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Abstract
Background/Aim—The pathophysiology of irritable bowel syndrome (IBS) remains enigmatic;
abnormalities in serotonin metabolism have been implicated. Two proteins that influence the function
of serotonin and serotonergic receptors are serotonin transporter protein (SERT or soluble carrier
protein SLC6A4) and p11 (S-100A10, or calpactin I light chain). Both proteins are reported to be
associated with depression-like states, a frequent co-morbid condition in IBS. We explored the
hypothesis that expression of these two proteins in colonic and rectal mucosa is abnormal in patients
with IBS as compared to healthy controls.

Methods—mRNA expression of SLC6A4 and p11 was measured in sigmoid and rectal mucosal
biopsies. Genotype of the promoter for SLC6A4 was also assessed in all participants. Validation
studies explored reproducibility of two biopsies taken from the same region, and biopsies taken an
average of ~3 months apart.

Results—We found normal colonic mucosal expression of SLC6A4 in diarrhea (IBS-D) or
constipation predominant IBS (IBS-C). On the other hand, p11 expression was increased in IBS. No
significant effect on p11 mRNA expression in sigmoid colon or rectum was noted from antidepressant
treatment in any of the analyzed subgroups.

Conclusion—Colonic mucosal expression of SLC6A4 in IBS is normal. Given that overexpression
of p11 can increase serotonergic receptor functions (e.g. 5-HT1B receptors), these data support the
need for further study of the interaction between p11 expression in health and disease and its role in
the therapeutic response to serotonergic agents, including antidepressants.
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INTRODUCTION
There is increasing evidence for disordered enteric serotoninergic signaling in IBS. Serotonin
is produced in enteroendocrine cells in the gastrointestinal mucosa, and the enteric nervous
system. After food ingestion or passage of a bolus through the intestine, there is release of
serotonin and increased levels are observed in IBS-D (1,2). This biogenic amine is inactivated
by the serotonin transporter protein (SERT), which belongs to the family of SLC 6A4
transporters (3). In one study, mRNA for SERT and tryptophan hydroxylase protein levels in
rectal mucosa were found to be markedly decreased in rectal mucosa from patients with IBS,
whether associated with diarrhea or constipation (4). This led to two intriguing hypotheses:
first, that diarrhea resulted from the failure to inactivate serotonin and activation of receptors
for serotonin that accelerate transit (e.g. 5-HT4 receptors); second, that constipation in IBS
resulted from down-regulation of the receptor secondary to failure to inactivate the serotonin
(4).Serotoninergic 5-HT3 receptor antagonists are used to treat diarrhea-predominant IBS while
5-HT4 receptor agonists are used to treat constipation-predominant IBS. However, it is unclear
why only a subgroup of patients responds to these agents. It is conceivable that the genotype
influences the response to these agents (5).

Most attention has focused on the role of 5-HT3 and 5-HT4 receptor subtypes in the enteric
serotoninergic signaling. Serotoninergic 5-HT1B receptors also play a crucial role in regulating
serotonin neurotransmission (6,7) The 5-HT1B/1D receptor agonist sumatriptan retarded gastric
emptying in healthy subjects (8). Sumatriptan also increased gastric accommodation (9) and
reduced perception of gastric distension in patients with functional dyspepsia and

Camilleri et al. Page 2

Gastroenterology. Author manuscript; available in PMC 2008 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



hypersensitivity (10). A recent study found that a protein (i.e., p11), which is a member of the
S100 EF-hand protein family, increased the localization of 5-HT1B receptors to the cell surface
(11). Moreover, p11 expression was reduced in humans and in animal models of depression
and p11 knockout mice had features of depression (11). Conversely, mice with overexpression
of p11 had increased 5-HT1B receptor function and acted as is they were treated with an
antidepressant. p 11 also facilitates the translocation of annexin II to the cell surface and the
functional expression of ion channels (NaV1.8, TASK-1, TRPV5/6) was shown earlier (12–
15).

pH protein belongs to a family of calcium-binding proteins. Among these, S100A1, S100A4,
S100A6 and S100A10 (also known as p11), but not S100B, are expressed in guinea-pig smooth
muscle, and could be potentially involved in the regulation of cytoplasmic Ca(2+)-
concentration and/or in signal transduction in smooth muscle (16). S100-mediated signal
transduction pathways also play an important role in nervous system function, and studies
implicate S100A1 in the neuronal cell dysfunction or death that occurs in Alzheimer's disease
(17). Given these functions and the association between depression and IBS, it is conceivable
that this protein may be relevant to functional gastrointestinal and motility disorders.

