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Abstract
Background: Opioids are widely used as effective analgesics, but opioid sensitivity 
varies widely among individuals. The underlying genetic and nongenetic factors are 
not fully understood. Based on the results of our previous genome-wide association 
study, we investigated the effects of single nucleotide polymorphisms (SNPs) of the 
astrotactin 2 (ASTN2) gene on pain-related phenotypes in surgical patients.
Methods: We investigated the effects of two SNPs, rs958804 T/C and rs7858836 
C/T, of the ASTN2 gene on eight and seven pain-related phenotypes in 350 patients 
who underwent laparoscopic colectomy (LAC) and 358 patients who underwent man-
dibular sagittal split ramus osteotomy (SSRO), respectively. In both surgical groups, 
intravenous fentanyl patient-controlled analgesia (PCA) was used for postoperative 
analgesia, and 24-hour postoperative PCA fentanyl use was the primary endpoint.
Results: The association analyses among the two SNPs and pain-related traits showed 
that 24-hour fentanyl use was significantly associated with the two SNP genotypes 
in both surgical groups. The Mann-Whitney test showed that 24-hour fentanyl use 
was lower in patients with the C allele than in patients with the TT genotype of the 
rs958804 T/C SNP (P = .0019 and .0200 in LAC and SSRO patients, respectively), and 
it was lower in patients with the T allele than in patients with the CC genotype of the 
rs7858836 C/T SNP (P = .0017 and .0098 in LAC and SSRO patients, respectively).
Conclusion: The two SNPs of the ASTN2 gene were consistently associated with fen-
tanyl requirements after two different types of surgery. These findings may contrib-
ute to personalized pain control.
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1  | INTRODUC TION

Opioid analgesics, such as fentanyl and morphine, are widely used 
for the treatment of moderate to severe pain. However, the an-
algesic efficacy of opioids varies widely among individuals.1,2 
Individual differences may be related to various genetic and non-
genetic factors.1,2 Previous twin studies showed that heredit-
able genetic factors can account for a few tens to several tens of 
percent of individual differences in the sensitivity to pain and/or 
opioids.3–5 However, distinctive genetic factors remain to be iden-
tified that can affect individual differences in opioid sensitivity. To 
date, several candidate gene polymorphisms have been reported 
to affect opioid sensitivity in humans.1,2,6–22

In a previous genome-wide association study that sought to 
comprehensively explore single nucleotide polymorphisms (SNPs) 
that affect fentanyl requirements for pain control after laparo-
scopic colectomy, we found that a nonsynonymous SNP, rs207622, 
of the LAMB3 gene (which encodes laminin β3) was most strongly 
associated with postoperative fentanyl requirements, and we fur-
ther examined the effects of this SNP on various pain-related phe-
notypes.18 In this previous study, we also found that two SNPs, 
rs958804 and rs7858836, of the ASTN2 gene (which encodes as-
trotactin 2) were among the top candidate SNPs that affected fen-
tanyl requirements after laparoscopic colectomy. In this previous 
study, however, we did not examine the effects of these two SNPs 
on pain-related phenotypes, including postoperative fentanyl re-
quirements, in detail. Furthermore, the effects of these two SNPs 
on pain-related phenotypes have not been examined in patients 
who underwent other types of surgery, such as mandibular sag-
ittal split ramus osteotomy. These two types of surgery are quite 
different. Laparoscopic colectomy primarily involves visceral pain, 
whereas mandibular sagittal split ramus osteotomy solely involves 
somatic pain.19

In the present study, we investigated the effects of these two 
SNPs, rs958804 and rs7858836, of the ASTN2 gene on eight and 
seven pain-related traits in patients who underwent laparoscopic 
colectomy and mandibular sagittal split ramus osteotomy, respec-
tively, by additionally genotyping genomic DNA samples and re-
analyzing existing data that were initially obtained in our previous 
studies.8,12,18

2  | METHODS

We studied two groups of patients who underwent laparoscopic 
colectomy and mandibular sagittal split ramus osteotomy.

