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INTRODUCTION

Abstract

Background: Gastrointestinal cancer (GI cancer) is a type of cancer that has a high
death rate. It has been reported that ACYP2 gene was associated with the develop-
ment of gastric cancer and colorectal cancer, but it is not clear that the relationship
between ACYP2 gene and GI cancer in Chinese Han population. This study aimed to
investigate the association between polymorphisms of ACYP2 and GI cancer in the
Chinese Han population.

Methods: We used Agena MassARRAY to determine the genotypes of 1,160 GI
cancer patients and 495 healthy controls. The correlation between ACYP2 variants
and GI cancer risk was examined by logistic regression analysis.

Results: We identified that rs6713088 (OR = 1.17, 95% CI: 1.00-1.36, p = 0.047),
rs843711 (OR = 1.17, 95 CI: 1.01-1.36, p = 0.035), and rs11896604 (OR = 1.20,
95% CI: 1.00-1.45, p = 0.048) were correlated with an increased risk of GI cancer
under allele model. Rs11125529 under the recessive model (OR = 2.05, 95% CI.:
1.00-4.23, p = 0.038), rs843711 in recessive model (OR = 1.37, 95% CI: 1.04-1.82,
p = 0.026), and rs11896604 under log-additive model (OR = 1.23, 95% CI: 1.01—
1.51, p = 0.042) were associated with an increased risk of GI cancer.

Conclusion: Our study suggested that polymorphisms of ACYP2 gene might be as-

sociated with susceptibility to GI cancer.

KEYWORDS

ACYP2 gene, case-control study, gastrointestinal cancer, polymorphisms

cancer, and bile duct cancer (Gao, Chen, Xu, Wang, & Yu,
2014). Among the top 10 tumors with the highest mortality

Gastrointestinal cancer (GI cancer) is a type of tumor that
originate in the accessory organs of the digestive tract, includ-
ing esophageal cancer, gastric cancer, liver cancer, colorectal

rate in the world, GI cancer account for 5 of them, and more
than 3 million patients die each year due to GI cancer (T6ziin
& Vardareli, 2016). The early symptoms of GI cancer are not
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obviously, sometimes they are only manifested as wasting,
nausea, and abdominal distension (Spiller, 2001). They are
easily misdiagnosed with benign diseases such as digestive
tract ulcers. Despite the significant improvements in diagnosis
and treatment for GI cancer, the 5-year survival rate of the
advanced CRC patients is only 8% (Shimada, Tanaka, Endou,
& Ichikawa, 2009); 5-year survival rate of GC with metastases
is approximately 30% (Yamashita et al., 2011); the 5-year sur-
vival rate of liver cancer after surgery is still only 15%—40%
(Chen et al., 2016); The overall 5-year survival rate of esoph-
ageal cancer is less than 20% (Mariette et al., 2003). Tumor
metastasis and lack of effective targeted therapies are the main
causes of poor prognosis in patients. However, the pathogen-
esis of digestive tract tumor is not clear, but a large number
of studies have shown that it is caused by the combination
of environmental (drinking, smoking, dietary habits, etc.) and
genetic factors (ADH1B, ALDH2, SMAD7, PLCEI, PSCA,
etc.) (Bass & Meyerson, 2009; Broderick et al., 2007; Heavey
& Rowland, 2004; Sakamoto et al., 2008; Wang et al., 2010).

Telomeres are nucleoprotein complexes at the ends of
eukaryotic chromosomes (Bonetti, Martina, Falcettoni, &
Longhese, 2013). Telomeres maintain chromosome integrity
and genomic stability by preventing nucleolytic degradation,
chromosomal end-to-end fusion, and irregular recombination
(Mcknight, Riha, & Shippen, 2002). In general, a critically
short telomere length can trigger replicative senescence and
cell death (Hiyama & Hiyama, 2007). This can result in ge-
nomic instability and chromosomal abnormalities, which
can promote carcinogenesis (Duensing & Miinger, 2001).
It has been reported that telomere-related genes Killer
Immunoglobulin-like Receptor (KIR) (Hernandez et al.,
2018), protection of telomeres 1 (POTI), telomerase reverse
transcriptase (TERT), and telomeric repeat binding factor 2
(TERF2) (Hosgood, Cawthon, He, Chanock, & Lan, 2009)
were associated with digestive cancer risk. But the relation-
ship between ACYP2 gene polymorphism and the risk of GI
tumors has not been reported.

