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Background: Prevention and control of postoperative pains are essential, which affects the
prognosis and life quality of patients. Fentanyl is a widely used opioid drug for pre-, intra-
and postoperative analgesia. Identifying a patient’s genotype before surgery may help to
control the fentanyl dose in the perioperative period.

Patients and Methods: This study enrolling 645 esophageal cancer (EC) patients was
aimed to investigate the associations of P2RX7 gene rs1718125 polymorphism with fentanyl
intake and postoperative pains in a Chinese Han population. Genotyping was accomplished
by direct sequencing and polymerase chain reaction.

Results: The GA/AA genotype carriers showed lower visual analog scale scores at post-
operative 0, 6 and 24 h, but not at 48 h, compared with the GG genotype. The fentanyl
consumption of GG genotype was remarkably more relative to the GA/AA genotype at 6 and
24 h after treatment.

Conclusion: P2RX7 rs1718125 polymorphism is connected to the postoperative pains and
fentanyl use for EC patients.

Keywords: esophageal cancer, fentanyl, P2RX7, single nucleotide polymorphism,

postoperative pain

Introduction

Esophageal cancer (EC) ranks the sixth cause of cancer-related death globally.'
Approximately 455,800 EC patients and 400,200 deaths were reported worldwide
in 2012.% There were about 477,900 new EC patients and 375,000 deaths in 2015 in
China.®> Of the two main histologic types of EC, esophageal squamous cell carci-
noma (ESCC) (the other is adenocarcinoma) accounts for approximately 90% of the
456,000 incident ECs each year.* In reality, the median survival time of EC is short,
because most patients are diagnosed at the advanced stage, which is incurable. Most
EC patients require effective treatments, including chemotherapy, chemoradiother-
apy, and surgical operation which is the most effective one.” Since appropriate
postoperative pain management can improve the outcomes of EC patients,® post-
surgical pain managements are extremely pivotal for EC patients.

P2X7 is a non-selective purinoceptor function route stimulated by extracellular
ATP. P2X7 is upregulated in the injured nerves, dorsal root ganglia, monocytes and
lymphocytes of neuropathic pain patients.”® The purinergic receptor P2X7 (P2RX7)
gene, encoding the P2X7 receptor, is associated with pains in human patients’ and
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regulates pains.'® P2RX7 is also related to neuropathic pain,
neurodegeneration, and neuroinflammation.”'' The P2X7
receptor may regulate variability in chronic pain sensitivity.'*
P2RX7 gene variants may influence the function of P2X7
receptor protein, thereby affecting the analgesic efficacy of
opioids and the patient sensitivity to postsurgical pains. Some
single-nucleotide polymorphisms (SNPs) in the P2RX7 gene
are correlated with pain sensitivity in a diabetic neuropathic
pain patient population.'?

A recent Japanese study shows that P2RX7 gene
rs1718125 polymorphism influenced fentanyl intake and
cold pain sensitivity following painful orofacial cosmetic
operation.'* A subsequent Chinese study uncoverd a cor-
relation of this polymorphism with post-surgical pains and
fentanyl use in lung cancer patients.'> Up to date, no study
has shed light on the relationship between this polymorph-
ism and analgesic fentanyl in EC patients. Thus, we con-
ducted this study to explore the effects of this SNP on
post-surgical pains and fentanyl administration in EC
patients receiving surgery in an Eastern Chinese Han
population.

Patients and Methods

Patients and Ethics Statement

A total of 645 EC patients were selected from the Huaian
No.1 People’s Hospital. The subjects should meet the
following criteria: adult, diagnosis with EC, receiving EC
resection, and native Chinese Han population. We
excluded the patients with history of esophageal disease
and a second primary tumor, taking pain medication within
three months, and receiving preoperative chemotherapy or
radiation therapy.

The study protocol was approved by the institutional
review broad of the tested Hospital. Written informed
consents of all individuals were obtained from each sub-
ject. Personal and medical confidentiality was carried out
according to the Helsinki declaration.