2.1 | Pain-related phenotypes in patients who 
underwent laparoscopy colectomy

We enrolled 351 patients who underwent laparoscopic colectomy 
for colorectal cancer at Saitama Medical University International 
Medical Center. The surgical and anesthetic protocols were the 
same as in our previous study.18 Briefly, general anesthesia was 
induced with fentanyl (100 μg), propofol (1-2 mg/kg), and rocu-
ronium (0.8-1 mg/kg) and maintained with sevoflurane (1.2% 
end-tidal concentration), remifentanil (0.2-0.5 μg/kg/min), and 
intermittent doses of rocuronium. The average intraoperative 
dose of remifentanil was recorded. At the end of surgery, fentanyl 
(100 μg) was intravenously administered. If required after emer-
gence from anesthesia, incremental doses of fentanyl (50 μg) were 
titrated at 3-min intervals until adequate pain relief was achieved. 
Intravenous fentanyl patient-controlled analgesia (PCA) with a PCA 
pump (CADD-Legacy PCA pump, Model 6300; Smiths Medical 
Japan) was started. The bolus dose of fentanyl on demand and 
lockout time was set at 20 μg and 5 min, respectively. Intravenous 
flurbiprofen (50 mg) or pentazocine (30 mg) was given as a rescue 
analgesic as required. The cumulative fentanyl doses via PCA 6, 12, 
and 24 hours postoperatively were normalized to body weight and 
recorded as 6-hour, 12-hour, and 24-hour postoperative fentanyl 
use, respectively. The intensity of pain at rest was evaluated using 
an 11-point numerical rating scale (NRS; 0, no pain; 10, most severe 
pain imaginable) at each postoperative time point and recorded as 
pain scores 6, 12, and 24 hours postoperatively. The number of 
patients who required rescue analgesics within 24 hours postop-
eratively was recorded. Thus, we examined a total of eight pain-
related phenotypes in this group of patients (Table 1).

2.2 | Pain-related phenotypes in patients who 
underwent mandibular sagittal split ramus osteotomy

We enrolled 362 patients who underwent mandibular sagittal split 
ramus osteotomy for mandibular prognathism at Tokyo Dental 
College Suidobashi Hospital. The surgical and anesthetic protocols 
were the same as in our previous study.8 Briefly, before the in-
duction of anesthesia, the patients had an intravenous line placed 
in their nondominant forearm. The cold pressor-induced pain test 
was then performed before and 3 minutes after an intravenous 
bolus injection of fentanyl (2 µg/kg). Briefly, 0°C ice-cold water 
was prepared in a 1-L tank. The patient kept their whole dominant 
hand calm in the ice-cold water and withdrew it as soon as the pa-
tient perceived any pain. The baseline latency to pain perception, 
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defined as the duration of immersion of the hand in the ice-cold 
water, was recorded as PPLpre. A cutoff time of 150 seconds was 
set to avoid tissue damage. After the hand was fully rewarmed, the 
patient received 2 µg/kg of intravenous fentanyl. Three minutes 
after the fentanyl injection, the cold pressor-induced pain test was 
performed again, and the pain perception latency of the dominant 
hand was measured as PPLpost. The analgesic effect of fentanyl in 
the preoperative cold pressor-induced pain test was evaluated as 
the difference between PPLpost and PPLpre (PPLpost-PPLpre) and 
the percent maximum possible effect (%MPE): (PPLpost-PPLpre)/
(150-PPLpre) × 100.

After the pain test with fentanyl (2 µg/kg), general anesthesia 
was induced with a target-controlled infusion (TCI) of propofol using 
a TCI pump (TE-371, Terumo) and vecuronium (0.1 mg/kg) and main-
tained with propofol at a target blood concentration of 4-6 µg/mL. 
Fentanyl (1 µg/kg) was administered repeatedly when systolic blood 
pressure or heart rate exceeded +20% of the preinduction value, 
and vecuronium was administered at a rate of 0.08 mg/kg/h. Right 
and left mandibular ramus osteotomies were performed after local 
anesthesia with 2% lidocaine with 1:80 000 epinephrine (8 mL) on 
each side of the surgical field. Finally, the bilateral mandibular bone 
segments were fixed in appropriate positions.