ACYP2 (Acylphosphatase 2) gene located on chromosome
2pl16.2, encodes a small cytosolic acylphosphatase enzyme
that catalyzes the hydrolysis of carboxyl-phosphate bonds
(Wellmann et al., 2018). Genome wide association study has
demonstrated that genetic polymorphisms in ACYP2 are as-
sociated with telomere length (He et al., 2016), which has led
to studies of the association between ACYP2 and various dis-
eases, including various cancers (Thiesen et al., 2017). A recent
paper has indicated a significant association between ACYP2
single nucleotide polymorphisms (SNPs) and testicular can-
cer (Drogemoller et al., 2018). Thiesen et al. (2017) found that
ACYP2 polymorphism was associated with ototoxicity risk in
children with cancer. Won et al. (2012) determined that the
polymorphism of ACYP2 gene was related to the risk of colorec-
tal cancer. Therefore, we hypothesized that the polymorphism
of ACYP2 might be associated with the risk of GI cancer.

There are still have few studies on the susceptibility of the
ACYP?2 gene and the overall GI cancer susceptibility, so the aim
of this study was to investigate the impact of several SNPs within
ACYP2 gene on GI cancer risk in Chinese Han population.

2 | MATERIALS AND METHODS
2.1 | Editorial policies and ethical
considerations

All participants were informed both in writing and verbally to the
procedures and purpose of the study and signed informed con-
sent documents. The protocols for this study were approved by
the Ethical Committee of Shaanxi Provincial People's Hospital,
complied with the World Medical Association Declaration of
Helsinki. All the subsequent research analyses were carried out
in accordance with the approved guidelines and regulations.

2.2 | Study subjects

A case-control study involving a Chinese study population
of 1,160 patients with GI cancer and 495 healthy adults was
consecutively enrolled at the Shaanxi Provincial People’s
Hospital. All the subjects are genetically unrelated. The GI
cancer patients included 386 cases of esophageal cancer, 302
cases of gastric cancer, 247 cases of colorectal cancer, and
225 cases of liver cancer. All the patients were diagnosed by
two experienced pathologists, and confirmed, underwent op-
erative treatment for the first time without receiving chemo-
therapy, radiotherapy, and other treatments. Patients with the
following situations were excluded, containing inflammation
autoimmune disorders, family history of cancer, and accepted
radiotherapy and chemotherapy. Four hundred and ninety-
five healthy adults were cancer-free randomly selected from
the hospital in the same study period. All of the information of
healthy controls interviewed by the professional interviewers,
containing age, gender, family history of cancer and occupa-
tional exposure to carcinogens, and the person who possessed
these unhealthy factors were removed from this study.