Induction and Maintenance of Anesthesia
General anesthesia was initiated by administration of fen-
tanyl (5-10 pg/kg), midazolam (0.4-0.6 pg/kg), vecuro-
nium bromide (0.08 mg/kg), and etomidate (0.3 mg/kg).
Anesthesia was maintained by a combined use of inhala-
tion (sevoflurane, 1-2 mac) and intravenous injection (pro-
pofol, 4 mg/kg/hour). The fentanyl infusion velocity was
adjusted according to bispectral index and hemodynamic
parameters. The fentanyl dosage and operation time in

each patient were recorded. Intravenous injection of 0.1
mg/h fentanyl was conducted 30 minutes before comple-
tion of the surgery.

Postoperative Analgesia

All patients were treated with postoperative analgesia
when they were stable and awake. Postoperative patient-
controlled analgesia (I mg of fentanyl and 200 ug of
dexmedetomidine in 100 mL of normal saline) was per-
formed using an infusion auto-pump (Apon, ZZB-300),
which gave a 2-mL bolus of solution at 5 min of lockout.
Extra intravenous and oral opioids were administrated
depending on the pain status of each patient. Dose of
fentanyl was standardized to body weight. The pain sever-
ity of each patient was evaluated at 6, 24, and 48 h after
surgery by use of a 100-mm visual analog scale (VAS, 0 =

no pain, 10 = unbearable pain).

DNA Extraction and Genotyping

Peripheral blood Genomic DNA (2 mL) was isolated using
a Puregenee DNA purifying kit (Gentra, Minneapolis,
MN, US) according to standard procedures. DNA purity
and concentration were detected by electrophoresis and
absorbance measurement, respectively. The rs1718125
polymorphism of P2RX7 gene was genotyped by polymer-
ase chain reaction (PCR) and direct sequencing. The pri-
mers of 5-TCA  AGTCCTACAGGGTTTCTC-3'
(forward) and 5-GGCTGGTGCTCTTTGGTA-3' (reverse)
were used in PCR amplification. PCR conditions were:
holding at 95°C, 8 min; denaturing at 94°C, 30 s, anneal-
ing at 55°C, 30 s, extending at 72°C, 1 min, 35 cycles;
holding at 72°C, 10 min. The PCR products were detected
on 2% agarose gel electrophoresis with ethidium bromide
and observed under UV light. PCR products were sent to
Genscript (Nanjing, Jiangsu, China) for sequencing. We
repeatedly measured 5% of the samples to ensure the
accuracy of genotyping.

Statistical Methods

SPSS 13.0 (IBM, Chicago, IL) was used to conduct all
statistical analyses. Categorical indices (percentages)
between groups were compared via Chi-squared test.
Continuous indices were represented as mean + standard
deviation and compared between groups using an indepen-
dent sample ¢-test or one-way analysis of variance

(ANOVA). The significant level was P < 0.05.
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Table 1 The Demographic and Clinical Characteristics of

Esophageal Cancer

Table 2 The Genotype and Allele Frequencies of P2RX7 Gene
rs1718125 Polymorphism in the Study Sample

Abbreviations: ASA, American Society of Anesthesiologists; cm, centimeter; kg,
kilogram; mg, microgram; min, minute.

Results

Population Characteristics

Table 1 shows the demographic and medical information
of the EC patients. The mean age was 61.12 + 10.41 years
and the male/female ratio was 1.6. The majority of the EC
cases (63.4%) were patients with ASA classification I. We
also recorded the duration of operation, duration of analge-
sia and intraoperative fentanyl. The distributions of geno-
types and alleles of the P2RX7 gene 1s1718125
polymorphism in EC patients are provided in Table 2.
The corresponding frequencies of the GG, AG and AA
genotypes were 47.1%, 43.3% and 9.6%, respectively.

