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Abstract

Background—The membrane bound bile acid (BA) receptor, TGRS, is located on myenteric,
cholinergic and nitrergic neurons in colon and proximal small intestine. Our aim was to assess the
association of genetic variation in TGR5 and small bowel (SBT) and colonic transit.

Methods—In 230 healthy controls and 414 patients with lower functional Gl disorders (FGID:
irritable bowel syndrome [IBS]-alternators [Alt] 84, IBS-constipation [IBS-C] 157, IBS-diarrhea
[IBS-D] 173), we tested the association between TGR5 SNP rs11554825 (minor allele frequency
41%) with symptom phenotype (total cohort) and intermediate phenotype (SBT or colonic transit
by radioscintigraphy) which was available in 213 people in this cohort. The association with
symptom phenotype was assessed using logistic regression, while the association with colonic
filling at 6h [CF6], and colonic transit (geometric center [GC] at 24h) was assessed using
ANCOVA, in each instance assuming a dominant genetic model.
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Key Results—There was no significant association with symptom phenotype. We observed a
potential association of SNP rs11554825 with overall transit: CF6 (p=0.061) and GC24 (p=0.083).
The association of the SNP with CF6 in the IBS-D subgroup (p=0.017) indicated the TC/CC
subgroup had an average 50% faster SBT compared to the TT subgroup. In IBS-D patients, GC24
was not significantly associated with rs11554825 (TC/CC vs TT).

Conclusions and Inferences—Variation in TGR5 may contribute to altered SBT and colonic
transit in lower FGID. Further studies are required to characterize the potential role of BA receptor
TGRS in the mechanism and treatment of bowel dysfunction in lower FGID.

Keywords
GpBAR1,; diarrhea; intestine; colon

Bile acids (BAs) have significant effects on diverse gastroenterological, hepatic, endocrine
and metabolic functions; BAs regulate cells by activating nuclear and membrane-bound
receptors that regulate the expression of biosynthetic enzymes and binding proteins for BAs.
However, BAs also rapidly activate signaling pathways and cellular functions without the
requirement of transcription; these pathways include adenylate cyclase-cAMP generation
and calcium mobilization and generation of a series of kinases, which are involved in some
of the secretory and motor effects of BAs in the digestive tract. At the level of the intestine,
the ileal bile acid transporter or IBAT (also called the apical sodium-dependent bile acid
transporter, ASBT) which is responsible for the active absorption of BAs in the ileum and
the maintenance of BA homeostasis. After BAs are absorbed, they bind to the nuclear
farnesoid-X receptors in the enterocytes, and this controls the synthesis of proteins such as
ileal bile acid binding protein and FGF-19 (1,2), the latter providing negative feedback to
the hepatic synthesis of bile acids.

There is a second membrane-bound BA receptor, TGR5 (also known as GpBARL1), which is
ubiquitous (3,4) and is activated by primary and secondary BAS to generate intracellular
CAMP (4). TGRS has been associated with several metabolic functions including the control
of lipids and obesity (5), and the potential effects of bile acids on glycemic control (6)
through the BA activation of TGR5 receptors on the L cells of the intestine that produce
peptides such as the incretin glucagon-like peptide-1 (GLP-1) which may influence
glycemic control, peptide YY (PYY) and oxyntomodulin which affect gut motility (7).

Poole et al. recently reported that TGRS is expressed by myenteric, cholinergic and
particularly nitrergic neurons in the colon as well as in the proximal small intestine; this
observation suggested that BAs may alter intestinal and colonic motility (8). Indeed, the
same authors showed that the secondary BA, deoxycholic acid, which is a GpBAR1 agonist,
caused a rapid and sustained inhibition of spontaneous phasic activity of isolated segments
of ileum and colon by a neurogenic, cholinergic and nitrergic mechanism, and delayed
gastric and intestinal transit (8).

