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bDepartment of Biostatistics David Geffen School of Medicine, University of California, Los
Angeles, 10833 Le Conte Avenue, CHS 42-210, Los Angeles, CA 90095-7378, United States

Division of Epidemiology, Department of Internal Medicine, University of Utah, 295 Chipeta Way,
Salt Lake City, UT 84132, United States

Abstract

Background and aims—Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis has
been reported in irritable bowel syndrome (IBS). Enhanced HPA axis response has been associated
with reduced glucocorticoid receptor (GR) mediated negative feedback inhibition. We aimed to
study the effects of IBS status, sex, or presence of early adverse life events (EAL) on the cortisol
response to corticotropin-releasing factor (CRF) and adrenocorticotropic hormone (ACTH), and
on GR mRNA expression in peripheral blood mononuclear cells (PBMCs).

Methods—Rome 111+ IBS patients and healthy controls underwent CRF (1 pg/kg ovine) and
ACTH (250 pg) stimulation tests with serial plasma ACTH and cortisol levels measured (n = 116).
GR mRNA levels were measured using quantitative PCR (n = 143). Area under the curve (AUC)
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and linear mixed effects models were used to compare ACTH and cortisol response measured
across time between groups.

Results—There were divergent effects of IBS on the cortisol response to ACTH by sex. In men,

IBS was associated with an increased AUC (p = 0.009), but in women AUC was blunted in IBS (p
= 0.006). Men also had reduced GR mRNA expression (p = 0.007). Cumulative exposure to EALS
was associated with an increased HPA response. Lower GR mRNA was associated with increased
pituitary HPA response and increased severity of overall symptoms and abdominal pain in IBS.

Conclusion—This study highlights the importance of considering sex in studies of IBS and the
stress response in general. Our findings also provide support for PBMC GR mRNA expression as
a peripheral marker of central HPA response.

Keywords

Irritable bowel syndrome; Hypothalamic pituitary-regulating; hormones; Adrenal cortex
hormones; Glucocorticoids receptors; Sex differences

1. Introduction

Irritable bowel syndrome (IBS) is a stress-sensitive disorder. Perceived current stress is
associated with first symptom onset and exacerbation in the majority of patients, (Whitehead
et al., 1992) stress is a risk factor for the development of post-infectious IBS, (Gwee et al.,
1999) and IBS patients report a higher prevalence of early adverse life events (EALS).
(Bradford et al., 2012) The response to a stressor is in part mediated by the hypothalamic-
pituitary-adrenal (HPA) axis. Activation of the HPA axis results in release of CRF from the
paraventricular nucleus of the hypothalamus, stimulating release of adrenocorticotropic
hormone (ACTH) from the anterior pituitary. ACTH stimulates the adrenal cortex to release
cortisol. Cortisol attenuates the HPA axis response via negative feedback, primarily via
glucocorticoid receptors (GRs), in the hypothalamus and the pituitary.

1.1. HPA axis augmentation in IBS—current evidence in humans in inconclusive

In animal models, augmentation of the HPA axis has been linked to increased visceral
sensitivity, (Myers and Greenwood-Van Meerveld, 2010) a cardinal feature of IBS. HPA axis
studies in IBS have yielded inconsistent results (summarized with references in Appendix C
(see Supplementary material)). Most studies supporting augmentation of the HPA axis in
IBS have measured the response to a psychological stressor. The HPA response to visceral
stressors such as rectal distension or flexible sigmoidoscopy has been similar between IBS
patients and healthy controls (HCs) in most studies. Hormone challenge allows an isolated
assessment of the HPA axis. To date, three studies have assessed the response to CRF in IBS
vs. HCs, with two showing an increased and one showing a blunted HPA response in IBS vs.
HCs. (Bohmelt et al., 2005; Dinan et al., 2006; Fukudo et al., 1998) In the largest of these
studies, the patient group included only 10 with IBS alone, with 15 having IBS and non-
ulcer dyspepsia and 5 with non-ulcer dyspepsia. In a well-characterized and sufficiently
large sample without psychiatric comorbidity, we aim to test the hypothesis that the HPA
response at both the pituitary and adrenal level is augmented in IBS vs. HCs by comparing
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the area under the curve (AUC) of the ACTH and cortisol responses to hormone stimulation,
as well as the rate of rise from baseline to peak as a secondary measure.

1.2. HPA axis dysregulation may be different in men and women

Like other stress-related disorders, IBS is more prevalent among women. There are sex
differences in the HPA response among healthy individuals, and dysregulation of the HPA
axis in psychiatric disease differs by sex (e.g. lower cortisol in post traumatic stress disorder
is not seen in men, and in depression, cortisol is elevated to a higher degree in women).
(Bangasser and Valentino, 2014) Sex differences in the autonomic system have been
described in IBS, with increased sympathetic tone and decreased vagal tone in men vs.
women with IBS, (Chang and Heitkemper, 2002), but sex differences in the HPA axis in IBS
have not been systematically evaluated. We planned to compare the HPA response to
hormone challenge separately in men and women to test the hypotheses that a) among HCs,
HPA response will be increased in women vs. men, and b) among IBS patients, HPA
response will be increased in men vs. women.

