
Catechol-O-methyltransferase activity in CHO cells expressing
norepinephrine transporter

1Elodie Percy, 1David M. Kaye, 1Gavin W. Lambert, 1Sara Gruskin, 1Murray D. Esler &
*,1Xiao-Jun Du

1Alfred and Baker Medical Unit, Baker Medical Research Institute, St Kilda Road Central, PO Box 6492, Melbourne 8008,
Victoria, Australia

1 We examined the existence of catecholamine metabolizing enzymes (catechol-O-methyltransfer-
ase, COMT, and monoamine oxidase, MAO) in CHO cells transfected with norepinephrine (NE)
transporter (NET) cDNA.

2 NET activity was studied by incubating cells with [3H]-NE (0.5 mCi ml71, 20 min) in a Na+

containing medium. Incubation with [3H]-NE lead to [3H] accumulation at 47797+4864 d.p.m. per
well. Speci®c inhibitors of NET abolished this uptake.

3 During post-uptake incubation, [3H] leaked rapidly from cells and the extracellular phase
comprised 89% of total radioactivity within 40 min. Both [3H] retention and [3H] `leakage' were
largely una�ected by inhibitors for MAO. In contrast, COMT inhibitors, U-0521 and Ro 41-0960,
dose-dependently increased intracellular [3H]-NE retention with a maximal increase of 4.5 fold. The
EC50 for Ro 41-0960 was 139-times lower than that of U-0521. U-0521 largely inhibited [3H]
`leakage' and doubled the apparent Vmax for [3H]-NE uptake.

4 Addition of U-0521 during uptake incubation increased intracellular NE content by 8 fold.
Normetanephrine, the COMT-dependent metabolite of NE, was formed in large quantities during
post-uptake incubation. U-0521 signi®cantly inhibited the formation of NMN with an equal
preservation of intracellular NE.

5 CHO cells expressing NET possess COMT activity, which is responsible for the metabolism of
NE to form lipophilic metabolite normetanephrine. The apparent `properties' of the NET function
expressed in CHO cells changed, after inhibition of COMT, in such a way closer to that described in
the native neuronal preparations.
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Introduction

The neuronal norepinephrine (NE) transporter (NET)

terminates noradrenergic neurotransmission by uptake of NE
from the synaptic cleft back into the varicosity for subsequent
relocation into storage vesicles or deamination by monoamine

oxidase (MAO, EC 1.4.3.4). This mechanism clears away
approximately 80% of NE from the synaptic cleft and
therefore controls for the extent of stimulation to post-
junctional cells (Goldstein et al., 1988; Esler et al., 1990).

The human NET, cloned in 1991 (Pacholczyk et al., 1991),
contains 12 ± 13 hydrophobic segments which are thought to
form transmembrane domains with the amino and carboxy

termini in the cytoplasm (Amara & Kuhar, 1993). Transfecting
NET cDNA into a cell line, without the expression of such a
gene, has become an important research tool for studies on the

NET function, modulator mechanisms and e�ects of drugs. A
number of groups have successfully transfected NET and other
catecholamine transporters into various cell lines (Blakely et
al., 1991; Shimada et al., 1991; Eshleman et al., 1997; Pi¯ et al.,

1997).

There are potential di�erences in the intracellular NE

degradative pathway in sympathetic neurons and non-
neuronal cell lines expressing catecholamine transporters.
Two enzymes metabolize NE intracellularly, oxidative

deamination by MAO and O-methylation by catechol-O-
methyltransferase (COMT, EC 2.1.1.6). MAO is localized
within catecholaminergic neurons whereas COMT is con-
®rmed to extraneuronal tissues (Boulton & Eisenhofer,

1998). However, it is unclear what kind of degradative
pathways is present in these cell lines used for transfection
studies and, if it exists, to what extent the `apparent

function' of catecholamine transporters expressed in these
cell lines would be altered. While the majority of studies
routinely include MAO inhibitors (Usdin et al., 1991; Galli

et al., 1996; Eshleman et al., 1997; Chang & Lam, 1998), the
potential in¯uence of COMT activity within the cells has
been largely ignored.

