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composite outcomes, such as the IBS Symptom Severity Scale (IBS-SSS) which includes
descriptive items related to pain frequency and pain intensity as well as bowel dysfunction
and bloating. We investigated if different features of IBS pain have distinct genetic
associations and if these may be moderated by sex hormones.

Participants and Setting: Adult outpatients with moderately severe IBS (>175 on
IBS-SSS) enrolled in a clinical trial reported IBS-SSS at baseline and after 6 weeks
of therapy.

Methods: Fixed effects modeling was used to test the effect of COMT rs4680 genotype
to change in pain severity (rated 0-100) and pain frequency (defined as number of days
with pain in the past 10 days) from baseline to week 6 with IBS treatment. Parallel
exploratory genome-wide association studies (GWAS) were also performed to identify
single nucleotide polymorphisms (SNPs) associated with change in pain severity or pain
frequency across all participants.

Results: A total of 212 participants (74% female) were included. The COMT rs4680
met allele was associated with decreased pain severity over the course of the trial in
gene dosage models [beta(SE) —5.9 (2.6), P = 0.028]. Exploratory GWAS for change in
pain frequency identified 5 SNPs in close proximity on chromosome 18 near L3MBTL4
which reached genome-wide significance (all P < 5.0E-8). This effect was not mediated
by changing estradiol levels. There was also a region of chromosome 7 with 24 SNPs
of genome-wide suggestive significance for change in pain severity (all P < 1.0E-5).

Frontiers in Psychiatry | www.frontiersin.org

1 March 2022 | Volume 13 | Article 842030


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2022.842030
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2022.842030&domain=pdf&date_stamp=2022-03-23
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:jocelyn.silvester@childrens.harvard.edu
https://doi.org/10.3389/fpsyt.2022.842030
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.842030/full

Vollert et al.

Pain and Analgesia in IBS

Conclusions: Previously reported association between COMT rs4680 genotype and
treatment response as measured by IBS-SSS is related to pain severity, but not pain
frequency. We also identified new candidate genes associated with changes in IBS pain
severity (SNX73) and pain frequency (LBMBTL4) in response to treatment. Further studies
are needed to understand these associations and genetic determinants of different
components of IBS-SSS. ClinicalTrials.gov, Identifier: NCT0280224.

Keywords: pain, irritable bowel syndrome, genotype, randomized controlled trial, genome-wide association study

INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic functional
gastrointestinal ~disorder characterized by visceral pain,
bloating and altered bowel habits (1) that is one of the top
10 reasons for seeing a primary care physician (2, 3). Although
visceral pain is a defining characteristic of IBS that takes
a considerable toll on quality of life (4), few studies have
examined factors that influence a patient’s experience of pain.
The economic burden of IBS is high and there are few effective
treatments, particularly for visceral pain. Furthermore, many
common pain drugs have adverse effects that exacerbate IBS
symptoms (5).

The identification of drugs that are effective for visceral
pain in IBS has been thwarted by high placebo response rates
(~40%) in randomized controlled trials (6). Typically, the IBS
Severity Scoring System (IBS-SSS) (7) is used to quantify IBS
symptoms and assess response to treatment in clinical trials.
This validated composite measure includes five items each of
which are rated on a 0-100 visual analog scale (abdominal pain,
number of days with abdominal pain, severity of abdominal
distension, satisfaction with bowel habits, and IBS-related quality
of life).

Identification of genetic variants that influence placebo
response in IBS could allow for stratification of patients based
on their propensity to respond to placebo treatment thereby
increasing the precision of clinical trials. Our group identified
genes that influenced treatment response to placebo in a
randomized trial in which the primary outcome was IBS-SSS
(8). Specifically, our group identified that participants with IBS
who were homozygous for the catechol-O-methyltransferase
(COMT) rs4680 met (met/met) had the greatest improvement
across treatment arms as measured by the IBS-SSS. However,
it remains unclear which of the five items in the IBS-SSS were
most significantly influenced by these associations. To date no
studies have examined genetic links to changes in the two pain
related items in the IBS-SSS (pain severity and pain frequency)
which comprise 40% of the composite score in response to IBS
treatment. The goals of this study were to determine whether

Abbreviations: COMT, Catechol-O-methyltransferase; DBP, Double blind
placebo; DBM, Double blind mint; IBS-SSS, IBS symptom severity scale; OLP,
Open label placebo; NPC, No-pill control; GWAS, Genome-wide association
study.

