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Purpose: Chronic, abdominal pain remains a problem in a subset of patients after cholecystectomy. The cause is often obscure but
central sensitization may be an important component and could theoretically be mediated by spinal PGE2, which is regulated by
several cytokines. The aim of the study was to examine cerebrospinal fluid (CSF) of participants with post cholecystectomy syndrome
and healthy volunteers for signs of PGE2 and cytokine mediated central sensitization.

Patients and Methods: In phase 1 of the study, 83 subjects were included for DNA analysis, eight of these subjects with post
cholecystectomy syndrome. We examined the SNPs rs5275, rs16944 and rs1800795 from the Cox-2, IL-1p and IL-6 genes
respectively. In phase 2 of the study, we examined concentrations of PGE2-metabolite (PGEM), IL-1B and IL-6 in CSF and plasma
from 6 patients with post cholecystectomy syndrome and visceral hyperalgesia and 11 pain free volunteers.

Results: We found a significant difference in distribution of the rs5275 SNP of the Cox-2 enzyme (CT-genotype=88% in pain
group, 45% in pain free group, TT-genotype=0 in pain group, 41% in pain free group, p=0.05) but not in the other SNPs. PGEM,
but not IL-6, was significantly elevated in CSF of the pain group (3.6 pg/mL, sd=1.9 vs 2.1 pg/mL, p=0.03), IL-1B was
undetectable.

Conclusion: We found elevated PGEM levels in CSF of patients with post cholecystectomy syndrome and visceral hyperalgesia,
suggesting a central, possibly inflammatory component to the pain, and overrepresentation of the CT-genotype in the rs5275 SNP in
the Cox2 gene, suggesting overexpression of Cox2 as a possible cause for elevated PGEM levels.
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Plain Language Summary
Chronic, abdominal pain is a problem in some persons after gallbladder surgery. The cause is often unclear and in these cases, the
treatment options is often insufficient.

A possible theory is that nerves in the central nervous system (brain and spinal cord) become hypersensitive to pain, which means
that they overreact to input so that non-harmful stimuli provoke pain. This pain hypersensitivity is sometimes facilitated by signaling
substances from the immune system.

We completed a study in two phases. In phase 1, we examined 83 persons undergoing gallbladder surgery. Eight of these persons

developed chronic abdominal pain afterwards. We found that persons with chronic pain had a different variant of the gene that controls
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the Cox-2 enzyme, which is an enzyme that reacts to activity in the immune system and eclevates the substance, prostaglandin E2
(PGE2), which increase pain sensitivity in the central nervous system.

In phase 2, we examined the cerebrospinal fluid of 17 persons, of which six persons developed chronic pain after gallbladder
surgery. We found that persons with chronic pain had higher levels of PGE2-metabolite (which is an indicator of PGE2 levels) in the
cerebrospinal fluid and hypersensitivity to pain in the gallbladder area of the abdomen.

This indicates that the cause of chronic, abdominal pain after gallbladder surgery is subtle activity of the immune system, eg
inflammation, causing pain hypersensitivity in the central nervous system and by genetic factors. However, this must be tested in
a larger population before final conclusions can be made.

Introduction

Persistent or chronic pain in the upper abdomen continues to be a problem in 5-40% of patients after cholecystectomy and is often
referred to as post cholecystectomy syndrome (PCS) when combined with various gastrointestinal symptoms.”'”*>%° While the
cause can be identified and treated in many cases (ie biliary stones, gastric ulcers, gastro-esophageal reflux) the cause of the pain
remains unexplained in up to one third of the patients.”'>'® Sphincter of Oddi dysfunction (SOD) is often proposed as a possible
cause, but only a subset of patients with unexplained PCS have demonstrable sphincter of Oddi dysmotility. Furthermore, in the
patients where dysmotility is demonstrated, endoscopic sphincterotomy has very limited effect on the pain.'® >3

Visceral hyperalgesia, caused by persistent hyper-excitability of relevant nociceptive neurons in the central nervous
system (CNS), in some situations referred to as central hypersensitivity or central sensitization, has been hypothesized as
a possible mechanism behind PCS. This theory is supported by findings of hyperalgesia in the referred pain area in
patients with PCS and could be caused by persistent, abnormal, sensory visceral input caused by neuronal damage or
a local, subclinical, chronic inflammatory condition.®?!

