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Background:  Corticotropin-releasing  hormone  receptor  1 (CRH-R1)  in the  amygdala  and  the  stria  termi-
nalis  plays  an  important  role in  the  activation  of central  stress  circuits.  Genetic  factors  may  contribute  to
the hyperresponsiveness  of  these  circuits  in  irritable  bowel  syndrome  (IBS).
Aims:  To determine  if CRH-R1  SNPs  are  associated  with:  (1)  a diagnosis  of  IBS,  (2)  gastrointestinal  (GI)
symptoms,  and  (3)  acoustic  startle  response  (ASR)  to  threat,  which  is  mediated  by  the  amygdala  via CRH.
Methods:  Three  CRH-R1  SNPS  (rs110402,  rs242924,  and  rs7209436)  were  genotyped  using  salivary  DNA
from  IBS  and  healthy  control  subjects  (HCs).  Eye  blink  ASR  was  obtained  during  safe  (no  shock),  antici-
pation  (abdominal  shock  may soon  occur)  and  threat  (abdominal  shock  likely)  conditions  in a  subset  of
subjects.  Associations  between  each  SNP  with  IBS  status,  clinical  traits  and  ASR  were  measured.
Results:  235  IBS  patients  (mean  age 37.5  yrs,  74%  F) and  264  HCs  (mean  age  32.1  yrs,  70%  F)  were  studied.
Of  these,  57  IBS  and  41 HCs  underwent  the  ASR  protocol.  The  presence  of  IBS  was  associated  with  the
major  allele  for all three  CRH-R1  SNPs  (p  =  0.009–0.025).  Within  IBS,  the  major  allele  for  all  three  SNPs
(p  =  0.017–0.065)  was  associated  with GI  symptom  anxiety  scores.  Within  subjects  with  at least  one  copy

of  the  major  allele  for the  CRH-R1  SNPs,  IBS  had  significantly  lower  ASR  compared  to  HCs  during  threat
conditions  (p  =  0.001–0.002).  Within  IBS, CRH-R1  SNPs  were  associated  with  a  graded  increase  in ASR to
threat  (p =  0.007–0.008).
Conclusion:  These  findings  support  that  CRH-R1  contributes  to the  dysregulated  stress  responsiveness  in

IBS.

. Introduction
Irritable bowel syndrome (IBS) affects approximately 10.5% of
he population (Wilson et al., 2004), and as currently defined, likely

Abbreviations: IBS, irritable bowel syndrome; CRH-R1, corticotropin-releasing
ormone receptor 1; ASR, acoustic startle response; EAL, early adverse life event; GI,
astrointestinal; ETI, early life trauma; VSI, visceral sensitivity index; HADS, hospital
nxiety and depression scale; PNS, peripheral nervous system; CNS, central nervous
ystem; ENS, enteric nervous system.
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represents a heterogeneous group of disorders presenting with a
similar pattern of symptoms, including abdominal pain, altered
bowels habits and gastrointestinal (GI) symptom-specific anxiety
(Su et al., 2014). Several studies suggest an interaction between
genetic and environmental factors (including early adverse life
events [EALs]) in the development of altered brain-gut interac-
tions in stress-sensitive conditions including IBS (Fukudo, 2007,
2013; Sato et al., 2012). In predisposed individuals, chronic or sus-
tained stress can result in increased responsiveness of central stress
circuits and an increased vulnerability for the development of func-
tional and affective disorders (Mayer et al., 2001).
Stress results in increased central corticotropin releasing hor-
mone (CRH) and noradrenaline release, and activation of behavioral
and autonomic nervous system responses. Converging results from
preclinical and clinical studies suggest that central and peripheral

dx.doi.org/10.1016/j.psyneuen.2016.07.204
http://www.sciencedirect.com/science/journal/03064530
http://www.elsevier.com/locate/psyneuen
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ffects of CRH play a role in IBS pathophysiology by modu-
ating visceral perception, intestinal motility and permeability,
mmune function, and the hypothalamic-pituitary-adrenal (HPA)
xis (Kiank et al., 2010). The mechanism was further elucidated in a
reclinical study in rats, which showed that elevated corticosterone

