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Purpose: Serotonin (5-HT) is highly associated with pain modulation. The human 5-HT
transporter (5-HTT) gene (SLC6A4) features several polymorphisms in its promoter region
(5-HTTLPR) that affect the 5-HTT expression. The S allele of 5-HTTLPR induces low 5-HT
tone, and it may influence the modulation of chronic pain. Meanwhile, pain occurs in
40-50% of patients after thoracic surgery, and its mechanism remains under investigation.
This study assessed the role of 5-HTTLPR polymorphisms in postthoracotomy pain severity.
Patients and Methods: A total of 178 patients undergoing pneumonectomy were enrolled.
The genotypes of 5-HTTLPR were divided into two groups: S/S group and S/L or L/L group.
Linear mixed-effects models were used to assess the association between 5-HTTLPR
genotypes and the numerical rating scale (NRS) score change over time.

Results: Among the participants, data were obtained for 162 patients. The genotype
distribution was as follows: S/S, 67.3%; S/L or L/L, 32.7%. No significant difference in
patient characteristics was found between the genotype groups. There was no significant
interaction between the 5S-HTTLPR genotypes and the NRS score change over time (p =
0.842).

Conclusion: Polymorphisms in 5-HTTLPR were not associated with postthoracotomy pain
severity.
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Introduction

Persistent postsurgical pain is a significant problem for a large number of patients.
It decreases patients’ quality of life and increases their economic burden. Surgery is
essential for serious diseases, but 10-80% of patients experience pain after various
types of surgery.'” The consequences vary widely among patients, causing both
physical and mental disabilities.

Thoracotomy has been described as a high-risk surgery that induces persistent
postsurgical pain.® Postthoracotomy pain syndrome (PTPS) has been defined as
pain lasting for >2 months after surgery by the International Association for Study
of Pain.* A large number of studies have focused on the predictors of PTPS.>° The
risk factors for PTPS are classified into preoperative, intraoperative, and post-
operative factors. Neuropathic changes after surgery have been demonstrated to
be associated with chronic pain.>” However, the underlying mechanism is highly
complex. Preoperative conditions, especially genetic factors, have emerged as novel

predictors of postoperative chronic pain.®’
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The perception of pain varies among individuals, as
it is a subjective experience influenced by combinations
of factors such as sex, races, emotions, sensations, cul-
ture, and genes.'®'* Genetic studies have therefore been
conducted to demonstrate the mechanism of pain mod-
ulation in the central nervous system. Serotonin
(5-hydroxytryptamine [5-HT]) is a neurotransmitter that
is highly involved in the pain mechanism. 5-HT is
associated with the modulation of nociceptive signals
both through the peripheral and central nervous systems,
and it regulates mood.'*'* The 5-HT transporter
(5-HTT) is an essential regulator of 5-HT that transfers
the neurotransmitter from synapses to presynaptic neu-
rons and terminates extracellular signaling. 5-HTT reg-
ulates the concentration of 5-HT and manages
postsynaptic signaling. It has been revealed that the
effectiveness of opioids depends on the 5-HTT
genotype.'> 5-HTT in humans is encoded by SLC6A4,
one of the most studied genes in the neurobiology field.
The promoter region of the gene contains several poly-
morphisms, and this variation affects the expression of
the 5-HTT gene. The polymorphic region consists of
a 43-base pair insertion/deletion known as the 5-HTT—
linked polymorphic region (5-HTTLPR). This insertion/
deletion results in two variants with different lengths
and activities: the short allele (S) and long allele (L).
The S allele is associated with reduced 5-HTT gene
transcription and thus diminished 5-HTT expression.
Previous studies illustrated that the S allele is relevant
to various diseases and conditions such as depression,
schizophrenia, autism, addiction,'® anxiety disorder,!”
obsessive-compulsive disorder,'® and chronic pain
including fibromyalgia.'” The prevalence of the S/S
genotype in Japanese populations is reported to be
59-62%, compared with 23-35% for the S/L genotype
and 1-7% for the L/L genotype.’® Considering the dis-
tribution of the genotypes in Japanese populations, we
divided participants into the S/S group and the S/L or L/
L group.