The relevant issue with this is the validity of cell

transfection to study the characteristics of catecholamine
transporters. We therefore examined the relative importance
of MAO and COMT in Chinese hamster ovary (CHO) cells

transfected with a full length cDNA of NET and
determined metabolites of NE by transfected cells.*Author for correspondence; E-mail: xiaojun.du@baker.edu.au
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Methods

Chemicals used

Desipiramine, pargyline, L-ascorbic acid and cocaine were

obtained from Sigma (MO, U.S.A.). Nisoxetine, Ro 41-1049
and Ro 41-0960 were purchased from Research Biochemicals
International (MA, U.S.A.). Clorgyline, phenelzine, ipraniazid

were products of ICN (Ohio, U.S.A.). U-0521 was from
Sapphire Bioscience (Australia). [7-3H]-NE (16 Ci mmol71)
was obtained from NEN (U.S.A.). Lipofectamine and

optimem were purchased from Gibco ±BRL (U.S.A.). The
solvents used for these chemicals were either ethanol or DMSO
with a ®nal concentration equal to or less than 0.1%.

PCR cloning and sequencing of a NET from human
stellate ganglion

A left stellate ganglion was obtained at post-mortem from a
60-year-old male subject. After tissue homogenization, total
RNA was extracted according to the method of Chomczynski

& Saachi (1987). RT ±PCR was performed according to
standard protocols (Sambrook et al., 1989), using primers
corresponding to bp 734 to 710 (sense), bp +1250 to +1271

(antisense), bp +865 to +886 (sense) and bp +1942 to +1965
(antisense) of a human NET previously identi®ed in
neuroblastoma cells (Pacholczyk et al., 1991). The resultant
PCR products were puri®ed, sequenced in both directions

(ABI Prism), ligated at a HincII site and further cloned into
pBluescript (Stratagene). The resulting full-length NET cDNA
from the stellate ganglion was then cloned into an expression

vector (pcDNA3, Invitrogen).

Cell culture and transfection

CHO cells were grown in Dulbecco's modi®ed Eagle medium
(DMEM) supplemented with 10% foetal calf serum at 378C.
CHO cells were seeded in a 24-well tissue culture plate (Falcon)
till con¯uent (cell density 1.16105 cells per 2 cm2, 0.25 mg
protein well71). Cells were transiently transfected (lipofecta-
mine) with an expression vector (pcDNA3) containing the full-

length cDNA for NET in optimem for 18 h. The transfection
procedure was terminated by removing the medium and
addition of DMEM. Cells were used for experiment 48 h after

transfection.

Experimental procedures

Transfected cells were pre-incubated with various chemicals
in a Krebs-Henseleit solution (0.5 ml well71) containing (in
mM): Na+ 148, K+ 4.0, Ca2+ 1.85, Mg2+ 1.05, HCO37 25,

PO4
37 0.5, glucose 11, EDTA 0.027 and ascorbic acid 0.4.

The bu�er was equilibrated with 95% O2 and 5% CO2 prior
to use. A di�erent incubation bu�er, as speci®ed in the

Results section, was also used in the experiment examining
the Na+-dependence. All experiments were carried out at
378C. Pre-incubation with vehicle or testing agents was

performed for 20 min, followed by a 20 min uptake-
incubation with [3H]-NE (®nal concentration 0.5 mCi ml71,
equal to 30 pmol ml71). Cells were then lysed with 0.1%

Triton X-100 (0.5 ml well71) and radioactivity was measured
in scintillation ¯uid using a b-counter. The stability of
loaded [3H]-NE was estimated by measuring the changes in
radioactivity in lysed cells (intracellular phase) and in the

medium (extracellular phase) during the post-uptake incuba-
tion.