COMT variants are linked to the two pain components of IBS-
SSS and to identify other genetic variants that influence changes
in either pain frequency or pain severity in response to treatment
for IBS.

METHODS

This is a post-hoc, exploratory analysis of existing genotype
data from participants in the Effects of Open-label vs. Double-
blind treatment in IBS clinical trial. In this trial, participants
were randomized to one of three placebo treatments: open-label
placebo (OLP), double-blind placebo (DBP), or no pill control
(NPC) (9). To allow for the DBP treatment arm, a small number
of participants were randomized to a fourth arm: double-blind
peppermint oil (DBM). As described previously, adults who met
the Rome IV criteria for IBS with symptoms of moderate or
greater severity (defined as a score of >175 on the IBS-SSS) were
eligible to participate if their IBS medication regimen (e.g., fiber,
tricyclic antidepressants, anti-spasmodics, etc.) had been stable
for at least 30 days and they agreed not to change their IBS
treatment for the duration of the trial (9, 10). Participants were
excluded if they reported alarm features, severe acid reflux, use
of peppermint oil in the past 30 days, or allergy to soybean oil
(used in the placebo pills). The primary outcome was IBS-SSS
which was assessed at baseline and at week six by blinded research
assistants. OLP and NPC participants knew their treatment
assignment. Those assigned to DBP or DBM were told that
they were enrolled in an RCT but were not informed of their
treatment assignment. Blood was collected for genotyping at the
first study visit.

Genotyping

Genotyping was conducted on the Infinium Global Screening
Array v2.0 (Illumina, San Diego, California, US). Quality control
of samples was carried out to filter extremely low-quality
samples and variants (call rate < 97.5%) using PLINK (version
1.9). A total of 729,526 SNPs were mapped to the GRCh37
(hg19) reference genome. To reduce heterogeneity in population
structure, we conducted principal component analysis using
PLINK on the whole genome SNP data and extracted the top five
principal components for correcting genetic heterogeneity across
different races/ethnic groups. We limited our analyses to SNPs
with minor allele frequency > 0.05 and with a Hardy-Weinberg
equilibrium P > 1¥107°.
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Candidate Gene Analysis

A candidate gene analysis was performed using fixed effects
models to test the effects of the COMT rs4680 genotype (val/val,
val/met, or met/met) on the change in pain severity or pain
frequency with IBS treatment.

ChangePainSev ~ rs4680 + Age + Gender + Treatment
+ PC1 4 PC2 + PC3 + PC4+ PC5 (1)

ChangePainFreq ~ rs4680 + Age + Gender + Treatment
+ PC1 + PC2 + PC3 + PC4 + PC5 (2)

To control for confounding factors, all models included
age and sex of the patients, as well as the study arm that
the patients were allocated to and the first five principal
components identified from the genotype data to correct for
genetic heterogeneity across different races/ethnic groups.
Principal components analysis (PCA) was performed
on the whole genome SNP data using PLINK (11). As
sensitivity tests, all analyses were performed for the whole
cohort and separately for female participants only to assess
signal stability.

Genome-Wide Association Study
The following models were used for parallel exploratory GWAS
on change in pain severity and pain frequency:

ChangePainSev ~ SNP + Age + Gender + Treatment
+ PC1+PC2+ PC3+ PC4+PC5  (3)

ChangePainFreq ~ SNP + Age + Gender + Treatment
+ PC1 + PC2 + PC3 + PCA+ PC5  (4)

In GWAS of quantitative change, the baseline measure has been
shown to bias the effect of variants on treatment response;
therefore, we did not include baseline painseverity or pain
frequency at baseline as a covariate in the model (12). Based
on the findings in the exploratory GWAS, we analyzed the
effect size [Standardized Mean Difference (SMD)] of hetero- and
homozygous variants of the leading SNP of each of the two
GWAS. Since a lead finding has been previously linked to pain
in dysmenorrhea (13) and IBS symptom fluctuation has been
linked to the menstrual cycle (10, 14), we performed a mediation
analysis of estradiol on the change in pain frequency linked to the
lead SNP of the GWAS. We applied a full mediation model, tested
using the PROCESS implementation (15, 16) for IBM SPSS.