The aim of this study was to investigate the relation-
ship of the incidence and severity of PTPS with 5-HTT
expression. We hypothesized that patients with low
5-HTT expression were more likely to suffer from
severe PTPS. To the best of our knowledge, this is the
first large multicenter study to assess the association
between 5-HT-linked genes and the mechanism of

PTPS.

Materials and Methods

Participants
The Ethical
Committee of Osaka City University Graduate School of

study protocol was approved by the

Medicine (Date of approval: August 3, 2017, Number:
UMINO000030176) and the
Ethical Committee of Sumitomo Hospital (Date of
approval: September 15, 2017, Number: 29—12). Patients
with
Anesthesiologists physical status class of 1-4 who were

3792, Registry number:

aged >20 years an American Society of
scheduled to undergo pneumonectomy for lung cancer
were recruited from Osaka City University Hospital and
Sumitomo Hospital between 2017 and 2018, and follow-
up data collection ended in 2019. The exclusion criteria
were current psychological illness and cognitive deficits.
A total of 178 patients were enrolled. This study was
conducted in accordance with the general principles out-
lined in the Declaration of Helsinki. Written informed
consent was obtained from all participants.

Study Protocol

The participants completed the Pain Catastrophizing Scale
(PCS) and provided a genomic DNA sample from the oral
mucosa before surgery. After surgery, the pain numerical
rating scale (NRS) and questionnaires about the interven-
tions for pain relief were completed after 1 day and 3, 6,
and 12 months of follow-up. The follow-up interview was
conducted via a letter or an e-mail.

Anesthesia and Surgery

Open thoracic surgery or video-assisted thoracic surgery
was selected by surgeons in accordance with their basic
practice. For postoperative analgesia, thoracic epidural
catheter was inserted at the T4-T6 level before surgery,
and 1.5 mL of 1% lidocaine plus adrenaline were admi-
nistered to test the procedure. Then, 0.25% levobupiva-
caine was continuously administered at 2-5 mL/h
according to the severity of pain and blood pressure
until postoperative day 2 or 3. For patients receiving
anticoagulation therapy and hemodialysis therapy and
those with spinal disease, epidural anesthesia was not
administered. For alternative pain management, intrathor-
acic intercostal block with 0.33% ropivacaine was per-
formed at the end of the surgery, and intravenous patient-
controlled analgesia with fentanyl at 20 pg/h was given
for 2 or 3 days after surgery in patients without epidural
anesthesia.
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PCS

The PCS is used to assess the psychological distress of and
dysfunctional adjustment to pain.?'** The PCS is a self-
administered questionnaire consisting of 13 items. Each
item is rated from O to 4 to measure the frequency of pain-
related thoughts and feelings, with 0 meaning “not at all”
and 4 meaning “always.” The sum of the 13 items com-
prises the PCS score, which ranges from 0 to 52.
Participants were instructed to reflect on thoughts or feel-
ings during past painful experiences.

Assessment of Pain Scaling

The NRS is recognized as the gold standard direct assess-
ment for pain. The scale is scored from 0 to 10, with 0
indicating no pain and 10 indicating the worst possible
pain. The NRS score was measured 1 day and 3, 6, and 12
months after thoracic surgery. Participants were asked to
rate their average pain on the first postoperative day. After
discharge, patients were mailed questionnaires, and they
reported their average pain status in the last 48 hours.