Prostaglandin E2 (PGE2) is a key mediator of both peripheral and central sensitization in inflammatory pain, but
a role in visceral and neuropathic pain has also been suggested.®'®%3? It is well established that spinal PGE2 elevation
can be induced by a peripheral insult, causing upregulation of spinal interleukin-1f (IL-1p), which induces upregulation
of spinal cyclooxygenase-2 (Cox-2) expression, which again leads to increased spinal PGE2 levels and peripheral
hyperalgesia. Interleukin-6 (IL-6) has been suggested as a mediator of this response.'>2%*

Variations in pain and pain sensitivity are partly explained by genetic variations, which could be important in the
control of the IL-1p—Cox2-PGE2 axis.'®*"** The Cox-2 gene (PTGS2) carries a common single-nucleotide polymorph-
ism (SNP), T8473 (rs5275), which is a key regulator of Cox-2 expression and the T8473C-allele has been associated with
COX-2 overexpression, followed by increased PGE2 levels.”**’ The rs16944 SNP is located in the promoter region of
the IL-1P gene and is important in the regulation of IL-1f levels.'* Finally, the IL-6 “~174” polymorphism (rs1800795)
has been associated with the inflammatory IL-6 response.**

The aim of this study was to investigate the levels of PGE2-metabolite, IL-1B and IL-6 in cerebrospinal fluid (CSF)
and plasma in patients with chronic pain and visceral hyperalgesia after cholecystectomy compared to healthy volunteers,
and to investigate possible genetic polymorphisms in rs5275, rs16944 and rs1800795 SNPs in the two groups.

We hypothesized that participants with persistent post cholecystectomy pain would have increased levels of PGE2-
metabolite and IL-1f in CSF, possibly elevated levels of IL-6 in plasma compared to healthy controls, and that we would

find polymorphisms in one or more of the associated SNPs.

Methods
Design and Patients

From a cohort of 100 patients for laparoscopic cholecystectomy, which has been described elsewhere,’ all participants
were invited to undergo additional tests.

In the original study, 100 patients were followed for 12 months after cholecystectomy. In this period, they all completed an
extensive program for diagnosing and treating post cholecystectomy pain. Based on this, the participants for this study were
classified into two groups: chronic, unexplained pain in the upper abdomen 12 months after cholecystectomy or no pain 12 months
after cholecystectomy. These included patients with well-defined causes of post cholecystectomy pain (ie common bile duct stone,
peptic ulcer etc.) where the cause could be treated and resolved within the first months after cholecystectomy.
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There were 2 phases of this study. In phase 1 all participants were invited to contribute with blood samples for genetic
tests at the 12-months interview.

In phase 2, participants were invited to also contribute with blood and CSF for investigation of cytokine levels and
a test for abdominal pain pressure threshold. Inclusion criteria were participation in phase 1, exclusion criteria were:
other chronic pain, acute pain during the previous week, immunological disease or immunosuppressive treatment. In the
original study, participants with disease in the central and peripheral nervous system or any paresthesias had also been
excluded. Due to a limited number of pain free participants from the original study, the pain free group was expanded
with participants who were to receive spinal anesthesia for elective gynecological operations and participants who
responded to community advertisements. The same exclusion criteria applied for this group and with the additional
criteria of no previous abdominal surgery. The study was conducted according to the Helsinki Declaration and approved
by the regional ethics committee (39561) and the Danish data protection agency (4308). Written informed consent was
obtained from all participants.

Procedures

Four milliliters of blood was collected from all participants in phase 1 with standard venous puncture. Blood was frozen
directly as whole blood and kept at —80 °C. An additional 8 mL of blood was collected from participants in phase 2,
which was centrifuged at room temperature and frozen at —80 °C within one hour after sampling.

CSF was collected by lumbar puncture, performed by an experienced anesthesiologist specialist using sterile
technique and a 27 G pencil point needle. All CSF samples were placed in ice water immediately after sampling,
centrifuged at 4 °C and frozen at —80 °C within one hour.

Pain Pressure Threshold (PPT) was performed at the time of the 12-months interview in the original study. It was

done with an Alogmeter II (Somedic AB), with a probe area of 1 cm?

and determined as the mean response of 3
independent measurements, each applied at a slowly increasing ramp of 50 kPa/s. The test area was the gall bladder area

and the corresponding contralateral area was the control area.