HPLC assay for NE and metabolites

Cells preloaded with NE were lysed with 0.4% perchloric acid

and samples were immediately frozen and stored at 7808C
until assay. NE and dihydroxyphenyglycol (DHPG) were
extracted with activated alumina, separated by reverse-phase
HPLC and quanti®ed using an electrochemical detector

(Lambert & Jonsdottir, 1998).
Analysis of normetanephrine (NMN) and methoxyhydrox-

yphenyglycol (MHPG) was performed with the operating

potentials set at +390 mV for the guard cell and +150 mV
and 7340 mV for detectors 1 and 2 respectively. Samples
(50 ml) were analysed directly without prior puri®cation or

extraction. All measurements were made using the reducing
potential applied at detector 2 and compounds were identi®ed

Figure 1 `Leakage' of [3H] radioactivity from CHO cells pre-loaded
with [3H]-NE (A) and the e�ect of a COMT inhibitor U-0521 (50 mM)
(B). Transfected CHO cells were incubated for 20 min with [3H]-NE
(0.5 mCi ml71). After three washes, cells were incubated for a further
period of 10, 20 and 40 min, respectively. At the end of the scheduled
time points the medium was sampled and the cells were lysed and the
intra- and extra-cellular radioactivity was measured separately.
Results are presented as mean+s.e.mean from six measurements.
In (B), U-0521 (50 mM) presented 20 min before and throughout the
entire experiment. For (C), results of extracellular radioactivity,
derived from (A) and (B), are presented as percentages of the total.
*P50.001 by unpaired t-test.
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by their retention behaviour compared to that of authentic
standard solutions.

Statistics

All the experiments were repeated at least twice (3 ± 6
measurements in an experiment) and in all cases essentially

the same results were obtained. The data are presented as
means+s.e.mean. Analysis of variance (ANOVA), followed
by unpaired t-test was used for comparison of group means.

The level for a signi®cant di�erence was set at P50.05. For
kinetic analysis, an Eadie-Hofstee plot was applied for the
calculation of Vmax and KM. All statistical analyses were

performed using a Microsoft Excel package (Microsoft Co,
U.S.A.) and EC50 was calculated using a regression analysis
program (All®t).

Results

Uptake of [3H]-NE

After transfecting the full-length cDNA encoding NET into

CHO cells, it was found that 20 min incubation with [3H]-NE
lead to signi®cant retention of [3H] in cells at
47797+4864 d.p.m. per well. Such uptake of [3H]-NE by

transfected cells was abolished by cocaine (10 or 100 mM) and
desipramine (1 ± 100 mM). This data suggests that the
transporter expressed in CHO cells is functional.

Stability of intracellular NE

The stability of intracellular [3H]-NE was examined by

incubation of cells, pre-loaded with [3H]-NE, for a period of
10, 20 and 40 min, respectively. Radioactivity in the cells and
in the medium was determined separately. Figure 1A shows the

redistribution of [3H] radioactivity that occurred during the
post-uptake incubation. The `leakage' of [3H] from cells was
apparent within 10 min and after 40 min, 89% radioactivity

previously present in the cells was found in the extracellular
phase. This `leakage' remained the same in the presence of

desipramine (data not shown). Thus, in this model the
intracellular [3H]-NE is unstable and continuous `leakage'
from the cells occurs rapidly and in a large quantity.

E�ects of MAO inhibitors

Assuming that the `leakage' of radioactivity from within the

cells was due to generation and di�usion of lipophilic
metabolites of [3H]-NE, we then tested the e�ects of MAO
and COMT inhibitors on both [3H]-NE retention in

transfected cells and `leakage' of [3H] during the post-uptake
incubation. MAO inhibitors were present 20 min before and
during the uptake-incubation. It was found that various MAO

inhibitors tested had little e�ect in terms of increasing the [3H]-
NE retention in cells (Table 1). Pargyline at 50 mM had no
e�ect on [3H] `leakage' during the post-uptake incubation (data

not shown). This ®nding suggests that MAO activity, if
present, it not the responsible reason for the instability of [3H]-
NE. At higher concentrations (10 ± 50 mM), clorgyline,
phenelzine and Ro 41-1049 reduced the cellular retention of

[3H]-NE. Such inhibitory e�ect was mostly pronounced with
phenelzine.