Genotyping

DNA was extracted from patients’ oral mucosa using
QIAamp DNA Mini Kit (Qiagen, Dusseldorf, Germany)
according to the manufacturer’s instructions and analyzed
via polymerase chain reaction (PCR). The forward and
reverse primer sequences for 5-HTT polymorphisms were
5'-GCAACCTCCCAGCAACTCCCTGTA-3" and 5'-
GAGGTGCAGGGGGATGCTGGAA-3, respectively.
Each sample was amplified using KOD FX Neo
(TOYOBO, Osaka, Japan). The 20-uL PCR reaction mix-
ture contained 2x buffer (10 pL), deoxyribonucleotide tri-
phosphates (4 pL), forward and reverse primers (each 0.6
pL), KOD FX neo DNA polymerase (0.4 uL), distilled
water (0.4 pL), and 25-50 ng of genomic DNA (2 pL).
The cycling program was as follows: 94°C for 2 min, 35
cycles of 98°C for 10 s and 64°C for 20 s, and storage at 4°
C. Then, PCR production was analyzed via electrophoresis
using a 3130x1 Genetic Analyzer (Thermo Fisher Scientific,
Waltham, MA, USA). The two allele variants were identi-
fied on the basis of the PCR fragment size (S allele, 138 bp;
L allele, 182 bp). Samples were classified into three geno-
types: S/S, S/L, and L/L.

Statistical Analysis
The primary outcome of the present study was the inter-
action between pain severity and 5S-HTTLPR genotypes.

To assess the relationship between 5-HTTLPR poly-
morphisms and the NRS score change over time, statis-
tical analysis was performed using a linear mixed-effects
model. The linear mixed-effects model contained the
fixed effects of time, 5S-HTTLPR genotypes, and the
interaction of time and genotypes and the random effect
of interception correlated to each subject, recognized as
a cluster. Patients were grouped by genotype into the S/S
group or S/L or L/L group. The adjustment variables
included preoperative persistent pain, age, sex, PCS,
and analgesia after surgery (with vs without epidural
anesthesia). To confirm the interactions of genotype and
time with variables including preoperative persistent
pain, operation types, sex, PCS, and analgesia after sur-
gery, we conducted a similar mixed-effect model analy-
sis in the entire population.

The sample size was calculated to detect a 1.5%
mean difference in the NRS score at 1 year after sur-
gery. Assuming a sample size ratio of 2.3:1 between the
S/S group and the S/L or L/L group and an SD of 2.5,
power analysis indicated that a sample size of 150
patients was sufficient to ensure 90% power with an
alpha of 0.05, allowing an attrition rate of 10%. The
Kruskal-Wallis test and chi-squared test were used to
compare continuous and categorical variables, respec-
tively, between the genotype groups. The level of sig-
nificance was set at p < 0.05. All statistical analyses
were performed 3.6.1 with

using R (version

R packages).

Results

Data were obtained for 162 patients. The genotype distri-
bution was as follows: S/S, 67.3% and S/L or L/L, 32.7%.
As presented in Table 1, age, sex, presence of chronic
pain, existence of epidural anesthesia, total intravenous
anesthesia, surgical type (VATS or open thoracotomy),
and preoperative pain catastrophizing scale were similar
among S/S, and S/L or L/L groups.

Effects of Genotypes on NRS

After adjustment, NRS decreased significantly as time pro-
gressed until one year after surgery. No significant difference
was found in the NRS score changes according to the
5-HTTLPR genotype (p = 0.928). The mixed-effect model
results revealed no significant interaction between the geno-
type groups and the NRS score change over time
(5-HTTLPR genotype x elapsed time, p = 0.842, Figure 1).
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Table | Patients’ Characteristics by 5-HTTLPR Genotype

SIS S/L L/L Total p value

n 109 49 4 162

Age (yr) 71.0 (65.0-76.0) 70.0 (65.0-75.0) 69.5 (65.3-75.0) 70.5 (65.0-76.0) 0.95
Male 71.6% 65.3% 100% 70.4% 0.307
Chronic pain 15.6% 18.4% 0% 26% 0.614
Epidural anesthesia 86.2% 87.8% 100% 87.0% 0.712
TIVA 1.8% 2.0% 0% 1.9% 0.958
VATS 92.7% 87.8% 100% 91.4% 0.492
PCS 18.0 (11.0-28.0) 22.0 (12.0-32.0) 15 (4.5-27.5) 20.0 (11.0-29.0) 0.503

Notes: Continuous variables present as mean (interquartile range), categorical variables present as frequency; Significance is defined as p <0.05.
Abbreviations: TIVA, total intravenous anesthesia; VATS, video-assisted thoracic surgery; PCS, pain catastrophizing scale.