Therefore, our aim was to assess the mRNA expression of SLC6A4 and p11 in mucosal biopsies
from IBS patients. A better understanding of the expression of SLC6A4 and p11 may provide
mechanistic clues to IBS and improve our understanding of the variation in the efficacy of
serotonergic agents in this disorder.

PATIENTS AND METHODS
Patients with Irritable Bowel Syndrome and Healthy Participants

Sixty-five participants (19–73 years old) completed a validated bowel disease questionnaire
[BDQ (18) including questions that corresponded to Rome II criteria (19)]. Forty IBS
participants were selected from an administrative database of 752 patients with IBS residing
within 150 miles radius of Rochester, Minnesota, U.S.A, and were recruited by mailing. All
IBS patients had already been evaluated by a staff gastroenterologist by clinically indicated
tests including endoscopy, biopsies and tests of rectal evacuation. Patients were selected based
on their predominant bowel dysfunction which was confirmed at the time of study by means
of a standard questionnaire (18). Healthy volunteers were recruited by public advertisement in
Rochester, MN. All participants signed informed consent for the study, which was approved
by the Mayo Clinic Institutional Review Board.

Collection and RNA Isolation from Rectal and Sigmoid Colon Mucosal Biopsies
Participants attended the Mayo General Clinical Research Center to undergo a flexible
sigmoidoscopy and biopsies in order to isolate mRNA from the biopsies. Due to the risk of
bleeding from the biopsy procedure, participants taking aspirin, platelet inhibitors or
anticoagulants were excluded if these medications could not be stopped at least one week prior
to the endoscopy. Two phosphosoda enemas (Fleet® enema, C.B. Fleet, Lynchburg, VA) were
administered one hour prior to sigmoidoscopy. One rectal and two sigmoid colon mucosal
biopsies were collected from the 14 IBS-C, 26 IBS-D patients and 25 controls using standard
large size biopsy forceps.

Ten of these subjects (5 controls and 5 IBS patients) were randomly selected to have a second,
IRB-approved sigmoidoscopy two to three months after the first collection in order to assess
data reproducibility. At the second examination, one rectal and one sigmoid biopsy were
collected. Biopsies were taken from normal appearing mucosa only, i.e., areas with edema due
to endoscope pressure were avoided. All sigmoidoscopies were performed without sedation,
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as is the clinical standard at Mayo Clinic, and the subjects were monitored for 60 minutes after
the biopsies to ensure that they were stable for dismissal from the research center without signs
of any bleeding or other complications. Immediately after collection, biopsies were submerged
in 5 volumes of RNA Later Solution (Ambion Inc., Austin, TX) and stored at −20°C until
analyzed. Tissue was homogenized in a mixer mill 501 (Qiagen, Venlo, The Netherlands) in
RLT cell lysis buffer (Qiagen), followed by RNA extraction from the disrupted cells using the
RNeasy Kit (Qiagen) with DNase treatment on the column.

Measurement of the Expression of SERT-P and p11 mRNA in Mucosal Biopsies
cDNA synthesis was performed using 500 nanograms of total RNA as template, random
hexamer primers and Superscript III reverse transcriptase in a volume of 20µl during 1 hour
at 50°C. This was followed by inactivation of the enzyme at 70°C for 10 minutes, according
to the recommendations of the manufacturer (Invitrogen, Carlsbad, CA). Finally, real-time
quantitative PCR (RTQ-PCR) was performed using the ABI Prism® 7900HT Sequence
Detection System (Applied Biosystems, Foster City, CA) and the qPCR Core Kit (Eurogentec,
Seraing, Belgium), with primers and probes from validated fluorogenic TaqMan gene
expression assays-on-demand (Applied Biosystems). The thermal cycling conditions were 10
minutes at 95°C, followed by 45 cycles of 15 seconds at 95°C and 1 minute at 60°C. The
following assays-on-demand were applied: Hs00169010_m1 (SERT, SLC6A4),
Hs00741221_m1 (p11, S100A10, exon 1–2), Hs00237010_m1 (p11, S100A10, exon 2–3), and
assays for control genes Hs99999903_m1 (β-actin, ACTB), Hs00193002_m1 (SART1,
encoding the squamous cell carcinoma antigen recognized by T cells), and Hs99999907_m1
(β2-microglobulin, B2M). Threshold cycle (Ct) values representing the PCR cycle at which an
increase in reporter fluorescence above a baseline signal was first detected were automatically
calculated by the Sequence Detector Software SDS 2.1 (Applied Biosystems). Transcript
quantification was performed in triplicate for every sample.

