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Abstract
Background—Smaller studies have evaluated SLC6A4 5-HTTLPR and GNβ3 825C>T
polymorphisms in IBS, and interactions between 5-HTT LPR with life events have been reported
in the psychiatric literature, but gene-environment studies in IBS are lacking.

Aims—To assess the association of two polymorphisms with IBS and age of onset; and to assess
whether there are gene-environment interactions with IBS.

Methods—Outpatients with IBS and controls completed a validated questionnaire and provided
blood for DNA. Comparisons of genotype/allele frequencies between cases and controls were
performed with logistic regression. Linear regression was used to evaluate the association between
the variants and age of onset. Environmental variables tested included abuse, parental alcohol
abuse, parental psychiatric disorders, and gastrointestinal infections.

Results—Genotyping was performed in 385 cases and 262 controls with median age of 50 yrs
(range: 18.0–70.0) and 498 (77%) females. The IBS subtype distribution among cases was: 102
(26%) D-IBS, 40 (10%) C-IBS, 125 (32%) M-IBS, 118 (31%) other. No association was observed
between IBS or age of onset and both variants. Significant interactions were observed between GI
infection and the GNβ3 825T allele. For those reporting gastrointestinal infection, the OR for IBS
was 3.9 (95%CI: 1.2–12.7) whereas the OR was 0.86 (95% CI: 0.65–1.13) for those without prior
infection.
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Conclusions—There was a significant interaction between the GNβ3 polymorphism and
infection in the development of IBS, suggesting that its etiology is the result of a combination of
specific genetic and environmental risk factors.
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INTRODUCTION
Irritable bowel syndrome (IBS) has been shown to aggregate in families [1–3], and twin
studies support a modest genetic basis for IBS [4–7]. Various candidate genes have been
studied (e.g. SLC6A4, IL10, etc.) [8], but the susceptibility locus for IBS has yet to be
clearly identified. There has been great interest in gene discovery for IBS, as diagnostic tests
for IBS are lacking and the molecular basis for IBS pathophysiology remains unclear. If a
genetic risk factor for IBS were identified, a more confident diagnosis of IBS could be more
easily made and specific treatments focusing on the underlying molecular abnormalities
could be developed. In the gene hunt for functional gastrointestinal disorders, however, there
has been a great deal of interest in the potential role of functional polymorphisms in the gene
encoding the serotonin transporter protein (SLC6A4) in IBS and in the gene encoding the
beta-3 subunit of the G-protein (GNβ3) in functional dyspepsia [9,10].

5-HTT LPR is a variable number tandem repeat polymorphism in the promoter region of
SLC6A4. The presence or absence of 44 base pairs results in a long (L) transcript or a short
(S) transcript that is either 528 base pairs or 472 base pairs long. The S allele has been
linked to depression and anxiety [11,12], has been associated with differential brain
activation in response to visceral pain responses in patients with IBS [13], and predicts
response to alosetron and clonidine [14]. A meta-analysis of eight studies concluded that
there is not an association between this variant and IBS and its subtypes [15]. Several
psychiatric studies have also shown a gene-environment interaction between the 5-HTT LPR
S allele and abuse where the allele may only increase risk of depression in the context of
early maltreatment [11],[16], but these gene-environment interactions have not been tested
in IBS.

825C>T is a single nucleotide polymorphism (SNP) on the GNβ3 gene that results in a
shortened transcript. This SNP has been linked to depression, increased chemotaxis [17–19],
and functional dyspepsia [10]. More recently, this polymorphism has been shown to predict
response (rectal sensation, pain) to clonidine in patients with IBS [20], raising the question
as to whether or not this genetic variant could potentially play a role in IBS
pathophysiology. A recent study of 214 IBS patients demonstrated no association between
825 C>T with IBS [21], but no analyses to evaluate its association with IBS subtypes or
evaluating gene-environment interactions was performed. Because both post-infectious IBS
[22] and this genetic variant are both associated with psychological comorbidity and
immune responses, we postulate that there may be an underlying gene-environment
interaction between this SNP and gastrointestinal infections.