Effects of the Interactions Among Time,

Genotypes, and Patient Variables on NRS
The mixed-effect model results demonstrated significant inter-
actions among time, genotypes, and epidural anesthesia
(5-HTTLPR genotypes x epidural anesthesia x elapsed time,
p = 0.05). Differences in the NRS score change over time
between the S/S group and the S/L or L/L group were asso-
ciated with epidural anesthesia (Figure 2). It indicated the
effect on NRS elapsed change was different depending on
the interaction of the genotypes and epidural anesthesia.

Conversely, there were no significant differences in the inter-

group

mean NRS
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Figure | Effect of serotonin transporter promoter-linked polymorphic region
genotypes on NRS score changes using a linear-mixed effect model. The shaded
area indicates the 95% confidence interval.

Abbreviation: NRS, numerical rating scale.

action among time, genotypes, and patient variables including
preoperative chronic pain, operative types, PCS, and sex
(5-HTTLPR genotypes x preoperative chronic pain x elapsed
time, p = 0.96; 5-HTTLPR genotypes x operation types X
elapsed time, p = 0.627; 5-HTTLPR genotypes x PCS x
elapsed time, p=0.305; 5-HTTLPR genotypes X sex % elapsed
time, p = 0.938; Figures 3, 4, 5, and 6).

Assessment of Pain Scaling
Table 2 indicates the NRS scores measured 1 day and 3, 6,

and 12 months after thoracic surgery. There was no

group

mean NRS
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Figure 2 Effect of the interaction between serotonin transporter promoter-linked
polymorphic region genotypes and epidural anesthesia on NRS score changes using
a linear-mixed effect model. (A) NRS score changes in patients who received
epidural anesthesia. (B) NRS score changes in patients who did not receive epidural
anesthesia. The shaded area indicates the 95% confidence interval.
Abbreviation: NRS, numerical rating scale.
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Figure 3 Effect of the interaction between serotonin transporter promoter-linked
polymorphic region genotypes and preoperative persistent pain on NRS score
changes using a linear-mixed effect model. (A) NRS score changes in patients
with preoperative persistent pain. (B) NRS score changes in patients without
preoperative persistent pain. The shaded area indicates the 95% confidence interval.
Abbreviation: NRS, numerical rating scale.
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Figure 4 Effect of the interaction between serotonin transporter promoter-linked
polymorphic region genotypes and surgery types on NRS score changes using
a linear-mixed effect model. (A) NRS score changes in patients who underwent
open thoracic surgery. (B) NRS score changes in patients who underwent video-
assisted thoracic surgery. The shaded area indicates the 95% confidence interval.
Abbreviation: NRS, numerical rating scale.

significant difference in the values of NRS between the
two groups.

Discussion

The main finding of the current study was that S-HTTLPR
polymorphisms alone did not influence postthoracotomy
pain severity. Our results were consistent with previous
findings of no association between S-HTTLPR polymorph-
isms and pain perception in patients with chronic pain.?'
Our data also indicated an interaction among time, geno-
types, and epidural anesthesia with changes in the NRS

group

mean NRS

month

Figure 5 Effect of the interaction between serotonin transporter promoter-linked
polymorphic region genotypes and the preoperative Pain Catastrophizing Scale
(PCS) on NRS score changes using a linear-mixed effect model. (A) NRS score
changes in patients with a preoperative PCS below the mean. (B) NRS score
changes in patients with a preoperative PCS above the mean. The shaded area
indicates the 95% confidence interval.

Abbreviation: NRS, numerical rating scale.
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Figure 6 Effect of the interaction between serotonin transporter promoter-linked
polymorphic region genotypes and sex on NRS score changes using a linear-mixed
effect model. (A) NRS score changes in male patients. (B) NRS score changes in
female patients. The shaded area indicates the 95% confidence interval.
Abbreviation: NRS, numerical rating scale.

score over time. This suggested that epidural anesthesia
may contribute to changes over time in postthoracotomy
pain severity depending on the patient’s serotonergic tone.