At the end of surgery, rectal diclofenac sodium (50 mg) and 
intravenous dexamethasone (6.6 mg) were administered at the 
request of surgeons to prevent postoperative orofacial edema/
swelling. After emergence from anesthesia, intravenous PCA 
with fentanyl was then started with a CADD-Legacy PCA pump. 
The bolus dose of fentanyl on demand and lockout time was set 
at 20 µg and 10 minutes, respectively. Rectal diclofenac sodium 

(50 mg) was given as a rescue analgesic as required. The intensity 
of spontaneous pain was assessed 3 and 24 hours postoperatively 
using a 100-mm visual analog scale (VAS; 0 mm, no pain; 100 mm, 
most severe pain imaginable) and recorded as pain scores 3 and 
24 hours postoperatively. Intraoperative fentanyl doses and the 
cumulative fentanyl doses via PCA 24 hours postoperatively, nor-
malized to body weight, were recorded as intraoperative fentanyl 
use and 24-hour postoperative fentanyl use, respectively. Thus, 
we examined a total of seven pain-related phenotypes in this 
group of patients (Table 2).

2.3 | Genotyping of the 
rs958804 and rs7858836 SNPs in patients who 
underwent laparoscopic colectomy

Total genomic DNA was extracted from peripheral blood. Genotype 
data for the rs958804 and rs7858836 SNPs were obtained from the 
results of whole-genome genotyping, which was performed using 
HumanOmniExpressExome-8 BeadChips and Infinium assay II with 
an iScan system (Illumina) as described in detail in a previous study.18 
The genotyping results for the two SNPs were qualified using a 
data cleaning process using GenomeStudio with the Genotyping 
3.3.7 module (Illumina). In the data cleaning process, markers with 
a genotype call frequency <0.95, “Cluster sep” (ie, an index of 
genotype cluster separation) <0.1, or P value (df = 1) <.001 in the 
Hardy-Weinberg equilibrium tests were excluded from the subse-
quent association study. A total of 921 239 SNP markers, includ-
ing the rs958804 and rs7858836 SNPs, survived the entire quality 
control filtration process. Linkage disequilibrium (LD) analysis was 
performed using Haploview 4.1 as appropriate.

TA B L E  1   Demographic, genomic, and pain-related variables in 
patients undergoing laparoscopic colectomy

Laparoscopic 
collectomy (n = 350)

Age (y) 63.7 ± 10.5

Sex Males 217/Females 133

Body height (cm) 160.8 ± 9.2

Body weight (kg) 60.1 ± 11.0

Genotypes of the rs958804 T/C SNP TT: 144/TC: 162/CC: 44

Genotypes of the rs7858836 C/T SNP CC:114/CT:174/TT: 62

Average remifentanil dose(μg/kg/min) 0.2 (0.2-0.3)

6-h postoperative fentanyl use(μg/kg) 4.1 (1.8-5.8)

12-h postoperative fentanyl use(μg/kg) 6.1 (2.9-8.7)

24-h postoperative fentanyl use (μg/kg) 9.6 (5.3-13.7)

11-point NRS pain scores at 6 h 2.6 (1-4)

11-point NRS pain scores at 12 h 2.2 (0-3)

11-point NRS pain scores at 24 h 2.1 (1-3)

Number of patients who required 
rescue analgesics within 24 h

159/350

Note: Data are shown as Mean ± SD, Median (Interquartile range), or 
Number.

TA B L E  2   Demographic, genomic, and pain-related variables in 
patients undergoing mandibular sagittal split ramus osteotomy

Sagital split ramus 
osteotomy (n = 358)

Age (y) 25.9 ± 7.6

Sex Males 125/Females 233

Body height (cm) 164.7 ± 10.0

Body weight (kg)s 57.6 ± 10.8

Genotypes of the rs958804 T/C SNP TT: 135/TC: 180/CC: 43

Genotypes of the rs7858836 C/T SNP CC:104/CT: 191/TT: 63

PPLpre(s) 19.2 (9-23)

PPLpost-PPLpre(s) 26.1 (4.8-35)

%MPE 22.1 (3.4-26.6)

Intraoperative fentanyl use(μg/kg) 4.5 (3.2-5.9)

24-h postoperatve fentanyl use(μg/kg) 3.0 (1.0-4.3)

100-mm VAS pain scores at 3 h 31.8 (15-50)

100-mm VAS pain scores at 24 h 27.1(10-41.3)

Note: Data are shown as Mean ± SD, Median (Interquartile range), or 
Number.
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2.4 | Genotyping of the rs958804 and rs7858836 
SNPs in patients who underwent mandibular sagittal 
split ramus osteotomy