1.3. Peripheral glucocorticoid receptor expression

The response of the HPA axis is attenuated via negative feedback though binding of cortisol
to glucocorticoid receptors in the hypothalamus and pituitary, and one mechanism of HPA
axis dysregulation is impairment of negative feedback by changes in GR expression,
signaling or trafficking. There is evidence for a role of altered central GR signaling in IBS
from preclinical studies. For example, central knockdown of GRs resulted in increased
visceromotor response to colorectal distension. (Johnson and Greenwood-Van Meerveld,
2015) In humans, decreased central expression of GRs has been associated with depression
in findings from autopsy specimens, (Webster et al., 2002) and impaired negative feedback
in depression is also supported by the consistent response to dexamethasone suppression or
dexamethasone-CRF testing. Though negative feedback is mediated by GRs in the central
nervous system, changes in peripheral blood mononuclear cell (PBMC) GR number, (de
Kloet et al., 2007) sensitivity, (Yehuda et al., 2004) promoter methylation status, (Yehuda et
al., 2015) and mRNA expression (Gola et al., 2014; Hepgul et al., 2013) have been reported
in psychiatric disease associated with negative feedback of the HPA axis. While studies in
IBS have not supported impaired negative feedback based on dexamethasone suppression,
(Bohmelt et al., 2005; Dinan et al., 2006) PBMC GR mRNA expression has not been
studied. We aimed to test the hypothesis that PBMC GR mRNA is decreased in IBS vs. HCs
which could support altered negative feedback as a mechanism for IBS-associated
augmentation of the HPA axis. We also aimed to test the hypothesis that PBMC GR mRNA
expression is a peripheral biomarker reflecting the “activity” of the HPA axis by determining
whether GR mRNA expression is correlated with basal or stimulated hormone levels.

1.4. Early adverse life events

Exposure to EALSs is associated with GR expression, HPA response, and IBS. (Bradford et
al., 2012; McGowan et al., 2009; Videlock et al., 2009) We aimed to test the hypothesis that
both IBS patients and HCs with EALSs will have increased HPA response and decreased GR
mMRNA.

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 08.
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To our knowledge, this is the largest study to evaluate the independent and interaction effects
of sex, IBS status and history of EALS on the HPA axis. It is also the largest study evaluating
the response to CRF in IBS, and the first study to evaluate: 1) the response to ACTH in IBS;

2) PBMC GR mRNA expression in IBS; and 3) GR mRNA together with HPA axis response
to both CRF and ACTH within the same sample of participants.

2. Methods

All references in the methods section are in Appendix A.1 (see Supplementary material).

2.1. Study participants

Rome |11+ IBS patients and HCs ages 18-55 were recruited primarily by community
advertisement. Bowel habit subtypes (IBS with diarrhea (IBS-D), constipation (IBS-C) and
mixed pattern (IBS-M)) were based on the Rome I11 criteria. (A.1.a) The diagnosis was
confirmed by a clinician with expertise in IBS. HCs had no personal or family history of IBS
or other chronic pain conditions. Additional exclusion criteria for all subjects included:
infectious or inflammatory disorders, active psychiatric illness over the past 6 months as
assessed by structured clinical interview for the DSM-1V (MINI), (A.1.b) use of
corticosteroids in the past six months, use of narcotics, antidepressants or other medications
that could affect neuroendocrine function in the past two months, or current tobacco or
alcohol abuse. Participants were compensated. Our goal was to evaluate women during the
follicular phase, or days 4-14 of their menstrual cycle if on oral contraceptive pills. Phase
was determined by date of last menstrual period and progesterone levels. The study was
approved by the UCLA Institutional Review Board, and all subjects signed a written
informed consent prior to start of study.

2.2. Symptom measures

IBS symptom severity over the prior week was assessed with a numeric rating scale (0-20).
(A.1.c) Current anxiety and depression symptoms were measured with the Hospital Anxiety
and Depression (HAD) scale. (A.1.d) The presence of EALS before age 18 was determined
using the Trauma History Questionnaire. (A.1.e) In addition, the Early Trauma Inventory
Self Report Short Form (ETI-SR) determined the number of EAL events experienced. (A.
1.f) The symptom measures for correlation with hormone response and GR mRNA
expression were obtained on the days of the screening visit.

