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Abstract

Nicotine is known to modulate immune function, but reports have produced conflicting evidence as to whether nicotinic acetylcholine
(nACh) receptors are responsible for these effects. This study was designed to examine the identity of nicotine-binding sites on immune cells
using a human leukaemic monocytic cell line, THP-1, that is known to have functions that are modulated by nicotine. Binding studies were
performed on THP-1 whole cells using [3H]nicotine as a probe to analyse any possible nicotine-binding sites on these cells. Saturation
analysis of THP-1 cells revealed the presence of 2 distinct binding sites; one with aKd1 of 3.5 6 2.1 3 1029 M and aBmax1 of 41006
560 sites/cell (designated the high-affinity site) and the other with aKd2 of 27 6 9.2 3 1029 M and aBmax2 of 11,6006 630 sites/cell
(low-affinity site). Competition analysis revealed that one site had an affinity to a range of cholinergic ligands including epibatidine and
cytisine. When saturation analysis of [3H](2)-nicotine to THP-1 cells was performed in the presence of 13 1026 M epibatidine, only one
binding site was detected. Comparisons ofKd andBmax values showed that the high-affinity site was not occluded by epibatidine. No drugs
tested displayed any affinity for the high-affinity site except the two enantiomers of nicotine. The high-affinity site was shown to be
stereoselective for the (1)-enantiomer of nicotine as shown byKi values produced by competition analysis in the presence of 13 1026

M epibatidine. These values were 5.76 0.323 10211 M and 1.96 4.9 3 1029 M for (1)-nicotine and (2)-nicotine, respectively. This
study presents evidence for a possible non-cholinergic binding site that may play a role in the mechanism of immunomodulation by nicotine.
© 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Nicotine is one of the most pharmacologically active
components of cigarette smoke, and its action on the brain
and neuromuscular junction nicotinic acetylcholine recep-
tors has been well described [1–3]. These effects of nicotine
are mediated through its actions on nACh receptors, a class
of multisubunit ligand-gated ion channels belonging to a
supergene family of receptors that include glutamate, gly-
cine, and serotonin receptors [4]. To date, the diversity of
vertebrate nACh receptors numbers 16 subunits: 9a-sub-
units, 4b-subunits, andg, d-, ande-subunits [5,6]. Struc-
turally, these receptors are believed to form a pentameric
conformation with a central pore that allows the passage of

cations upon opening [3,7,8]. nACh receptors were until
recently classed as muscular and neuronal nACh receptors
with the muscular receptor comprised ofa1b1ed in adult
vertebrate (a1b1gd in the embryo) and the other subunits
being found in the brain. Recently, however, nACh recep-
tors have also been shown to exist in non-neuronal tissues
including keratinocytes, chromaffin cells, and immune cells,
and receptors are thus now named by subunit identity
[9–11]. Agonist-binding sites are generally associated with
a-subunits, althoughb-subunits are known to alter ligand
affinities and efficacy [12,13]. Channels composed of sub-
unitsa2–6 form heteromeric receptors withb2–4 subunits,
whereasa7–9 can form homomeric receptors [6,14,15]. All
subunits are known to exist in human tissues with the
exception ofa8 anda9, which have only been discovered in
chick retina and rat cochlear hair cells [6,16].

There is now evidence that nicotine may have actions at
sites other than the brain and nervous system and in partic-
ular on the immune system.In vitro studies of nicotine on
the immune system have demonstrated that nicotine has
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effects on immune cells such as inhibition of apoptosis [17],
the potentiation of superoxide production [18], and an in-
crease in chemotaxis in human neutrophils [19]. Nicotine
causes a modulation of immunoglobulin synthesis in murine
splenic lymphocytes [20], an increase in intracellular cal-
cium mobilisation [21,22], and an inhibition of the produc-
tion of interleukin-2 and TNFa from human lymphocytes
[23]. The production of TNFa from human leukaemic
monocytes in response to lipopolysaccharide is also inhib-
ited by nicotine [24].