Genomic DNA was extracted from whole blood. For the analysis of 
the rs958804 SNP, genotype data from whole-genome genotyp-
ing were used as described in detail in a previous study.8 Briefly, 
whole-genome genotyping was performed using the Infinium 
assay II with an iScan system (Illumina). The data for the whole-
genome genotyped samples were analyzed using BeadStudio or 
GenomeStudio with the genotyping module 3.3.7 (Illumina) to 
evaluate the quality of the results. The genotype data from all 
five BeadChips were merged to analyze all of the samples simul-
taneously. Thus, only markers that were common to all of the 
BeadChips were included in the analysis. In the data cleaning 
process, samples with a genotype call rate <0.95 were excluded 
from subsequent analyses. As a result, one sample was excluded. 
Markers with a genotype call frequency <0.95, “Cluster Sep” <0.1, 
or P value (df = 1) <.001 in the Hardy-Weinberg equilibrium tests 
were excluded from the subsequent association study. A total of 
295 036 SNP markers, including the rs958804 SNP, survived the 
entire quality control filtration process. Because the genotype 
data for the rs7858836 SNP were not included in the aforemen-
tioned BeadChips for whole-genome genotyping, genotyping of 
the rs7858836 SNP was additionally performed using the TaqMan 
allelic discrimination assay (Life Technologies). Linkage disequilib-
rium analysis was performed using Haploview 4.1 as appropriate.

2.5 | Statistical analyses

Parametric, nonparametric, and categorical data are expressed as 
mean ± SD, median (interquartile range), and number, respectively. 
The statistical analysis was performed using SPSS 20.0.0 software 
(IBM). Because all of the continuous variables that were associ-
ated with pain-related phenotypes were non-normally distributed, 
nonparametric analyses, including the Mann-Whitney U test and 
Spearman's correlation coefficient, were primarily used to detect 
possible associations between any of the demographic or genomic 
variables, including age, sex, and genotypes of the two SNPs, and 
continuous variables that were associated with the pain-related 
phenotypes. The χ2 test was used to detect possible associations 
between any of the demographic or genomic variables and cat-
egorical data that were associated with pain-related phenotypes. 
When associations between the genotypes and pain-related phe-
notypes were examined, patients were dichotomized into ho-
mozygotes of the major allele and carriers of the minor allele of 
each SNP, primarily because many pain-related phenotypes signif-
icantly differed between homozygotes of the major allele and het-
erozygotes but not between heterozygotes and homozygotes of 
the minor allele, especially in patients who underwent mandibular 
sagittal split ramus osteotomy (Figures S1 and S2), and secondar-
ily because dichotomized data (compared with trichotomized data) 

were extremely helpful in simplifying the data analysis, especially 
when application of the multiple regression analysis was required 
for data adjustment. When significant associations between geno-
types and pain-related phenotypes were detected, we used non-
parametric analyses to evaluate whether the genotype groups 
were controlled by demographic factors (age and sex) that could 
affect pain-related phenotypes. If required, then we conducted 
the additional multiple regression analysis by employing SNP gen-
otypes, sex, and/or age as independent covariates after selecting 
candidate covariates that should be entered into the multivariate 
regression model using Pearson's correlation coefficient, although 
the nonparametric distributions of most of our data were unsuita-
ble for the application of such parametric techniques. For analyses 
of the rs958804 and rs7858836 SNPs, values of P < .025 (0.05/2) 
were considered statistically significant when considering multiple 
testing for these SNPs. Otherwise, values of P < .05 were consid-
ered statistically significant.

3  | RESULTS

3.1 | Patients who underwent laparoscopic 
colectomy

One patient was excluded from the analysis because reopera-
tion for hemostasis was performed within 24 hours postopera-
tively. Thus, a total of 350 patients were included in the analysis. 
Demographic, genomic, and pain-related data are presented in 
Table 1.

3.1.1 | Effect of age on pain-related phenotypes

Spearman's and Pearson's correlation coefficients revealed that 
6-hour, 12-hour, and 24-hour postoperative fentanyl use generally 
correlated or tended to correlate with age (ρ = −0.126, P = .0183, 
and r = −0.192, P = .0003 for 6 hours; ρ = −0.102, P = .0569, 
and r = −.171, P = .0013 for 12 hours; ρ = −0.053, P = .3219, and 
r = −.102, P = .0565 for 24 hours, respectively). Other pain-related 
phenotypes did not correlate or tended to correlate with age (data 
not shown).