RESULTS

Patient Cohort

In this study, we analyzed those participants (n = 212)
randomized to DBM (n = 26), DBP (n = 62), OLP (n = 62),
or NPC (n = 62) for whom pain outcomes at baseline and at
week 6, as well as genotyping were available. The average age
was 42.6 years (74% female) and a majority self-reported their

race as white (84%; Table 1). Overall, the average IBS-SSS at
baseline was 274.4, with an average pain intensity of 42.7 out of
100 and average pain frequency of 5.1 days over the past 10 days
(Figure 1).

COMT Association With Change in Pain
Frequency and Pain Severity ltems on

IBS-SSS

In COMT rs4680 gene dosage models of change in the pain
frequency and pain severity components of the IBS-SSS from
baseline to 6-weeks, increasing number of met alleles was
associated with a significantly greater reduction in IBS pain
severity [beta(SE), —5.9 (2.6), P = 0.028], but not frequency
[beta(SE), —0.52(0.40), P = 0.198] across all participants
combined. Sensitivity analysis with women only revealed a
similar pattern of COMT rs4680 effects across all treatment
arms in females, such that met/met women had the greatest
change in pain severity (29.7 £ 25.5) and val/val women the
least (17.5 &£ 26.6).

Exploratory GWAS of Analgesic Effects
During the Trial

When considering change in pain severity from baseline to
endpoint of the trial, no SNPs reached the genome-wide
significance threshold (P < 5.0E-8) however, 24 SNPs in close
proximity on Chromosome 7 (Chr7: 17,705,199-17,710,866)
reached genome-wide suggestive significance (P < 1.0E-5; see
Figure 2 for the Manhattan and quantile-quantile plot and
Supplementary Table 1 for SNPs). These loci on Chromosome
7 are proximal to the gene for SNXI3, associated with
intracellular trafficking. Interestingly, this genomic region has
been associated with chronic widespread pain previously (17),
where it was suggested to be linked to a reduced biodiversity
of the gut microbiome. SNPs in this region also reach
genome-wide suggestive P-values in the female patient only
sensitivity analysis. After treatment, met alleles in SNP rs1105794
were associated with decreased overall pain severity while val
alleles were associated with increased overall pain severity.
At baseline, met alleles in rs1105794 were associated with
greater pain frequency (P < 1.0E-3) and a minimal decrease in
pain severity.

When analyzing change in pain frequency over the 6
week treatment trial, five SNPs (rs1105794, rs4479336,
rs6506387, rs4798443, rs9952528) within close proximity
on chromosome 18 reached genome-wide significance (see
Figure 3 for the Manhattan and quantile-quantile plot and
Supplementary Table 2 for SNPs). The same SNPs were found
to be genome-wide significant in the women-only cohort. An
additional nine SNPs within this region of chromosome
18 (Chrl8: 6,451,334-6,460,576) were of genome-wide
suggestive significance.

These SNPs mapped closely to L3MBTL4 which encodes the
histone methyl-lysine binding protein and was genome-wide
significant in a GWAS of pain severity in dysmenorrhea (13), a
pain syndrome in women characterized by pain with menses.
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TABLE 1 | Demographics and change in IBS Symptom Severity Score (IBS-SSS) pain severity and pain frequency components by treatment arm.

Double-blind Mint (DBM)

Double-blind Placebo (DBP)

Open-label Placebo (OLP) No-pill Control (NPC)

N 26 62 62 62
Age, mean (SD) 43.4 (16.9) 43.5 (20.5) 43.1 (17.7) 40.8 (17.5)
Female, (%) 18 (69.2) 46 (74.2) 44 (77.4) 48 (71.0)
White, (%) 22 (84.6) 53 (85.5) 52 (83.9) 52 (83.9)
Change in pain severity, mean (SD) 30.5 (21.6) 23.0 (26.1) 25.7 (25.3) 17.8 (28.3)
Change in pain frequency, mean (SD) 2.3(3.9) 3.2 (4.0 2.2 (4.0 1.4 3.7)
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FIGURE 1 | Boxplots of (A) pain severity (on a scale of 0-100) and (B) Pain frequency (measured in days out of the last 10 days) at baseline and at the end of the trial
(week 6).