Genetic Tests

The following SNPs were investigated: rs5275, rs16944 and rs1800795. DNA was extracted from 300 uL whole
blood using the Maxwell 16 instrument (Promega, Madison, WI, USA) with a Maxwell 16 Blood DNA Purification
Kit (Promega). DNA was eluted in 300 pL elution buffer. The concentration of DNA was determined by NanoDrop
spectrophotometry (Thermo Fisher Scientific, Waltham, MA, USA). DNA was shipped to LGC genomics Ltd.
(Hoddesdon, UK)' for genotyping. DNA was quality checked and genotyped using Kompetitive Allele Specific
PCR (KASP). Data were received as .csv files and visualized with SNPViewer software from LGC Biosearch
Technologies."

Cytokine Tests

Commercially available enzyme-linked immunosorbent assays from R&D Systems (Minneapolis, MN, USA) were
used for quantifying IL1b and IL-6 (IL1b HSLBOOC and IL-6 HS600B). Because no direct test of PGE2 was
available to the laboratory, PGE2-metabolite levels were measured as an indicator of PGE2-concentration. PGE2-
metabolite concentrations have been demonstrated to be closely associated with PGE2 concentrations®>° and were
measured using a commercially available competitive assay from Cayman (PGEM 514531, Cayman Chemical, Ann
Arbor, MI, USA). The analyses were performed according to the manufacturer’s protocols. All samples were
analysed in duplicates and the average of the two were applied. The intra assay coefficient of variations were
between 13% and 17%.

Statistics

Parametric data are presented as means and compared with a -test. A chi” test were used for comparing categorical data.
Because of small sample size, data from phase 2 of the study were presented as non-parametric data, using medians and
compared with a Wilcoxon-Mann—Whitney test. Delta pain perception threshold (APPT) was calculated as the difference
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Phase 1, n=83
Chronic pain n=8
No Pain n=75

Y

Phase 2, n=17
Chronic pain n=6
No Pain n=11
- b pain free participants from phase 1
- 5 additional pain free volunteers

Figure | Study flow chart.

in PPT between the pain area/gallbladder area and the control area: PPT control area—PPT test area, and used as an
assessment of hyperalgesia in the referred pain area. A P-value <0.05 was considered statistically significant.

Results

Phase |, Genetic Data

Samples were collected from August 2011 to December 2013. In phase 1 (Figure 1), 83 subjects from the original study
participated. Eight of the participants reported chronic, post cholecystectomy pain and 75 participants reported no pain.
Demographic data for participants in phase 1 of the project are shown in Table 1.

Participants with chronic pain had significantly higher APPT (PPT control area—PPT test area) (80 kPa, sd=97)
compared to pain free controls (17 kPa, sd=70, p=0.04). PPT in the test area (gallbladder area) versus the control area in
the two groups is depicted in Figure 2.

The three investigated SNPs (rs5275, rs1800795, rs16944) were all found not to deviate from Hardy—Weinberg
equilibrium (P>0.05). The genotypes for all three SNPs are presented in Table 2. The genotype distribution of the rs5275
SNP (Cox-2 gene) was significantly different in the 2 groups with 7 out of 8 (88%) participants from the pain group
displaying the CT-genotype and 0 out of 8 participants displaying the TT-genotype, versus 45% of participants in the pain
free group displaying the CT-genotype and 41% displaying the TT-genotype (p=0.05). There were no significant
differences in the rs1800795 (IL-6) or the rs16944 (IL-1p) SNPs.

Phase 2, Cytokine Data

Of the 83 patients from phase 1, 12 participants (six participants with post cholecystectomy pain and six pain free controls) and
five additional pain free volunteers (two were operated for cystocele in spinal anesthesia and three responded to community
advertisements) were included in phase 2 of the study (Figure 1), giving six participants with chronic pain after cholecystectomy
and 11 pain free participants. Demographic data for the participants in phase 2 are shown in Table 3.

Table | Demographic Data for Participants in Phase |

Pain, n=8 No Pain, n=75
Sex, female 4 (50%) 49 (65%)
Age, years (sd) 42 (14) 45 (15)
BMI, kg/m? (sd) 28 (5) 28 (5)

Abbreviations: BMI, body mass index; sd, standard deviation.
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Figure 2 Pain pressure threshold (PPT). Pain pressure threshold (PPT) in the test area versus the control area, in participants with and without chronic pain in the upper

abdomen. Error bars are SEM. n=83. *Significant difference (p=0.04) in APPT (PPT control area—PPT test area) between pain patients and pain free controls.