2.3. Hormone challenge

CRF stimulation test: An intravenous (1V) catheter was placed at 1300 h. Blood samples for
ACTH and cortisol levels were collected from 1500 h (—60 min) to 1600 h (0 min) in 30-min
intervals. At 1600 h, 1 pg/kg ovine CRF (Acthrel, Ferring, New York) was given 1V. Blood
samples were collected at 5, 15, 30, 60, 90, and 120 min after the administration of CRF.
Participants were fasting from 1000 h and were instructed to eat a low glycemic index
breakfast. Waking times of participants were not assessed.

ACTH stimulation test: The ACTH stimulation test was performed at least one week after
the CRF stimulation test. IV catheters were placed into a forearm vein at 0800 h. Blood
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samples for baseline ACTH and cortisol were collected at 0830 h and 0900 h. 250 g
Cortrosyn (Organon, West Orange, N.J.) was administered 1V at 0900 h. Blood samples for
cortisol were collected at 30, 60, 90, 120, 150, and 180 min after ACTH was given.
Participants were fasting.

Samples were collected, processed and assays were performed according to standard
operating procedures of the UCLA Clinical and Translational Research Center. The assays
for ACTH and cortisol were performed with the IMMULITE system (Siemens Healthcare
Diagnostics Inc).

Baseline values were calculated from the average of values prior to CRF/ACTH
administration. Area under the curve with respect to minimum value (AUC;) was calculated
with the trapezoidal method. We also calculated rise and decline slope from the slope of the
regression line from baseline to peak, and peak to lowest value after the peak, respectively.
(A.l.9)

2.4. Glucocorticoid receptor mRNA

PBMCs were isolated from blood collected on a date prior to the hormone challenge assays.
This was part of a separate research protocol but the inclusion and exclusion criteria were
the same. Participants were not required to fast. Quantitative PCR (gPCR) determined the
expression levels of GRa (active isoform) and GRp (inactive isoform). Details of RNA
extraction and gPCR are in Appendix A.3 (see Supplementary material).

2.5. Statistical analysis

2.5.1. Sample size—For our sample size calculation, we used an estimated mean
difference in AUC; of 570 (ng/L)*h based on the data from the study by Dinan et al. and a
standard deviation of 500 based on values for healthy controls in the literature. Using the
pwr package for R, we would have an 80% power to dectect this difference with an alpha of
0.05 with a sample size of 13 per group.

2.5.2. Statistical analysis—For each outcome of the three hormone challenge
experiments (CRF-stimulated ACTH, CRF-stimulated cortisol, ACTH-stimulated cortisol),
we calculated average baseline values, AUC;, rise slope, and decline slope (absolute value)
for each subject. We compared each outcome (IBS, sex, and EAL), and tested an IBS x sex
interaction using linear regression, controlling for age and body mass index (BMI). For
AUC;, rise, and decline we additionally controlled for baseline hormone levels. A similar
analysis strategy was used for the GR mRNA outcome. If needed, outcomes were
transformed to achieve approximate normality using natural logarithm or square root
(Appendix A.4 (see Supplementary material)). Due to the presence of different hormone
responses in men and women, we performed post-hoc pairwise comparisons in the linear
regression models even in cases where the IBS x sex interaction was not statistically
significant. For the post-hoc comparisons (IBS-Men vs. IBS-Women, HC-Men vs. HC-
Women, IBS-Men vs. HC-Men, IBS-Women vs. HC-Women), we used a Bonferroni-
adjusted significance threshold of p = 0.0125.

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 08.
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We also evaluated the change of hormone levels over time by group: IBS vs. HCs (IBS x
time), men vs. women (sex x time), or +EAL vs. ~EAL (EAL x time) by piecewise mixed
models with a knot at the group maximum (CRF-stimulated ACTH at 90 min, CRF-
stimulated cortisol at 60 min, ACTH-stimulated cortisol at 30 min). We also evaluated the
effect of the three-way interaction IBS x sex x time which assesses the statistical
significance of the difference of differences (i.e. whether the difference in response over
time between 1BS men and HC men is significantly different from the difference between
IBS women and HC women). P-values were from a likelihood ratio test evaluating the model
with and without the group*time interaction term, with <0.05 considered significant.

The associations of measures of hormone response with anxiety and depression symptoms
and IBS overall symptom and abdominal pain severity were tested with linear regression.
Correlation of GR mRNA with AUC; and baseline for each hormone challenge experiment
was determined with partial correlations controlling for time interval (days) between the
tests. The effect of EAL was also evaluated by the effect of Total ETI-SR score on measures
of hormone response (AUC;, rise slope, decline slope) and on GR mRNA with linear
regression models.

As a post-hoc comparison, we evaluated bowel habit subtype groups: HCs vs. IBS with
constipation (IBS-C), diarrhea (IBS-D), and mixed (IBS-M).