However, the mechanism by which nicotine produces
these effects is not known. It has been demonstrated that
nicotinic nACh receptors exist in human blood leukocytes,
peripheral lymphocytes, and a number of lymphocyte cell
lines using reverse transcriptase-polymerase chain reaction
and radioligand binding techniques [10,25]. Evidence that
these nACh receptors are functional comes from studies
showing that they may play a role in proliferation. It has
been demonstrated that concentrations of acetylcholine
(1–10 nM) inhibited lymphocyte proliferation. This effect
was blocked by the nicotinic antagonistsa-bungarotoxin (1
mM) and d-tubocurarine (1mM), indicating that the recep-
tors responsible were nACh [26,27], but it is not known
whether these receptors possess the capabilities to modulate
the inflammatory response. A previous study found that
conventional nicotinic antagonists did not alter the inhibi-
tory effect of nicotine on the release of cytokines from
peripheral blood mononuclear cell fractions [28], suggest-
ing that “atypical” or non-cholinergic nicotine receptors
may be involved.

Binding studies on polymorphonuclear leukocyte mem-
branes and whole cells have produced conflicting data as to
the identity of [3H]nicotine-binding sites. Two studies dem-
onstrated the presence of a nicotine-binding site on the
surface of human polymorphonuclear whole cells that was
not competed for by conventional nicotinic ligands [29,30].
In contrast, Lebargyet al. showed the presence of a nico-
tine-binding site on human polymorphonuclear leukocyte
membranes that have a structure–affinity profile similar to
that found in nicotine-binding sites in the brain [31]. How-
ever, both studies only demonstrated a single binding site on
leukocytes from normal volunteers, and the identity and
possible function of this binding site remain obscure.

In an attempt to address the question of the identity of
nicotine-binding sites on immune cells, we chose to exam-
ine THP-1 cells, a monocyte cell line in which cytokine
release is inhibited by nicotine [24]. The experiments de-
scribed below use radiolabelled nicotine to examine the
possibility of a nicotinic binding site that is not typically
cholinergic. We also looked at this cell line because mono-
cytes, unlike lymphocytes and neutrophils, have not yet
been analysed for the presence of nicotine-binding sites.
The discovery of a non-cholinergic nicotinic receptor on
immune cells that has an immunomodulatory effect would
be a potentially valuable target for therapeutic drugs.

2. Materials and methods

2.1. Materials

(2)-N-Methyl-[3H]nicotine (85 Ci/mmol) was obtained
from New England Life Sciences. Nicotine bitartrate, (1)-
nicotine, cytisine,a-bungarotoxin, carbachol, hexametho-
nium chloride, DMPP, dihydro-b-erythroidine, atropine,
and (1)-polylysine were obtained from Sigma. Epibatidine
was purchased from Tocris. Whatman GF/B filters were
obtained from Merck. Skatron 12-well filter tube strips were
obtained from Camo Ltd. THP-1 cells were obtained from
the European Collection of Cell Cultures. RPMI-1640 me-
dium, penicillin, streptomycin, and foetal bovine serum
were purchased from GIBCO. Scintillation vials and Liqu-
iscint were obtained from National Diagnostics.

2.2. THP-1 maintenance and preparation

Cells were grown as a suspension culture and maintained
in RPMI-1640 media with 10% foetal bovine serum and 200
mg/mL of penicillin and streptomycin at a cell density of
2–9 3 105 cells/mL at 37°, 5% CO2. The cells were split
and the media were changed three times a week. Before
each experiment, cell viability was checked using trypan
blue exclusion.

Cell suspensions were harvested by centrifugation for 5
min at 4°, 300g. Cells were then washed once with assay
buffer (Hanks’ balanced salt solution: 5 mM KCl, 0.5 mM
KH2PO4, 0.13 M NaCl, 0.3 mM Na2HPO4, and 5 mM
D-glucose without Ca21 or Mg21 plus 20 mM HEPES and
1 mM EDTA, pH 7.4) and resuspended in assay buffer at a
concentration of 23 107 cells/mL before being assayed.

2.3. Binding assays

Binding assays were carried out on cell suspensions
using a filtration assay with the aid of a Skatron cell har-
vester. [3H](2)-Nicotine was used as the tritiated ligand and
was stored at220° in aliquots of ethanol. In each assay, 175
mL of cell suspension was added to the wells of 12-well
microtubes containing 25mL of a predetermined concen-
tration of [3H](2)-nicotine, 25mL of assay buffer with or
without 13 1025 M unlabelled (2)-nicotine, and 25mL of
a given concentration of the competing ligand. Cell suspen-
sions were incubated at 4° for 20 min (except when a
time-course was being studied) before cells were collected
by rapid filtration onto Whatman GF/C filters. Filters were
presoaked with 0.1% (w/v) poly-L-lysine to reduce nicotine
binding to the filter [32]. Filters were washed with 5 mL of
ice-cold assay buffer and placed into scintillation with 4 mL
of Liquiscint. Samples were then allowed to solubilise over-
night before counting in a Packard 2500 liquid scintillation
counter.