E�ects of COMT inhibitors

In contrast to the lack of e�ect of MAO inhibitors, two COMT

inhibitors, U-0521 and Ro 41-0960, markedly increased the
intracellular radioactivity levels by 4.5 fold (Table 1). In the
presence of U-0521 [3H]-NE uptake by CHO cells was

completely prevented by desipramine (10 mM), cocaine
(100 mM) and nisoextine (1 and 10 mM), similar to that in the
absence of the inhibitor.

The e�ect of COMT inhibition on the stability of the

intracellular radioactivity was studied by the addition of 50 mM
U-0521 before and during uptake-incubation and also during
the 40-min period of post-uptake incubation. Figure 1B shows

Table 1 E�ects of inhibtiors for monoamine oxidase
(MAO) and catechol-O-methyltransferase (COMT) on [3H]-
NE uptake in CHO cells expressing NET

Agents (mM)
[3H]

(d.p.m.) n
% of
control

Control
Clorgyline

Ipraniazid
Pargyline
Phenelzine

Ro41-1049

Ro41-0960

U-0521

2
10
50
50
50
2

10
50
2

10
50
2

10
50
2

10
50

23752+1526
30604+3276
24146+2022
9821+882**
19464+335
21521+752
19717+685**
6137+392**
1003+102**
30928+2876
27232+1081
14509+1840*
11433+6729**

115520+8468**
114364+6806**
57689+2612**
82603+5377**
88163+7167**

10
3
3
6
3
3
3
3
6
3
3
6
4
4
4
3
3
6

100
105
83
42
110
122
68
21
4

106
94
62
458
475
470
199
284
377

Where n=3 or 4, results were compared with respective
control. *P50.05 and **P50.01 by unpaired t-test.

Figure 2 Comparison of the potencies of COMT inhibitors, Ro 41-
0960 and U-0521, on the increment of intracellular retention of [3H]-
NE in CHO cells transfected with NET. Cells were pre-incubated
with various concentrations of the drugs followed by 20 min uptake-
incubation with [3H]-NE (0.5 mCi ml71). Results are expressed as
percentages of the uptake of [3H]-NE in the absence of COMT
inhibitors (100%). Each point represents mean+s.e.mean of 3 ± 4
measurements.
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that U-0521 signi®cantly increased the stability of loaded [3H]-
NE in the cells, as evidenced by the partial preservation of
intracellular [3H] and prevention of [3H] `leakage'. When

expressed as the percentage of the total radioactivity, the
extracellular radioactivity was reduced by U-0521 from 89 to
40% at the end of the 40 min post-uptake incubation (Figure
1C). Thus, these results demonstrate the presence of COMT

activity in the CHO cells and suggest metabolism of NE by
COMT in transfected CHO cells to form lipophilic metabolites,
which continuously leak from cells into the extracellular phase.

We compared the potency of U-0521 and Ro 41-0960 on the
increment of [3H]-NE retention by transfected cells. After
20 min pre-incubation with various concentrations of U-0521

(0.01 ± 100 mM) or Ro 41-0960 (0.001 ± 3 mM), [3H]-NE was
added into the medium followed by 20 min uptake-incubation.
Compared with U-0521, Ro 41-0960 was more potent with

EC50 139 fold lower (23+5 versus 3263+349 nM, Figure 2).

COMT inhibition and apparent characteristics of NET

In order to assess the importance of COMT activity on
the `apparent' function of NET expressed in CHO cells,

the kinetics of NE uptake were studied in the absence and
presence of U-0521. After 20 min pre-incubation with
50 mM U-0521, transfected cells were incubated with

Krebs-Henseleit bu�er in the presence of 30 nM [3H]-NE.
The desired concentrations of NE, ranging from 30 ±
2000 nM, were achieved by the addition of cold NE. After
3 min uptake-incubation, NE uptake was terminated by

three washes with PBS. Cells were then lysed and
intracellular [3H] radioactivity was counted. KM and Vmax

values were derived from an Eadie-Hofstee plot. As shown

in Figure 3A, inhibition of COMT with U-0521 doubled
Vmax, when compared to that in its absence (208+33
versus 100+13 nmol well71 over 3 min, P50.02), with no

signi®cant change in KM (3500+671 versus 3333+527 nM,
P=0.85). In a separate experiment, the e�ect of COMT
inhibition on the time-course of intracellular [3H]-NE

accumulation was examined. After pre-incubation with
vehicle or U-0521 (50 mM), cells were incubated with
[3H]-NE for 1, 3, 5, 10 and 30 min periods, respectively.
There was a progressive accumulation of [3H] in cells in

the presence of U-0521 whereas in untreated cells, there
was no further increase in [3H] retention after 10 min. At
each time point after 5 min, the levels of [3H] retention

were consistently higher in cells treated with U-0521
(Figure 3B).