2.3 | Data selection

All 11 SNPs had minor allele frequencies >5% according to
the global population from the 1,000 Genome Projects (http://
www.internationalgenome.org/). Then we used HaploReg
(https://pubs.broadinstitute.org/mammals/haploreg/haplo
reg.php) to predict SNP function. Blood samples were col-
lected in ethylene diamine tetraacetic acid (EDTA) tubes
and stored at —80°C. Genomic DNA was extracted from
5 ml whole-blood samples using the Whole Blood Genomic
DNA Extraction Kit (GoldMag Co. Ltd, Xi'an, Shaanxi,
China) following the manufacturer's protocol. The purity and
concentration of the DNA samples were evaluated with the
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TABLE 2  Genotypic model analysis of the relationship between SNPs and the risk of GI cancer
Adjusted OR
SNP ID Model Genotype  Control (%)  Case (%) Crude OR 95% CI) p (95% CI) p
rs11125529  Codominant  C/C 327 (66.1%) 728 (63.1%) 1 0.045 1.00 0.094
C/A 158 (31.9%) 376 (32.6%) 1.07 (0.85-1.34) 1.09 (0.85-1.39)
A/A 10 (2.0%) 50 (4.3%) 2.25(1.12-4.48) 2.11 (1.02-4.37)
Dominant C/C 327 (66.1%) 728 (63.1%) 1 0.25 1.00 0.250
C/A-A/A 168 (33.9%) 426 (36.9%) 1.14 (0.91-1.42) 1.15 (0.91-1.46)
Recessive C/C-C/A 485(98.0%) 1,104 95.7%) 1 0.015 1.00 0.038
A/A 10 (2.0%) 50 (4.3%) 2.20 (1.10-4.37) 2.05 (1.00-4.23)
Log-additive — — - - 1.19 (0.98-1.44) 0.076  1.19 (0.97-1.47) 0.098
rs843711 Codominant  C/C 139 (28.1%) 301 (26.1%) 1 0.026 1.00 0.081
C/T 263 (53.1%) 566 (49.1%) 0.99 (0.78-1.27) 0.98 (0.75-1.27)
T/T 93 (18.8%) 286 (24.8%) 1.42 (1.04-1.93) 1.35 (0.97-1.88)
Dominant C/C 139 (28.1%) 301 (26.1%) 1 0.41 1.00 0.580
C/T-T/T 356 (711.9%) 852 (73.9%) 1.11 (0.87-1.40) 1.07 (0.83-1.38)
Recessive C/C-C/T 402 (81.2%) 867 (75.2%) 1 0.007 1.00 0.026
T/T 93 (18.8%) 286 (24.8%) 1.43 (1.10-1.85) 1.37 (1.04-1.82)
Log-additive — — - - 1.18 (1.01-1.37) 0.034  1.15 (0.98-1.35) 0.096
1511896604  Codominant  C/C 317 (64.0%) 696 (60.3%) 1 0.05 1.00 0.078
C/G 164 33.1%) 397 (34.4%) 1.10 (0.88-1.38) 1.15 (0.90-1.47)
G/G 14 (2.8%) 61 (5.3%) 1.98 (1.09-3.60) 1.91 (1.02-3.59)
Dominant C/IC 317 (64.0%) 696 (60.3%) 1 0.15 1.00 0.110
C/G-G/G 178 (36.0%) 458 (39.7%) 1.17 (0.94-1.46) 1.21 (0.96-1.53)
Recessive C/C-C/G 481 (97.2%) 1,093 94.7%) 1 0.022  1.00 0.050
G/G 14 (2.8%) 61 (5.3%) 1.92 (1.06-3.46) 1.82 (0.97-3.40)
Log-additive — — - - 1.21 (1.00-1.45) 0.045  1.23 (1.01-1.51) 0.042

Note: p < 0.05 indicates statistical significance.
Bold values indicate a significant difference.
Abbreviations: CI, confidence interval; OR, odds ratio.

NanoDrop 2000C (Thermo Scientific, Waltham, MA, USA).
The isolated DNA was stored at —80°C until analysis.

2.4 | SNP genotyping

The genotyping of the 11 SNPs was carried out on the
MassARRAY iPLEX (Agena Bioscience, San Diego, CA,
USA) platform using the matrix-assisted laser desorption ioniza-
tion-time of flight (MALDITOF) (Lin et al., 2017; Liu, Wang,
et al., 2017; Wang et al., 2018). Genotyping results were output
by Agena Bioscience TYPER version 4.0 software. Genotyping
was carried out by laboratory personnel in a double-blinded
fashion. The PCR primers for the SNPs were shown in Table S1.

2.5 | Statistical analyses

The student's  test was applied to assess the differences in the
distribution of age between cases and controls, and Pearson's

2 test was used to evaluate the gender differences in the sam-
ple. Genotype frequencies for each SNP were analyzed by
Pearson's )(2 test to evaluate departure from Hardy—Weinberg
equilibrium (HWE) in control population. Pearson's ;(2 test
was used to compare the allelic and genotype frequencies
of each SNP between patients with GI cancer and controls.
Multiple genetic model analyses (codominant, dominant,
recessive, and log-additive) were applied using SNPStats
(http://bioinfo.iconcologia.net/snpstats/start.htm) software to
assess the association between SNPs and GI cancer. Finally,
we used Haploview software (version4.2) to construct hap-
lotype and to estimate the pairwise linkage disequilibrium,
the SNPStats software platform was used to estimate the cor-
relation between haplotype and GI cancer risk. Odds ratios
(OR) and 95% confidence intervals (CI) were calculated by
logistic regression analyses, the wild-type allele was used as
a reference (Wang et al., 2015). We performed eQTL analy-
sis to evaluate the effects of different genotypes on ACYP2
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gene expression in the digestive tract by GTEx database N _._.
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TABLE 4 The expression in ACYP2
gene in the relevant tissues of the digestive
tract