For occlusion of nicotine with epibatidine ora-bunga-
rotoxin, the drugs were added to the stock solution of
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unlabelled nicotine so that 25mL of the solution would
produce a final concentration of 13 1026 M epibatidine or
1 3 1025 M a-bungarotoxin and 13 1025 M nicotine.
Non-specific binding was determined in the presence of 13
1025 M nicotine. Specific binding was the difference be-
tween total and non-specific counts.

2.4. Experimental analyses

The GraphPad Prism® program was used for data ma-
nipulations, graphical representations, and statistical analy-
sis. All values includingBmax, Kd, half-life, andKi values
were determined by this program. Unpaired Student’st-test
was used to determine significance, and values are repre-
sented by means6 SEM of the number of experiments
stated.

3. Results

3.1. Characterisation of nicotine binding to THP-1 cells

All the cell suspensions used in these experiments
were, 95% viable as determined by trypan blue exclusion.
[3H](2)-Nicotine (20 nM) binding was performed at 4°, as
preliminary binding studies on lymphocyte membranes
showed that the ratio of total: non-specific binding was
lowest at this temperature (ratio at 4°5 1.6:1, ratio at 37°
5 1.2:1). Binding of nicotine at 4° displayed a half-time of
association of 0.526 0.08 min and reached maximum
levels after 5 min (Fig. 1). This level of binding persisted up
to 60 min, after which the specific binding declined rapidly
(data not shown).

When an excess of unlabelled nicotine was added to cell
suspensions that had been preincubated with 20 nM [3H]ni-
cotine long enough for equilibrium to be reached (20 min),

specific binding of the radioligand decreased in a time-
dependent fashion. The half-life of dissociation from the
binding to THP-1 cells was 1.146 0.56 min (Fig. 2). Both
association and dissociation curves could only be fitted with
a monoexponential curve.

3.2. Saturation analysis of [3H](2)-nicotine

Saturation studies on whole THP-1 cells using concen-
trations of nicotine from 13 10210 M to 4 3 1028 M
revealed the presence of two saturable binding sites (Fig.
3a). Non-linear regression analysis of nicotine binding pro-
duced aKd1 value of 3.56 2.1 3 1029 M and aBmax1 of
4100 6 560 sites/cell for the high-affinity site, while the
lower-affinity binding site exhibited aKd2 of 27 6 9.2 3
1029 M and aBmax2of 11,6006 6,300 sites/cell. Scatchard
analysis of the binding data also suggested two binding
sites, as described by the curved appearance of the points on
the graph (Fig. 3b).

3.3. Competition studies

A number of compounds were used in an attempt to
investigate the nature of the binding sites for nicotine on
THP-1 cells. The data presented in Table 1 summarise the
Ki values from studies with (2)-nicotine, cytisine, epibati-
dine, hexamethonium, atropine, and carbachol. (2)-Nico-
tine displayed a biphasic competition curve showing two
separateKi values: 6.66 4.3 3 10210 M and 1.66 1.5 3
1027 M. However, all other drugs showed monophasic
competition curves, and there was always some residual
specific binding comprising approximately 20% of the total
specific binding. Hill coefficients supported the hypothesis
that all drugs except nicotine competed at one site (Table 1).
Epibatidine displayed the highest affinity of the competing

Fig. 1. A time-course for [3H](2)-nicotine binding to THP-1 whole cells.
The experiment was conducted at 4° and [3H](2)-nicotine concentration
was 20 nM. Experimental details are as stated in Methods and T1/2 was
found to be 0.526 0.08. Each point represents the mean6 SEM of 4
triplicate determinations.

Fig. 2. A dissociation time-course for binding of [3H](2)-nicotine (20 nM)
bound to THP-1 cells. Dissociation was determined by the reduction of
nicotine bound at different time points after addition of an excess of
unlabelled nicotine (13 1025 M). Data are the means6 SEM of 3
triplicate determinations. T1/2 was calculated to be 1.146 0.56 min.
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ligands (Ki values shown in Table 1), and relative potencies
for the competing ligands were epibatidine. cytisine .
atropine. hexamethonium. carbachol (Fig. 4). Drugs that

showed no competition for either site werea-bungarotoxin,
dihydro-b-erythroidine, and DMPP (maximum concentra-
tion tested5 1 3 1023 M).