The aim of this study was to assess the association of these polymorphisms with IBS.
Because the 5HTT-LPR S allele results in less transcription of the serotonin transporter and
results in increased availability of synaptic serotonin, we hypothesized that it would be
associated with IBS-D, and conversely, that the L allele would be associated with IBS-C.
Because of the association of the 825T allele with dyspepsia, we hypothesized that it would
also be associated with IBS. Our second aim was to assess whether there are significant
gene-environment interactions in the development of IBS, specifically if there is an
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interaction between the 5HTT LPR S allele and abuse as well as interactions between the
825T allele with prior gastrointestinal infections. To this end, a case-control candidate gene
association study of these two polymorphisms was performed in a sample of 385 cases and
262 controls.

METHODS
Study design

The study employed a case-control study design embedded in an ongoing family case-
control study conducted at a major medical center in the Upper Midwest of the United
States. This project was approved by the Mayo Clinic Institutional Review Board (IRB).

Subject recruitment
A total of 647 subjects—385 cases and 262 controls—were selected for this study. The cases
of this study, prospectively recruited between July 2004 and June 2007, were adult
outpatients with IBS, ages 18 to 70, seen at a single medical institution. Cases were
identified by reviewing their indication for an appointment within the GI Division, by direct
referral by a treating physician, through recruitment at an IBS patient education class, or by
using a research database of medical records at Mayo Clinic that is updated daily and was
programmed to search for patients with IBS listed among their final diagnoses during the
recruitment period. Unrelated controls were frequency matched to cases on age-decile,
gender, and race. Controls were prospectively recruited between February 2005 and July
2007 from patients seen in the Division of General Internal Medicine and via identification
of the research database, with recruitment purposefully lagging behind cases to allow for
frequency matching. Recruitment of case and control probands was performed in person if
being seen in clinic or by mail if identified through the computerized database. Potential
controls were also asked to complete an initial one-page screening questionnaire to identify
exclusion criteria prior to signing consent. Case and control probands were excluded if they
were under 18 years of age, had difficulty reading or speaking English, were non-U.S.
residents, were prisoners, had dementia or mental retardation, had a condition requiring a
legal guardian, or were adopted. Case and control probands were also excluded if they had a
current diagnosis of cancer or had another gastrointestinal diagnosis (e.g. inflammatory
bowel disease, celiac sprue, history of major abdominal surgery) that could produce IBS-like
symptoms. Formal chart review of probands was performed to confirm the clinical diagnosis
of IBS and rule out alternate diagnoses in cases, to exclude clinical diagnosis of IBS in
controls, to screen for exclusion criteria, document relevant medical diagnoses, document
social history, and review results of all gastrointestinal testing. Controls were excluded if
they reported a diagnosis of IBS or if they met Rome I or II diagnostic criteria [23,24] for
IBS on either the screening or study questionnaire. If consented, all probands were asked to
complete a self-reported bowel symptom questionnaire and donate 20 ml of blood, in
addition to providing contact information for first-degree relatives for the family portion of
the study. Only cases and control subjects who met inclusion criteria and completed all
aspects of the study were included in the final sample. Data from relatives were not included
in this study.

Study questionnaires
The short screening questionnaire completed by controls prior to recruitment asked about a
past diagnosis of IBS and validated questions pertaining to the Rome III diagnostic criteria
[25]. The proband (case and control) study questionnaire contained items regarding
demographics, gastrointestinal symptoms, social history, medical history, dietary history,
somatization, anxiety and depression, and family history, and contained the following
previously developed and validated survey instruments: Talley Bowel Disease Questionnaire
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[26], Psychosomatic Symptom Checklist [27], Beck Anxiety Index [28], Center for
Epidemiological Studies Depression Scale [29], and IBS-Quality of Life (IBS-QoL) [30,31].