3.1. Participant characteristics

All partipants in the sample were recruited as described in Section 2.1 and completed
measures described in Section 2.2. This manuscript reports results from three subsets of the
sample (see diagram in Appendix B.1 (see Supplementary material)). Results of the
hormone challenge are reported for the subset that completed this experiment (Table 1).
Comparison of GR mRNA includes the subset for which GR mRNA was measured (Table
1). Finally, comparison of HPA measures with GR mRNA levels includes only participants
who completed both experiments (Appendix B.3 (see Supplementary material)).

Hormone challenge participants (Table 1) were 56 HCs and 60 IBS patients (52% and 65%
women). Of these 116 subjects, 102 and 109 completed the CRF and ACTH stimulation
tests. The number of participants by IBS and sex for each experiment is shown in Appendix
B.1 (see Supplementary material). Among women, 67% and 39% (CRF and ACTH
stimulation, respectively) were evaluated during the follicular phase of the menstrual cycle
or days 4-14 if on oral contraceptive pills. Menstrual cycle details are shown in Appendix B.
2 (see Supplementary material). There was no effect of menstrual cycle on HPA axis
response among women. GR mRNA participants (Table 1) were 69 HCs and 74 IBS patients
(52% and 65% women). Participants in the GR mRNA/hormone challenge overlap group
(GR mRNA within 90 days of the hormone challenge) were 24 IBS patients and 23 HCs
(79% and 61% women). Mean (SD) time interval between hormone challenge and mRNA
was 27.0 (31.8) days and was similar in IBS and HCs (p = 0.62). Clinical characteristics
were similar to those of both the hormone challenge and the GR mRNA groups and are
shown in Appendix B.3 (see Supplementary material).

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 08.
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3.2. HPA axis in IBS vs. HCs

There were no significant IBS vs. HC differences in baseline, AUC;, rise slope or decline
slope for any of the hormone tests. Using mixed models, there was an effect of IBS x time
on the CRF-stimulated ACTH response (p = 0.049), characterized by a slower decline
following peak in IBS, but this became non-significant when controlling for sex. There were
no significant effects of IBS x time on CRF- or ACTH-stimulated cortisol response (p =
0.33, p = 0.37). HPA axis measures did not correlate with symptoms or pain severity in IBS.

3.3. HPA axis in men vs. women

There was an overall effect of sex on baseline ACTH (men > women, p < 0.001) but no
difference in AUC; for CRF-stimulated ACTH. Using mixed models, there was a significant
effect of sex x time on CRF-stimulated ACTH response (p < 0.001, likely due to a larger rise
from baseline to peak among women), and CRF-stimulated cortisol (p < 0.001, likely due to
a slower decline from peak in women). For ACTH-stimulated cortisol, there was a
significant effect of sex on decline slope with a faster decline in women vs. men (p = 0.012).
This was mainly accounted for by a difference within HCs (p = 0.002). There was a non-
significant sex x time effect on ACTH-stimulated cortisol (p = 0.06). Among HCs, AUC;
was greater in women than men (p = 0.005), but the opposite was true in IBS (see below).

3.4. HPA axis: IBS x sex

For CRF-stimulated ACTH (Fig. 1) and CRF-stimulated cortisol (Fig. 2) there were no
significant IBS x sex interaction effects. For CRF-stimulated cortisol, there was a weak
effect for a faster decline (greater absolute value of decline slope) in women vs. men within
the IBS group (p = 0.014). For ACTH-stimulated cortisol (Fig. 3), there was a significant
IBS x sex interaction effect on AUC; (p < 0.001). Among men, AUC; was higher in IBS vs.
HCs (p = 0.009), but among women, AUC; was lower in IBS vs. HCs (p = 0.006). Like-
wise, within IBS, AUC; was higher in men vs. women (p = 0.012), but the opposite was true
within HCs (see above). There was also a significant IBS x sex interaction effect on rise
slope (p = 0.008), which was greater in IBS men vs. HC men (p = 0.006) and in HC women
vs. HC men (p = 0.006). Using mixed models, there was a significant IBS x sex x time
interaction for ACTH-stimulated cortisol (p = 0.0002). The differences between men and
women were in the opposite direction in IBS vs. HCs. Although the interactions were not
significant for CRF-stimulated ACTH or cortisol (p = 0.35, p = 0.11), visualization of the
plotted responses (Figs. 1-3) showed similarly divergent effects of IBS in men and women.

3.5. GR mRNA

There was a significant effect of IBS on GRa mRNA (Fig. 4, IBS < HC, p = 0.013) but not
GRp. This was mainly due to lower GRa mRNA in men (IBS vs. HC, p = 0.007). There was
no effect of sex on GRa or GRp. Increased severity of overall IBS symptoms was associated
with lower GRa mRNA (B = -5.1, p = 0.046). There was a weak effect for a similar
association with abdominal pain severity (8 = —4.8, p = 0.051). Within the 48 participants
comprising the hormone challenge/GR mRNA overlap subset, GRa mRNA was positively
correlated with cortisol at 1500 h (CRF-stimulation test; r = 0.358, p = 0.021, Fig. 5A), and
negatively correlated with CRF-stimulated ACTH AUC; (r = -0.517, p = 0.001, Fig. 5B).

