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Background. CCK is a satiety neuropeptide. Ani-
mal studies have shown that both acute and chronic
exposure to nicotine results in weight loss which is
associated with an increase in hypothalamic CCK
and that CCK antagonists ameliorate symptoms of
nicotine withdrawal. A major detriment to smoking
cessation, especially in women, is the fear of gain-
ing weight. These observations suggested that ge-
netic variants in the CCK gene might be a possible
risk factor for smoking.

Methods. To test this hypothesis we examined the
association of the C-45T promoter polymorphism
in the Sp1 binding region of the CCK gene with
smoking and BMI in two independent groups of
subjects.

Results. Group 1 consisted of 191 Caucasian
women participating in an obesity study. The T al-
lele was present in 15% of women who had never
smoked, 20% of ex-smokers, and 58% of current
smokers, P < 0.0014. The T allele was present in
26.8% of ever-smokers (ex-smokers 1 current smok-
ers). There was no association with BMI. Group 2
consisted of 725 parents of twins from the Minne-
sota Twin and Family Study of substance abuse.
Logistic regression analysis showed that a diagno-
sis of nicotine dependence was significantly associ-
ated with the T allele (P < 0.002) and with gender
(males > females) (P < 0.001), but not with BMI (P <

.68). The T allele was present in 15.9% of parents
ho had never smoked and 24.7% of ever-smokers,
ery similar to the results for group 1.

Interpretation. These results are consistent with a

ole of the CCK gene as a risk factor for smoking.
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Despite knowledge of the potential consequences,
after a decade of decreases in the percentage of the
United States population that smokes, the decline
has leveled off at about 25% (1–3). Approximately
half of these smokers are women, and women find it
particularly difficult to stop smoking due to fears of
gaining weight (4–6). The identification of the
mechanism by which nicotine influences appetite
could lead to the identification of more effective
smoking cessation programs. In this regard, CCK
regulates weight by producing a feeling of satiety (7)
and animal studies show that both acute and
chronic exposure to nicotine results in increased
plasma CCK levels and weight loss (8–10). This
weight loss is associated with a decrease in food
intake and an increase in metabolism, as well as
decreases in plasma glucose and insulin levels
(11,12).

Cholecystokinin (CCK), one of the most abundant
neuropeptides in the brain, plays a role in a wide
range of behaviors in addition to feeding, including
learning, memory, anxiety, pain, drug dependence,
and withdrawal (11,13,14). Rasmussen et al. (15)
reported that a CCK antagonist significantly de-
creased the symptoms of nicotine withdrawal in an-
imals.
The identification of a C-45T polymorphism in the
Sp1-binding cis-element of the CCK gene (16) has
allowed the investigation of role of CCK variants in
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various human behaviors. Harada et al. (16) re-
ported a significant increase in the frequency of the
T allele in Japanese alcoholics compared to controls,
but this was not replicated in a Japanese in a study
by Ishiguro et al. (17). Fujii et al. (18) reported a

otential association between C-45T polymorphism
nd Parkinson’s disease and vulnerability to hallu-
inations in patients treated with L-DOPA. Studies

of a C-36T mutation also in the Sp1-binding region
have suggested a role of the CCK gene in panic
disorder in some (19). Based on the above observa-
tions we hypothesized that the T allele of the C-45T
polymorphism of the CCK gene might be associated
with smoking and/or obesity, and might provide in-
sights into the role of smoking in weight control.

METHODS

Subjects

Group 1. For a study of the genetics of obesity,
e advertised for women who were overweight and
illing to participate in a study of weight control.
here were 191 women in the study with an average
ge of 54.5 (SD 5 6.28). Some of those who agreed to
articipate were able to bring a nonobese female
riend of comparable age, and socioeconomic and
thnic background as a control. All subjects in this
tudy were non-Hispanic Caucasians. The mean
MI of the total group was 35.74 (SD 9.25). The
ean BMI of the 151 obese subjects was 38.97 (SD

.48) and of the 40 non-or less-obese subjects was
3.54 (SD 2.78). Questions were also asked about
hether the subjects had ever smoked, smoked but

topped, or were currently smoking. All of the cur-
ent smokers had previously attempted to stop
moking. There was no significant difference in the
revalence of smoking in the obese versus the con-
rol group. The study was approved by the respec-
ive IRBs of both the Beckman Research Institute
here the genetic studies were performed and Loma
inda University where the clinical sample was ob-
ained.