SNP Effect size  p-value Tissue
rs6713088 —-0.59 3.10 x 107° Esophagus-Mucosa
—0.46 1.10 x 107 Colon-Transverse
-0.34 2.60x 107 Esophagus-Muscularis
—0.41 2.50 x 1078 Spleen
—0.38 450 %1078 Colon-Sigmoid
—0.38 2.90 x 1077 Small Intestine-Terminal Ileum
-0.28 3.80 x 1077 Stomach
—0.29 410 % 1077 Esophagus-Gastroesophageal Junction
—0.35 8.90 x 1077 Pancreas
rs1682111 —0.34 9.30 x 107° Small Intestine-Terminal Ileum
-0.3 2,50 x 107 Colon-Sigmoid
rs843752 -0.35 130 % 107° Colon-Sigmoid
—0.37 1.10x 107° Small Intestine-Terminal [leum
—0.22 1.60 x 107° Esophagus-Muscularis
rs843645 —0.42 1.00 x 107° Small Intestine-Terminal Ileum
rs843711 —0.28 2.10 x 1077 Esophagus-Mucosa
—0.32 8.60 x 1076 Small Intestine-Terminal Ileum
—0.19 5.20x 107° Esophagus-Muscularis

annotation revealed that SNPs associated with GI cancer risk
were successfully predicted to have biological functions, and
rs6713088, rs843711, and rs11896604 were associated with
motifs changed and selected eQTL hits.

3.3 | Association between ACYP2
polymorphisms and the risk of GI cancer

Genetic models (codominant, dominant, recessive, and log-ad-
ditive) and the genotype frequencies were used to further iden-
tify the associations between the SNPs and the risk of GI cancer
(Table 2). The results with adjusted for age and gender showed
that the risk of GI cancer would significantly increasing with
rs11125529 under the recessive model (adjusted OR = 2.05,
95% CI: 1.00-4.23, p = 0.038), rs843711 under the recessive
model (adjusted OR = 1.37, 95% CI: 1.04-.82, p = 0.026), and
rs11896604 under the log-additive model (adjusted OR = 1.23,
95% CI. 1.01-1.51, p = 0.042). There were no differences
found in genotype frequencies of other SNPs between controls
and patients with GI cancer (all p > 0.05, Table 2).

3.4 | Association of ACYP2 haplotypes
with the risk of GI cancer

Finally, the linkage disequilibrium and haplotype con-
struction were detected and evaluated. One block of
ACYP2 SNPs (Figure 1) comprising rs1682111, rs843752,
rs10439478, rs843645, rs11125529, rs12615793, rs843711,
and rs11896604 was found in studies by haplotype analysis.

The results of the association between the ACYP2 haplotype
and the risk of GI cancer are listed in Table 3. Unfortunately,
there was no statistically significant difference among any of
the ACYP2 haplotype frequencies in cases and controls.

3.5 | The expression ACYP2 gene in
digestive-related tissues

We further performed eQTL analysis to evaluate the effect
of different genotypes on ACYP2 gene expression in the di-
gestive tract by the GTEx dataset. We found that five SNPs
(rs6713088, rs1682111, rs843752, rs843645, and rs843711)
of ACYP2 were significantly expressed in the relevant tissues
of the digestive (Table 4), hinted that these SNPs may affect
the expression of ACYP2 in GI cancer. Especially the two
SNPs (rs6713088 and rs843711) correlated with GI cancer
risk as Figure 2 displayed, rs6713088 loci were significantly
expressed in esophagus-mucosa (p = 3.10 X 1073, colon-
transverse (p = 1.10 x 107"7), stomach (p = 3.80 x 107),
and whole blood (p = 5.90 X 107%); rs843711 was signifi-
cantly expressed in esophagus-mucosa (p = 2.10 X 107)
and esophagus-muscularis (p = 5.20 X 1075).

4 | DISCUSSION

In our case-control study, we determined the contribu-
tions of ACYP2 gene SNPs to GI cancer. We identified that
rs6713088, rs843711, and rs11896604 in the ACYP2 gene
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associated with an increased risk of GI cancer, suggesting
an association between genetic polymorphism of ACYP2 and
the susceptibility of GI cancer.