Post-hoc Analysis of Findings
For change in pain frequency, rs1105794 showed a large
significant effect (measured as change in days of pan) of
2.86 (95% CI 1.88-3.84; p < 0.0001) and followed a dose-
response model. The difference between G/G and G/A equaled
an effect size of 0.46, between G/A and A/A an effect size
of 1.44, and between the homozygous variants the effect size
was 1.90 (see Figure4). Most of this effect was mediated
directly by rs1105794, so although present, the indirect effect
mediated by estradiol was small (—0.12, 95% CI —0.08, —0.45;
P =0.383).

rs1105794 did not influence estradiol change (P = 0.3521).
The result was similar for estrone and did not change in quality if
only women were included or sex was treated as a covariate.

DISCUSSION

Here we report the findings of a candidate gene analysis, an
exploratory GWAS of pain frequency and an exploratory GWAS

of pain severity in a RCT of 4 different IBS treatments [double-
blind peppermint oil (DBM), double-blind placebo (DBP), open-
label (OLP), and a no placebo pill control (NPC)] (10). The
candidate gene analysis showed a significant effect of COMT
rs4680 on change in pain severity but not change in pain
frequency. In an exploratory GWAS, the lead SNPs for change
in pain frequency were genome-wide significant and mapped
to a region on chromosome 18 proximal to L3MBTL4 whereas
the lead SNPs associated with pain severity were genome-wide
suggestive and mapped to a region on chromosome 7 proximal
to SNX13.

We have previously found that COMT rs4680 genotype was
associated with improvement in IBS symptoms as measured
by IBS-SSS (14). In this study, we aimed to further investigate
whether COMT rs4680 genotype was associated with specific
IBS symptoms, particularly pain severity and pain frequency.
COMT is an enzyme that metabolizes endogenous catechols,
including estrogen, dopamine, norepinephrine, and epinephrine.
Due to its role as a key regulator of dopamine in the prefrontal
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FIGURE 2 | (A) Manhattan plot of GWAS of change in pain severity among 212 IBS patients controlling for age, sex, treatment arm and the first 5 principal
components for genetic ancestry. The x-axis is chromosome position and the y-axis is p-value. The red line represents the “genome-wide significant” threshold,
5.0E-8, and the blue line denotes the “genome-wide suggestive” threshold, 1.0E-5. We did not find genome-wide significant SNPs for change in pain severity, but we
did find a few genome-wide suggestive SNPs. (B) Quantile-quantile plot of the data. The genomic inflation factor » is 0.994, which indicates that no inflation of data
was observed in the GWAS of change in pain severity from baseline to 6 weeks across all treatment arms.
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FIGURE 3 | (A) Manhattan plot of GWAS of change in pain frequency among 212 IBS patients controlling for age, sex, treatment arm and the first 5 principal
components for genetic ancestry. The x-axis is chromosome position and the y-axis is p-value. The red line represents the “genome-wide significant” threshold,
5.0E-8, and the blue line denotes the “genome-wide suggestive” threshold, 1.0E-5. We find five genome-wide significant SNPs rs1105794, rs4479336, rs6506387,
rs4798443, rs9952528, and a few genome-wide suggestive SNPs. (B) Quantile-quantile plot of the data. The genomic inflation factor % is 0.989, which indicates that
no inflation of data was observed in the GWAS of change in pain frequency from baseline to 6 weeks across all treatment arms.
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FIGURE 4 | Change in pain frequency by rs1105794 across three allele variants: met/met (A/A), val/met (G/A), val/val (G/G).

cortex, a brain region that processes pain signaling, COMT
has been investigated extensively in the context of depression
and Parkinson’s disease. Our SNP of interest, COMT rs4680,
encodes a transversion of G-to-A, which results in a substitution
of methionine (met) in place of valine (val) and a 3-to-4 fold
reduction in enzymatic activity (15, 16). In our previous findings,
increasing met alleles corresponded to stronger placebo response
(14). COMT rs4680 genotype has been shown to be associated
with pain sensitivity in patients treated with morphine after
cardiac surgery (18), and with pain severity in Parkinson’s disease
patients (19) and hospitalized burn victims (20). Specifically,
those with the low activity A allele (which corresponds to met)
had higher pain sensitivity. Importantly, the COMT rs4680 met
allele substitution has also been shown to be associated with
placebo analgesia specifically (21, 22). Our finding that COMT
rs4680 met is associated with a decrease in pain severity in
IBS patients aligns with prior findings on the role of COMT in
pain mediation.