3.4. Occlusion studies

To ascertain which site was being competed for in the
competition studies, saturation experiments were performed
in the presence of the drugs epibatidine anda-bungarotoxin.
a-Bungarotoxin showed no affinity for either site (data not
shown), whereas epibatidine (13 1026 M) succeeded in
blocking the lower-affinity site only. In the presence of
epibatidine, theKd for nicotine was 5.716 3.3 3 1029 M
and theBmax was 40306 800 sites/cell (Fig. 5).Neither of

Fig. 3. (a) Saturation binding of [3H](2)-nicotine to THP-1 whole cells.
The graph displays the specific binding of nicotine to THP-1 cells as
determined in the presence and absence of unlabelled nicotine. The results
were obtained from a filtration assay conducted at 4°. Data represent the
means6 SEM of 6 triplicate determinations. TheBmax of the higher-
affinity site was 41006 560 sites/cell with aKd of 3.5 6 2.1 3 1029 M.
The low-affinity site displayed aBmax of 11,6006 630 sites/cell and aKd

of 27 6 9.2 3 1029 M. (b) Scatchard plot of [3H](2)-nicotine binding to
THP-1 whole cells. The graph depicts the presence of 2 binding sites as
displayed by the 2 lines. Data display the means of 6 experiments.

Table 1
Ki values and Hill slopes for the different ligands used in the
competition assay

Competing drug Ki (M) Hill slopes

Nicotine high affinity 6.46 4.83 10210 20.436 0.15a

Nicotine low affinity 1.66 1.53 1027

Epibatidine 4.36 2.53 1029 21.036 0.14
Cytisine 4.46 1.83 1028 21.076 0.09
Atropine 5.66 0.93 1027 20.826 0.27
Hexamethonium 3.36 3.73 1025 20.876 0.19
Carbachol 1.96 6.53 1024 21.226 0.36

All values were as calculated from computer analysis of the data (Prism)
and are the means6 SEM of 3 triplicate determinations.

a Hill slope calculated for nicotine reflects binding at two sites.

Fig. 4. Competition binding of [3H](2)-nicotine to THP-1 cells by cho-
linergic drugs. Cells were incubated with 15 nM [3H](2)-nicotine in the
presence of a serial dilution of each drug for 20 min. Points are the means
of at least 3 triplicate determinations. Error bars have been removed for
clarity. } carbachol,Œ cytisine, � epibatidine,p hexamethonium,F
atropine, and■ (2)-nicotine.

Fig. 5. Saturation binding of [3H]nicotine in the presence of epibatidine as
a displacing agent. The assay was conducted as previously with the addi-
tion of 1 3 1026 M epibatidine in the reaction buffer. Experiments were
conducted at 4° and incubated for 20 min.Bmax was calculated as 4.036
0.8 sites/cell andKd was calculated as 5.716 3.3 nM. Data are expressed
as the means6 SEM of 4 triplicate determinations.

736 D. Morgan et al. / Biochemical Pharmacology 61 (2001) 733–740



these values was significantly different from those obtained
in the initial studies on the high-affinity site in the absence
of epibatidine (P . 0.05).

3.5. Competition studies in the presence of epibatidine

Competition analysis was performed in the presence of
1 3 1026 M epibatidine to identify the ligands that would
compete for the high-affinity site. The 3 compounds used
were (1)-nicotine, (2)-nicotine, and the peptide Pro-Lys-
Arg-NH2. The high-affinity site displayed a higher affinity
for the (1)-enantiomer than the (2)-nicotine enatiomer,
with Ki values of 5.76 4.8 3 10211 M and 1.96 4.9 3
1029 M, respectively (Fig. 6).The peptide showed no af-
finity for the site up to a concentration of 13 1023 M, the
highest concentration tested.

4. Discussion

In this study, we have shown the presence of specific
nicotine-binding sites on THP-1 whole cells. Association
experiments showed a half-life of 0.526 0.08 min and an
equilibration time for binding of 5 min; this is faster than
values previously published on granulocyte membranes,
which reported equilibration times of an hour [31], but
similar to those seen on granulocyte whole cell preparations
that achieved maximal binding in 8 min [29]. The specific
binding for the site remained at peak levels for only 60 min,
after which the specific binding fell to approximately one-
third of the maximum level. Conformational changes in
nACh receptors are known to alter the affinities of ligands to
binding sites, and this may be the reason for the reduction in
specific binding over time [33]. Nicotine binding to THP-1
cells was found to be reversible, as specific binding was

depleted fully over time when an excess of unlabelled nic-
otine was added (half-life of dissociation5 1.14 6 0.56
min). The dissociation kinetics of binding is faster than
those from nicotine-binding studies performed on human
polymorphonuclear cells, human brain, and rat brain, which
quoted half-life of dissociation of 5, 17, and 20 min, respec-
tively [29,34,35].