evels in the amygdala resulted in somatic and colonic hypersensi-
ivity via a CRF 1 receptor-dependent mechanism in the bed nucleus
f the stria terminalis (BNST) (Tran et al., 2012). In healthy individ-
als, peripheral administration of CRH has been shown to increase
mall intestine permeability via a mast cell-dependent mecha-
ism (Vanuytsel et al., 2014), increase small bowel constriction and
scending colon volumes (Pritchard et al., 2015), decrease percep-
ion thresholds and increase perceptual ratings to rectal balloon
istension (Lembo et al., 1996). All of these effects are thought to
e mediated by CRH 1 receptors (CRH-R1). In IBS subjects, admin-

stration of a CRH-R1 antagonist was associated with suppression
f colonic motility indices and abdominal pain ratings induced by
lectrical stimulation (Sagami et al., 2004), as well as with reduced
erebral blood flow in brain regions that were activated in response
o an expected abdominal pain stimulus (Labus et al., 2013).

CRH-R1 receptors are widely distributed throughout the brain-
ut axis, and its role in neuroendocrinology has been intensely
tudied and clearly defined (Fukudo, 2007; Tyrka et al., 2009).
RH-R1 also appears to play an important role in central stress
ircuits underlying anxiety-like sustained fear responses that are
ctivated and modulated via the amygdala complex (Walker and
avis, 2008). Rapid, phasic responses to threat are generated from
utputs of the basolateral amygdala (BLA) acting on the central
ucleus of the amygdala (CeA) which in turn projects to hypotha-

amus and brainstem regions that regulate stress responses. In
ontrast, slower developing and more sustained fear responses
anxiety-like responses) involve projections of the BLA to the BNST
hich also projects to hypothalamic and brainstem areas similar

o those innervated by the CeA. Growing animal evidence suggests
hat CRH plays a significant role in this latter pathway (Tran et al.,
012). CeA neurons release CRH which binds to receptors located on
he terminals of glutamatergic BLA neurons which in turn increases
lutamate release and BNST activation (Walker and Davis, 2008).

An important function of the extended amygdala circuit
escribed above is to modulate the threshold for defensive reflexes
uch as freezing or eye blink responses. If, for example, an audi-
ory stimulus is salient, it triggers a predictable defensive motor
eflex which can be assessed as an eye blink in humans and other

ammals. Circuits of the amygdala complex set the sensitivity
f this system such that increased amygdala activation (e.g. dur-

ng conditions of threat) causes a lower threshold for activation
f the defensive reflex and this is manifested in a greater eye
link response to a sudden loud sound termed the acoustic startle
esponse (ASR) (Gillespie et al., 2009; Naliboff et al., 2008). Poten-
iated ASRs during predictable or conditioned threat results from
he fear circuit described above while unpredictable (or anxiety-
ike) threats potentiate the ASR via the BNST circuit involving CRH
Davis, 1998; Walker and Davis, 2008). CRH modulation of the BNST
ircuitry in the ASR was further supported in a preclinical study in
tressed rats, which showed that there was a significant decrease
n startle amplitude when a CRH-R1 antagonist was implanted into
he anteriolateral BNST compared to the normal saline control (Tran
t al., 2014). Additionally, chronic changes in the amygdala, such
s CRH receptor upregulation, can also impact stress responses.
or example the presence of EALs or genetic factors are associated
ith greater priming for stress responsiveness and enhanced ASRs

o threat (Gillespie et al., 2009). Enhanced threat potentiated ASR,

hich may  represent amygdala-dependent central pain amplifica-

ion, have been demonstrated in IBS subjects (Naliboff et al., 2008),
bromyalgia (Bartley et al., 2009), anxiety (Davis, 1998), and inter-
titial cystitis (Twiss et al., 2009).
rinology 73 (2016) 133–141

Single nucleotide polymorphisms (SNPs) residing in the gene
encoding for the CRH-R1 have been implicated in the pathophysiol-
ogy of both IBS (Sato et al., 2012) and several psychiatric conditions
including depression, (Bradley et al., 2008; Heim et al., 2009; Papiol
et al., 2007; Sumner et al., 2014) which can coexist with IBS (Fond
et al., 2014; Park et al., 2013). Sato et al. (Sato et al., 2012) found
that there was a significant association between the presence of the
major allele of CRH-R1 SNPs, rs7209436 and rs242924 and IBS and a
trend with rs110402. They did not find an association of these SNPs
with IBS bowel habit subtype or anxiety and depression symptoms.
However, this study was conducted in a relatively small number of
Japanese subjects, i.e. 103 IBS and 142 healthy controls. This group
subsequently measured associations of IBS status with CRH SNPs
in 111 IBS and 142 healthy controls (HCs) (Sasaki et al., 2016) and
CRH receptor 2 (CRH-R2) SNPs (Komuro et al., 2016) in 142 IBS and
142 HCs in a Japanese population. CRH-R2 SNP, but not CRH SNP,
associations with the presence of IBS were found. Although asso-
ciations of these SNPs and mood and perceived stress symptoms
were assessed in these studies, they did not evaluate associations
with IBS symptom severity, GI symptom-specific anxiety, EALs or
amygala function.