Our finding that pain frequency scores are related to SNPs
that are close to the L3MBTL4 gene on chromosome 18 is
a novel finding that has basis in the literature. L3MBTL4
encodes histone methyl-lysine binding protein that is predicted
to be involved in negative regulation of transcription and is
highly expressed in gonadal tissue. L3MBTL4 was nominally

genome-wide significant in a GWAS of pain severity in
dysmenorrhea in Japanese women. In our study, the lead SNP
(rs1105794), had a minor allele frequency of 18%. This study
was small and exploratory, but findings of the juxtaposition of
pain phenotypes in IBS and dysmenorrhea in women warrant
replication studies to confirm the potential for SNPs in this
locus to impact change in IBS pain frequency, particularly
as women with IBS have higher rates of dysmenorrhea than
the general population (21, 23). Symptoms of IBS are two
times as prevalent in women than in men (22, 24). Further,
female patients with IBS tend to report increased symptoms
during menstruation (23-26). In Western countries, women
demonstrate a greater prevalence of IBS, and are more likely
to seek treatment for the disorder than men (25, 27). Among
the sex differences in the presentation of IBS, women more
frequently endorse constipation, abdominal distention, and
extraintestinal visceral symptoms such as muscle stiffness (26,
28). Several studies have reported on these sex differences in
the context of IBS, however, the mechanisms mediating their
presentation are not well defined. In recent years, increased
focus has been placed on the role of hormones in modulating
sex differences in the presentation of functional gastrointestinal
disorders (27, 29). Together with our findings, these studies
indicate the potential for identification of the cause of sex-linked
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symptom profiles, particularly in conditions associated with
chronic pain.

In contrast, changes in pain severity were related to SNX13
which encodes a protein that contains both a phosphoinositide
binding domain and a regulator of G protein signaling domain.
Overexpression of the protein that this gene encodes is associated
with delayed degradation of epidermal growth factor (EGF)
receptor (30). EGF activity was linked to visceral hypersensitivity
in an IBS rodent model (31). Further, EGF activity is associated
with neuropathic pain (30, 32) and chronic pain processing
(31, 33). Importantly, SNX13 has previously been associated
with widespread pain in patients with IBS (17). Though many
of the findings in the literature are tangential to nociplastic
pain and IBS specifically, our findings point to the importance
of distinguishing between different elements of the IBS pain
profile to better understand patient symptoms and the underlying
genetic loci.

This study is the first to consider genetic associations with
IBS-SSS subscores. The IBS-SSS is a very useful tool used in the
diagnosis and management of IBS symptoms, but the subscore
components vary significantly in scope. This reflects IBS as
a complex condition with varying phenotypic elements, each
of which is likely related to specific genetic loci. Utilizing the
aggregate score could minimize inter-patient differences and
obscure the benefit of treatments which target a particular
subcomponent of IBS-SSS. In order to move toward more
efficacious and precise treatment for patients with IBS, thorough
investigation of the genetic underpinnings of each subscore in a
larger sample size is necessary.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding author/s.

REFERENCES

1. Mearin E Lacy BE, Chang L, Chey WD, Lembo AJ, Simren M,
et al. Bowel disorders. Gastroenterology. (2016) 150:1393-1407.e5.
doi: 10.1053/j.gastro.2016.02.031

2. Drossman DA, Camilleri M, Mayer EA, Whitehead WE. AGA technical
review on irritable bowel syndrome. Gastroenterology. (2002) 123:2108-
31. doi: 10.1053/gast.2002.37095

3. Saito YA, Schoenfeld P, Locke GR. The epidemiology of irritable bowel
syndrome in North America: a systematic review. Am ] Gastroenterol. (2002)
97:1910-5. doi: 10.1016/50002-9270(02)04270-3