Medical chart review data
All patients seen at our institution completed standardized forms collecting information
about their past medical history, social history, and family medical history for clinical use.
Data collected by chart review for this study included: gastrointestinal diseases, abuse
history, and psychiatric disorders (anxiety, depression, or mental illness).

Study definitions
IBS subtypes were based on the supportive symptom combination as suggested by the Rome
II criteria [24]. Constipation-predominant IBS (C-IBS) was defined by meeting either Rome
I or II criteria, but endorsing one or more constipation symptoms (less than 3 bowel
movements per week, hard stools, straining) and no diarrhea symptoms (greater than 3
bowel movements per day, loose stools, urgent stools). Conversely, diarrhea-predominant
IBS (D-IBS) was defined by meeting either Rome criteria, and endorsing one or more
diarrhea symptoms but no constipation symptoms. Mixed-IBS (M-IBS) was defined as
meeting either Rome but not meeting criteria for C-IBS or D-IBS. Functional constipation
(FC), functional diarrhea (FD), and functional bloating (FB) were also based on Rome II
definitions [24]. FC was defined as not meeting either Rome criteria for IBS, endorsing two
or more constipation symptoms, and not endorsing loose stools. FD was defined as not
meeting either Rome criteria for IBS, endorsing frequent loose stools, and no/rare abdominal
pain. FB was defined as not meeting either Rome criteria for IBS, but endorsing frequent
bloating or distension. Unspecified functional bowel disorder (UFBD) was reserved for any
case who did not meet Rome criteria for IBS, endorsing some Rome symptoms, but did not
meet criteria for FC, FD, or FB. Abuse was defined by reporting verbal or physical abuse on
the study questionnaire. Gastrointestinal infection was defined by an endorsement of any of
the following infections: Campylobacter, Salmonella, Shigella, Yersinia, E. coli,
Clostridium difficile, Giardia, Microsporidia, or other. Depression and anxiety were defined
by questionnaire reporting of these diagnoses in their medical history. Parental alcohol abuse
and parental psychiatric disease were defined as a positive endorsement of the above on a
standardized personal/family history form completed by all patients been seen as an
outpatient or inpatient at our institution, as collected by medical chart review.

Genetic analysis
Lymphocyte DNA from cases and controls was extracted using a Gentra Autopure ®™
(Gentra Systems, Inc. Minneapolis, MN USA) automated DNA extractor, and DNA
quantification was performed with a spectrophotometer (SPECTRAmax PLUS 384,
Nanodrop Technologies, Wilmington, DE, USA). Genotyping of specimens for the 5-HTT
LPR and GNβ3 825C>T polymorphisms was performed in the institutional Genotyping
Shared Resource (GSR) facility. Participant identifiers were removed except for study
identification numbers. Laboratory personnel were blinded to subject characteristics, DNA
specimens were randomly plated, cases and control samples were assessed in the same
assays, and positive and negative control DNA samples were included, with automated data
entry.