The major allele for the CRH-R1 SNPs was  recently found to be
associated with increased depressive symptoms in the presence of
childhood abuse (Bradley et al., 2008; Heim et al., 2009). Addition-
ally, another study showed that the major allele was associated
with a blunted cortisol response to a mental stressor, providing
evidence for the association of the major allele and blunted CRH-
mediated HPA axis responses to a contextual stressor (Sumner et al.,
2014).

Although studies have investigated the relationship between
CRH-R1 SNPs, physiologic dysregulation, and some stress-sensitive
conditions, it is not known if SNPs of the CRH-R1 gene are associ-
ated with changes in amygdala function, as indexed by enhanced
symptom related anxiety and altered ASR in IBS subjects. In the
current study conducted in well characterized, racially diverse IBS
subjects and HCs, we aimed to determine if CRH-R1 SNPs are asso-
ciated with: (1) a diagnosis of IBS with or without accounting for
EALs, (2) GI symptom severity, and (3) an altered ASR. We  hypoth-
esized that: (1) there is an association between the CRH-R1 SNPs
and the presence of IBS and IBS symptom severity and that these
associations would be strengthened when accounting for EALs, (2)
there is an association of CRH-R1 SNPs with increased ASR.

2. Materials and methods

2.1. Study subjects and recruitment

IBS subjects and HCs were primarily recruited from commu-
nity advertisements although some subjects were recruited from a
functional bowel disorders clinic at a university hospital setting.
Subjects were between 18 and 55 years of age and underwent
a medical history and physical examination by a gastroenterol-
ogist or nurse practitioner with expertise in IBS. IBS and bowel
habit subtyping was determined by the Rome III diagnostic crite-
ria (Drossman, 2006) in the absence of other chronic GI  conditions
and confirmed by a clinician with expertise in IBS. Exclusion criteria
included pregnancy, substance abuse, abdominal surgery, tobacco
dependence (smoked half a package of cigarettes or more daily),
current psychiatric illness, and extreme strenuous exercise (exer-
cised one hour or more per day). HCs had no history of IBS, other
chronic pain disorders, or current or past psychiatric illnesses, and

were not taking beta-adrenergic blockers or centrally acting drugs
(antidepressants, anxiolytics, and narcotics).

All subjects were compensated for participating in the study,
and written informed consent was  obtained from all subjects. The
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tudy was approved by the University of California Los Angeles
UCLA) Institutional Review Board and was conducted in accor-
ance with the institutional guidelines regulating human subjects
esearch.

.2. Symptom measures

A bowel symptom questionnaire was used to assess the pres-
nce and severity of IBS symptoms (abdominal pain, bloating, usual
nd overall IBS symptom severity) and determine fulfillment of
he Rome III diagnostic criteria (Longstreth et al., 2006). Severity
f abdominal pain, IBS symptoms, and sensation of bloating during
he past week were assessed on a scale from 0 (no pain) to 20 (most
ntense pain imaginable) (Bradford et al., 2012). Usual IBS symptom
everity was ranked on a 5-point scale, which included: none, mild,
oderate, severe or very severe symptoms (Bradford et al., 2012).
on-GI clinical traits were assessed using the following scales:

urrent anxiety and depression symptoms (Hospital Anxiety and
epression Scale [HAD]) (Zigmond and Snaith, 1983), GI-symptom

pecific anxiety (Visceral Sensitivity Index [VSI]) (Labus et al., 2004),
nd somatic symptoms (Patient Health Questionnaire [PHQ-15])
Kroenke et al., 2002). The HAD scale is a self-assessment scale that
ssesses current depression and anxiety symptoms (Zigmond and
naith, 1983). The VSI is a reliable, valid measure of GI symptom-
pecific anxiety (Labus et al., 2004). The PHQ-12 (modified PHQ-15
ithout the three GI symptoms) has been shown to correlate with