Given these observations in animal and in vitro studies, we wished to test the hypothesis that
genetic variation in TGR5 is associated with altered small bowel and colonic transit.
Specifically, given the inhibition of transit when BA activates TGR5, we considered that an
abnormally functioning TGR5 receptor (caused by a functional genetic variation in TGR5
gene) would reduce the inhibitory effect of endogenous BAs on transit and would, therefore,
be associated with acceleration of transit relative to the wild type variant. Our aim was to
assess the association of genetic variation in TGR5 and colonic and small bowel transit in
humans who were either healthy volunteers or patients with lower functional gastrointestinal
diseases (FGID).
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METHODS

Design

Subjects

Gastrointes

Genotyping

In a cohort of 230 healthy controls and 414 patients with lower FGID, we tested the
association between TGR5 SNP rs11554825 (located in exon 1, minor allele frequency 41%)
with symptom phenotype and intermediate phenotype (colonic transit) in health and FGID
based on Rome Il criteria [irritable bowel syndrome (1BS)-alternators (Alt) 84, IBS-
constipation (IBS-C) or functional constipation (FC) 157, IBS-diarrhea (IBS-D) or
functional diarrhea (FD) 173]. The designation of symptom subgroups was based on a
standard bowel disease questionnaire (9) with specific questions a priori identified in the
instrument to characterize the FGID sub-phenotype. Small bowel or colonic transit (by
radioscintigraphy) was available in 213 people in this cohort.

Genomic DNA and phenotype data were collected with written informed consent in
previous studies from 2000 to 2010 (10-16). The Mayo Clinic Institutional Review Board
had reviewed and approved use of the collected data for this study. All participants had
authorized use of medical records and genomic DNA for research.

tinal and Colonic Transit

An established, validated scintigraphic method was used to measure gastrointestinal and
colonic transit as previously described. Colonic transit by scintigraphy is a valid biomarker
of colonic dysmotility. The conduct and performance characteristics of this test are
summarized elsewhere (17-20).

During transit studies, participants continued estrogen replacement, birth control pills or
depot injection, stable doses of thyroid replacement, low-dose aspirin, and selective
serotonergic antidepressants. Exclusion criteria included organic diseases that might explain
the patients’ symptoms and use of medication for IBS or bowel dysfunction within 7 days
before or during the study.

The primary endpoint of colonic transit is the geometric center at 24 hours (GC24).
Secondary endpoints were the colonic GC at 8 and 48 hours, gastric emptying and small
bowel transit. The GC is the weighted average of count percentages in the different colonic
regions: ascending (AC), transverse (TC), descending (DC), rectosigmoid (RS), and stool;
the weighting factors are 1 to 5 respectively.

GC=(%AC x 1+%TC x 2+%DC x 3+%RS x 4+%tool x 5)/100

A change in colonic GC24 of 1 unit is associated with a discernible (~0.65 point) change in
stool consistency on a validated 7-point stool form scale.

Genomic DNA was isolated from whole blood shortly after blood draw using standard
methods and stored at —80°C until genotyping. Genotyping for TGR5 SNP rs11554825
(located in chromosome 2 position 218,834,054, exon 1, with minor allele frequency in our
patient cohort of 41%) was performed using TagMan SNP Genotyping Assays (Applied
Biosystems, Foster City, CA) per the manufacturer’s instructions. Following PCR
amplification, end reactions were analyzed using ABI 7300FAST Real-Time PCR System
by Sequence Detection Software (Applied Biosystems). According to this genotyping, T is
the major allele and C the minor allele.
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Statistical Analysis

Hardy-Weinberg equilibrium (HWE) for the genotype distribution of the TGR5 SNP was
assessed using Weir’s exact test (21). The association with symptom phenotype (healthy
volunteers vs. FGID overall, and separately, vs. FGID subtypes) was assessed using logistic
regression models incorporating gender as a covariate, the later model employed a
generalized logit link with healthy volunteers as the reference category. The association with
colonic filling at 6 hours (CF6), and colonic transit [geometric center (GC) at 24 hours] was
assessed using analysis of covariance (ANCOVA) models incorporating symptom
phenotype (HV, IBS-C, IBS-D, and IBS-A) as a covariate. In particular, ANCOVA models
which included a genotype by symptom phenotype interaction term were also examined to
assess potential differential genotype associations by symptom phenotype. A dominant
genetic model coding (TC/CC vs. TT) was used in both the logistic and ANCOVA analyses.
The reported p-values are unadjusted for examining the two endpoints of interest nor for
these specific assessments within the 4 symptom phenotype subgroups (IBS-Alt, IBS-C,
IBS-D, and healthy subjects).

