsfall intotwo familiescalled D1-
likeand D2-like receptors, based on their structural and phar-
macological features”. TheD1 familyincludes D1- and D5-
receptor subtypes, and the D2 family consists of D2-, D3-
and D4-receptor subtypes. Dopamine receptors are mainly
expressed in the central nervous system and control motor
function, emotional state and endocrine physiol ogy'?¥.

Many central nervous system (CNS), cardiovascular and
renal diseases have been shown to be associated with al-
terations in dopamine receptors. These diseases include
Parkinson disease, schizophrenia, migraine, drug dependence,
depression and Gilles delaTourette syndromé®. Dopamineis
one of the principal neurctransmittersin the basal ganglia,
and playsacritical rolein motor control and cognitive func-
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especially in learning and memory, has recently been stud-
ied extensively®®. Indeed, D1-like receptors play essential
rolesin working memory™® and other forms of cognition ac-
tivity!®. The abnormality of these receptors also contribute
to Parkinson diseasd’®™. In addition, the D5 receptor sub-
typeisinvolved in modulating the release of hippocampal
acetylcholine, a neurotransmitter implicated in a variety of
cognitive processes™?.

Much evidence has been accumulated to indicate that
dopamine receptor agonists or antagonists can be devel-
oped into therapeutic drugs for the treatment of CNS
diseases. It has been reported that D1-like receptor agonists
improvelearning and memory in different animal model ™.
Furthermore, D1-like receptor agonists or antagonists are
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potential therapeutic drugs for addiction and Parkinson dis-
easd™> ¥, Receptor agonists and antagonists also provide
essential tools for pharmacological and functional charac-
terization of the receptors.

Several high throughput screening methods to screen
agonists and antagonists of G-protein coupled receptors
(GPCR) have been developed*>?3. Recently, we devel oped
a universal functional assay for GPCR™. In the present
report, we further modified this functional assay for human
D1-like agonist screening. A number of natural compounds
wereidentified that can specifically activate both human D1
and D5 receptors. Detailed pharmacol ogical analysis dem-
onstrated that one of the agonists had distinct pharmaco-
logical properties for these 2 receptors.

Materials and methods

Plasmid construction Human D1 and D5 receptorswere
cloned by polymerase chain reaction (PCR). The primers
used for the PCRwere: D1R5, 5-GCT GGA TCCGTG CCC
AAGACAGTGACCT-3;D1R3,5-GGGAGCTCCGA GGG
GTACAAACATCA-3;D5R5,5-GGCGAATTCGCGTGT
GTGTGCGTGCTTGTCAGT GT-3;andD5R3,5-GGGAAG
CTTCTGAAGTTGGGA CCGCGCACAGACCG-3. PCR
products were digested with EcoRI and Hindlll and
subcloned intothe EcoRI/Hindl I 1-digested mammalian expres-
sion vector pPCDNAS3.1 (Invitrogen) to generate pPCDNA3.1/
D1land pCDNA3.1/D5. The6xCRE and amini promoter with
49 bps, containing a TATA box, were synthesized and in-
serted into the pGL 3 basic vector (Promega) to produce
pCRE/TA/Luci asareporter gene. All plasmidswere con-
firmed by DNA sequencing.

Cell culture, transfection and stable cell line
generation CHO cells were maintained in RPM1-1640 me-
dium containing 10% fetal calf serum at 37 °C. Cellswere
transfected with dopamine D1 and D5 receptors and the re-
porter construct using Lipofectin (Invitrogen). Stably trans-
fected cells were generated in the presence of 0.8 mg/mL
418,

Natural product extracts Traditional ChineseMedicines
(TCM) were purchased from alocal pharmacy in Chongging,
China. Fifty gramsof each TCM were extracted twice with
500 mL water at 80 °C for 2 h. The extracts were concen-
trated to 100 mL by evaporation under low pressureat 80 °C.
Using this method, we prepared more than 300 samples for
human dopamine receptor agonist screening.

Luciferaseassay Aliquotsof 90 pL cells (3x10° cdls/
mL) were seeded into each well of 96-well plates and incu-
bated overnight at 37 °C. A natural product sample (10 pL)
was added to each well and incubated at 37 °C for 6 h—10 h.
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Bright-Glo™ L ucifease assay reagent (100 pL ; Promega) was
then added to each well, and the luciferase activity was mea-
sured using Analyst™ HT (Molecular Device).