In our research, we found that ACYP2 rs6713088 in-
creased risk of GI cancer. In liver cancer (Chen et al., 2017),
rs6713088 G allele increased the risk of liver cancer com-
pared with the C allele carriers (OR = 1.27). Meanwhile,
rs6713088 G allele also promoted the risk of gastric cancer
(OR = 1.30) (Li et al., 2017). In colorectal cancer, G allele
is also a risk factor for colorectal cancer (Liu, Zhang, et al.,
2017). These results are similar to our results. For rs843711
loci, Liang et al. (2017) found that the mutation of rs843711
was associated with colorectal cancer. Rs843711 risk allele
“T” frequency in case and control had a significant difference
and the variant increased the gastric cancer risk (Li et al.,
2017). These results are similar to our results. Therefore, we
believe that the ACYP2 gene is a risk factor for GI.

CC(N=138) CT(N=162) TT(N=58)

3

CC(N=129) CT(N=149) TT(N=57)

ACYP2 gene was related to cell differentiation and apop-
tosis, and apoptosis or programmed cell death participated
in embryonic development, immune system regulation, tissue
homeostasis, and prevention of malignant tumors. Therefore,
the mutation of ACYP2 may be involved in the occurrence
of tumorigenesis (Calamai et al., 2005). By UALCAN da-
tabase (http://ualcan.path.uab.edu/index.html), we found that
there were differences in the expression of ACYP2 gene in
liver different tumor stages and esophageal carcinoma. And
by Kaplan—Meier Plotter analysis (http://kmplot.com/analy
sis/index.php?p=service&cancer=gastric; http://www.oncol
nc.org/; http://ualcan.path.uab.edu/index.html), patients with
high expression have higher survival rates than patients with
low expression (Gastric cancer, liver patients); while in esoph-
ageal carcinoma, highly expressed patients have low survival
rates. Furthermore, results of the GTEx database revealed an
eQTL of rs6713088 and rs843711 that affect the expression
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of ACYP2 gene. Therefore, we believe that the ACYP2 gene
influence the occurrence and development of the GI.

In conclusion, the present study is an attempt to investi-
gate genetic association for genes ACYP2. Our results show
an association between ACYP2 gene polymorphism and GI
cancer in Chinese Han population. The results of this study
might be helpful to understanding the important function of
ACYP2 in GI cancer development and in developing drugs
to treat GI cancer. However, further studies are warranted
on larger patients from other ethnic groups to confirm our
results. Further clarify the role of these two genes in the
development of Liver cancer.

ACKNOWLEDGMENTS

We thank all authors for their contributions and supports.
We are also grateful to all participants for providing blood
samples.

CONFLICT OF INTEREST

All authors declare that they have no conflict of interests.

ORCID
Sida Liu “= https://orcid.org/0000-0003-2302-2301
REFERENCES

Bass, A. J., & Meyerson, M. (2009). Genome-wide association study
in esophageal squamous cell carcinoma. Gastroenterology, 137(5),
1573-1576. https://doi.org/10.1053/j.gastro.2009.09.026

Bonetti, D., Martina, M., Falcettoni, M., & Longhese, M. P. (2013).
Telomere-end processing: Mechanisms and regulation. Chromosoma,
123(1-2), 57-66. https://doi.org/10.1038/s41598-017-16182-y

Broderick, P., Carvajal-Carmona, L., Pittman, A. M., Webb, E.,
Howarth, K., Rowan, A., ... Houlston, R. S. (2007). A genome-wide
association study shows that common alleles of SMAD?7 influence
colorectal cancer risk. Nature Genetics, 39(11), 1315-1317. https://
doi.org/10.1038/ng.2007.18

Calamai, M., Canale, C., Relini, A., Stefani, M., Chiti, F., & Dobson,
C. M. (2005). Reversal of protein aggregation provides evidence for
multiple aggregated states. Journal of Molecular Biology, 346(2),
603-616. https://doi.org/10.1016/j.jmb.2004.11.067

Chen, W., Zheng, R., Baade, P. D., Zhang, S., Zeng, H., Bray, F., ... He,
J. (2016). Cancer statistics in China, 2015. CA: A Cancer Journal
for Clinicians, 66(2), 115-132. https://doi.org/10.3322/caac.21338

Chen, Z., Sun, Y., Xu, Z., Xu, J.,, Li, J., Yan, M., ... Lin, H. (2017).
ACYP2 polymorphisms are associated with the risk of liver cancer
in a Han Chinese population. Oncotarget, 8(40), 67723-67731.