NE uptake by the NET is a process driven by a cross-

membrane Na+ gradient. To examine the in¯uence of COMT
activity on the estimation of `apparent' sensitivity to NA+

gradient of NE uptake in transfected cells, we compare the

[3H]-NE retention by CHO cells at various extracellular Na+

levels in the absence and presence of U-0521. The bu�er
contained (in mM): CaCl2 1.85, MgCl2 1.05, glucose 11,
HEPES 10, ascorbic acid 0.4 and EDTA 0.027 (pH 7.4), and

the concentration of NaCl was reduced from 145 to 72 mM

and 36 mM, respectively, with the addition of equal amounts of
LiCl. In the presence of 50 mM U-0521, [3H] retention at each

concentration of Na+ was greater than that in control cells
(Figure 4, P50.001). When compared with the respective
values at 145 mM Na+, lowering Na+ to 36 mM suppressed

[3H]-NE retention more in the presence of U-0521 than in its
absence (744+2% versus 724+3%, P50.0005). This
di�erence indicates an increase in `apparent' Na+ sensitivity
of NE retention in this model by inhibition of COMT.

Figure 3 Saturation analysis and time-course of the uptake of [3H]-
NE in transfected CHO cells and the e�ect a COMT inhibitor U-
0521. (A) Transfected cells were pre-incubated in U-0521 (50 mM) for
20 min and then incubated for a 3 min period with various
concentrations of NE from 30 ± 2000 nM (378C). [3H]-NE was present
at 0.5 m Ci ml71 (30 nM) and the ®nal concentration of NE was
achieved by the addition of cold NE. Each point represents
mean+s.e.mean of six measurements. In (B) cells were loaded with
[3H]-NE (50 nCi ml71, 378C) for 1, 3, 5, 10, 20 and 30 min,
respectively. The radioactivity from within the cells was measured
and expressed as d.p.m. Results are presented as mean+s.e.mean and
each point represents four measurements. For the e�ect of U-0521,
P50.001 by ANOVA.

Figure 4 E�ect of lowering extracellular Na+ concentration on the
accumulation of [3H]-NE by transfected CHO cells in the presence
and absence of the COMT inhibitor U-0521 (50 mM). Transfected
cells were incubated with a bu�er containing various concentrations
of Na+ for 20 min (378C). Bars are mean+s.e.mean from four
measurements. *P50.001 versus control.
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E�ect of COMT inhibition on NE retention and
metabolism

Transfected cells were pre-incubated for 20 min with the
addition of 2 mM Ro 41-0960. Cells were then incubated for
20 min with 100 nM NE. After three washes with PBS, the cells
were lysed and the samples were collected. Inhibition of

COMT markedly increased the NE content by 8 fold with
intracellular NE content increased from 1.47+0.12 to
12.35+0.54 pmol well71 (P50.0001, ®ve measurements per

group).
To identify the metabolites of NE, we further analysed

extracellular and cellular samples collected after a period of

post-uptake incubation. Transfected cells were pre-incubated
with 100 mM NE for 20 min. After which, cells were washed
three times with PBS. After 20 min post-uptake incubation in

the presence and absence of 50 mM U-0521, medium and
cellular samples were obtained and assayed using HPLC. NE
content at the end of the uptake incubation was 212+6 pmol
well71. At the end of the post-uptake incubation, normeta-

nephrine (NMN), the metabolite of NE via COMT activity,
was present in extracellular and cellular phases in large
quantities (approximately 36% of loaded NE), with the

cellular NE content reduced to 92+2 pmol well71 (Figure
5A,B). U-0521 reduced the amount of NMN by 55%
(P50.001) with parallel preservation of cellular NE content
(P50.001, Figure 5). The NMN/NE ratio in extracellular and

cellular phases was markedly reduced by U-0521 (Figure 5C).
Dihydroxyphenyglycol (DHPG) and methoxyhydroxypheny-
glycol (MHPG) were present in small amounts (less than 10%

of loaded NE, data not shown). These ®ndings are in keeping
with the view that NMN is the major metabolite of NE via
COMT activity and the loss of NE from pre-loaded cells is

mainly due to formation and then leakage of NMN.