4. Spiegel B, Bolus R, Harris LA, Lucak S, Naliboff B, Esrailian E, et al.
Measuring irritable bowel syndrome patient-reported outcomes with an
abdominal pain numeric rating scale. Aliment Pharmacol Ther. (2009)
30:1159-70. doi: 10.1111/j.1365-2036.2009.04144.x

5. Lacy BE, Pimentel M, Brenner DM, Chey WD, Keefer LA, Long MD,
et al. ACG clinical guideline: management of irritable bowel syndrome.
Am ] Gastroenterol. (2020) 116:17-44. doi: 10.14309/ajg.00000000000
01036

6. Patel SM, Stason WB, Legedza A, Ock SM, Kaptchuk TJ,
Conboy L, et al. The placebo effect in irritable bowel syndrome

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Ethics Review Board at Beth Israel
Deaconess Medical Center under protocol 2015P000282. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

KH, AL, TK, JL, JS, and VC contributed to project design
and analysis, IBS trial design and execution (JI and JN).
In addition: JV conducted statistical analysis and drafted
the manuscript. RW conducted genetic analyses and
drafted the manuscript. JS, SR, and HY contributed to
writing the final manuscript. All authors read, commented
on, contributed to and approved the final version of
the manuscript.

FUNDING

This work was supported, in part, by: NIH grant RO1AT008573
to AL and TK; NIH grants HL119145, HG007690, and
GM107618; AHA grants D007382 and CV-19, and Rockefeller
Foundation grant A015025 to JL; NIH K23 DK119584 to JS;
and NIH KO01HL130625 to KH. KH and HY were funded
by a pilot grant from the Osher Center for Integrative
Medicine at Brigham and Women’s Hospital and Harvard
Medical School.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2022.842030/full#supplementary-material

trials: a meta-analysis. Neurogastroenterol ~Motil. (2005) 17:332-
40. doi: 10.1111/§.1365-2982.2005.00650.x

7. Francis CY, Morris J, Whorwell PJ. The irritable bowel severity
scoring simple method of monitoring irritable bowel
syndrome and its progress. Aliment Pharmacol Ther. (1997)
11:395-402. doi: 10.1046/j.1365-2036.1997.142318000.x

8. Wang R-S, Lembo AJ, Kaptchuk TJ, Cheng V, Nee ], Iturrino J, et
al. Genomic effects associated with response to placebo treatment in a
randomized trial of irritable bowel syndrome. Front Pain Res. (2021)
2:775386. doi: 10.3389/fpain.2021.775386

9. Lembo A, Kelley JM, Nee J, Ballou S, Iturrino J, Cheng V, et al. Open-label
placebo vs double-blind placebo for irritable bowel syndrome: a randomized
clinical trial. Pain. (2021) 162:2428-35. doi: 10.1097/j.pain.0000000000002234

10. Ballou S, Kaptchuk TJ, Hirsch W, Nee J, Iturrino ], Hall KT, et
al. Open-label versus double-blind placebo treatment in irritable bowel
syndrome: study protocol for a randomized controlled trial. Trials. (2017)
18:234. doi: 10.1186/s13063-017-1964-x

11. Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MAR, Bender D,
et al. PLINK: a tool set for whole-genome association and population-
based linkage analyses. Am | Hum Genet. (2007) 81:559-75. doi: 10.1086/
519795

system: a

Frontiers in Psychiatry | www.frontiersin.org

March 2022 | Volume 13 | Article 842030


https://www.frontiersin.org/articles/10.3389/fpsyt.2022.842030/full#supplementary-material
https://doi.org/10.1053/j.gastro.2016.02.031
https://doi.org/10.1053/gast.2002.37095
https://doi.org/10.1016/S0002-9270(02)04270-3
https://doi.org/10.1111/j.1365-2036.2009.04144.x
https://doi.org/10.14309/ajg.0000000000001036
https://doi.org/10.1111/j.1365-2982.2005.00650.x
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.3389/fpain.2021.775386
https://doi.org/10.1097/j.pain.0000000000002234
https://doi.org/10.1186/s13063-017-1964-x
https://doi.org/10.1086/519795
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Vollert et al.