atient behavior and symptom severity in IBS (Kroenke et al., 2002).
arly Trauma Inventory Self Report-Short Form (ETI-SR) measures
he occurrence (before the age of 18) of 27 EAL items in the follow-
ng domains (number of items): general trauma (11), physical (5),
motional (5), and sexual abuse (6). Each of the 27 items is scored as
Yes” = 1 or “No” = 0 (total score range 0–27) (Bremner et al., 2007).
n addition, all the subjects had previously undergone a structured
sychiatric interview (MINI) to measure past or current psychiatric

llness (Sheehan et al., 1998).

.3. DNA collection

DNA extracted from salivary samples of IBS subjects and HCs
as processed and assessed by the UCLA Biological Samples Pro-

essing Core using the Autopure LS Nucleic Acid Purification
nstrument (Gentra Systems, Inc., Minneapolis, MN.) The CRH-R1
NPs were chosen based on an extensive review of the litera-
ure. The CRH-R1 polymorphisms (rs110402, rs242924, rs7209436)
ere genotyped using the Fluidigm Biomark system. First, 10–60 ng

f DNA was pre amplified using Qiagen Multiple PCR master mix.
his was then diluted and used for amplification as starting mate-
ial. Next, the samples and assays were loaded onto GT 96*96
ynamic array and processed per Fluidigm protocol. The assays
sed were designed using Fluidigm’s proprietary technology. The
enotyping calls were made using Fluidigm SNP genotyping soft-
are. The literature is inconsistent on the labeling of CRH-R1 SNP

lleles. We  chose alleles consistent with the reference SNP orien-
ation on db SNP which were C and T for rs110402 and rs7209436
nd A and C for rs242924 (http://www.ncbi.nlm.nih.gov/SNP/). The

 allele is the major allele for all three SNPs.

.4. Acoustic startle response (ASR) protocol

The acoustic startle protocol tested eye-blink ASRs to the rel-
tively unpredictable threat of abdominal electrical stimulation
sing standard procedures for our laboratory (Fig. 1) and previ-

usly described in detail (Twiss et al., 2009). Briefly, auditory startle
timuli (105 dB, 0 rise time, 50 ms  white noise bursts) were pre-
ented binaurally and, immediately following, eye blink strength
as measured as electromyographic activity of the orbicularis oculi
rinology 73 (2016) 133–141 135

muscle. A brief, intense muscle stimulation (1 s duration, 20.4 mA
peak current) to the area over the lower abdomen served as an
aversive stimulus. During the threat procedure, 6 safe and 6 abdom-
inal threat periods of 70 s each were presented in alternating order.
During Safe and Threat periods, startle stimuli were presented at
random times between 19 and 24 s and between 54 and 59 s. Sub-
jects were told that the computer monitor would inform them
which type of period they were in and that no stimulations would
be given during the Safe periods. However, during the danger peri-
ods they might receive a brief uncomfortable stimulation to the
lower abdomen. Subjects were also informed that during all condi-
tions they would see a progressing bar showing the time from 0 to
70 s, and that during the danger periods, abdominal stimulation, if it
occurred, would only happen when the bar turned red (between 45
and 70 s). The first half of the danger period was therefore consid-
ered an anticipation condition for the analysis and the second half
the threat condition. They were informed that they might receive
up to 3 stimulations of increasingly stronger magnitude; however,
only one abdominal stimulus was  actually delivered during the
study.

2.5. Statistical analysis

Hardy–Weinberg equilibrium and the three different genetic
models (additive, dominant, and recessive) were tested for each
of the three CRH-R1 SNPs. The additive genetic model (increases
in the minor alleles) was  found to be the most statistically sig-
nificantly associated with IBS status, and thus this model was
utilized for all SNPs to focus downstream analyses. Individual logis-
tic regressions were used to predict the odds of IBS status from
each SNP while controlling for race (categorical: Caucasian, African
American, Other/Mixed), sex (categorical: male or female), and
HAD anxiety and depression symptom scores (continuous). These
covariates were selected a priori due to known potential confound-
ing, or association with both IBS status and the CRH-R1 SNPs. As is
usually done for genetic association studies, we controlled for race
and sex (Cross et al., 2010). Furthermore, there is evidence of sex
differences in IBS symptoms (Houghton et al., 2016) and neurobio-
logic mechanisms including the HPA axis response (Videlock et al.,
2016). In addition, we also controlled for anxiety and depression
symptom scores because these are often higher in IBS subjects vs.
HCs and CRH-R1 and their SNPs have been associated with anxiety
and depression (Bradley et al., 2008; Fond et al., 2014; Heim et al.,
2009; Papiol et al., 2007; Park et al., 2013; Sumner et al., 2014).