Group 2. The second study sample consisted of
25 non-Hispanic Caucasian parents of twins re-
ruited by the Minnesota Twin Family Study. The
ubjects had an age range of 28–63 years, with a
ean of 42.3 years. They were 40% males and 60%

emales. In addition to providing a blood sample for
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enetic studies, the subjects were administered the
tructured Clinical Interview for DSM-III-R

SCID-R) (20). The presence of nicotine and other n
drug dependence was based on lifetime diagnoses.
This identified 138 male and 261 female controls
with no substance abuse including alcohol, nicotine,
or other drug dependence, and 151 males and 175
females with nicotine dependence. This subset was
used in the study. Weight and height were available
on all subjects allowing for the determination of
BMI—weight in kg/ (height in cm) (2). Since we were
interested in the interrelationship of four variables,
gender, age, BMI, nicotine dependence, and CCK
genotype, to avoid the loss of power that would have
occurred from examining multiple two-way compar-
isons, we compared all four variables simulta-
neously using logistic regression analysis. The
males were scored as 1 and the females as 2. Those
without nicotine dependence were scored as 1 and
those with nicotine dependence as 2. The BMI
ranged from 18 to 57 with a mean of 27.6 (SD 5.74)
and was used as a quantitative trait. The CCK ge-
notypes were scored as CC 5 1, CT or and TT 5 2.

here were only 9 individuals with the TT genotype.
icotine dependence was the dependent variable
nd the remaining three factors were the indepen-
ent variables. The study was approved by the re-
pective IRBs of both the Beckman Research Insti-
ute were the genetic studies were performed and
he University of Minnesota where the clinical sam-
le was obtained.

enotyping

The C-45T polymorphism of the CCK gene (16)
as used and we utilized the PCR conditions de-

cribed in this reference.

tatistics

In group 1, the association of the CCK genotypes
ith smoking status was assessed by Pearson x2

analysis. ANOVA, using BMI as the dependent vari-
able, and CCK genotype as the independent variable
was used to determine if there was an association
between these two variables. In group 2, logistic
regression analysis was used with nicotine depen-
dence as the dependent variable (control 5 0, nico-
tine dependence 5 1) and age, BMI, gender, and

CK genotype as the independent variables. All sta-
istical tests used the SPSS statistical package
SPSS, Inc, Chicago, IL).

RESULTS

T AL.
Group 1. As shown in Fig. 1, 15% of those who
ever smoked carried the T allele. This increased
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to 20% for those who were smokers but had
stopped smoking, and 58% for those who had at-
tempted to stop smoking but were still current
smokers, x2 5 13.16, df 5 2, P # 0.0014. The T

llele was present in 26.8% of those who ever-
moked (ex-smokers 1 smokers), x2 5 3.95, df 5 1,

P # 0.05. When ex-smokers were compared to
current smokers, x2 5 7.3, P # 0.0067. We also
examined the possible association between BMI
and the C-45T polymorphism. For the total group
the BMI for those with the CC genotype was 35.7
(SD 9.46) while the BMI for those with the CT
genotype was 35.8, F 5 0.0024, P 5 0.96. Finally,
we compared the mean BMI of ex-smokers to cur-
rent smokers. For the ex-smokers it was 36.38 (SD
9.43) and for current smokers it was 33.75 (SD
7.58), F 5 0.81, P 5 0.36.

Group 2. The P values based on logistic regres-
sion analysis were sex (P # 0.0001), age (P #
0.009), CCK (P # 0.007), and BMI (P # 0.57). For
all four factors, P # 0.0001. The correlation coeffi-
cient for gender (male 5 1, females 5 2) was 20.12,
indicating males contributed more than females,
and 20.07 for age. Again, BMI was not significant (r
5 0.0000, P 5 0.37). To allow a better comparison
with group 1, a post hoc x2 analysis was performed.
For the total group, 15.9% of those without a current
diagnosis of nicotine dependence carried the T allele,
compared with 24.7% of those with a diagnosis of
nicotine dependence, x2 5 8.8, df 5 1, P # 0.003. In
group 2 the diagnosis was for a lifetime diagnosis of
nicotine dependence and no data were available to

FIG. 1. Relationship of the C-45T polymorphism of the CCK
gene with smoking status in women.

CCK AN
distinguish ex-smokers from current smokers. The
genotypes in both samples were in Hardy-Weinberg
equilibrium.
DISCUSSION

CCK is a satiety neuropeptide (7) and CCK ago-
nists result in a decrease in food intake in animals
and humans (11). There are two CCK receptors, A
and B. The A receptors are associated with satiety
and pancreatic enzyme secretion, including insulin,
and potentiation of dopamine-mediated behaviors
(21,11). The B receptors are associated with anxiety,
symptoms of withdrawal from drugs of abuse includ-
ing nicotine, pain, and inhibition of dopamine-medi-
ated behaviors (14). Studies with CCK agonists in-
dicate that a target site of action is in the periphery
and an intact vagus nerve is required for CCK to
reduce food intake (11). However, central sites such
as the paraventricular nucleus of the hypothalamus
and the nucleus tractus solitarius contribute to the
pathway that mediates the effect of peripherally
administered CCK on appetite (11,22–24). In this
regard, it is of interest that exposure to cigarette
smoke also produces increases in CCK levels in the
paraventricular hypothalamic region (24). These
studies suggest that the stimulation of CCK produc-
tion in the paraventricular hypothalamic region by
nicotinic cholinergic receptors may be the mecha-
nism by which smoking contributes to weight con-
trol.