The Mann-Whitney test revealed no significant association be-
tween age and dichotomized genotypes of the rs958804 T/C SNP 
(ie, TT vs TC + CC; P = .9970) or between age and dichotomized 
genotypes of the rs7858836 C/T SNP (ie, CC vs CT + TT; P = .2778), 
indicating that age and genotype could be simultaneously employed 
as independent covariates in the multiple regression analysis.

3.1.2 | Effect of sex on pain-related phenotypes

The Mann-Whitney and χ2 tests revealed that none of the pain-re-
lated phenotypes were associated with sex (data not shown).
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3.1.3 | Relationship between the rs958804 T/C 
SNP and rs7858836 C/T SNP

In 350 patients, genotypes of the rs958804 T/C SNP were TT, TC, 
and CC in 144, 162, and 44 patients, respectively, which were in 
Hardy-Weinberg equilibrium (data not shown). The minor C allele 
frequency was 35.7%. Genotypes of the rs7858836 C/T SNP were 
CC, CT, and TT in 114, 174, and 62 patients, respectively, which 
were in Hardy-Weinberg equilibrium (data not shown). The minor 
T allele frequency was 42.6%. The LD analysis revealed that the 
rs958804 T/C and rs7858836 C/T SNPs were located in the same 
LD block of the ASTN2 gene, and the r2 values between these two 
SNPs were 0.75 (Figure S3), suggesting that the minor C allele of the 
rs958804 T/C SNP was moderately linked to the minor T allele of the 
rs7858836 C/T SNP.

3.1.4 | Effect of genotypes of the rs958804 T/C SNP 
(TT vs TC + CC) on pain-related phenotypes

The Mann-Whitney test revealed that 6-hour, 12-hour, and 24-hour 
postoperative fentanyl use was lower in patients with the C allele com-
pared with patients with the TT genotype (P = .0051, P = .0028, and 
P = .0019, respectively; Figure 1A), although the other continuous vari-
ables that were associated with pain-related phenotypes, including pain 
scores 6, 12, and 24 hours postoperatively, were not associated with 
these genotypes (data not shown). The χ2 test revealed that the number 
of patients who required rescue analgesics within 24 hours was lower in 
patients with the C allele than in patients with the TT genotype (81/206 
[39.3%] for TC + CC vs 78/144 [54.2%] for TT, P = .0061).

The multiple regression analysis revealed that 6-hour, 12-
hour, and 24-hour postoperative fentanyl use was significantly 
associated with genotypes of the rs958804 SNP, independent of 
age (P = .0012 and P = .0002 [6 hours], P = .0005 and P = .0010 
[12 hours], and P = .0020 and P = .0500 [24 hours] for genotype and 
age, respectively).

In summary, patients with the minor C allele of the rs958804 T/C 
SNP required less postoperative PCA fentanyl and required rescue 

analgesics less frequently to achieve similar levels of analgesia com-
pared with patients with the TT genotype.

3.1.5 | Effect of genotypes of the rs7858836 C/T 
SNP (CC vs CT + TT) on pain-related phenotypes

The Mann-Whitney test revealed that 6-hour, 12-hour, and 24-hour 
postoperative fentanyl use was lower in patients with the T allele 
than in patients with the CC genotype (P = .0136, P = .0033, and 
P = .0017, respectively; Figure 1B). The other continuous variables 
that were associated with pain-related phenotypes, including pain 
scores 6, 12, and 24 hours postoperatively, were not associated 
with these genotypes (data not shown). The χ2 test revealed that the 
number of patients who required rescue analgesics within 24 hours 
tended to be lower in patients with the T allele than in patients with 
the CC genotype (98/236 [41.5%] for CT + TT vs 61/114 [53.5%] for 
CC, P = .0348).

The multiple regression analysis revealed that 6-hour, 12-hour, 
and 24-hour postoperative fentanyl use was significantly associ-
ated with genotypes of the rs7858836 C/T SNP, independent of 
age (P = .0191 and P = .0004 [6 hours], P = .0057 and P = .0017 
[12 hours], and P = .0037 and P = .0703 [24 hours] for genotype and 
age, respectively).

In summary, patients with the minor T allele of the rs7858836 
C/T SNP required less postoperative PCA fentanyl and required res-
cue analgesics less frequently to achieve similar levels of analgesia 
compared with patients with the CC genotype.