We tested for the association between pre-specified GI clinical
traits (i.e. overall GI severity, usual GI severity, VSI, PHQ-12) with
each SNP in linear regression models that controlled for race, sex,
and HAD anxiety and depression scores within the IBS subjects as
a secondary exploratory analysis. The association between CRH-R1
SNPs with ASR and interactions between CRH-R1 SNPs, IBS status,
and ASR conditions on ASR were evaluated using linear mixed mod-
els to account for the multiple measurements collected for each
participant. Significance was  defined by p < 0.05. All statistical anal-
yses were performed using R version 3.1.1 (http://cran.r-project.
org/) and all tests were two-tailed.

3. Results

3.1. Baseline clinical characteristics

There were 499 subjects who  participated in the study after

138 Asians were excluded because the major and minor alleles are
reversed in this population compared to all other ethnic groups
(Sherry et al., 2001). The study group was  comprised of 235 IBS
subjects (mean age 37.6 yrs, 74% women) and 264 HCs (mean age

http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/SNP/
http://cran.r-project.org/
http://cran.r-project.org/
http://cran.r-project.org/
http://cran.r-project.org/
http://cran.r-project.org/
http://cran.r-project.org/
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Fig. 1. Acoustic Startle Response (ASR) Protocol. Two  blocks were analyzed. Each block consists of 3 safe (green), 3 anticipation (yellow) and 3 threat (red) conditions, which
last  approximately 30–45 s each. During Safe and Threat periods, startle stimuli were presented at random times between 19 and 24 s and between 54 and 59 s and then
EMG  activity measuring eye blink is obtained. A brief, intense abdominal muscle stimulation served as an aversive stimulus. (For interpretation of the references to colour
in  this figure legend, the reader is referred to the web  version of this article.)

Table 1
Clinical characteristics of subjects.

Genetic Dataset ASR Dataset

HC (n = 264) IBS (n = 235) HC (n = 41) IBS (n = 57)
Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age 32.06 (11.18) 37.55 (12.39) 35.17 (10.54) 39.32 (11.25)
BMI  25.46 (4.84) 25.54 (5.05) 26.97 (5.38) 25.31 (4.84)
Female (%) 185 (70%) 173 (74%) 31 (76%) 46 (81%)
Race

Caucasian 154 (58%) 166 (71%) 23 (58%) 46 (84%)
African  American 55 (21%) 36 (15%) 9 (22%) 4 (7%)
Other/Mixed 55 (21%) 36 (14%) 8 (20%) 5 (9%)

Early  Adverse Life Events (ETI)
Total Score 4.09 (4.07) 6.56 (5.42) 4.20 (3.80) 7.16 (5.17)
General Trauma 1.75 (1.79) 2.56 (2.21) 2 (1.91) 2.79 (2.35)
Physical Abuse 1.16 (1.44) 1.63 (1.58) 1.12 (1.19) 1.68 (1.58)
Emotional Abuse 0.77 (1.4) 1.66 (1.78) 0.68 (1.27) 1.91 (1.77)
Sexual Abuse 0.42 (1.03) 0.81 (1.61) 0.39 (0.95) 0.77 (1.6)

HAD  Anxiety 3.27 (2.75) 7.41 (4.28) 3.17 (3.03) 7.67 (4.15)
HAD  Depression 1.23 (1.75) 3.96 (3.53) 0.85 (1.31) 4.25 (3.29)
PHQ  Score – 12 Score 1.93 (1.85) 6.03 (4.13) 1.69 (1.78) 7.59 (3.75)
VSI  Score 2.33 (4.74) 34.79 (16.57) 2.39 (4.21) 29.46 (14.91)
GI  Symptoms
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Overall Severity 

Abdominal Pain
Usual  Severity 

2.1 yrs, 70% women). Of these 499 subjects, a subset of 98 individ-
als (57 [58.2%] IBS, 41[41.8%] HCs) completed the ASR protocol.
he baseline clinical characteristics of the larger group and sub-
et who underwent ASR are summarized in Table 1. The clinical
haracteristics of the larger group were similar to the ASR group.