To examine the potential interaction between al-
leles of the CCK gene and smoking we have exam-
ined the C-45T promoter polymorphism in the Sp1-
binding region of the CCK gene. Although we are not
aware of any prior studies of the potential role of the
CCK gene in obesity, Funakoshi et al. (25) reported
an association between a polymorphism of the pro-
moter region of the CCKA receptor and percentage
body fat and insulin and leptin levels in Japanese
subjects. Hansen et al. (26) examined the function of
the effect of the C-36 T variant on transcription of
the human CCK gene. They demonstrated that sub-
stitution of the C-36 residue caused a slight reduc-
tion of Sp1 and Sp3 binding, but this had no effect on
transcription in vivo and no difference in the re-
sponse to physiological stimuli was observed. We are
not aware of any comparable studies of the C-45T
polymorphism that also resides in the Sp1-binding
region. These studies suggest that neither the C-36T
nor the C-45T variants have a direct effect on func-
tion of the CCK gene. However, we have suggested
elsewhere (27) that that by an effect on gene func-

351OKING
tion, the micro- and minisatellite polymorphisms
associated with virtually all genes play a major role
in polygenic inheritance. As a result of the great
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variability of these short tandem repeat polymor-
phisms and the long distances over which they exert
their effect (28), all genes are likely to be present in
a range of hypo- and hyperfunctional variants (29).
As a result any common polymorphism, whether it
has a direct local effect on gene function or not, is
likely to divide the gene into groups of varying func-
tion. Thus, the fact that is was a common polymor-
phism, and by occurring in the promoter region of
the CCK could have a direct effect on gene function,
we chose to use the C-45T variant.

Figure 1 shows there was a significant association
between the C-45T polymorphism and smoking in
sample 1 with a progressive increase in percentage
with the T allele across the three smoking groups,
P # 0.0014. Despite their demographic differences,
there was a remarkable degree of agreement be-
tween sample 1 and sample 2. Thus, the percentage
of T allele carriers for never smokers was 15.0% for
sample 1 and 15.9% for sample 2. For ever-smokers
it was 26.8% for sample 1 and 24.7% for sample 2.
Since all the reported studies of the CCK C-45T
polymorphism have been in Japanese we have no
prior Caucasian samples for comparison of allele
frequencies. However, the virtually identical fre-
quency of the T allele for non-smokers and smokers
in our two independence samples suggests these are
reproducible results.

The low prevalence of current smokers (6.3%), in
group 1 compared to approximately 25% in the gen-
eral population, is of interest. This may have been a
result of the fact that these studies were carried out
at Loma Linda University and the majority of the
volunteers were Adventists, who are very health
conscious. Such a group would be more likely to have
a low prevalence of current smokers than the gen-
eral population.

For both samples, these results suggest an asso-
ciation between the CCK gene and smoking status.

f interest, although CCK is viewed as a satiety
europeptide both studies showed no association
ith BMI. Based on the literature reviewed above,
ur initial hypothesis was that the CCK gene might
e associated with smoking since many individuals,
specially women, report the use of cigarettes as a
ethod of appetite and weight control. Figure 2

ummarizes the effects of smoking and food on CCK
nd their possible interaction. Our results suggest

352 COMIN
hat the role of the CCK gene in satiety may account
or its association with smoking, but this did not
ranslate into an association with BMI.
Twin studies of smoking have shown that while
enes contribute to approximately 50% of smoking
nitiation, they contribute to 70% of smoking persis-
ence or resistance to smoking cessation (30,31).
his suggests that genetic factors play a greater role

n an inability to stop smoking than to start smok-
ng. We propose that the present results are consis-
ent with a role of genetic variants of the CCK gene
s a risk factor for smoking, and may play role in
esistance to smoking cessation. There was a non-
ignificant trend for the BMI to be lower (33.7) in
urrent smokers in sample 1 than in ex-smokers
36.4). While the present results are consistent with
he CCK gene as a risk factor in smoking, the degree
o which this is secondary to the known effect of
moking on weight control is not clear since we
ound no association of the CCK gene with BMI.
urther studies of this potential association are rec-
mmended. The findings do suggest that CCK-act-
ng agents might be useful aids for smoking cessa-
ion.
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