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 08.
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3.6. Early adverse life events

There were no effects of EAL or interaction effects with IBS on baseline, AUC;, rise slope
or decline slope (p > 0.1 for all). However, a higher total ETI-SR score (i.e., total number of
EAL items) was associated with increased CRF-stimulated cortisol AUC; (p = 0.019) and
rise slope (p = 0.007) and a slower decline in ACTH-stimulated cortisol (p = 0.014). Using
mixed models, a history of EAL (EAL x time interaction) and EAL x IBS x time had non-
significant effects on all hormone tests (for CRF-stimulated ACTH and cortisol and ACTH-
stimulated cortisol, respectively, EAL x time: p = 0.095, p = 0.30, p =0.12; EAL x IBS x
time: p =0.22, p = 0.12, p = 0.82). There was no effect of EAL on GRa or GRp.

3.7. Bowel habit

The hormone responses over time by bowel habit are shown in Appendix B.5 (see
Supplementary material). There was a Group x time (IBS-C, IBS-D, IBS-M, HC) effect for
CRF-stimulated ACTH (p = 0.008) and ACTH-stimulated cortisol (p = 0.005). In both cases,
the primary difference was due to the IBS-C group, which had a slower rise and decline than
the other three groups. The IBS-C group also had a higher baseline AM cortisol (ACTH
stimulation test; p < 0.001) compared to each of the other groups.

4. Discussion

The main findings of this study include: 1) similar ACTH and cortisol response to CRF in
IBS vs. HCs; 2) sex-specific disease-related changes in the cortisol response to ACTH with
an increased response in men with IBS vs. HC men and a blunted response in women with
IBS vs. HC women; 3) disease-specific sex-related changes in the cortisol response to
ACTH with an increased response in women vs. men among HCs and the opposite among
IBS; 4) reduced expression of PBMC GRa mRNA in IBS vs. HC (primarily in men); 5) an
inverse relationship between GRa mRNA in PBMCs and the pituitary response to CRF as
well as symptom severity in IBS; and 6) a positive association between the number of EAL
events and the cortisol response to CRF. We also found an effect of bowel habit subtupe on
HPA axis response with an increased baseline and blunted response in CRF-stimulated
ACTH and ACTH-stimulated cortisol in the IBS-C group. To our knowledge, this is the
largest and most comprehensive study characterizing the HPA axis in IBS patients, taking
the contributions of sex and history of EALS into account.

4.1. HPA axis response in IBS vs. HCs

Our findings do not support the hypothesis that IBS is associated with an augmented cortisol
or ACTH response to CRF stimulation. In two of three previous CRF stimulation studies in
IBS, HPA axis response was greater in IBS vs. HCs. (Dinan et al., 2006; Fukudo et al.,
1998) Differences may be related to the use of human and not ovine CRF in one study,
(Fukudo et al., 1998) and differences in the sample of IBS patients (IBS-M and IBS-D were
the majority in both). (Dinan et al., 2006; Fukudo et al., 1998) In contrast, the third study
(Bohmelt et al., 2005) showed a blunted HPA response in IBS. In this latter study, there was
a higher prevalence of psychiatric comorbidity, and IBS patients (bowel habit not specified)
had a blunted waking cortisol, which contrasts with findings of most studies. (Eriksson et al.,
2008; Patacchioli et al., 2001; Suarez-Hitz et al., 2012)

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 08.
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4.2. HPA axis response in men vs. women

We found that among HCs, HPA response was increased in women vs. men. This is in
agreement with other studies showing an increased HPA response to CRF in women
following stress, (Young and Altemus, 2004) or dexamethasone. (Kunugi et al., 2006) Sex
differences may be due to opposing effects of ovarian hormones and androgens on CRF
expression and GR expression (ovarian hormones increase CRF and decrease GR). Human
studies in healthy individuals have demonstrated increased cortisol response in post-pubertal
females compared to males. (Panagiotakopoulos and Neigh, 2014) Animal studies have also
found decreased expression and glucocorticoid binding of GRs in the hypothalamus and
pituitary in females and sex-differences in CRF1 receptor signaling and trafficking.
(Bangasser and Valentino, 2014)

4.3. Divergent IBS-related changes in men vs. women

At the adrenal level, we found divergent IBS-related changes in men vs. women. While the
cortisol response to ACTH stimulation was greater in IBS vs. HCs within men, it was
blunted within women. Although not statistically significant, the divergent HPA responses to
between IBS and HCs within men and women were similar with CRF stimulation. Although
the response to a psychological stressor is often increased in men vs. women, (Kudielka and
Kirschbaum, 2005) there is good evidence that HPA response varies by type of challenge.
Even among similar stressors, cortisol responses were greater in men vs. women to
achievement challenges, but were greater in women to social rejection challenges. (Stroud et
al., 2002) Women have also been shown to have increased brain activation to negative
emotions in several regions, including the amygdala. (Stevens and Hamann, 2012)