3.2 | Patients who underwent mandibular sagittal 
split ramus osteotomy

Four patients were excluded from the analysis for the following rea-
sons. Genotype data for the rs958804 T/C SNP were unavailable for 
one patient. The analgesic effect of fentanyl could not be evaluated 
because PPLpre exceeded the cutoff point (150 seconds) in one pa-
tient. The cold-pressor test was not performed in one patient. Data 

F I G U R E  1   Associations (A) between genotypes of the rs958804 SNP (TT, n = 144; TC + CC, n = 206) and 24-h postoperative fentanyl 
use and (B) between genotypes of the rs7858836 SNP (CC, n = 114; CT + CC, n = 236) and 24-h postoperative fentanyl use in 350 patients 
who underwent laparoscopic surgery. The data are expressed as box and whisker plots. Upper and lower ends of the boxes represent the 
75th and 25th percentiles, respectively. Whiskers represent the 90th and 10th percentiles, respectively. Open circles represent outliers. The 
median is depicted by a solid line in the box
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on fentanyl use were missing for one patient. Therefore, a total of 
358 patients were included in the analysis. Demographic, genomic, 
and pain-related data are presented in Table 2. Only one patient re-
quired a rescue analgesic (diclofenac sodium) only once. The Mann-
Whitney test revealed that 24-hour postoperative fentanyl use 
was much lower in patients who underwent this surgery compared 
with patients who underwent laparoscopic colectomy (P < .0001; 
Tables 1 and 2; Figures 1 and 2).

3.2.1 | Effect of age on pain-related phenotypes

Spearman's and Pearson's correlation coefficients revealed that 24-
hour postoperative fentanyl use correlated or tended to correlate 
with age (ρ = −0.107, P = .0427, and r = −.089, P = .0926, respec-
tively), although age was not associated or only tended to be associ-
ated with other pain-related phenotypes (data not shown).

The Mann-Whitney test, Spearman's correlation coefficient, and 
Pearson's correlation coefficient revealed a tendency toward an as-
sociation between age and genotype of the rs958804 T/C SNP (TT 
vs TC + CC; Mann-Whitney test: P = .0361; Spearman's correlation: 
ρ = 0.111, P = .0361; Pearson's correlation: r = .104, P = .0482) and 
a significant association or tendency toward an association between 
age and the rs7858836 C/T SNP (CC vs CT + TT; Mann-Whitney test: 
P = .0166; Spearman's correlation: ρ = 0.127, P = .0166; Pearson's 
correlation: r = .114, P = .0307). However, the r values were too low 
(ie, r < .8) to indicate that age and the genotype of these SNPs were 
mathematically related. Therefore, age and these genotypes could 
be simultaneously employed as independent covariates in the multi-
ple regression analysis.

3.2.2 | Effect of sex on pain-related phenotypes

The Mann-Whitney test revealed that PPLpost-PPLpre and %MPE 
were higher in males than in females (P = .0399 and P = .0330, 
respectively). Intraoperative and 24-hour postoperative fentanyl 
use were lower in males than in females (P = .0068 and P = .0305, 

respectively). Other pain-related phenotypes were not associated or 
tended to be associated with sex (data not shown).

The Mann-Whitney test revealed no significant association be-
tween sex and genotype of the rs958804 T/C SNP (TT vs TC + CC; 
P = .8437) or between sex and genotype of the rs7858836 SNP C/T 
SNP (CC vs CT + TT; P = .3686). Therefore, sex and these genotypes 
could be simultaneously employed as independent covariates in the 
multiple regression analysis. The Mann-Whitney test revealed that 
age was significantly higher in females than in males (P = .0137), and 
Spearman's and Pearson's correlation coefficients revealed signifi-
cant correlations between sex and age (ρ = 0.130, P = .0137, and 
r = .138, P = .0087, respectively), but the r value was too low to 
indicate that age and sex were mathematically related. Therefore, 
age and sex could also be simultaneously employed as independent 
covariates in the multiple regression analysis.

3.2.3 | Relationship between the rs958804 T/C 
SNP and rs7858836 C/T SNP

In 358 patients, genotypes of the rs958804 SNP were TT, TC, and 
CC in 135, 180, and 43 patients, respectively, which were in Hardy-
Weinberg equilibrium (data not shown). The minor C allele frequency 
was 37.2%. Genotypes of the rs7858836 SNP were CC, CT, and TT 
in 104, 191, and 63 patients, respectively, which were in Hardy-
Weinberg equilibrium (data not shown). The LD analysis revealed 
that the rs958804 T/C and rs7858836 C/T SNPs were located in the 
same LD block of the ASTN2 gene, and the r2 value between these 
two SNPs were 0.71, again suggesting that the minor C allele of the 
rs958804 T/C SNP was moderately linked to the minor T allele of the 
rs7858836 C/T SNP (Figure S4).