.2. Association of CRH-R1 SNPs and IBS diagnosis

As shown in Fig. 2, an increase in the number of major alle-
es for CRH-R1 SNPs rs110402, rs242924, and rs7209436 were
ignificantly associated with a higher incidence of IBS (p = 0.015,

 = 0.025, p = 0.009, respectively). There were no significant inter-
ctions between CRH-R1 SNPs and ETI-SR total or subscale scores
n the association with IBS (all p’s > 0.05).

.3. Association of CRH-R1 SNPs and symptoms in IBS subjects

The association between GI-symptom specific anxiety (VSI score

Labus et al., 2004)) and symptom severity (BSQ, PHQ-12 (Rey et al.,
014)) with the CRH-R1 SNPs was evaluated while controlling for
ace, sex, HAD anxiety and HAD depression. Within the IBS subjects,
n increase in the number of major alleles for CRH-R1 SNPs was
4.38) 9.27 (4.47)
.02) 8.04 (5.26)
0.76) 2.91 (0.75)

associated with increased VSI scores (Fig. 3; rs110402: p = 0.008,
rs242924: p = 0.003, and rs7209436: p = 0.018). There were no sig-
nificant associations between the CRH-R1 SNPs and overall and
usual GI symptom severity, abdominal pain severity, and PHQ-12
scores. There were also no significant interactions between CRH-
R1 SNPs and ETI-SR total or subscale scores in the association with
overall and usual IBS symptom severity, abdominal pain severity,
PHQ score, and VSI score (all p’s > 0.05) except for the interaction
between rs110402 with ETI-SR general trauma score with usual
IBS symptom severity (p = 0.02). IBS subjects with both copies of
the major allele had no association between ETI-SR general trauma
scores with usual severity, but IBS subjects with one or two minor
allele copies had a negative association between ETI-SR general
trauma score with usual IBS symptom severity. That is, the higher
the ETI-SR score, the lower the usual IBS severity score in IBS sub-
jects with at least one copy of the minor allele.

3.4. Association of CRH-R1 SNPs with ASR
There was  a significant group × condition × CRH-R1 SNP inter-
action (p < 0.001 for both rs110402 and rs242924 and p = 0.009 for
rs720943). Individual contrasts showed that IBS subjects with at
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Fig. 2. Increases in the number of major alleles (C) for all three CRH-R1 SNPs were significantly associated with a higher incidence of IBS (rs110402: p = 0.015, rs242924:
p  = 0.025, and rs7209436: p = 0.009).

F  SNPs
a

l
n
(

ig. 3. In the IBS subjects only, increases in the number of major alleles for CRH-R1
nd  rs7209436: p = 0.018).
east one copy of the major allele for the CRH-R1 SNPs had sig-
ificantly lower ASR compared to HCs during the threat condition
Fig. 4, p = 0.002 for both rs110402 or rs242924 and p = 0.001 for
 are associated with increased VSI scores (rs110402: p = 0.008, rs242924: p = 0.003,
rs720943). In contrast, IBS subjects with homozygous minor alleles
for CRH-R1 SNPs had a numerically higher ASR to threat com-
pared to HCs but this was  not statistically significant (p = 0.289).
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Fig. 4. In subjects with at least one copy of the major allele (C) for rs110402, the IBS group had a significantly lower ASR, as measured by EMG, compared to HCs during the
threat  condition (p = 0.002, left panel). Similar significant findings were seen with rs242924 and rs7209436. In contrast, IBS subjects with homozygous minor alleles (TT) for
CRH  SNPs had a numerically higher ASR to threat compared to HCs but this was not statistically significant (right panel).
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ig. 5. In IBS subjects only, subjects with at least one copy of the major allele for rs
opies  within the threat condition (p = 0.008, right panel). Similar significant finding
n  the HCs (left panel).

nfortunately, there were only 20 individuals (10 IBS, 10 HCs) that
ere homozygous for the minor allele, which limited the power of

his comparison. In addition, within the IBS group only, subjects
ith at least one copy of the major allele for the CRH-R1 SNPs

ad significantly lower ASR compared to subjects with no copies
ithin the threat condition (Fig. 5, p = 0.008 for both rs110402 and

s242924 and p = 0.007 for rs720943). While the same data is shown
n Figs. 4 and 5, Fig. 4 highlights the significant differences in ASR
etween IBS subjects and HCs with at least one copy of the major
llele (C), while Fig. 5 more clearly demonstrates the diference in
SR within IBS subjects with distinct genotypes.