PGE2-metabolite concentrations in CSF (Figure 3A) were significantly higher in the pain group (2.9 pg/mL,

interquartile range=2.7-3.3) compared to pain free participants (2.0 pg/mL, interquartile range=1.6-2.4, p=0.01).

There were no differences in the median PGE2-metabolite concentrations in plasma between the groups. IL-6

concentrations (Figure 3B) in plasma were higher in the pain group (0.91 pg/mL, interquartile range=0.62—1.38)

compared to the pain free group (0.62 pg/mL, interquartile range=0.40—0.87) but this difference was not statistically

significant. There were no difference in CSF concentrations. For IL-1B there were too few measurements within

detectable concentrations to make meaningful statistical analysis (six out of 17 (35%) CSF-samples and seven out of

17 (41%) of plasma samples).

Table 2 Distribution of Genotypes of the rs5275, rs1800795 and rs16944 SNPs in
Patients with Persistent Pain After Cholecystectomy Compared to Pain Free Controls

SNP (Associated Gene) Persistent Pain, n=8 | No Pain, n=75% P
rs5275 (Cox-2 gene) CT 7 (87.5%) 33 (45%) 0.05
cC 1 (12.5%) 10 (14%)
TT 0 30 (41%)
rs1800795 (IL-6 gene) G:C 5 (62.5%) 43 (58%) 0.9
C.C I (12.5%) 15 (20%)
G:G 2 (25%) 16 (22%)
rs16944 (IL-1B gene) GA 5 (62.5%) 34 (45%) 0.6
GG 2 (25%) 29 (39%)
AA I (12.5%) 12 (16%)

Notes: *The results were missing for two participants when analyzing the rs5275 SNP and one participant when
analyzing rs1800795 SNP, all in the “pain free” group.
Abbreviations: SNP, single-nucleotide polymorphism; Cox-2, cyclooxygenase-2; IL-6, interleukin-6; IL-8, interleu-

kin-8.

Table 3 Demographic Data Phase 2

Pain, n=6 No Pain, n=11
Sex, female 4 (67%) 8 (67%)
Age, years (sd) 38 (10) 46 (8)
BMI, kg/m? (sd) 28 (5) 29 (5)

Abbreviations: BMI, body mass index; sd, standard deviation.
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Figure 3 Cytokine concentrations in CSF and plasma. (A) PGE-metabolite. (B) IL-6. Black bars are participants with chronic pain in the upper abdomen; grey bars are pain
free participants. (A) PGE2-metabolite concentrations in CSF and plasma. *p=0.03. (B) IL-6 concentrations in CSF and plasma. Error bars are SEM. n=17.
Abbreviations: CSF, cerebrospinal fluid; PGE2, prostaglandin E2; PGEM, PGE2-metabolite; IL-6, interleukin-6.

Complications
No participants suffered post procedural complications, including spinal headache, except temporary soreness at the
puncture site as expected.

Discussion

In this study, we confirmed the hypothesis that PGE2-metabolite concentrations were elevated in CSF in patients with
chronic, unexplained pain more than 12 months after cholecystectomy and visceral hyperalgesia. We also found
a corresponding, specific polymorphism in the Cox-2 enzyme in which the rs5275C-allele was overrepresented in the
pain group. We did not find any significant difference in IL-6 in plasma or CSF and IL-1B was below detection limit in
most of the samples and thus beyond meaningful analysis.

The finding of elevated PGE2-metabolite concentrations in CSF and visceral hyperalgesia in the pain group confirms
the theory of a central component in chronic post cholecystectomy pain and suggests an inflammatory origin of the pain.
While the authors are not aware of any other studies of PGE2 or PGE2-metabolite concentrations in the CSF from this
patient group, elevated spinal PGE2 concentrations have been extensively associated with secondary peripheral hyper-
algesia in a number of studies of inflammatory pain models.'*-***