3.2.4 | Effect of genotypes of the rs958804 SNP (TT 
vs TC + CC) on pain-related phenotypes

The Mann-Whitney test revealed that PPLpost-PPLpre and %MPE 
tended to be higher in patients with the C allele of the rs958804 

F I G U R E  2   Associations (A) between genotypes of the rs958804 SNP (TT, n = 135; TC + CC, n = 223) and 24-h postoperative fentanyl 
use and (B) between genotypes of the rs7858836 SNP (CC, n = 104; CT + CC, n = 254) and 24-h postoperative fentanyl use in 358 patients 
who underwent mandibular sagittal split ramus osteotomy. The data are expressed as box and whisker plots. Upper and lower ends of the 
boxes represent the 75th and 25th percentiles, respectively. Whiskers represent the 90th and 10th percentiles, respectively. Open circles 
represent outliers. The median is depicted by a solid line in the box
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SNP than in patients with the TT genotype (P = .0504 and P = .0434, 
respectively), and 24-hour postoperative fentanyl use was lower 
(P = .0200; Figure 2A), and pain scores 3 hours postoperatively 
tended to be lower (P = .0910) in patients with the C allele than in 
patients with the TT genotype, although other pain-related pheno-
types, including PPLpre, did not tend to be associated with genotype.

The multiple regression analysis revealed that 24-hour postoper-
ative fentanyl use was significantly associated with genotypes of the 
rs958804 SNP, independent of age and sex (P = .0162, P = .0977, and 
P = .0904 for genotype, age, and sex, respectively). PPLpost-PPLpre 
and %MPE were associated with sex (P = .0139 and P = .0126, re-
spectively) and tended to be associated with genotype (P = .0589 
and P = .0737, respectively).

In summary, PPLpost-PPLpre and %MPE tended to be higher, 
24-hour postoperative fentanyl use was significantly lower, and pain 
score 3 hours postoperatively tended to be lower in patients with 
the minor C allele of the rs958804 T/C SNP than in patients with the 
TT genotype, although PPLpre was not associated with these gen-
otypes. These findings suggested that although sensitivity to cold 
pressor-induced pain, indicated by PPLpre, was unaffected by gen-
otype, the analgesic effect of fentanyl, indicated by PPLpos-PPLpre 
and %MPE, tended to be higher in patients with the C allele than in 
patients with the TT genotype. Patients with the C allele required 
significantly less fentanyl postoperatively to achieve similar or bet-
ter levels of postoperative analgesia compared with patients with 
the TT genotype.

3.2.5 | Effect of genotypes of the rs7858836 SNP 
(CC vs CT + TT) on pain-related phenotypes

The Mann-Whitney test revealed that 24-hours postoperative fen-
tanyl use was lower in patients with the T allele than in patients with 
the CC genotype (P = .0098; Figure 2B). The other pain-related phe-
notypes, including pain scores 3 and 24 hours postoperatively, were 
not associated with these genotypes (data not shown).

The multiple regression analysis revealed that 24-hour postop-
erative fentanyl use tended to be associated with genotypes of the 
rs7858836 SNP, age, and sex (P = .0277, P = .0962, and P = .0766, re-
spectively), indicating that 24-hour postoperative fentanyl use could 
be associated with genotype, independent of age and sex.

In summary, patients with the T allele of the rs7858836 SNP re-
quired less fentanyl postoperatively to achieve similar levels of anal-
gesia compared with patients with the CC genotype.

4  | DISCUSSION

In the present study, we examined the effects of two SNPs, 
rs958804 T/C and rs7858836 C/T, of the ASTN2 gene in patients 
who underwent laparoscopic colectomy and mandibular sagittal 
split ramus osteotomy. In patients who underwent laparoscopic 
colectomy, patients with the minor C allele of the rs958804 T/C SNP 

required less PCA fentanyl and less rescue analgesics to achieve sim-
ilar levels of postoperative analgesia compared with patients with 
the TT genotype. Patients with the minor T allele of the rs7858836 
C/T SNP required less PCA fentanyl and less rescue analgesics to 
achieve similar levels of postoperative analgesia compared with pa-
tients with the CC genotype. In patients who underwent mandibular 
sagittal split ramus osteotomy, patients with the minor C allele of the 
rs958804 T/C SNP required less PCA fentanyl to achieve similar or 
better levels of postoperative analgesia compared with patients with 
the TT genotype. Patients with the minor T allele of the rs7858836 
C/T SNP required less PCA fentanyl to achieve similar levels of post-
operative analgesia compared with patients with the CC genotype.