The difference between a hormonal vs. a contextual stressor may be particularly relevant in
IBS, as IBS has been associated with changes in several components of the integrated
response to a stressor that may result in changes in the HPA axis response. Increased brain
activity in emotional arousal circuits that include the amygdala and decreased activity of
pain modulatory circuits that include the prefrontal cortex have been associated with IBS
(Mayer and Tillisch, 2011). Both increased activity in the amygdala and decreased activity
in the prefrontal cortex could result in an increased HPA axis response (Smith and Vale,
2006). In addition, IBS patients have increased cardiosympathetic tone, which may also
result in an increased HPA response, and this was seen primarily in men (Tillisch et al.,
2005).

4.4. PBMC GR mRNA expression is reduced in IBS and is negatively correlated with the
ACTH response to CRF

IBS was associated with decreased GRa. mRNA expression. This difference was mainly due
to a difference among men. GR is a transcription factor of the nuclear receptor family
(Official gene symbol: NR3CIZ). When bound to a ligand, it translocates to the nucleus and
binds to glucocorticoid response elements to regulate downstream expression of genes
primarily involved in the inflammatory response. The a isoform is the active isoform and the
B isoform does not bind ligand and has a dominant negative effect on the transcriptional
activity of GRa (Lewis-Tuffin and Cidlowski, 2006). Expression of the inactive GRp, which
was not different in IBS vs. HCs, has been associated with glucocorticoid resistance in

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Videlock et al.

Page 10

several diseases including ulcerative colitis (there was no difference in GRa mRNA in this
study) (Honda et al., 2000). While expression of the inactive GRp plays an important role in
inflammatory disorders, expression of GRa. has been associated with stress-related and
psychiatric disorders. There are no other published studies of GR mRNA in IBS, but lower
PBMC GRa mRNA was also found in association with fibromyalgia (Macedo et al., 2008),
which has shared pathophysiology with IBS, and in post-traumatic stress disorder (Gola et
al., 2014). Limited evidence for a link between peripheral and central GR expression exists
(Hepgul et al., 2013). In a study in rats, chronic treatment with corticosterone decreased GR
in both lymphocytes and in the hippocampus (Lowy, 1991). In humans, PBMC GR density
was decreased in patients with depression pre-treatment and increased following successful
treatment with antidepressants (Calfa et al., 2003), and increased suppression of cortisol
following dexamethasone was associated with lower methylation of the GR promoter in
PBMCs (Yehuda et al., 2015).

Our findings of concordant group differences in HPA response and GRa expression among
men with IBS vs. HC men (increased HPA axis response and decreased GR mRNA
expression) as well as a negative correlation between GRa expression and CRF stimulated
ACTH response provides additional evidence that PBMC GRa expression may be a
peripheral marker of central HPA activity, and could support impaired negative feedback as a
mechanism of HPA axis dysregulation in men with IBS. Alternatively, changes in peripheral
GRa mRNA expression may occur as a result of increased HPA activation rather than
reflecting a causative mechanism (alterations in central gene expression). It should be noted
that mMRNA expression does not necessarily reflect receptor function; there are post-
transcriptional and post-translational regulatory mechanisms that can regulate GR signaling,
and in one study, trauma-associated changes in PBMC GR number as assessed by
dexamethasone binding capacity, were not reflected in mRNA expression. (van Zuiden et al.,
2011)

In summary, our results support the hypothesis that PBMC GR mRNA expression is a
peripheral marker of central HPA axis activity. While the findings are consistent with
impaired negative feedback, they are inconclusive for the reasons described above. Other
existing, albeit limited, data have not supported impaired negative feedback including
normal dexamethasone suppression (Bohmelt et al., 2005; Dinan et al., 2006), and in a pilot
study (n = 27), we evaluated the response to dexamethasone-CRF and found it to be similar
in IBS vs. HCs (Videlock et al., 2015). As described in Section 4.3, the fact that an
augmented HPA axis reponse has been seen in IBS in reponse to psychological stressors in
the context of our findings of similar reponses at the pituitary level in HCs and IBS, also
supports increased neural regulation or “CRF-hyperdrive” in IBS rather than impaired
negative feedback. Interestingly, Ehlert et al. found that when they divided their sample by
level of awakening cortisol, the group with high cortisol had higher levels of depression
symptoms and lower Gl symptom scores than the other groups, suggesting different effects
of psychological symptoms and IBS on the HPA axis (Ehlert et al., 2005).
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4.5. Influence of early adverse life events

We did not find that the presence or absence of EALSs affected the HPA response to hormone
challenge; however, among all participants, a higher number of EAL events was associated
with an increased CRF-stimulated cortisol response. We previously demonstrated an
increased salivary cortisol response to flexible sigmoidoscopy associated with EAL,
predominantly in men (Videlock et al., 2009). The smaller effect of EAL on hormone
challenge vs. a visceral stressor is likely related to the differences in the types of
provocation; flexible sigmoidoscopy is a physical and likely psychological stressor.