Drogemoller, B. 1., Brooks, B., Monzon, J. G., Wright, G. E., Liu, G.,
Renouf, D. J., ... Gelmon, K. A. (2018). Further investigation of the
role of ACYP2 and WFS1 pharmacogenomic variants in the devel-
opment of cisplatin-induced ototoxicity in testicular cancer patients.
Clinical Cancer Research, 33(1), 106—113.

Duensing, S., & Miinger, K. (2001). Centrosome abnormalities, ge-
nomic instability and carcinogenic progression. Biochimica Et
Biophysica Acta, 1471(2), M81.

Gao, Y., Chen, Y., Xu, D., Wang, J., & Yu, G. (2014). Differential
expression of ANXAL in benign human gastrointestinal tis-
sues and cancers. BMC Cancer, 14(1), 1-12. https://doi.
org/10.1186/1471-2407-14-520

He, Y., Chen, J., Zhang, X., Li, X., Du, J.,, He, X., ... Jin, T. (2016).
Telomere length related gene ACYP2 polymorphism is associated
with the risk of HAPE in Chinese Han population. Journal of Gene
Medicine, 18(9), 244-249.

Heavey, P. M., & Rowland, I. R. (2004). Microbial-gut interactions
in health and disease. Gastrointestinal cancer. Best Practice &
Research Clinical Gastroenterology, 18(2), 323-336. https://doi.
org/10.1016/j.bpg.2003.10.003

Hernandez, E. G., Partida-Rodriguez, O., Camorlinga-Ponce, M.,
Nieves-Ramirez, M., Ramos-Vega, 1., Torres, J., & Perez-Rodriguez,
M. (2018). Genotype B of killer cell Immunoglobulin-Like receptor
is related with gastric cancer lesions. Scientific Reports, 8(1), 6104.
https://doi.org/10.1038/s41598-018-24464-2

Hiyama, E., & Hiyama, K. (2007). Telomere and telomerase in stem
cells. British Journal of Cancer, 96(7), 1020-1024. https://doi.
org/10.1038/s].bjc.6603671

Hosgood, H. D. III, Cawthon, R., He, X., Chanock, S., & Lan, Q. (2009).
Genetic variation in telomere maintenance genes, telomere length,
and lung cancer susceptibility. Lung Cancer, 66(2), 157-161. https
://doi.org/10.1016/j.lungcan.2009.02.005

Li, J., Ma, G., Zhu, X, Jin, T., Wang, J., & Li, C. (2017). Association
analysis of telomere length related gene ACYP2 with the gastric
cancer risk in the northwest Chinese Han population. Oncotarget,
8(19), 31144-31152. https://doi.org/10.18632/oncotarget.16097

Liang, Y., Zhang, R., Zhang, S., Ji, G., Shi, P., Yang, T., ... Chen, M.
(2017). Association of ACYP2 and TSPYL6 genetic polymorphisms
with risk of ischemic stroke in Han Chinese population. Molecular
Neurobiology, 54(8), 5988-5995. https://doi.org/10.1007/s12035-
016-0086-x

Lin, S., Wang, M., Liu, X., Zhu, W., Guo, Y., Dai, Z., ... Dai, Z. (2017).
Association of genetic polymorphisms in MIF with breast cancer
risk in Chinese women. Clin Exp Med, 17(3), 395—401. https://doi.
org/10.1007/s10238-016-0439-9

Liu, D. I, Wang, M., Tian, T., Wang, X.-J., Kang, H.-F., Jin, T.-B.,

Dai, Z.-J. (2017). Genetic polymorphisms (rs10636 and
rs28366003) in metallothionein 2A increase breast cancer risk in
Chinese Han population. Aging (Albany NY), 9(2), 547-555. https://
doi.org/10.18632/aging.101177

Liu, F., Zhang, Z., Zhang, Y., Chen, Y., Yang, X., Li, J., & Zhao, J.
(2017). Genetic polymorphisms in the telomere length-related
gene ACYP2 are associated with the risk of colorectal cancer in a
Chinese Han population. Oncotarget, 8(6), 9849-9857. https://doi.
org/10.18632/oncotarget.14219