Therefore, the major findings of the present study that were 
common among patients who underwent the two different types 
of surgery were that patients who carried the minor alleles of the 
rs958804 T/C and rs7858836 C/T SNPs, which were located in the 
same LD block of the ASTN2 gene, required less PCA fentanyl to 
achieve similar levels of postoperative analgesia compared with ho-
mozygotes of the major alleles of these SNPs. These two types of 
surgery have substantially different characteristics. Laparoscopic 
colectomy primarily involves visceral pain, and mandibular sagittal 
split ramus osteotomy solely involves somatic pain.19 Consequently, 
patients who underwent mandibular sagittal split ramus osteotomy 
required much less postoperative fentanyl compared with patients 
who underwent laparoscopic colectomy. Despite such differences 
between the two types of surgery, the effects of these two SNPs on 
postoperative PCA fentanyl requirements were common to the two 
surgical procedures. To our knowledge, no previous studies have ad-
dressed the importance of the rs958804 and rs7858836 SNPs. The 
present study is the first to demonstrate significant effects of these 
SNPs on postoperative PCA fentanyl requirements.

The mechanisms that underlie lower PCA fentanyl dose require-
ments in patients who carried minor alleles of these SNPs are un-
clear. In the present study, however, PPLpost-PPLpre and %MPE 
were used as indicators of the analgesic effect of fentanyl on cold 
pressor-induced pain, which tended to be higher in patients with the 
minor C allele of the rs958804 SNP than in patients who did not 
carry this allele. PPLpre was used as an indicator of sensitivity to cold 
pressor-induced pain, which did not differ between patients with 
these different genotypes. Therefore, the effect of the rs958804 
T/C SNP on the analgesic effect of fentanyl, rather than its effect 
on sensitivity to pain, might be associated with lower postoperative 
fentanyl requirements in patients with the minor allele of this SNP.

The ASTN2 gene encodes the vertebrate-specific membrane pro-
tein astrotactin 2. Together with astrotactin 1, astrotactin 2 plays a key 
role in glial-guided neuronal migration during development of the lam-
inar architecture of cortical regions of the mammalian brain.23,24 Some 
researchers reported that certain variants of the ASTN2 gene might 
be associated with the development of neuropsychiatric disorders, 
such as autism spectrum disorder, attention-deficit/hyperactivity 
disorder, anxiety, obsessive-compulsive disorder, schizophrenia, and 
Alzheimer's disease,25–27 although others did not find such associa-
tions between ASTN2 gene variants and neuropsychiatric disorders.28 
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A substantial number of studies have shown or suggested interactions 
between these neuropsychiatric disorders and alterations of opioid 
system function.29–32 To date, however, no study has investigated 
possible direct associations between variants of the ASTN2 gene and 
alterations of opioid system function. The present study found signifi-
cant effects of SNPs of the ASTN2 gene on opioid analgesia. The pres-
ence of minor alleles of the rs958804 T/C and rs7858836 C/T SNPs 
of the ASTN2 gene consistently reduced fentanyl requirements for 
analgesia after two different types of surgery, possibly by enhancing 
the analgesic effect of fentanyl. The molecular biological mechanisms 
that underlie such effects of these SNPs on pain-related traits should 
be elucidated in future studies.

In conclusion, we investigated the effects of two SNPs, rs958804 
T/C and rs7858836 C/T, which are located in the same LD block of 
the ASTN2 gene, on pain-related phenotypes in two groups of pa-
tients who underwent laparoscopic colectomy and mandibular sag-
ittal split ramus osteotomy. We found that these SNPs consistently 
reduced fentanyl requirements for postoperative analgesia, possibly 
by enhancing the analgesic effect of fentanyl. Although the molecu-
lar biological mechanisms that underlie these effects of these SNPs 
need to be elucidated in future studies, our findings provide valu-
able information for personalized pain control after painful surgical 
procedures.
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