The [3H]nicotine-binding data presented show the pres-
ence of two binding sites with different binding character-
istics. The saturation curve was analysed for a non-linear
regression two-site model and resulted in the calculation of
two separateKd andBmax values. The curved appearance of
the Scatchard plot supports this interpretation, since the data
points obtained can be represented by two separate lines.Kd

values for (2)-nicotine binding to the high- and low-affinity
sites were 3.56 2.1 nM and 276 9.2 nM, respectively.
These values are similar to those for nicotine-binding sites
found in the brain and in the periphery, which have quoted
Kd values for nicotine between 2 and 43 nM [29,31,36].

Competition binding experiments for [3H](2)-nicotine
resulted in a biphasic competition consisting of twoKi

values, 6.66 4.3 3 10210 M and 1.66 1.5 3 1027 M.
These two separate values are consistent with the data
obtained from saturation experiments, which also described
two independent binding sites specific for nicotine. Data
obtained from competition studies with other ligands sug-
gest that at least one of the sites may be cholinergic in
nature. nACh receptor subunit mRNA have recently been
found in human lymphocytes [10,25], but their presence has
not previously been described in monocytes. Cytisine, epi-
batidine, hexamethonium, and carbachol all show affinities
for nicotinic receptors [33,37], and their competition at at
least one of these binding sites indicates a cholinergic na-
ture. Cytisine and hexamethonium displayedKi values sim-
ilar to those previously reported in other nicotine-binding
experiments [33]. Epibatidine is known to have greater
affinities than nicotine for cholinergic sites [37,38], and in
this study epibatidine had a 200-fold greater affinity than
nicotine for the low-affinity site. This 200-fold greater af-
finity is comparable to the affinity epibatidine shows for
binding sites in the brain, which have been recorded as
being 100- to 1000-fold the value for nicotine affinity. In the
present study, carbachol appeared to have a low affinity for
the binding to THP-1 cells, but similar observations have
also been seen previously in other agonist-binding studies
[38]. The lack of affinity for DMPP and dihydro-b-eryth-
roidine is unusual, as they have a high affinity for neuronal
nicotine receptors [33]. A number of nicotinic cholinergic
subunit configurations are known to exist [39], and the
possibility of other more elaborate configurations and novel
subunits cannot be excluded. As different configurations of
nACh subunits are known to influence the pharmacological
characteristics of nACh receptors and significantly alter
affinities that ligands have for these receptors [5,13], it may
be that these cells express subunit configurations different
from those in the nervous system. Furthermore, cholinergic

Fig. 6. Competition binding of [3H](2)-nicotine for the enantiomers of
nicotine in the presence of 13 1026 M epibatidine. Cells were incubated
with 6 nM labelled nicotine for 20 min, 4°.Ki values were 5.76 0.323
10211 M for (1)-nicotine and 1.96 4.9 3 1029 M for (2)-nicotine. Data
are the means6 SEM of 3 triplicate determinations.Œ (1)-nicotine,■
(2)-nicotine.
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receptors of unusual properties have been discovered in
animal cells [6,40], and the possibility exists that receptors
of this nature may be present in human tissues. Thea9-
subunit is known to display mixed muscarinic and nicotinic
properties as defined by functional studies performed in rat
cochlear hair cells, and a similar “mixed” binding site was
found in guinea pig cochlear outer hair cells. Furthermore,
Atweh et al. [41] reported the binding of [3H]quinuclidinyl
benzilate, a muscarinic antagonist, to murine lymphocytes
that was blocked by the nicotinic antagonist curare. The
unusual binding characteristics may be explained by the
presence of a receptor containing or being similar in prop-
erties to thea9-subunit, as atropine displayed high affinity
for one of the binding sites in this report (Ki 5 5.6 6
0.6 3 1027) compared to its affinity for other nicotinic
binding sites, which have previously reported values in
excess of 13 1025 M [31,34].