There has been great concern about persistent pain
after surgery. PTPS is a severe form of chronic pain
associated with surgery. Despite a large number of
studies,””>*° the mechanism of PTPS remains unclear.
Considering the subjective nature of pain perception, the
interindividual differences are associated with genetic var-
iations. 5-HT is a major neurotransmitter that is notably

involved in pain perception. It is well known that 5S-HTT
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Table 2 NRS Values After Surgery

Time After Surgery I Day 3 Months 6 Months 12 Months

NRS (S/S) 4.52 3.92 3.03 1.25

NRS (S/L or L/L) 4.44 3.77 2.75 0.71

Difference 0.08 0.16 0.29 0.54
(—1.27 to 1.42) (—0.84 to 1.15) (—1.30 to 1.87) (=3.39 to 4.47)

Notes: Values of NRS present as mean; Difference of NRS between S/S vs S/L or L/L was present as mean and 95% confidence interval.

Abbreviation: NRS, numerical rating scale.

plays an important role in 5-HT regulation, and genetic
variations in SLC6A4 influence 5-HT reuptake.?
S-HTTLPR is located in the SLC6A4 promoter, and it
has allelic variations, the most common of which are the
S and L alleles. We hypothesized that the variations of
5-HTTLPR affect the incidence of chronic pain after thor-
acic surgery via the pain control pathways associated with
5-HT and mood changes following postsurgical pain.
Previous studies indicated that the genotypes of 5-HTT
differ among the races. The prevalence of the S allele is
79% in Asian populations versus 42% in Western
populations.”® The L allele is expressed more frequently
in Caucasians than in Asians. The genotypes of
5-HTTLPR are mainly classified into S/S, S/L, and L/L.
The prevalence of the S/S genotype is higher in Asians
(60%) than in Caucasians (22%); contrarily, 1-13% of
Asians and 29-43% of Caucasians carry the L/L
genotype.”® The S allele is known to be associated with
low 5-HTT expression, which is linked with low 5-HT
tone. A number of studies reported the relevance of the
S allele with chronic pain and depressive symptoms.'®"°
Previous studies demonstrated the association of
5-HTTLPR polymorphisms with the perception of pain
in Caucasian populations.?”*® To our knowledge, there
are fewer reports about the relationship between pain
modulation and genotypes in Asian populations than in
Caucasian populations. In this study, we enrolled Japanese
patients and examined the relevance of 5-HTTLPR poly-
morphisms to the mechanism of PTPS. Our result revealed
no significant difference in the NRS score between the
genotype groups. This suggested that the 5-HTT genotypes
alone had no association with the modulation of PTPS.
The A/G SNP in 5-HTTLPR differs between the S and
L alleles. The G allele, which is minor to the A allele,
almost always exists with the L allele, and it decreases the

expression of the S allele. This difference explains the

functional effect on 5-HTTLPR. In addition to 5-HTT,
the 5-HT system contains a large number of 5-HT recep-
tors. These receptors consist of seven groups, and among
them, the 5-HT1A receptor is most widely expressed.”’
Therefore, the 5-HT1A receptor also plays an important
role in the regulation of the central 5-HT tone. Concerning
5-HTTLPR polymorphism, the 5-HT1A receptor gene has
variants that contribute to the expression of the 5-HT1A
receptor.®® This polymorphism influences central 5-HT
regulation, which may have interactions with 5-HTT
expression. Similar to the 5-HT signaling process, opioid
signaling is also associated with chronic pain modulation.
Genetic studies of the mu-opioid receptor (OPRMI)
revealed a polymorphism in the OPRMI1 gene, which
controls the activation of the mu-opioid receptor.
A previous study indicated that polymorphisms of
OPRMI, 5-HTT, and 5-HT1A did not affect pain mechan-
ism on their own, but there were genetic interactions
between the mu-opioid receptor and 5-HT structures in
the modulation of fibromyalgia.>' Considering these find-
ings, genetic variation alone did not regulate the pain
mechanism, but genetic interactions might influence pain
regulation.