4.6. Bowel habit subtype and symptoms

HPA response and baseline cortisol were affected by bowel habit subtype. The most
prominent difference was a higher baseline and blunted response in CRF-stimulated ACTH
and ACTH-stimulated cortisol in IBS-C. Other studies have also shown differences in
measures of both the HPA axis and the autonomic nervous system by bowel habit subtype
(Suarez-Hitz et al., 2012). For example, Burr et al. found significantly higher cortisol levels
in women with IBS-C during sleep compared to both IBS-D and HCs (Burr et al., 2009).

We did not find an association between HPA response and overall IBS symptom or
abdominal pain severity. Interestingly, studies have not consistently shown differences in the
HPA response between IBS patients and HCs to perturbations of the gut, which the brain
may perceive as stressful events. This includes stimulation by a meal (Elsenbruch et al.,
2004), flexible sigmoidoscopy (Chang et al., 2009), and rectal distention (Walter et al.,
2006). However, there is one study in which increased HPA suppression (lower post
dexamethasone cortisol) was associated with increased IBS-like symptoms in HCs (Karling
et al., 2007). In addition, higher doses of CRF have been shown to affect motility and
symptoms in IBS patients (Fukudo et al., 1998) and HCs. (Pritchard et al., 2015) We did find
an association between increased symptom severity and decreased GR mRNA expression. If
decreased GR expression is a response to HPA axis activation as hypothesized (discussed
above), this would support an association between symptom severity and activation of the
HPA axis.

4.7. Limitations

This study has limitations. Differences in cortisol may have been obscured by our decision
to measure total plasma cortisol and not salivary or serum free cortisol. In addition, not all
women were in the follicular phase of the menstrual cycle. This was unlikely to have
impacted the results as we did not find differences associated with menstrual cycle.
Additionally, women in the luteal phase would likely introduce a conservative bias, if any, as
luteal phase women have salivary cortisol (but not total plasma cortisol) responses to
stressors that are similar to men (Kudielka and Kirschbaum, 2005).

5. Conclusions and clinical implications

In conclusion, we provide further evidence that IBS is associated with a dysregulated HPA
response to hormone challenge, with divergent IBS-related changes in men vs. women. IBS
men vs. HC men had an enhanced HPA response and this was associated with a concordant
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reduction in GRa mRNA expression in PBMCs. Hormone challenge tests the endocrine
regulation of the HPA response to a weight-based dose of CRF, whereas the HPA response
to a stressor depends on the neural regulation which is affected by the salience of the stressor
and the “wiring” of brain circuits with inputs into the hypothalamus. An increased HPA
response to stressors (Kennedy et al., 2014) but not to hormone challenge in IBS women, in
combination with both increased emotional response (Chang et al., 2006) and increased
connectivity of emotional-arousal circuits (Labus et al., 2008) in response to visceral
distension, supports higher order cognitive and emotional processes as key factors in the
relationship of stress and symptoms in women with IBS. The ability to better understand
endophenotypes within IBS that may have divergent dysregulation of the HPA axis will be
important in developing treatments targeted at different subgroups.
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The ACTH response to CRF is shown by subgroup to highlight the following comparisons:
A) men with IBS vs. HC men; B) women with IBS vs. HC women; C) HC men vs. HC
women; and D) women with IBS vs. men with IBS. IBS x sex interaction for AUC; was not
statistically significant. Baseline ACTH was increased in men vs. women (p < 0.001, for
women vs. men overall: C + D). CRF, corticotropin-releasing factor; ACTH,
adrenocorticotrophic hormone; pg, picograms; mL, milliliter; HC, healthy control, IBS,

irritable bowel syndrome.

Psychoneuroendocrinology. Author manuscript; available in PMC 2016 August 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Videlock et al.

A Men

30

by

2

[=2)

=

S 20+

2

3

o

<

£

(%2}

& 10

o

s Group

g @® IBS(n=19)

O HC (n=26)
04 CRF given

T T T T T T
-60 -30 0515 30 60 90 120

HCs

C 30

jar

2

[=)

S

S 20+

2

S

(]

©

£

1%

S 10+

o

s Group

2 O Men (n = 26)

V Women (n = 27)
0- CRF given

T T AU u T T
-60 -30 051530 60 90 120
Time (minutes)

Fig. 2.