Results

Char acterization of the CRE/TA/Luci reporter genein
CHO cells We generated areporter gene construct for hu-
man dopamine D1 and D5 agonist screening. The construct
contained 6 copies of CRE and a TATA box linked to the
luciferase gene. The reporter gene construct was stably
transfected into CHO cells to generate the CRE/TA/Luci/
CHO cdl line. Thiscell linewastreated with forskalin (an
adenyl cyclase activator) at different concentrations, and
luciferase activity was measured. Our results showed that
forskolin stimulated reporter geneluciferase expressionin a
dose-dependent manner (Figure 1). Thisresult indicated that
increasing intracellular cCAMP levels led to the activation of
CRE and TATA promoter and suggested that thisassay could
be used for Gs-coupled receptor agonist screening. To ex-
amine whether there was any endogenous dopamine recep-
tor in the CHO cells, we tested several dopamine receptor
agonists in the stable reporter gene cell line. Our results
demonstrated that none of the dopamine receptor agonists
had any effect on the cdl line, indicating that no dopamine
receptor was expressed in CHO cdlls.
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Figure 1. The activity of forskolin and D1-like receptor agonists in
CRE/TA/Luci/CHO cells. The cells were incubated with different
concentrations of D1 agonists and forskolin for 6 h, and luciferase
activity was measured.

Development of reporter geneassay for D1-likerecep-
tor agonist screening Mammalian expression vectorscon-
taining human dopamine D1 or D5 receptorsweretransfected
into thereporter gene cell line. Activation of the receptors
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leads to the elevation of cCAMP and activates the cAMP
response e ement, and therefore induces the expression of
the reporter gene luciferase. We tested the natural ligand
dopamine and two other D1-like receptor agonists,
dihydrexidine and chloro-APB, in the stable cell lines ex-
pressing both dopamine receptors and the reporter gene.
Theresultsare shown in Figure 2. Therank order of potency,
dopamine>dihydrexidine>chloro-APB, agreed with the
ligand-receptor binding analysig®#!,
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Figure 2. The activities of D1-like receptor agonists in cell lines
expressing human D1 or D5 receptors. (A) D1/CRE /TA/CHO cells
were incubated with D1-like receptor agonists for 6 h; (B) D5/CRE/
TA/CHO cells were incubated with D1-like receptor agonists for 6 h.

Optimization of thereporter geneassay conditions We
carried out a series of experimentsto optimize the reporter
gene assay for drug screening. First, we examined the incu-
bation time for the D1-like receptor agonist in the assay.
Different concentrations of dihydrexidine were used for the
experiment. Our resultsshowed that approximately 8 h incu-
bation with the agonist gave the highest response at all con-
centrations (Figure 3). Therefore, we used an 8-h incubation
timefor all of our experiments, unless otherwise indicated.
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Figure 3. The effects of dihydrexidine on the activity of luciferase
in the D5/CRE/TA/Luci/CHO cells at different incubation times. The
concentrations of dihydrexidine were 10 nmol/L, 30 nmol/L and
300 nmol/L. Cells were incubated with D1-like receptor agonist
dihydrexicine for 6 h and luciferase activity was measured.

Second, because the compoundswere in dimethyl sul phoxide
(Me,S0) solution, we tested the effects of Me,SO at differ-
ent concentrationsin the assay. Me,SO concentrations of 1%
or less had no effect on the signal (data not shown). In our
compound screen assays, the final concentration of Me,SO
was adjusted at 1% or less. Finally, we found that the num-
ber of cellsin each well may influence the reporter gene
assay. Figure 4 showsthat although increasing cell number
gave abetter signal after agonist stimulation, the background
was also higher. The best number of cells to use was
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Figure 4. The effects of cell number on the luciferase activity in
D5/CRE/TA/Luci/CHO cells in the presence of dopamine. D5/CRE/
TA/Luci/CHO cells were treated with either saline or 100 nmol/L dopam-
ine for 6 h, and luciferase activity was measured.
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between 2x10° cels/mL and 4x10° cellmL. Therefore, we
used 3x10° cells/mL in all compound screens using the re-
porter gene assay. In addition, we calculated the coefficient
of variation (CV) for the assay in a standard 96-well plate.
The CV values were 6.5% for non-activated cells and 5.8%
for dopamine-stimulated cells. The Z' factor® was 0.58.
These results suggest that the reporter gene assay system
was suitable for dopamine receptor agonist screening.
Identification of extracts active for the D1-like
receptor Morethan 300 herb extract sampleswere used for
the D1-like receptor agonist screening. From our previous
experiences for other G-protein coupled receptor agonist or
antagonist screens, we found that it was necessary to use
different concentrations of the raw extracts for the screen.
Therefore, inthe D1-likereceptor agonist screen, the extract
sampleswere screened twi ceat different concentrations. One
was at the original concentration and the other wasa 5-fold
dilution of the sample. The samplesthat gavesignalslarger
than the mean value +3SD were selected as agonist candi-
dates (Figure 5). Toeliminate the possibility that the agonist
candidates activated the reporter gene expression through
intracellular pathways other than the D1-like receptor, we
tested the samplesin acell line expressing thereporter gene
alone, without the D1-like receptor. We found that some of
the agonist candidates, such as Chinese ester pillar fungus,
could stimulate the reporter gene luciferase expression in
thereporter gene cell line (Figure 6). In contrast, sample
SBG492 activated the expression of the reporter genein the
D1-likereceptor expressing cdl line, but had no effect in the
reporter gene cell line. Thisresult suggested that SBG492
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Figure 5. D1-like receptor agonist screening. Reporter gene cell
line expressing human D1-like receptor was treated with herb ex-
tracts and luciferase activity was measured. The solid line indicates
basal activity of luciferase without treatment. The dotted line repre-
sents mean+SD.
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Figure 6. The activity of SBG492 and Chinese ester pillar fungus in
D5/CRE/TA/Luci/CHO and TA/Luci/Luci/CHO cell lines. The cells
were treated with 100 pg/mL extracts for 8 h and luciferase activity
was measured.