The relative quantity of our genes of interest (SLC6A4 and S100A10) was then determined by
the comparative cycle threshold method for relative quantification, as described in a user
bulletin of Applied Biosystems (20). Briefly, relative gene expression within one sample was
expressed as ΔCt = Ctgene-of-interest − Ctcontrol-gene. Using a sigmoid colon mucosal sample
from a healthy subject as the calibrator, relative gene expression was then calculated as ΔΔCt
(=ΔCtsample − ΔCtcalibrator) to allow for comparison of gene expression levels of all samples
in the study. Finally, the relative gene expression levels were converted and expressed as fold
difference (= 2−ΔΔCt).

In order to ensure the validity of our analyses, we expressed each of the genes of interest relative
to a control gene with a similar level of expression. Therefore, SLC6A4 was expressed relative
to SART1, and S100A10 relative to β-2 microglobin (B2M). Because SLC6A4 was expressed
relative to ACTB (β actin) in the original paper of Coates et al. (4), we also performed this
analysis, despite the large difference in expression level between SLC6A4 and ACTB. A batch
correction of the data was performed to avoid bias caused by technical variations during sample
processing at different time points.

Genotyping SLC6A4-Promoter
Venous blood drawn from a forearm vein was stored as de-identified samples for genetic
analysis. Genomic DNA was isolated from whole blood using the Purgene DNA purification
performed on the Autopure LS (Gentra Systems, Minneapolis, MN). Molecular assays to
genotype the SERT-P (SLC6A4) promoter were performed as described earlier (21).
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Histological Assessment of Sigmoid and Rectal Biopsies
A single expert pathologist (T.S.) did a conventional histological assessment on formalin-fixed
rectal and sigmoid biopsy tissue from each subject using hematoxylin and eosin–stained
sections and standardized, published criteria (22).

Data and Statistical Analysis
Because the RTQ-PCR analyses were performed independently for both of the two collected
biopsy samples of sigmoid mucosa per subject, the average fold difference value was calculated
for each subject and used for the statistical analyses. The Kruskal-Wallis, or non-parametric
ANOVA test, was used for comparing the gene expression in the three groups: controls, IBS-
C, and IBS-D. When the p-value for the three-group comparison was 0.05 or less, we compared
the content in each IBS group versus the control group separately using the Mann-Whitney
test. All comparisons were two-tailed.

RESULTS
Patient demographics are listed in Table 1. All participants completed studies without
complications.

Histological Assessment of Mucosal Biopsies
Using established criteria, hematoxylin- and eosin-stained sections of rectal and sigmoid
biopsies were normal in most healthy subjects and patients with C-IBS and D-IBS. One healthy
subject and 2 patients with D-IBS had focal acute colitis affecting one of two sites (i.e., either
sigmoid colon or rectum) in each subject. Melanosis coli were observed in 3 patients with C-
IBS and 1 patient with D-IBS. The thickness of the subepithelial collagen layer was at the upper
limit of normal (i.e., 10 µm) in 1 healthy subject, 1 patient with C-IBS, and 2 patients with D-
IBS. Differences among groups were not statistically significant.

Expression of SLC6A4 mRNA
The expression of SLC6A4 mRNA was not significantly different in the three groups (healthy
control, IBS-C, IBS-D) in either sigmoid or rectal mucosa, whether expressed as the ratio
relative to SART1 or ACTB (Figure 1A and 1B). As this was a surprising result, we performed
validation studies, assessing reproducibility of SLC6A4 mRNA measurements in the two
sigmoid mucosal biopsies obtained in the same biopsy session and in biopsy session several
weeks apart. Thus, Figure 2 shows Bland-Altman plots of SLC6A4 mRNA expression level in
two sigmoid biopsies (taken at the same sigmoidoscopy) in controls and IBS, using SART1 or
ACTB as control gene. Overall Pearson correlation coefficients were 0.75 (p<0.0001) and 0.71
(p<0.0001) for SLC6A4/SART1 and SLC6A4/ACTB, respectively.