RESULTS

Hardy-Weinberg Equilibrium (HWE) for Candidate SNP
TGR5 SNP rs11554825 in our entire cohort was in HWE relative to published data (22).

Demographics and Genotypes of Symptom and Transit Cohorts

Demographic characteristics and genotyping information of the full cohort of 644
participants (414 patients, 230 healthy volunteers) and the subset of 213 with colonic transit
are shown in Tables I and 11, respectively. There was a significant association of having a
transit study with age and gender, but not the TGR5 genotype, with increasing odds for a
transit study in females (relative to males) and a decreasing odds with older age. However,
incorporating symptom phenotype in the model “explained” the association with gender,
although not surprisingly, the odds for having a transit study were significantly increased in
each subtype (relative to healthy controls).

Association in Overall Cohort of TGR5 SNP with Symptom Phenotypes and Transit
Measurements

There was no significant association with symptom phenotype (Table I11).

We observed a modest overall association of SNP rs11554825 with transit in the entire
cohort of participants who underwent transit: CF6 (p=0.061) and colonic GC24 (p=0.083)
(Figure 1). The association with CF6 was most pronounced in the group of patients with
IBS-D (p=0.017) with the TC/CC subgroup having an average 50% faster small bowel
transit time compared to CC subgroup. In contrast, colonic transit in IBS-D patients was not
significantly different in TC/CC compared to TT subgroups (p=0.35).

DISCUSSION

Our study shows that there is an association between the TGR5 genotype variations
(rs11554825) and small intestinal transit in IBS-D patients, and possibly with both small
intestinal and colonic transit in a cohort of patients with lower FGID and healthy controls.

These findings are consistent with recent studies showing that TGR5 receptors are located
on nitrergic neurons whose activation results in inhibition of ileal and colonic motility and
inhibition of gastric and small intestinal transit (8). The TT genotype of rs11554825 (T
being the major allele) is associated with numerically slower small bowel and colonic transit
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compared to the TC/CC subgroup, though neither reached statistical significance in the
entire IBS group or in the IBS-D group if adjustment for multiple endpoints and 4 subgroups
was applied. Our data are consistent with the hypothesis that the TC/CC subgroup alters the
function of the TGR5 gene, reduces its expression, and hence reduces the nitrergic inhibition
of intestinal motility and transit, which manifests as faster transit in the TC/CC subgroup.
The functional significance of SNP rs11554825 is unclear, even though Hov et al. (22)
showed it was significantly associated with ulcerative colitis (p= 8.5*1077). In fact, the
coding part of TGR5 is entirely in exon 2, and using confocal microscopy, flow cytometry
and a cAMP-sensitive luciferase assay, five of the non-synonymous mutations (W83R,
V178M, A217P, S272G and Q296X) in exon 2 were found to reduce or abolish TGR5
function (22).

Our participant cohort is representative of adults in the Unites States as there was no
deviation from the Hardy-Weinberg equilibrium. There was a significant association of
having a transit study with age and gender, but not with the TGR5 genotype. There were
increased odds for undergoing transit measurement in females (relative to males); however,
incorporating symptom phenotype in the model accounted for the association with gender
and this is attributable to the increased prevalence of IBS in females. The decreased odds of
undergoing transit measurements with older age are consistent with the higher prevalence of
lower FGIDs in younger adults. It was not surprising that the odds for having a transit study
were significantly increased in each subtype of lower FGID relative to healthy controls.