Discussion

In this study, a full-length cDNA encoding the NET was
identi®ed in the human stellate ganglion. Although there are

two base-pair di�erences compared with the previously
reported sequence for the human NET (Pacholczyk et al.,
1991), the predicted amino acid sequence is identical. When the

cloned NET was expressed in CHO cells, the transfected cells
actively accumulate [3H]-NE, a process which is sensitive to a
reduction in the cross-membrane Na+ gradient and is

abolished by speci®c NET inhibitors. The functional features
of NET observed were similar to that reported in native
neuronal tissues (Amara & Kuhar, 1993) and that previously

isolated in human neuroblastoma cell line (Pacholczyk et al.,
1991).

The catecholamine transporters have been cloned and
successfully expressed in various cell lines (Kilty et al., 1991;

Pacholczyk et al., 1991; Shimada et al., 1991; Gu et al., 1994;
Galli et al., 1996; Eshleman et al., 1997; Pi¯ et al., 1997). These
classes of transfected cell lines have become an important

research tool for the understanding of transporters function
with some key information gathered from recent studies
(Amara & Kuhar, 1993; BoÈ nisch & Eiden, 1998). In these

studies, comparisons of the functional properties have been
frequently made between recombinant and native transporters.
However, there is a potentially fundamental di�erence in the
fate of catecholamines after being transported into the

transfected cells compared with that in neuronal tissues.
Transport of catecholamines into sympathetic neuronal
varicosities is closely coupled with the vesicular transport into

the storage vesicles (Schuldiner et al., 1995). Thus, only a small
fraction of intraneuronal NE is metabolized by MAO to form
DHPG, a marker for intraneuronal NE metabolism (BoÈ nisch

& Eiden, 1998). In cell lines heterogeneously expressing NET,
there is no equivalent storage vesicles, as in the neuronal
tissues. Intracellular NE is therefore vulnerable to be

metabolized if the relevant enzyme activity is present. For this
reason, a MAO inhibitor has been included in many studies
with cells transfected with catecholamine transporters assum-
ing that this could prevent the metabolism of NE (Harder &

BoÈ nisch, 1985; Usdin et al., 1991; Galli et al., 1996; Eshleman
et al., 1997; Chang & Lam, 1998). Whilst the validation of
using MAO inhibitors is lacking, the existence of COMT

activity in these cell lines has been studied little.
The ®ndings from the present study demonstrate the

presence of COMT activity in CHO cells transfected with

NET. When functional NET is expressed in CHO cells, inward
transport of NE is coupled with the metabolism of NE by
intracellular COMT to normetanephrine (NMN). This is
suggested by the loss of intracellular [3H]-NE, lack of further

Figure 5 Content of normetanephrine (NMN) (A), norepinephrine
(NE) (B) and NMN/NE ratio (C) in extracellular and cellular phases
and the in¯uence of COMT inhibition. Transfected CHO cells were
incubated with 100 mM NE (50 nmol well71) for 20 min. After three
washes, cells pre-loaded with NE were incubated for 20 min in the
presence of U-0521 (50 mM) or with vehicle. Contents of NE and
metabolites in the medium (extracellular phase) and cells were
determined using HPLC with electrochemical detection. Bars
represent mean+s.e.mean of four measurements. *P50.05 and
**P50.001 versus control.
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retention of [3H]-NE during prolonged uptake incubation and
progressive [3H]- `leakage'. Findings from HPLC con®rmed
that NMN, the metabolite of NE through COMT activity, was

accumulated in the extracellular space and this is accompanied
by equivalent reduction in cellular NE. The signi®cance of
COMT activity in transfected cells is further implicated by
several fold increase in the cellular retention of [3H] and NE,

progressive accumulation of [3H]-NE during a prolonged
uptake-incubation, inhibition of [3H] `leakage' and the
formation of NMN by U-0521.