Second, we determined variation in mucosal SLC6A4 mRNA content in rectal and sigmoid
colon biopsies over time in 10 randomly selected subjects (5 healthy controls and 5 IBS).
Median time between the two endoscopies was 82 days (IQR 71–97, range 57–105). The
Spearman correlation (rs) analysis, demonstrated also in Bland-Altman plots in Figure 3, shows
that SLC6A4 expression is stable over time in sigmoid colon samples (rs > 0.7, p<0.02). This
reproducibility was not observed in rectal mucosal samples (rs <0.15, p= NS). Together, these
analyses demonstrate that the lack of a difference in mRNA expression of SLC6A4 in IBS
patients versus healthy controls cannot be attributed to sampling error or day-to-day variability.
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Association of SLC6A4 Promoter Genotype and Mucosal SLC6A4 mRNA in IBS
No overall significant association was found between SLC6A4 promoter genotype and
SLC6A4 mRNA expression in the entire study population (Figure 4) or in any of the phenotype
groups (data not shown).

p11 mRNA Expression
In contrast to the lack of difference in expression of SLC6A4, a significant increase was
observed in the mRNA expression of p11 in the sigmoid mucosa of IBS patients. Figure 5
shows the mRNA expression of p11 (S100A10) relative to β2 microglobulin (B2M) as measured
by two different RTQ-PCR assays. According to both assays, Hs00741221_m1, spanning p11
exons 1 and 2 and Hs00237010_m1, spanning p11 exons 2 and 3, a significant increase was
found in IBS-C patients compared to controls. It should be noted that several IBS-D individuals
also had higher p11 mRNA expression on both assays, though statistical significance was not
achieved when comparing median group values. However, when IBS-D and IBS-C patients
were pooled into one group of IBS patients and compared to the group of healthy controls, p11
mRNA was significantly increased relative to controls for both RTQ-PCR assays ( p<0.016
and p<0.013 respectively for p11 exon 1–2 and p11 exon 2–3).

In rectal mucosal samples, a significantly higher p11 expression compared to the control group
was observed in the exon 1–2 assay for the IBS-D subgroup, but no statistical significance was
reached for the IBS-C group‥ When all IBS patients were pooled into one group, a significantly
(p<0.018) higher expression was found relative to controls. No significant effect on p11 mRNA
expression in sigmoid colon or rectum was noted from antidepressant treatment in any of the
analyzed subgroups [healthy, IBS-C, IBS-D (Figure 5)].

DISCUSSION
This is the first demonstration that the sigmoid mucosal expression of p11, a protein critical
to 5-HT1B receptor functions, was increased in IBS. However, in contrast to a previous study
(4), mRNA expression of SLC6A4 in the sigmoid and rectal mucosa, assessed on two separate
occasions in a subset of subjects, was not significantly different in patients with IBS-D or IBS-
C relative to controls. Moreover, there was no statistically significant relationship between the
germ line DNA (SLC6A4 promoter genotype) and sigmoid or rectal mucosal SLC6A4 mRNA
expression.

We considered several potential explanations for these differences between this and the
previous study in the published literature (4).

First, we considered whether the control gene’s expression may have influenced the relative
expression of the mRNA for SLC6A4. In our study, the SLC6A4 mRNA expression data were
analyzed using two control genes, SART1 and ACTB. We noted somewhat greater deviation
from the line of identity in the ratio of SLC6A4 to ACTB than the ratio to SART1 in these
mucosal samples, as seen in Figure 2. The higher correlations that are found when using
SART1 as the control gene may be explained by the large difference in the expression level
between SLC6A4 and ACTB. This is also demonstrated by Coates et al, who measured a 105–
106 difference in rectal mucosal concentrations of SLC6A4 and ACTB mRNA. In contrast, this
difference in mucosal concentration between SCL6A4 and SART1 is much smaller (~102).
However, irrespective of the control gene (ACTB or SART1), mRNA for SCL6A4 was not
different between IBS and controls.