P2RX7 Gene rs1718125 Polymorphism
Analysis

This study investigated the differences of clinical and
demographic characteristics among three genotypes

Characteristics Esophageal Cancer GG GA AA G A
Total number 645 Number 304 279 62 887 403
Age, year 61.12+10.41 Frequency, % 47.13 43.26 9.6l 68.76 31.24
Gender, male/female 3971248 Abbreviation: P2RX7, purinergic receptor P2X7.
Weight, kg 66.93%13.50
Height, cm 167.92+14.26
Blood uric acid, pmol/L 210.86:+44.82 (Table 3). Our results revealed that P2RX7 rs1718125
Duration of operation, min 192.08+33.53 polymorphism was associated with ASA classification I/II.
Duration of analgesia, min 243.93£34.41 Later, we evaluated postoperative VAS score at 0, 6, 24
Intraoperative fentanyl, ug 625.73£95.83 and 48 h among different genotypes (Table 4). Significant
ASA classification, I/11 409/236 ..

associations between the genotypes of rs1718125 poly-

morphism and VAS scores were found postoperatively at
0, 6 and 24 h, but not at 48 h. The VAS score of the GG
genotype remarkably surpassed that of the GA or AA
genotype.

Table 5 provides the postoperative fentanyl consump-
tion at postoperative 6, 24 and 48 h among GG, GA, and
AA genotype carriers. Carriers of the AA and GA geno-
type relative to the GG genotype showed low fentanyl
consumption at postoperative 6 and 24 h. However, AA
genotype but not GA genotype was associated with low
fentanyl consumption at postoperative 48 h.

Discussion

Postoperative pains are post-surgical complications that
affect the prognosis and life quality of patients.'® Data
indicate that postoperative pains are still inadequately
managed in the world, but the reasons are unclear.'’
Nevertheless, the development of controlling postoperative
pains has substantially been improved in past decades.
Fentanyl is a widely used drug among all post-operative
analgesics.

Table 3 Comparison of Demographic and Clinical Characteristics Among 3 Genotypes of rs|718125 Polymorphism in Patients with

Esophageal Cancer

GG GA AA P
Case, n 304 279 62 -
Age, year 60.51+10.65 61.60+10.35 62.00+9.42 0.355
Gender, male/female 1771127 186/93 34/28 0.058
Weight, kg 66.95%13.74 66.88+13.33 67.04+13.33 0.996
Height, cm 167.77+13.78 167.93+14.69 168.59+14.84 0918
Blood uric acid, pmol/L 208.97+42.76 214.89+45.66 201.98+49.50 0.073
Duration of operation, min 192.48+30.46 190.77+36.74 196.04+£32.95 0.514
Duration of analgesia, min 243.92+36.20 244.47+32.95 241.49+32.17 0.827
Intraoperative fentanyl, ug 616.38+91.77 631.57+98.05 645.31+101.58 0.038
ASA classification, I/1l 212/92 162/117 35/27 0.007

Abbreviations: ASA, American Society of Anesthesiologists; cm, centimeter; kg, kilogram.
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Table 4 Postoperative VAS Score in Different Groups (x % s)
Time Groups PI P2 P3 P4
GG GA AA
Analepsia after general anesthesia 7.48%1.01 5.51x1.06 4.58+1.08 <0.001 <0.001 <0.001 <0.001
Postoperative 6 h 4.52+1.99 3.42+1.03 3.42£1.03 <0.001 <0.001 0.009 <0.001
Postoperative 24 h 3.54+1.07 2.51£1.02 2.58+0.69 <0.001 <0.001 0.002 <0.001
Postoperative 48 h 1.47+0.74 1.53+0.84 1.56+0.78 0.360 0.366 0.536 0.288
Notes: PI= GA vs GG; P2= AA vs GG; P3=AA vs GA+GG; P4=AA+GA vs GG; VAS, visual analog scale.
Table 5 Postoperative Fentanyl Consumption in 3 Groups (x * s)
Time Groups P P2 P3 P4
GG GA AA
Postoperative 6 h, mg/kg 7.41+1.88 6.48+1.03 4.32+1.74 <0.001 <0.001 <0.001 <0.001
Postoperative 24 h, mg/kg 11.29+3.67 9.53+2.96 9.11+£2.77 <0.001 <0.001 0.003 <0.001
Postoperative 48 h, mg/kg 12.97+3.36 12.41+3.40 10.68+3.30 0.045 <0.001 <0.001 0.001

Notes: PI= GA vs GG; P2= AA vs GG; P3=AA vs GA+GG; P4=AA+GA vs GG.