Genotyping of the 5-HTT LPR and GNβ3 825C>T polymorphisms was performed using the
Thermo Electron Hybrid MBS thermal cycler (Thermal Electron Corp., Waltham, MA,
USA). The forward primer for the 5-HTT LPR polymorphism was 5′-GTT TCT TGA GGG
ACT GAG CTG GAC AAC CAC-3′. The reverse primer used for this polymorphism was
5′-GGC GTT GCC GCT CTG AAT GC-3′ (VIC labeled). The Roche Expand Long
Template PCR kit (Roche Applied Science, Indianapolis, IN) was used with 7.36μl H2O;
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0.4μl DNTPs mix; 1μl Roche Expand Buffer no. 1; 0.1 μl each primer (25μmol l−1); 0.04 μl
Roche Expand Taq 94°C, 3 min; 40 cycles of: 94°C, 30 s; 58°C, 30 s; and 72°C, 1 min;
followed by 72°C 10 min. The samples were then processed on the Applied Biosystems
3100 16 capillary system (Applied Biosystems, Foster City, CA, USA). DNA fragments
were used for base calling and precision sizing of samples. Allelic calls were done using
Applied Biosystems GeneMapper v3.5 software (Applied Biosystems). For GNβ3 825C>T
polymorphism, the forward primer used was 5′-GAC GCT TCC TGC CGC TGG T-3′; the
reverse primer used was 5′-GCT GGC CCT TAC CCA CAC GCT-3′ (biotinylated); the
sequencing primer used was 5′-GCG GTCA TCA CGT C-3′. Polymerase chain reaction
substrates and conditions included 11.4 μl H2O, 1.6 μl MgCl2, 4 μl 5x ABI buffer, 0.4 μl
each primer (25 μmol L−1), 0.2 μl Taq Gold (Applied Biosystems) 95°C, 12 min; 40 cycles
of: 95°C, 30 s; 63°C, 30 s; and 72°C, 30 s; followed by 72°C, 10 min. The samples were
processed on the PSQ™ 96 machine (Biotage, Uppsala, Sweden). SNP calls were done
using PSQ 96 Evaluation Software.

Statistical analysis
Demographic comparisons used t-tests and chi-square tests for continuous and categorical
data, respectively. Allele and genotype frequencies (%) were calculated for each
polymorphism among cases and controls. Comparison of these frequencies between cases
and controls was performed using chi-square analysis (or Fisher’s exact tests) and Armitage
trend tests depending on the genetic model. Allele and genotype frequency comparisons
were also performed with logistic regression for IBS (cases v. controls) and linear regression
for age of onset. Ordinal (e.g 0=LL, 1=SL, 2=SS), dominant (e.g. SS or SL v. LL), and
recessive (e.g. SS v. SL or LL) genetic effects as well as environmental effects and gene-
environment interactions were evaluated in genetic models. SAS statistical software (SAS
Institute Inc., Cary, NC, USA) was utilized for analyses.

RESULTS
Subject characteristics

As shown in Table 1, the median age of the 647 study participants was 50 years old (range
18–70), 498 (77%) were female, and 631 (98%) were Caucasian. Controls were similar to
cases with respect to age, but there were more females in cases than controls (83% v. 67%,
p<0.001). Overall, 267 (69%) of cases met Rome I or II criteria for IBS. When these
individuals were broken down into IBS subtypes, 10% were IBS-C, 26% were IBS-D, and
32% were IBS-M. Among the 118 (31%) individuals who did not meet Rome criteria, 23
(6%) met criteria for functional constipation, and 1 (0%) met criteria for functional diarrhea.
Cases were more likely than controls to have a higher somatization score (case median 1.1 v.
control median 0.4, p<0.001), and to report an abuse history, a personal psychiatric disorder,
a parent with a psychiatric disorder, and prior gastrointestinal infection (all p<0.001, Table
1). There was no association between a parental alcohol abuse history and IBS,

5-HTT LPR and GNβ3 825C>T results
Genotyping was successfully performed for the 5-HTT LPR polymorphism in 374 (97%)
cases and 262 controls; genotyping was successful for the GNβ3 825C>T polymorphism in
342 cases and 253 controls. Both polymorphisms were found to be in Hardy-Weinberg
equilibrium among controls (p>0.05). The genotyping frequencies for both variants are
shown in Figure 1 where no differences were observed between cases and controls.
Similarly, allele frequencies for the 5-HTT LPR S allele was 43% in cases and 45% in
controls (p=0.37), and the allele frequencies for the GNβ3 825T allele was 34% in cases and
33% in controls (p=0.85). When cases were divided into symptom predominant subtypes,
again no genotype or allele frequency differences were observed between cases and controls
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(Figure 2a and 2b). Conclusions did not change when those with functional constipation
were combined with C-IBS patients and compared with controls, or when those with
functional diarrhea were combined with D-IBS patients and compared with controls (data
not shown). Neither variant predicted age of onset of IBS, irrespective of genetic model
tested. To ensure that racial differences were not affecting results, the analyses were
repeated evaluating Caucasians only. Conclusions did not change with these restricted
analyses.