Second, we considered the possibility that, in contrast to the observation of Coates et al (4),
our controls may have had low levels of expression of SCL6A4 mRNA, and this low level may
have resulted from low grade inflammation as a result of coincidental prior gastroenteritis or
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intake of nonsteroidal agents. Thus, we carefully examined the rectal and sigmoid mucosal
biopsies for evidence of inflammation. The histopathological examination, performed by a
single histopathologist who was blinded to the clinical diagnosis, suggests that there were no
features to suggest low grade inflammation in the IBS or control participants. Hence, the normal
level of expression of SCL6A4 mRNA in IBS patients relative to healthy controls cannot be
attributed to subclinical inflammation reducing expression of SCL6A4 in the controls.

Third, we considered the possibility that SLC6A4 expression fluctuates over time. Therefore
we repeated biopsies in a subset of subjects. Taken together, the results demonstrate that the
results for SLC6A4 expression from the two initial sigmoid biopsies were highly correlated.
Moreover, SLC6A4 expression within subjects was highly correlated between the initial and
subsequent biopsies taken almost three months later.

Fourth, we considered the possibility that concomitant medications influenced expression of
SLC6A4. Thus, SSRIs affect SLC6A4 activity; however, in our study, an equal proportion of
participants in each group was taking an SSRI. Moreover, Coates et al (4) observed that the
use of an SSRI, a 5-HT4 receptor agonist, or a non-serotonin-specific antidepressant had no
effect on any of the elements of 5-HT signaling evaluated in their study.

It is unclear why mucosal SLC6A4 mRNA expression differed between the sigmoid and rectal
mucosa in our study. Participants did receive a sodium phosphate enema two hours prior to the
procedure in our study. Details on bowel preparation of participants were not provided in the
paper by Coates et al (4). Overall, we observed that data from biopsies of the sigmoid mucosa
are more reproducible, and these data suggest that this region may represent a favorable site
for monitoring changes in SLC6A4 expression levels, for example in response to drug
treatment. Further studies of the expression of key functional proteins in sigmoid and rectal
mucosa are awaited to determine whether there are systematic differences in mucosal
expression of these proteins.

We observed over-expression of p11 mRNA in sigmoid mucosa from patients with IBS
compared to controls. This is in contrast to the deficit in p11 expression in depression (11,
23) and of SLC6A4 expression or genetics in anxiety, life event stress responses and depression
(3,24–26). Though the effects of increased p11 mRNA expression on gastrointestinal
sensorimotor functions are unknown, p11 is co-localized with 5-HT1B receptors, stimulation
of which is known to relax the gastric fundus and delay stomach emptying in humans. Thus,
it is certainly conceivable that increased p11 might retard colonic transit through activation of
the serotonergic receptors by serotonin released in response to luminal chemical or mechanical
stimuli. Also, the physiological significance of increased p11 mRNA expression in at least a
subset of IBS-D patients is, unclear and awaits further study of the potential role of p11 in
mediating response to stimulation of other serotonergic receptors.

p11 is known to be involved in trafficking members of the voltage-gated sodium and potassium
channel families as well as transient receptor potential and chloride channels. It plays a selective
role in enhancing functional expression of ASIC1a (27). ASICs are involved in visceral
nociception and, hence, p11 signaling may also be relevant to the pain component of IBS
(28). Thus, over-expression of p11 may conceivably contribute to visceral hypersensitivity or
pain experienced in IBS.

Antidepressants regulate p11 expression to restore normal functions. In view of the normal or
elevated expression of p11 in individual IBS patients, this variation may also explain the
relative variation in efficacy of antidepressants in the treatment of IBS (29) whose function in
other neural tissues is altered by the expression of p11 mRNA. Further studies are needed to
explore whether concomitant anxiety or depression influence p11 expression and the response
to antidepressants. However, our preliminary analysis on the effect of treatment with
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antidepressants in this observational study did not reveal any significant effect on mucosal p11
mRNA expression. We also perceive that these data should stimulate further studies of the p11
expression at the protein level, the physiological correlates of this expression, the effects of
serotonergic agents and antidepressants on p11 expression, and its effects on colonic motor
and sensory functions.