Fentanyl, a synthetic opioid analgesic, exerts its effects
primarily on the p—opioid receptor.'® Fentanyl blood level
between 0.3 and 1.2 ng/mL usually yields sufficient
analgesia.'® Fentanyl demonstrates greater analgesic
potency through rapidly crossing the blood-brain barrier.
Fentanyl, an opioid drug, is generally used for pre-, intra-,
and postoperative analgesia.'” According to the genetics-
based pain therapy, the genetics-based personalized pain
therapy will be promising after the all the human DNA
genes in the development of nociception neurobiology are
identified.?® Identifying the patient genotype before opera-
tion may help to select the analgesic agent and dosage
after operation.”' In this study, we wanted to find a target
gene that can exert effects on fentanyl efficacy for EC
patients.

P2RX7 gene variants are involved in the modulation of
human pain sensitivity.” Sorge et al indicated that selec-
tively aiming at P2X7R pore generation was probably a
novel scheme for personalized therapy of chronic pains.'?
Ide et al uncovered that haplotypes of P2RX7 gene loci
were related to both analgesia and cold pain sensitivity of
fentanyl.'* Herein, we explored the connections of P2RX7
gene rs1718125 polymorphism with post-surgical pain
sensitivity and fentanyl intake in 645 operation-treated
EC patients. The carriers of GA and AA versus the GG
genotype had significantly lower VAS scores at postopera-
tive 6 and 24 h, but not at 48 h. Those data suggested that
EC cases with GA and AA genotypes were not sensitive to
pain and perceived weak pain after operation. Obviously,

Ma et al obtained conflicting findings that lung cancer
patients with GA and AA relative to the GG genotypes
had higher VAS scores.'” Here we observed that AA
genotype carriers showed low VAS score, but Ma et al
showed AA genotype carriers presented high VAS score."”
Four factors may explain these inconsistent findings. First,
genetic heterogeneity is different for EC and lung cancer.
Second, clinical heterogeneity of these two disorders is
diverse. Third, the sample sizes differ. Fourth, different
exposure factors may be potential reasons. In addition, we
assessed the association between postoperative fentanyl
consumption and P2RX7 gene rs1718125 polymorphism
genotypes among this population, and found that AA and
GA genotype versus GG genotype carriers yielded low
fentanyl intake at postoperative 6 h and 24 h. To sum up,
the involvement of P2RX7 in the mediation of naive pain
sensitivity and analgesic effectiveness is clear. However,
the underlying mechanisms are not well understood. Some
studies indicate that P2RX7 is associated with the hyper-
excitability of nociceptive neurons by the secretion of both
IL-18** and TNF-o,” which play pivotal roles in the
production and control of pains. Further studies are
required to uncover the mechanisms.

Potential limitations in this study should be addressed.
First, the sample size was not large enough. Second, only
one SNP of P2RX7 gene was investigated. Third, whether
P2RX7 gene rs1718125 polymorphism affected other post-
operative responses was not explored. Last, the potential
mechanisms of this polymorphism related to the analgesic
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effects and postoperative pain control of fentanyl were not
investigated.

To sum up, P2ZRX7 rs1718125 polymorphism correlates
with the postoperative pain and fentanyl consumption of
EC patients.

Abbreviations

EC, esophageal cancer; PCR, polymerase chain reaction;
VAS, visual analog scale; P2RX7, purinergic receptor
P2X7; SNP, single-nucleotide polymorphism.
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