Gene-environment interactions
Four environmental risk factors were evaluated for gene-environment interactions with the
two genetic variants of interest: history of abuse, parental history of alcohol abuse, parental
history of psychiatric disorder, and history of intestinal infections. A significant interaction
was observed between the GNβ3 825C>T polymorphism and prior gastrointestinal infections
(p=0.02) (Figure 3). For example, among those without a prior infection, the odds ratio was
0.86 (95% CI: 0.65–1.13) for predicting IBS in a multivariate model adjusting for gender,
abuse, parental psychiatric disorder, and infection. In contrast, among those with a prior
infection, the polymorphism conferred a four-fold increased odds of IBS with an odds ratio
of 3.9 (95% CI: 1.2–12.7). Prediction accuracy of the model with these variables was 72.7%
(AUC=0.727). No gene-environment interactions were observed for either polymorphism
with abuse, parental alcohol abuse, or parental psychiatric disorder. For example, for the
multivariate model adjusting for age and gender evaluating gene-environment interactions
between 5-HTTLPR and abuse, the OR was 0.74 (95%CI: 0.43–1.28) among those with
abuse with a similar OR of 0.96 (95%CI: 0.73–1.26) among those without abuse (p>0.05).

DISCUSSION
Despite great interest in the role of 5-HTT LPR and GNβ3 825C>T polymorphisms in
psychiatric disease and functional dyspepsia, this large case-control study of 385 patients
with IBS and 262 controls found no association between the 5-HTT LPR and GNβ3 825C>T
polymorphisms and IBS, nor the IBS subtypes. Furthermore, neither variant predicted age of
onset of IBS—a genetic trait commonly observed in other disease susceptibility loci.

We anticipated that, like others have observed [15], there would be no association between
the serotonin transporter promoter polymorphism with IBS overall, but speculated that the S
allele may be associated with IBS-D and that the L allele would be associated with IBS-C.
Mechanistically, one would anticipate that the less efficient transcription of the S allele
would result in more serotonin in neuronal synapses, resulting in more post-synaptic
stimulation of serotonin receptors. Conversely, one would have anticipated that the L allele
would result in less synaptic serotonin, and thus, less serotonin receptor activation. Our
findings did not support this hypothesis. Our sample size for each IBS subgroup was
moderately large (n≥100), with the only exception being the IBS-C group. The allele and
genotype frequencies observed in our control group for both polymorphisms are comparable
to that reported by others [32,33], lending strength to the validity of our study results. This
suggests that this genetic variant either plays no role in IBS pathophysiology, its effect on
serotonin transporter function in the context of IBS are modest, or that there are other
genetic, environmental, or physiological factors that attenuate its effect.

Furthermore, because IBS and functional dyspepsia appear to overlap significantly [34] and
because the 825C>T polymorphism has been linked with dyspepsia, we hypothesized that
the polymorphism would be associated with IBS as well. The lack of an association between
this genetic variant and IBS and its subtypes suggest that there may be a different biological
mechanisms between the two disorders despite the overlap. However, although no direct
association was observed between this functional polymorphism and IBS, we did observe a
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statistically significant interaction between this variant and prior infections, whereby this
polymorphism conferred a four-fold risk increase in the development of IBS. Because the T
allele has been linked to increase lymphocytic chemotaxis [19,35], this interaction with
intestinal infections raises questions as to whether this polymorphism, in the presence of
infection and due to an altered or varied immune response, may somehow result in altered
GI function and/or sensation in genetically susceptible individuals. One significant
methodological concern is that we relied on self-report of infection in this study, which may
have led to under- or over-reporting of events. Under-reporting may have resulted from
either lack of health-care seeking to identify the specific organism during illness or due to
poor recall of a remote illness. Over-reporting of infections, particularly by cases, due to
recall bias (i.e. those with IBS are more likely to remember a previous gastrointestinal
infection) is a potential confounder. Furthermore, as this was not a prospective study, we can
not definitively know that the infection preceded IBS symptom onset. Ideally, this positive
finding of gene-environment interaction should be reproduced in another separate cohort to
determine whether this was simply a spurious finding or a biologically-based, real
observation.