Pain and Analgesia in IBS

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Oni-Orisan A, Haldar T, Ranatunga DK, Medina MW, Schaefer C, Krauss
RM, et al. The impact of adjusting for baseline in pharmacogenomic genome-
wide association studies of quantitative change. NPJ Genom Med. (2020)
5:1. doi: 10.1038/541525-019-0109-4

Hirata T, Koga K, Johnson TA, Morino R, Nakazono K, Kamitsuji S, et
al. Japanese GWAS identifies variants for bust-size, dysmenorrhea, and
menstrual fever that are eQTLs for relevant protein-coding or long non-
coding RNAs. Sci Rep. (2018) 8:8502. doi: 10.1038/541598-018-25065-9

Hall KT, Lembo AJ, Kirsch I, Ziogas DC, Douaiher ], Jensen KB, et
al.  Catechol-O-methyltransferase  vall58met polymorphism predicts
placebo effect in irritable bowel syndrome. PLoS ONE. (2012)
7:¢48135. doi: 10.1371/journal.pone.0048135

Lachman HM, Papolos DE Saito T, Yu YM, Szumlanski CL,
Weinshilboum RM. Human catechol-O-methyltransferase pharmacogenetics:
description of a polymorphism potential
application to neuropsychiatric ~disorders. Pharmacogenetics. (1996)
6:243-50. doi: 10.1097/00008571-199606000-00007

Chen J, Lipska BK, Halim N, Ma QD, Matsumoto M, Melhem S, et al.
Functional analysis of genetic variation in catechol-O-methyltransferase
(COMT): effects on mRNA, protein, and enzyme activity in postmortem
human brain. Am ] Hum Genet. (2004) 75:807-21. doi: 10.1086/425589
Freidin MB, Stalteri MA, Wells PM, Lachance G, Baleanu A-F, Bowyer
RCE, et al. An association between chronic widespread pain and the gut
microbiome. Rheumatology. (2021) 60:3727-37. doi: 10.1093/rheumatology/
keaa847

Ahlers SJGM, Elens LL, van Gulik L, van Schaik RH, van Dongen EPA,
Bruins P, et al. The Val158Met polymorphism of the COMT gene is associated
with increased pain sensitivity in morphine-treated patients undergoing a
painful procedure after cardiac surgery. Br J Clin Pharmacol. (2013) 75:1506—-
15. doi: 10.1111/bcp.12052

Lin C-H, Chaudhuri KR, Fan J-Y, Ko C-I, Rizos A, Chang C-W,
et al. Depression and Catechol-O-methyltransferase (COMT) genetic
variants are associated with pain in Parkinson’s disease. Sci Rep. (2017)
7:6306. doi: 10.1038/s41598-017-06782-z

Orrey DC, Bortsov A v, Hoskins JM, Shupp JW, Jones SW, Cicuto
BJ, et al. Catechol-O-methyltransferase ~genotype predicts pain
severity in hospitalized burn patients. J Burn Care Res. (2012)
33:518-23. doi: 10.1097/BCR.0b013e31823746ed

Yu R, Gollub RL, Vangel M, Kaptchuk T, Smoller JW, Kong ]J.
Placebo  analgesia reward processing: integrating  genetics,
personality, and intrinsic brain activity. Hum Brain Map. (2014)
35:4583-93. doi: 10.1002/hbm.22496

Aslaksen PM, Forsberg JT, Gjerstad J. The opioid receptor mu 1
(OPRM1) 151799971 and  catechol-O-methyltransferase ~ (COMT)
rs4680 as genetic markers for placebo analgesia. (2018)
159:2585-92. doi: 10.1097/j.pain.0000000000001370

Olafsdottir LB, Gudjonsson H, Jonsdottir HH, Bjérnsson E, Thjodleifsson
B. Natural history of irritable bowel syndrome in women and
dysmenorrhea: a 10-year follow-up study. Gastroenterol Res Pract. (2012)
2012:534204. doi: 10.1155/2012/534204

Chey WD, Kurlander ], Eswaran S. Irritable bowel syndrome: a clinical review.
JAMA. (2015) 313:949-58. doi: 10.1001/jama.2015.0954

functional and its

and

Pain.

25. Kim YS, Kim N. Sex-gender differences in irritable bowel syndrome. J
Neurogastroenterol Motility. (2018) 24:544-58. doi: 10.5056/jnm 18082

26. Mulak A, Taché Y. Sex difference in irritable bowel syndrome: do gonadal
hormones play a role? Gastroenterol Pol. (2010) 17:89-97.