. Discussion

We  aimed to test the hypothesis that gene polymorphisms
f the CRH-R1 influence IBS status, GI symptomology and the
mygdala-dependent central stress response in a relatively large,
ell phenotyped cohort of 499 IBS and HC subjects. The main
ndings of the study showed that CRH-R1 SNPs, specifically the

resence of the major allele, were associated with IBS, increased
I-symptom specific anxiety, and altered amygdala function as
videnced by a blunted ASR. Despite the fact that altered CRH-R1
ignaling has been associated with stress-sensitive conditions such
2 had significantly lower ASR, as measured by EMG, compared to subjects with no
 seen with rs242924 and rs7209436. However, there were no significant differences

as depression and more recently IBS, to our knowledge, this is the
first demonstration of the interaction of these genetic factors influ-
encing GI symptom-specific anxiety related to altered central stress
processing in IBS.

4.1. Effect of CRH-R1 SNPs on IBS diagnosis and symptoms

We  found a statistically significant relationship between the
major allele of all three CRH-R1 SNPs and the presence of IBS. This
observation is consistent with the previously published finding by
Sato et al., which showed that the major allele in the Japanese
population for the same CRH-R1 SNPs (rs7209436, rs242924), was
significantly more common in IBS subjects than HCs (Sato et al.,
2012). Interestingly, in a follow-up study, they did not find an asso-
ciation of CRH and CRH-binding protein SNPs with IBS (Sasaki et al.,
2016). Although a number of rodent studies demonstrate the role
of CRH-R1 in modulating GI function (Larauche et al., 2012), there
is very limited data in humans that describes the CRH-R1 activity
in the GI tract suggesting that the receptor functions to enhance

colonic motility and increase visceral perception (Fukudo, 2007). A
small study by Fukudo et al. showed that exogenous administration
of CRH induced exaggerated colonic motility indices compared to
HCs (Fukudo et al., 1998). Furthermore, the administration of a CRH
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eceptor antagonist inhibited this exaggerated response in IBS sub-
ects, and also decreased self-reported pain scores during electrical
ectal stimulation in IBS subjects (Fukudo et al., 1998). Similarly,
e found that the major alleles for the CRH-R1 SNPs were associ-

ted with GI symptom anxiety as measured by VSI, which has been
hown to positively correlate with IBS severity in both U.S (Labus
t al., 2007) and Japanese (Saigo et al., 2014) cohorts of IBS subjects,
urther suggesting that CRH receptor activation results in increased
isceral perception. The presence of general trauma events early in
ife impacted the association of one of the CRH SNPs and usual IBS
ymptom severity, but only in IBS subjects with at least one copy of
he minor allele of CRH-R1 SNP, rs110402. This finding, however,
hould be interpreted with caution because multiple comparisons
ere evaluated and the finding was with only one of the CRH-R1

NPs (as opposed to our other results). In addition, IBS subjects with
he minor allele had a higher ASR during threat and we  would have
xpected that it would be associated with greater, and not lower,
BS symptom severity.

Although the CRH/CRH-R1 signaling system plays an important
ole in brain gut interactions, it has been studied more extensively
n psychiatric conditions. Several studies have shown that gene
olymorphisms in the CRH-R1 appear to predispose individuals to
nxiety and depression (Bradley et al., 2008; Heim et al., 2009).
radley et al. showed that individuals who were homozygous for
he major allele of the CRH-R1 SNPs rs110402 and rs7209436 and
ho were exposed to moderate to severe childhood abuse, reported
ore depression symptoms compared to those with at least one

opy of the minor allele (Bradley et al., 2008). While HAD scores
ere higher in IBS, only a small subgroup had abnormal HAD scores

>11) and the IBS subjects were excluded for current psychiatric
llness.