In contrast to the psychiatric literature that has repeatedly reported that there appears to be
an interaction between the 5-HTT LPR polymorphism and life events such as stress,
childhood adversity, and abuse [11,16], we did not observe a gene-environment interaction
between the 5-HTT LPR polymorphism and abuse with IBS status. We were interested in
investigating the same gene-environment interaction in IBS because psychiatric comorbidity
is common in IBS [36,37], abuse is common in IBS [38], IBS has been observed in post-
traumatic stress disorder in veterans [39], and some mental health experts include IBS as
part of an affective spectrum disorder [40]. Our results suggest a different biological—or at
least genetic-- mechanism for depression and anxiety compared with IBS. Nonetheless, we
acknowledge that the method by which we collected information on abuse, parental
alcoholism and psychiatric disease through self-report and medical chart review is likely
imperfect with high risk for under-reporting, and thus, may in part explain our negative
findings with respect to these specific gene-environment interactions. We are currently
collecting data on early life trauma using a validated questionnaire, and will have the
opportunity in the future to re-evaluate this specific methodological issue.

In summary, we found that two well-known, functional polymorphisms—5-HTT LPR and
GNβ3 825C>T—did not appear to be directly associated with IBS, IBS subtypes or IBS age
of onset in this large case-control study of patients with a clinical diagnosis of IBS.
However, we did observe a statistically significant gene-environment interaction between
the 825C>T polymorphism and prior bacterial infections that warrants further investigation
to determine if our findings are confirmed. If the latter finding is a real finding, it suggests
that IBS truly is a complex genetic disorder with both a genetic and environmental basis for
symptom development and manifestations.
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Figure 1. IBS Cases vs. Controls
*ordinal, dominant, recessive p –values > 0.05; N.S.=not significant -genotype frequencies
in Hardy-Weinberg equilibrium among controls
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Figure 2.
Figure 2a. 5-HTT LPR
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*p-value for ordinal, dominant, recessive > 0.05; N.S.=not significant
Figure 2b. GNβ3
*p-value for ordinal, dominant, recessive > 0.05; N.S.=not significant
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Figure 3.
GxE interaction: GNβ3 825 C>T x GI infection. A significant interaction was observed
between the GNβ3 825C>T polymorphism and prior gastrointestinal infections (p=0.02)
+adjusted for gender, abuse, parental psychiatric disorder, genotype, infection, and
interaction term
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Table 1

Subject Characteristics

Cases
n=385

Controls
n=262

Median age (range) 49 (18–70) 51 (19.6–69.5)

Female (%) 320 (83%) 178 (67%)*

Race

 Caucasian, n (%) 378 (98%) 253 (97%)

Rome I or II criteria

 Yes, n (%) 267 (69%) 0 (0%)

  IBS-C, n (%) 40 (10%)

  IBS-D, n (%) 102 (26%)

  IBS-M, n (%) 125 (32%)

 No, n (%) 74 (19%)

  Functional constipation, n (%) 23 (6%)

  Functional diarrhea, n (%) 1 (0%)

  Unspecified bowel disorder, n (%) 50 (25%)

 Insufficient responses, n (%) 44 (11%)

Median somatization level (range)* 1.1 (0.0, 3.5) 0.4 (0.4, 2.5)

Psychiatric Disorder, n (%) 213 (55%) 48 (18%)*

Abuse history, n (%) 146 (38%) 32 (13%)*

Parental alcohol abuse, n (%) 68 (18%) 36 (14%)

Parental psychiatric disorder, n (%) 106 (28%) 26 (10%)*

Prior gastrointestinal infection, n (%) 79 (21%) 15 (6%)*

*
p<0.001
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