activated the reporter gene expression through human D1-
likereceptor (Figure 6). Furthermore, we tested the sample
in morethan 20 different GPCR using the samereporter gene
assay system (data not shown). Our results demonstrated
SBG492 could not activate other GPCR, suggesting that the
sampl e contained specific human D1-like receptor agonist.
We further analyzed the pharmacological properties of
SBG492 for human D1 and D5 receptors. The ECg, values of
SBG492 were342.7 pg/mL for the D1 receptor and 31.7 pg/mL
for the D5 receptor (Figure 7).

Discussion

Dopamine receptors are a subclass of the superfamily of
GPCR. Within the dopaminereceptor family, both D1 and D5
are Gs-coupled receptors. Interaction of the receptorswith
the natural ligand dopamine or other agonists leads to the
activation of adenyl cyclase and increases the intracellular
concentration of CAMP. The cAMP second messenger sys-
tem ultimately activates CRE and induces gene expression.
Thisisthebasis of our reporter gene assay, which contains
6X%CRE linked to the reporter geneluciferase.

The D1 and D5 dopamine receptors are genetically
distinct, sharing over 80% sequence homology within the
highly conserved 7 transmembrane-spanning domains, but
display only 50% overal | homol ogy at the amino acid level™.
The D1-like dopaminereceptors, including D1 and D5, have
similar pharmacological properties®. Indeed, it isoften dif-
ficult to pharmacologically distinguish between dopamine
D1 and D5 receptors using the same ligands. Therefore,
identification of agoniststhat have distinct pharmacol ogical
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Figure 7. Pharmacological characterization of SBG492 on luciferase
activity of D5/CRE/TA/Luci/CHO and D1/CRE/TA/Luci/CHO cells.
(A) D5/CRE/TA/Luci/CHO cells were treated with different concen-
trations of SBG492 for 8 h and luciferase activity was measured. (B)
D1/CRE/TA/Luci/CHO cells were incubated with SBG492 for 8 h and
luciferase activity was measured.

propertiesfor these 2 receptors should provide a useful tool
for their functiona studies.

In our previous agonist or antagonist screening for GPCR
and other targets, we have successfully isolated active com-
ponents from crude extracts of herbs®=4. Subsequent pu-
rification of the active components|ead to the identification
of asingle effective compound. The advantage of using the
crude extract is that the samples are easy to prepare and a
large amount of herbs can be screened in a short period of
time. On the other hand, since the crude extracts contain
hundreds of different compounds, some of them may have
negative effects on the targets or may even be harmful to
cells. Indeed, we found that in some cases, high concentra-
tions of the extractsin our cell-based assay had no effects,

while after dilution the samples showed agonist or antago-
nist activity. Therefore, we used 2 concentrations of each
extract for the screening to increase the chances of identify-
ing D1-like receptor agonists. A number of extracts were
isolated as potential receptor agonists using the reporter
gene assay.

There are several other possible ways in which that the
extracts can activatethe reporter gene expression other than
as human D1-like receptor agonists. For example, the ex-
tracts may activate or inhibit other componentsin the cAMP
signal pathway, such as adenyl cyclase, protein kinase A,
cAMP-dependent phosphodiesterase or CRE binding
protein, and eventually lead to the activation of the reporter
gene. It isalso possible that the extracts may activate other
endogenous GPCR in the cell and lead to the induction of
reporter gene expression. To examinethese possihilities, we
tested the activity of the herb extractsin areporter genecell
linethat did not express human D1-like receptors. Wefound
that SBG492 did not induce the expression of the reporter
geneinthecel ling, indicating that the extract activated the
reporter gene through the receptor. It isinteresting to note
that SBG492 is approximately 10 times more potent for hu-
man D1 receptor than for D5 receptor. Further characteriza-
tion of the agonist could provideimportant information for
pharmacological and functional studies on human D1-like
receptors.
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