The presence of COMT activity in cell lines transfected with
catecholamine transporters has recently been reported by
Eshleman et al. (1997). In their study using three cell lines,

®broblast, HEK293 and glioma, inhibition of COMT greatly
increased the cellular accumulation of 3H-labelled catechola-
mines. Our study with CHO cells leads to a similar ®nding.

Moreover, we demonstrated that NMN is the major
metabolite of NE in transfected CHO cells and that the
COMT activity is responsible for the instability of loaded NE.
Our study also provides evidence that COMT activity may

greatly change the `apparent properties' of NET. We tested Ro
41-0960 and U-0521, two chemicals which di�er in molecular
structures. Thus, these changes in the `properties' of NET, by

COMT inhibition are not due to a direct e�ect on the NET per
se by the COMT inhibitors tested, but is through the
preservation of intracellular NE. In our study, COMT

inhibition led to 2 fold increase in apparent Vmax without
change in KM. This is di�erent from the ®nding by Eshleman et
al. (1997) who observed an 80% increase in the KM of the

dopamine transporter. The reasons for such di�erences are not
clear and may be attributable to di�erent cell lines used and
transporters expressed. Taken together, our study and the
study by Eshleman et al. (1997) suggest the presence of COMT

activity in various cell lines used for transfection studies.
Therefore, when transfected cellular models are studied, the
functional features of catecholamine transporters, observed in

the presence of COMT inhibitors, would more closely resemble
that seen in the native neuronal tissues.

Our study did not indicate the presence of signi®cant MAO

activity in CHO cells. Although a small quantity of DHPG was
measured, MAO inhibitors failed to increase the retention of
[3H]-NE. We observed that some MAO inhibitors tested
inhibited [3H]-NE retention and the reason for this is not clear

at present. Using the increment of cellular retention of [3H]-NE
as an index for drug potency, we found that EC50 for Ro 41-
0960 was 139 times lower than that of U-0521. These EC50

®gures derived from our study are very similar to that reported
separately by others using other measurements (BaÈ ckstroÈ m et
al., 1989; MaÈ nnistoÈ & Kaakkola, 1990).

Uptake of catecholamines is a major mechanism to

inactivate neurotransmitters in the synaptic cleft (Goldstein
et al., 1988; Esler et al., 1990). Catecholamine transporters can
be regulated by circulating and paracrine factors (Kaye et al.,

1997; Yang & Raizada 1999) and are the sites of action of a
range of drugs with therapeutic and abuse potential.
Furthermore, under pathological conditions, changes in NET

function may play a key role in the progression of diseases. For
example, heart failure is associated with reduction in NET
density and function (Liang et al., 1989; Kaye et al., 1995), and

the extent of suppression of NET is correlated with the extent
of b-adrenoceptor downregulation (Merlet et al., 1992; Beau &
Sa�tz, 1994). It is thus likely that interventions enhancing
NET in the failing heart would be expected to achieve

bene®cial e�ect similar to that by b-blockade. Under
conditions of myocardial ischaemia and anoxia, NET mediates
NE release by a mechanism of reverse transport with

arrhythmogenic consequences (SchoÈ mig, 1990; Dart & Du,
1993; Du et al., 1995), and NET inhibitors have been shown to
be anti-arrhythmic (Kurz et al., 1995; Du et al., 1998). These

facts indicate the therapeutic implication of studying the
characteristics of the transporters.

Whilst heterogeneous expression of the transporters in a cell

line provides a unique research tool, the demonstration of
COMT activity within CHO cells in the present study and in
other cell lines by Eshleman et al. (1997) strongly suggest
COMT activity as a confounding factor. Caution is required

during interpretation of the outcome by a certain intervention
that might change COMT activity as well. To minimize this
interference, the routine use of COMT inhibitors in studies

with transfected cell preprations is warranted.
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