In summary, over-expression of p11 in IBS has the potential to modulate the function of
serotonergic receptors, including 5-HT1B receptors, to induce symptoms. The normal mRNA
expression of SLC6A4 in rectal and sigmoid mucosa of well characterized patients with IBS
raises questions about the association reported in another study.
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Abbreviations used
IBS, irritable bowel syndrome; IBS-C, irritable bowel syndrome with predominant
constipation; IBS-D, irritable bowel syndrome with predominant diarrhea; NS, not significant;
SERT, serotonin transporter; SERT-P, serotonin transporter promoter; SLC6A4, solute carrier
family 6 (neurotransmitter transporter, serotonin), member 4.
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Figure 1.
Relative SLC6A4 mRNA expression in mucosal biopsies from (A) sigmoid colon and (B)
rectum in healthy controls, IBS-D and IBS-C patients. Filled circles refer to participants
receiving antidepressant medications. Data are expressed relative to the control genes
SART1 (left) and ACTB (right). For sigmoid colon, data points represent the average value of
two samples per subject. Median values per group are shown as horizontal lines.
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Figure 2.
Bland-Altman plots of the relative SLC6A4 mRNA expression level in two sigmoid biopsies
taken at the same sigmoidoscopy in controls and IBS. Data are expressed relative to the control
genes SART1 (left) and ACTB (right). Units of both axes are fold difference of SLC6A4 over
control gene. Dashed lines represent the 95% confidence intervals for the mean difference
between the biopsies.
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Figure 3.
Bland-Altman plots of the relative SLC6A4 mRNA expression level within 10 subjects (5
controls and 5 IBS) in rectal and sigmoid colon mucosal biopsies over time. Median time
between endoscopies was 82 days. Data are expressed relative to the control genes SART1 (top
row) and ACTB (bottom row). Units of both axes are fold difference of SLC6A4 over control
gene. The averaged values from the initial two sigmoid biopsies were used for this analysis.
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Figure 4.
Comparison of mucosal SLC6A4 mRNA expression between SLC6A4 promoter genotypes.
Data of SLC6A4 mRNA are expressed in relation to the control genes SART1 (upper panel)
and ACTB (lower panel). Results from sigmoid and rectal biopsies are shown on the left and
right, respectively. Horizontal lines represent medians.
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Figure 5.
S100A10 (p11) mRNA expression in mucosal biopsies from (A) sigmoid colon and (B) rectum
in healthy controls and IBS-D and IBS-C patients based on two different RTQ-PCR TaqMan
assays (p11 exon 1–2 and p11 exon 2–3). Filled circles refer to participants receiving
antidepressant medications. Data are expressed relative to the control gene B2M. For sigmoid
colon, data points represent the average value of two samples per subject. Median values per
group are shown as horizontal lines. Asterisks represent p-values <0.05 (*) or <0.01 (**) in
two-group comparisons following significant Kruskal-Wallis tests.
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Table 1
Phenotypic Characteristics and Relevant Medication Use of IBS Patients and Controls

Controls IBS-C IBS-D

No. of participants 25 16 24
Caucasian (n, %) 24 (96) 16 (100) 24 (100)
Gender (n, % female) 23 (92) 16 (100) 21 (88)
Age (mean ± SEM) (range) 39 ± 2 (19 – 60) 47 ± 3 (27 – 73) 40 ± 3 (22 – 64)
BMI (mean ± SEM) (range) 26.1 ± 1.2 (18.3 – 40.2) 25.7 ± 1.4 (20.0 – 42.6) 29.2 ± 1.3 (20.9 – 43.6)
Medication Type
Laxatives/Fiber (%) 0 9 (56) 1 (4)
Antidiarrheals/antispasmodics (%) 0 1 (6) 4 (14)
Clonidine (%) 0 0 2 (8)
SSRI (%) 4 (16) 4 (25) 8 (33)
5-HT3 Antagonists (alosetron) (%) 0 0 2 (8)
5-HT4 Agonists (tegaserod) (%) 0 2 (13) 0
Other Antidepressants (%) 2 (8) (buproprion) 4 (25) (3 buproprion, 1

amitriptyline)
2 (8) (buproprion,

amitriptyline)
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