The PCS is widely used to predict chronic pain
intensity by assessing the maladaptive response to
pain. A large number of studies reported a significant
association between PCS and pain-related outcomes
including pain severity, response to pain treatment,
and opioid prescription.?**> High PCS scores are asso-
ciated with severe pain experiences and chronic pain.**
Our result revealed no significant interaction of
5-HTTLPR polymorphisms and PCS scores with the
changes in the NRS score over time, whereas previous
research indicated that genotype variations in 5-HT3B
were associated with the PCS score.>* 5-HT is notably

involved in the mechanism of pain perception, and
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further investigation about the relationship between the
genotypes relevant to 5-HT and PCS scores may be
encouraged.

Previous studies on 5-HTTLPR have shown that there
is a significant association between sex and polymorphism
in the regulation of serotonin tone for patients with chronic
tension-type facial pain.**>>® However, our results indi-
cated there was no significant interaction between geno-
types and sex in the change of NRS score (p= 0.938). The
mechanism of postoperative chronic pain modulation may
be different compared with the other types of chronic pain
including tension-type facial pain.

In the present study, the interaction of epidural anesthesia
with 5-HTT genotypes was found to describe the difference in
the trajectories of the NRS score (p = 0.05). A large number of
studies about therapeutic interventions after thoracic surgery
have been conducted. Epidural anesthesia has been considered
a gold standard for pain management after thoracic surgery.’’
A systematic review indicated that regional anesthesia reduced
both acute and chronic pain after thoracotomy.® Conversely,
another study found that epidural anesthesia did not signifi-
cantly prevent PTPS compared with systemic analgesia.>® Our
result illustrated that epidural anesthesia appeared to provide
pain relief for individuals carrying the S/S genotype, consider-
ing the changes in the NRS score over time. Contrarily, the
other genotypes were not associated with sensitivity to epi-
dural anesthesia regarding the prevention of PTPS. The con-
troversial effect of epidural anesthesia on the incidence of
PTPS can be explained by these genetic variations of 5-HTT.
However, in the current study, only a few subjects received
non-epidural anesthesia pain management. Further studies are
needed to elucidate the interaction among epidural anesthesia,
5-HTT, and PTPS.

Our study had several strengths including multicenter
nature, and long evaluation period. In the current study, we
performed analysis using a mixed-effect model to increase
power and avoid biasing results compared with a simple
linear regression model. Despite these advantages, some
limitations must be addressed. First, this study only evaluated
the association of 5-HTTLPR polymorphisms with the
mechanism of PTPS. However, many factors contribute to
pain modulation, such as the 5-HT receptor, catechol-
O-methyltransferase, and opioid receptors. These genes are
known to have genotype variations similar to 5-HTT,?**%*
and we did not exclude the possible interactions of other
incidence of

pain-related genes. Second, given the

5-HTTLPR polymorphisms in Asian populations, we

divided genotypes into the S/S group and the S/L or L/L
group, studies
differently.”®** This classification of the genotypes might
have affected the findings. Third, 70% of the participants
were male. This factor might restrict the ability of this study

whereas previous grouped patients

to demonstrate differences between the allelic groups
because of the possible sex difference in serotonin metabo-
lism. In addition, we only considered the S and L alleles. The
existence of the A and G alleles influences individuals’ 5-HT
tone, which might affect the modulation of PTPS.
Furthermore, we did not investigate the effects of epigenetic
changes on the regulation of 5-HTT. Variations including
DNA methylation might affect the result.

Conclusion

There was no association between the 5-HTTLPR poly-
morphism and PTPS over 1 year. Although 5-HTT plays
an important role in pain modulation, the chronic pain
mechanism might involve complicated gene interactions
opposed to a single gene. Further genotyping studies are
required to elucidate the potential association between
5-HT and pain modulation.
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