27. Chang L, Heitkemper MM. Gender differences in irritable bowel syndrome.
Gastroenterology. (2002) 123:1686-701. doi: 10.1053/gast.2002.36603

28. Lee OY, Mayer EA, Schmulson M, Chang L, Naliboff B. Gender-
related differences in IBS symptoms. Am ] Gastroenterol. (2001) 96:2184-
93. doi: 10.1111/.1572-0241.2001.03961.x

29. Rastelli D, Robinson A, Lagomarsino VN, Matthews LT, Hassan R,
Perez K, et al. Diminished androgen levels are linked to irritable bowel
syndrome and cause bowel dysfunction in mice. J Clin Investig. (2021)
132:e150789. doi: 10.1172/JCI150789

30. Zheng B, Lavoie C, Tang T-D, Ma P, Meerloo T, Beas A, et al. Regulation
of epidermal growth factor receptor degradation by heterotrimeric Galphas
protein. Mol Biol Cell. (2004) 15:5538-50. doi: 10.1091/mbc.e04-06-0446

31. Cui X-F. Epidermal growth factor upregulates serotonin transporter and its
association with visceral hypersensitivity in irritable bowel syndrome. World
] Gastroenterol. (2014) 20:13521. doi: 10.3748/wjg.v20.i37.13521

32. Kersten C, Cameron MG, Laird B, Mjaland S. Epidermal growth factor
receptor-inhibition (EGFR-I) in the treatment of neuropathic pain. Br J
Anaesthesia. (2015) 115:761-7. doi: 10.1093/bja/aev326

33. Martin L], Smith SB, Khoutorsky A, Magnussen CA, Samoshkin A, Sorge RE,
et al. Epiregulin and EGFR interactions are involved in pain processing. J Clin
Investig. (2017) 127:3353-66. doi: 10.1172/JCI87406

Conflict of Interest: AL owns stock in Bristol Myer Squibb and Johnson &
Johnson and receives income from Vibrant and Mylan. JL is the scientific
co-founder of Scipher Medicine, Inc. JN consults for World Clinical Care. JS
has received consultancy fees from Alimentiv, Mozart Therapeutics, Takeda
Pharmaceuticals, and Teva Pharmaceuticals. JV has received consultancy fees
from Vertex Pharmaceuticals and Embody Orthopedics outside the submitted
work.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Vollert, Wang, Regis, Yetman, Lembo, Kaptchuk, Cheng, Nee,
Iturrino, Loscalzo, Hall and Silvester. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

March 2022 | Volume 13 | Article 842030


https://doi.org/10.1038/s41525-019-0109-4
https://doi.org/10.1038/s41598-018-25065-9
https://doi.org/10.1371/journal.pone.0048135
https://doi.org/10.1097/00008571-199606000-00007
https://doi.org/10.1086/425589
https://doi.org/10.1093/rheumatology/keaa847
https://doi.org/10.1111/bcp.12052
https://doi.org/10.1038/s41598-017-06782-z
https://doi.org/10.1097/BCR.0b013e31823746ed
https://doi.org/10.1002/hbm.22496
https://doi.org/10.1097/j.pain.0000000000001370
https://doi.org/10.1155/2012/534204
https://doi.org/10.1001/jama.2015.0954
https://doi.org/10.5056/jnm18082
https://doi.org/10.1053/gast.2002.36603
https://doi.org/10.1111/j.1572-0241.2001.03961.x
https://doi.org/10.1172/JCI150789
https://doi.org/10.1091/mbc.e04-06-0446
https://doi.org/10.3748/wjg.v20.i37.13521
https://doi.org/10.1093/bja/aev326
https://doi.org/10.1172/JCI87406
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Genotypes of Pain and Analgesia in a Randomized Trial of Irritable Bowel Syndrome
	Introduction
	Methods
	Genotyping
	Candidate Gene Analysis
	Genome-Wide Association Study

	Results
	Patient Cohort
	COMT Association With Change in Pain Frequency and Pain Severity Items on IBS-SSS
	Exploratory GWAS of Analgesic Effects During the Trial
	Post-hoc Analysis of Findings

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