In the present study, the identity of the binding site at
which the drugs used in this study competed was demon-
strated by performing a saturation curve in the presence of
1 3 1026 M epibatidine. In this experiment, the presence of
epibatidine blocked the lower-affinity site but did not sig-
nificantly effect the higher-affinity site. Comparisons of the
Kd and Bmax values from saturation experiments in the
absence or presence of epibatidine showed no significant
difference, indicating that the higher-affinity site was indeed
left unoccupied. The same experiment was performed in the
presence ofa-bungarotoxin, which failed to compete for
either site so that the specific binding was the same as seen
in the absence of the drug. Nicotinic cholinergic receptors
that have high-affinity sites fora-bungarotoxin are known
to contain onlya1- and a7-receptors [42,43], and these
subunits are thus not likely to make up the binding site
demonstrated in this study. It can also be deduced that the
low-affinity site resides on the cell surface, as hexametho-
nium competed for binding. Hexamethonium is a highly
charged quaternary amine that does not readily pass through
the membrane and therefore would have to compete at a site
on the cell surface.

In contrast to the lower-affinity site, the higher-affinity
site displayed a binding nature that was different from
known cholinergic receptor patterns. The fact that none of
the drugs studied, except nicotine, completely displaced the
radiolabelled nicotine suggests that the nature of this site is
unusual. Binding data displaying atypical characteristics
have been published previously [29,30], but the site found
on THP-1 cells appears to be different to the binding site
found previously. In particular, the peptide Pro-Lys-Arg-
NH2 was shown to displace nicotine from a binding site on
human granulocytes but did not compete for nicotine bind-
ing at the site on THP-1 cells, suggesting that sites on
THP-1 cells have different characteristics to those on gran-
ulocytes. However, in agreement with the data published by
Davieset al., the binding site was stereoselective for the
(1)-nicotine enantiomer. This is further evidence that this
site may be non-cholinergic in nature, since cholinergic sites

are selective for the natural (2)-isomer [37]. The apparent
150-fold greater affinity of the (1)-enantiomer for the bind-
ing site is larger than the differences in affinity of the two
isomers seen in other binding studies, which have quoted
values from 30- to 60-fold greater affinity for the (1)-
enantiomer. Although the difference obtained may be due to
the characteristics of a novel binding site, part of this large
difference may also be due to errors in the values as a result
of high non-specific binding. An example of the errors
encountered are the two differentKi values obtained for the
high-affinity binding of (2)-nicotine in the absence and
presence of epibatidine. The two values, while not signifi-
cantly different from each other (p . 0.05), were numer-
ically different, being 6.66 4.3 3 10210 M and 1.96
4.9 3 1029 M, respectively. In order to clarify this differ-
ence, the use of [3H](1)-nicotine as a radioligand would be
beneficial as it is more potent than the (2)-enantiomer, but
it is unavailable. Furthermore, altering the isomer would not
prevent the large degree of non-specific binding seen with
nicotine as the radioligand.

The use of membrane preparations of cells is a common
method for reducing non-specific binding in radioligand-
binding studies in the CNS, and this method was attempted
by our laboratory. However, preliminary experiments with
membrane preparations showed no improvement in the
level of non-specific binding of nicotine when performed on
lymphocytes (data not shown), following a previously cited
method [31]. The most obvious method for reducing non-
specific binding is to use a different ligand, but the lack of
competing ligands does not allow this. No functional studies
on either of these binding sites were performed, making the
function of these binding sites unknown; the possibility of
the site being an enzyme or a different conformation/allo-
steric site of the same receptor exists. Nicotine interacts
directly with thromboxane synthase, and it is possible that
the binding site may be an enzyme [44]. Preliminary studies
conducted in our laboratory have indicated that nicotine
inhibits TNFa release from THP-1 cells at low doses. At
1 3 10211 M, nicotine caused a 50% reduction in the
release of TNFa, and as yet no antagonist for this effect has
been found. These data could indicate a possible function
for the higher-affinity binding site in THP-1 cells.

In summary, we have identified two nicotine-binding
sites in THP-1 whole cells. One site appears to be cholin-
ergic, whereas the second higher-affinity site displays char-
acteristics distinct from typical cholinergic receptors. To
unequivocally determine the presence of nACh receptors in
THP-1 cells, more work is needed using molecular tech-
niques such as reverse transcription–polymerase chain re-
action or immunostaining. The identity of the higher-affin-
ity site remains unknown and requires the discovery of other
competing ligands to reveal more evidence of its nature. The
presence of nicotine-binding sites on THP-1 cells suggests a
possible mechanism for the immunomodulatory effect of
nicotine.
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