.2. Effect of CRH-R1 SNPs on ASR

We  found that within subjects that have at least one copy of
he major allele for the CRH-R1 SNPs, IBS subjects had significantly
ower ASR compared to HCs during the threat condition. In con-
rast, IBS subjects that were homozygous for the minor alleles for
RH-R1 SNPs had numerically higher ASR to threat compared to
Cs. This data suggests that individuals with the major allele CRH-
1 SNPs’ genotype may  have CRH-R1 downregulation, resulting in

 blunted CRH-mediated ASR response to stress while individuals
ho are homozygous for the minor allele may  have an enhanced

eurobiologic response to stress. Our threat task involves a rela-
ively unpredictable threat based on the inconsistent delivery of
he noxious stimulus and the long ‘threat’ periods. Therefore we
ypothesize that it primarily activates the sustained or anxiety-like
mygdala/BNST circuit mediated by CRH. Our findings are similar
o those obtained in adolescents from a high violence, low socioe-
onomic status community which showed that major allele carriers
or rs110402 had a blunted cortisol response during a mental stres-
or (Sumner et al., 2014). We  have previously shown an enhanced
tartle response to abdominal pain threat in subjects with IBS, and
t is possible that this sample was disproportionately composed
f homozygous minor individuals (Naliboff et al., 2008). Further-
ore, genotype-determined disease state phenotypes may  explain

he mixed data on the efficacy of the CRH-R1 antagonist, where
ome studies have shown that CRH-R1 antagonist attenuates vis-
eral hypersensitivity and inflammation in rats (Saito-Nakaya et al.,
008) and other studies have shown no effect on the gut function
Sweetser et al., 2009).

The finding that IBS subjects with at least one copy of the major

llele for CRH-R1 SNPs have significantly lower ASR compared to
BS subjects with two copies of the minor allele further supports our
heory that within IBS there are two distinct genotype-determined
isease state phenotypes. In the IBS group, whether the stress
rinology 73 (2016) 133–141 139

response is exaggerated or blunted, there is impairment of the
dynamic amygdala-dependent emotional circuit, which results in
improper interpretation of threat responses (Gillespie et al., 2009).
This CRH-mediated impaired central interpretation model is fur-
ther supported by the study by Labus et al., which characterized
the effects of the CRH-R1 antagonist on brain and skin conductance
responses during acquisition and extinction of conditioned fear to
the threat of abdominal pain (Labus et al., 2007). They showed that
with increased doses of the CRH-R1 antagonist, there was  normal-
ization of the brain activity in the IBS group during the extinction
phase (Labus et al., 2013). Additionally, the CRH-R1 antagonist nor-
malized altered skin conductance response in fear acquisition and
extinction learning in IBS (Labus et al., 2013). This study suggests
that the greater involvement in IBS subjects during the extinction
period might be secondary to impairments in emotional learning
due alterations in CRH-R1 activity (Labus et al., 2013). Thus, the
CRH-R1 genotype may  encode for alterations in CRH-R1 activity in
IBS as evidenced by a blunted or exaggerated ASR, which results in
two separate endophenotypes associated with stress responsive-
ness to an abdominal threat.

4.3. Limitations

The study has several limitations. The subject selection was  lim-
ited to a relatively younger age range (18–55 years) and non-Asians,
because the major and minor alleles are reversed in the Asian popu-
lation compared to all other ethnic groups. Thus, our findings may
not be applicable to other populations. ASR was performed in a
smaller subgroup of subjects and therefore, the findings need to be
replicated in a larger study. We  only evaluated amygdala function
using ASR and did not include other measures such as mechanistic
studies in animal models or manipulation of response with a CRH-
R1 antagonist. In addition, HPA axis response was not measured.

4.4. Conclusions and possible clinical implications

In summary, we provide evidence that CRH-R1 SNPs are asso-
ciated with IBS and GI symptom-specific anxiety, and may  also
play an important role in the activation and modification of
central stress circuits. Additionally, we provide evidence that CRH-
R1 genotype may  represent a vulnerability factor for IBS and
could predispose IBS patients to separate neuroendocrine signal-
ing abnormalities. If replicated in other samples, IBS subjects with
one or more copies of the major allele could be studied separately
from the homozygous minor IBS subjects to further characterize
the unique central stress response and the response to a CRH-
R1 antagonist. Based on the different ASRs to abdominal threat,
it is conceivable that a CRH-1 antagonist could be efficacious in
homozygous minor IBS subjects but not in those with one or more
copy of the major allele of the CRH-R1 SNPs. Further studies in
populations of individuals with psychiatric and chronic pain condi-
tions will be needed to determine if this potential endophenotype is
disease specific or represents a general vulnerability factor, which
predicts development of psychiatric or chronic pain conditions.
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