In experimental animal studies, activation of TGR5 was associated with delayed gastric and
small intestinal transit (8). The mechanism of this effect is not fully understood (23);
however, it is conceivable that this results from activation of TGR5 receptors on
enteroendocrine cells, such as L cells, leading to the release of glucagon-like peptide-1
(GLP-1) with subsequent inhibition of proximal gut transit. Alternatively, activation of
neuronal mechanisms such as intrinsic primary afferent neurons and nitrergic neurons
ultimately inhibit intestinal transit.

In contrast, bile acids, such as chenodeoxycholic acid, induce acceleration of colonic transit
as shown in health and IBS-D patients (24,25), and induce high amplitude propagated
contractions (26), presumably by a different mechanism that may be activated by a higher
dose of the intraluminal bile acids than the dose that stimulates the neural or hormonal
mechanisms that retard gastric and small intestinal transit. It is interesting to note that
administrations of the bile acid, chenodeoxycholate, and the bile acid sequestrant,
colesevelam, in humans were associated with retardation of gastric emptying (24,25),
suggesting that both pathways that result in retardation of gastric emptying and acceleration
or delay of colonic transit in IBS-C and IBS-D respectively may occur concurrently. There
is evidence that another bile acid sequestrant, colestimide, increased secretion of GLP-1 in
patients with type 2 diabetes mellitus, and this effect is mediated through the nuclear
receptor farnesoid X receptor (FXR) and the membrane receptor, TGR5. These actions may
enhance glycemic control either through the effects of GLP-1 on gastric emptying or FXR-
mediated regulation of energy substrate mobilization and storage (27-29).

Our study should be regarded as hypothesis-generating. Thus our hypothesis is that TGR5
impacts small bowel and colonic transit in humans. The functional significance of
rs11554825 is still not reported and, although it is in strong linkage disequilibrium with
SNPs in the 5° untranslated region of the TGR5 gene, it has not been demonstrated to be in
linkage disequilibrium with the functional SNPs in exon 2 which is the section of the gene
that leads to the transcribed protein (22). It is also possible that SNP rs11554825 is in
linkage disequilibrium with the causative genetic variation in TGR5 that is responsible for
the alteration of gastrointestinal motility and that genetic variant has yet to be identified.
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The strengths of our study include the use of the standard, validated measurement of small
bowel and colonic transit as an intermediate phenotype with defined coefficient of variation,
and the relatively large number of participants included in the genetic association analysis.
The weaknesses are: first, that SNP rs11554825 is not yet proven to have functional
consequences and therefore it may serve only as a marker of a genetic association; second,
the symptom phenotype information is based on a bowel disease questionnaire with
insufficient information to more accurately characterize bowel frequency and consistency;
and third, that the associations with colonic filling and colonic transit in the IBS group as a
whole are not statistically significant, and the subgroup (IBS-D) analysis (unadjusted for 4
groups) is not statistically significant. Our data are therefore hypothesis-generating.

In summary, variation in TGR5 may contribute to altered small bowel and colonic transit in
patients with lower FGID, particularly IBS-D patients. Further studies are indicated to
characterize the potential role of the bile acid receptor, TGRS5, in the mechanism and
treatment of bowel dysfunction in lower FGID.
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Figure 1.

Association of TGR5 SNP rs11554825 with small bowel and colonic transit in the overall
cohort of patients and healthy controls who underwent transit measurement and, specifically,
in patients with IBS-D. A modest overall association is noted between SNP rs11554825 and
transit in the entire IBS cohort for Colonic filling at 6 h (CF6, p=0.061) and colonic transit
(GC24, p=0.083). The association with CF6 was most pronounced in IBS-D (p=0.017) with
the TC/CC subgroup having an average 50% faster small bowel transit time compared to the
TT subgroup. In contrast to the numerical difference in CF6 in the TC/CC subgroup
compared to TT subgroup in IBS-D, colonic transit in IBS-D patients was not significantly
different in the 2 subgroups.
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