The hypothesis is further confirmed by the clear overweight of the rs5275C-allele of the Cox-2 gene in participants
with chronic, unexplained pain after cholecystectomy. The Cox-2 enzyme is a well-established regulator of spinal PGE2
levels and the C-allele of the rs5275 SNP previously has been associated with over-activity of the Cox-2 enzyme. The
1s5275 SNP is located in exon 10 which encodes the Cox-2 3’-untranslated region (3’UTR) and is important in
controlling Cox-2 expression through control of Cox-2 mRNA decay. Thus the variant allele rs5275T is associated
with Cox-2 mRNA degradation and the rs5275C-allele is associated with Cox-2 mRNA stabilization, Cox-2 mRNA
overexpression and increased PGE2 concentrations.”” While the rs5275 (T8773C) SNP in the Cox-2 gene, to our
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knowledge, has not previously been studied in a population with chronic pain, it has been linked to overexpression of
Cox-2 in several other studies.***2? The importance of Cox-2 in regulating spinal PGE2 levels and secondary
hyperalgesia is also well known. Samad et al established that peripheral inflammation caused elevated spinal IL-1f
levels, possibly mediated via circulating IL-6. Spinal IL-1p in turn induced increased Cox-2 mRNA expression in CNS
leading to elevated PGE2 levels in CSF and was associated with peripheral, secondary hyperalgesia. This hyperalgesia
could be blocked by IL-1p and Cox-2 inhibitors and the mechanism has been confirmed in several other studies.’***!
Unfortunately, it was not possible to evaluate IL-1B concentrations because of missing values, which unfortunately is
a well-known problem as IL-1B concentrations are generally low in CSF and blood.*** The fact that we did not find any
difference in the rs16944 SNP of the IL-1f gene suggests that this SNP is not important in regulation of hyperalgesia in
chronic, unexplained pain after cholecystectomy but we cannot use the finding to draw any conclusions on the overall
role of IL-1PB in this condition. IL-6 has been suggested to be a peripheral regulator of spinal IL-1p upregulation in
inflammatory pain and was found to be elevated in other pain conditions, but the importance of IL-6 for the Cox-2/PGE2
axis has not been confirmed.*?”** We did not find any significant difference in the concentration of the cytokine or the
rs1800795 SNP and therefore, we cannot confirm any important role for IL-6 in the described mechanism. It could,
however, not be ruled out that the non-significant elevation in plasma IL-6 concentration we found in the pain group
would have been significant in a larger sample size.

The main limitation to this pilot study is obviously the small sample size and the fact that only a subset of the
participants in phase 1 of the study participated in phase 2 of the study. The additional pain free participants in phase 2 of
the study also adds to the heterogeneity of the population in the two phases of the study, but also adds power to the result.
Overall, the findings must be interpreted with caution. The coherence between the proposed theory, the biochemical and
the clinical findings, however, are remarkable and should be investigated in a larger sample size.

The described mechanism of increased Cox-2 mRNA expression, elevated PGE2 levels and clinical hyperalgesia is
primarily confirmed in models of inflammatory pain, and chronic, unexplained pain after cholecystectomy is not usually
considered an inflammatory type of pain. The existence of a chronic, perhaps subclinical inflammation in the gallbladder
area could however be a theoretical possibility and has previously been suggested.” Another possibility is that PGE2-
induced, central hyperalgesia is also involved in other types of chronic pain. Perioperative damage to visceral nerves
causing persistent neuropathic pain could theoretically be a possibility and a role for PGE2 in neuropathic pain has also
been suggested, but is not well established.'®****° We did not measure PGE2 directly, but instead the PGE2-metabolite
concentrations. Yet, it is well established that PGE2-metabolite concentrations can be used as a marker of PGE2
concentrations.®*® A direct measurement of the Cox-2 enzyme would have been relevant, but not a possibility we had
at the time of the study.

In conclusion, patients with chronic, unexplained pain and deep visceral hyperalgesia more than 12 months after
cholecystectomy have elevated PGE2-metabolite concentrations in CSF and a polymorphism in the rs5275-allele of the
Cox-2 gene, which is associated with Cox-2 overexpression. This confirms the theory of a central component in chronic,
unexplained pain after cholecystectomy and suggests an inflammatory component.

Abbreviations

PCS, post cholecystectomy syndrome; SOD, sphincter of Oddi dysfunction; CNS, central nervous system; PGE2,
prostaglandin E2; IL-1P, interleukin-1P; Cox-2, cyclooxygenase-2; IL-6, interleukin-6; SNP, single-nucleotide
polymorphism.
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