Mean Plasma Cortisol (ug/dL)

O

Mean Plasma Cortisol (ug/dL)

Page 17
Women
30+
20+
10+
Group
WV IBS (n=30)
W HC (n=27)
0+ CRF given

T T T T T T T
-60 -30 0515 30 60 90 120

IBS
30 Decline Slope: p = 0.0014 (M > W)

20+

Group
@® Men (n=19)

V¥ Women (n = 30)
[ CRF given

T T T U T T
-60 -30 051530 60 90 120
Time (minutes)

The cortisol response to CRF is shown by subgroup to highlight the following comparisons:
A) men with IBS vs. HC men; B) women with IBS vs. HC women; C) HC men vs. HC
women; and D) women with IBS vs. men with IBS. IBS x sex interaction for AUC; was not
statistically significant. Within the IBS group (D), decline was faster in men vs. women (p =
0.014). CREF, corticotropin-releasing factor; mL, milliliter; HC, healthy control, IBS, irritable
bowel syndrome; M, men; W, women; pug, micrograms; dL deciliter.
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The cortisol response to ACTH is shown by subgroup to highlight the following
comparisons: A) men with IBS vs. HC men; B) women with IBS vs. HC women; C) HC
men vs. HC women; and D) women with IBS vs. men with IBS. IBS x sex for AUC;: p <

0.001. Among men IBS had greater AUC; (A, p = 0.009), but AUC; was higher in HCs
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among women (B, p = 0.006). IBS x sex interaction was also significant for rise slope (p =

0.008) with both IBS men(A) and HC women(C) > HC men (p = 0.006 for both). A).
Decline was also faster in women vs. men (C, p = 0.012). ACTH, adrenocorticotrophic

hormone; mL, milliliter; HC, healthy control, IBS, irritable bowel syndrome; M, men; W,

women; lg, micrograms; dL deciliter.
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Glucocorticoid receptor a mRNA expression was lower in IBS vs. HCs overall (p = 0.013);

however, this difference was mainly accounted for by a difference among men (p = 0.007).
HC, healthy controls; IBS, irritable bowel syndrome; GR, glucocorticoid receptor.
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Glucocorticoid receptor a mRNA is associated with baseline cortisol (A) and the ACTH
response to CRF (AUC;). N = 47 (GR mRNA/hormone challenge overlap group). The value
for r is the partial correlation controlling for time in days between collection (mean(SD):
27.0 (31.8)) of each measure. Baseline is at 1500 h on the day of the CRF-stimulation test.
GR, glucocorticoid receptor; CRF, corticotrophin releasing factor; ACTH,
adrenocorticotrophic hormone; AUC;, area under the curve with respect to increase; pg,
picrograms; dL deciliter; min, minute.
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Table 1

Participant characteristics.
Variable: Mean (SD) :(érr(?]o:t;ghallengea IBS(=60) 8 ?:]FiNég) IBS (n = 74)
Women 29 (52%) 39 (65%) 36 (52%) 48 (65%)
Age (years) 30.9 (10.9) 33.4(11.8)  33.4(11.8) 327 (1L.7)
BMI 26.9 (5.3) 25.8 (5.9) 25.7 (4.6) 26.2 (5.7)
Ethnicity
Hispanic 14 (25.5%) 12 (21.1%)  18(26.5%) 14 (19.7%)
Race
Asian 9 (17.0%) 13 (23.2%) 16 (24.2%) 13 (18.1)
Black/African American 13 (24.5%) 10 (17.9%) 10 (15.2%) 8 (11.1%)
White 21 (39.6%) 24 (42.9%)  25(37.9%) 34 (47.2%)
Other/Mixed 10 (18.9%) 9 (16.1%) 15 (22.7%) 17 (23.2%)
Bowel Habit Subtype
IBS-C 16 (26.7%) 28 (38%)
IBS-D 19 (16.4%) 26 (35%)
IBS-M 23(38.3) 20 (27%)
IBS-U 2 (3.3%) -
Presence of EALs (<age 18) 27 (48.2%) 34 (59.7%) * 34 (54%) 37 (56%)
HAD Anxiety score (0-21) 3.7(2.9) 54(42)% 3.7(3.1) 6.4 (53)
HAD Depression score (0-21) 1.3 (1.7) 2.4(2.9) 1.2(1.2) 2.9(3.5) *
Overall IBS Severity (0-20) 10.7 (4.2) 10.0 (4.7)
Abdominal Pain (0-20) 10.1 (4.4) 9.5(4.4)

a . . . .
see Appendix B.1 (see Supplementary material) for N with complete data for each analysis.

Page 21

*

p < 0.05 between IBS and HC; SD, standard deviation; HC, healthy control; IBS, irritable bowel syndrome; GR, glucocorticoid receptor; BMI,
body mass index; HAD, Hospital Anxiety and Depression; EAL, early adverse life events; IBS-C, IBS with constipation; IBS-D, IBS with diarrhea;
IBS-M, mixed IBS; IBS-U, unsubtyped IBS.
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