Mariette, C., Balon, J. M., Piessen, G., Fabre, S., Van Seuningen, 1., &
Triboulet, J. P. (2003). Pattern of recurrence following complete resec-
tion of esophageal carcinoma and factors predictive of recurrent dis-
ease. Cancer, 97(7), 1616-1623. https://doi.org/10.1002/cncr. 11228

Mcknight, T. D., Riha, K., & Shippen, D. E. (2002). Telomeres, telo-
merase, and stability of the plant genome. Plant Molecular Biology,
48(4), 331-337. https://doi.org/10.1023/a:1014091032750

Sakamoto, H., Yoshimura, K., Saeki, N., Katai, H., Shimoda, T.,
Matsuno, Y., ... Hirohashi, S. (2008). Genetic variation in PSCA is


https://orcid.org/0000-0003-2302-2301
https://orcid.org/0000-0003-2302-2301
https://doi.org/10.1053/j.gastro.2009.09.026
https://doi.org/10.1038/s41598-017-16182-y
https://doi.org/10.1038/ng.2007.18
https://doi.org/10.1038/ng.2007.18
https://doi.org/10.1016/j.jmb.2004.11.067
https://doi.org/10.3322/caac.21338
https://doi.org/10.1186/1471-2407-14-520
https://doi.org/10.1186/1471-2407-14-520
https://doi.org/10.1016/j.bpg.2003.10.003
https://doi.org/10.1016/j.bpg.2003.10.003
https://doi.org/10.1038/s41598-018-24464-2
https://doi.org/10.1038/sj.bjc.6603671
https://doi.org/10.1038/sj.bjc.6603671
https://doi.org/10.1016/j.lungcan.2009.02.005
https://doi.org/10.1016/j.lungcan.2009.02.005
https://doi.org/10.18632/oncotarget.16097
https://doi.org/10.1007/s12035-016-0086-x
https://doi.org/10.1007/s12035-016-0086-x
https://doi.org/10.1007/s10238-016-0439-9
https://doi.org/10.1007/s10238-016-0439-9
https://doi.org/10.18632/aging.101177
https://doi.org/10.18632/aging.101177
https://doi.org/10.18632/oncotarget.14219
https://doi.org/10.18632/oncotarget.14219
https://doi.org/10.1002/cncr.11228
https://doi.org/10.1023/a:1014091032750

DUAN ET AL.

Molecular Genetics & Genomic Medicine_wl LEYM

associated with susceptibility to diffuse-type gastric cancer. Nature
Genetics, 40(6), 730-740. https://doi.org/10.1038/ng.152

Shimada, H., Tanaka, K., Endou, I., & Ichikawa, Y. (2009). Treatment
for colorectal liver metastases: A review. Langenbecks Arch Surg,
394(6), 973-983. https://doi.org/10.1007/s00423-009-0530-8

Spiller, R. C. (2001). ABC of the upper gastrointestinal tract: Anorexia,
nausea, vomiting, and pain. British Medical Journal, 323(7325),
1354-1357. https://doi.org/10.1136/bm;j.323.7325.1354

Thiesen, S., Yin, P., Jorgensen, A. L., Zhang, J. E., Manzo, V., McEvoy,
L., ... Pirmohamed, M. (2017). TPMT, COMT and ACYP2 genetic
variants in paediatric cancer patients with cisplatin-induced ototox-
icity. Pharmacogenetics and Genomics, 27(6), 213-222. https://doi.
org/10.1097/FPC.0000000000000281

Toztin, N., & Vardareli, E. (2016). Gut microbiome and gastroin-
testinal cancer: Les liaisons Dangereuses. Journal of Clinical
Gastroenterology, 50,  S191-S196.  https://doi.org/10.1097/
MCG.0000000000000714

Wang, L. D., Zhou, F. Y., Li, X. M., Sun, L. D., Song, X., Jin, Y., ...
Zhang, X. J. (2010). Genome-wide association study of esophageal
squamous cell carcinoma in Chinese subjects identifies susceptibil-
ity loci at PLCE1 and C20orf54. Nature Genetics, 42(9), 759-763.
https://doi.org/10.1038/ng.648

Wang, M., Liu, X., Lin, S., Tian, T., Guan, F., Guo, Y., ... Dai, Z.
(2018). FABP1 polymorphisms contribute to hepatocellular carci-
noma susceptibility in Chinese Population with liver cirrhosis: A
case-control study. Journal of Cancer, 9(22), 4294-4300. https://
doi.org/10.7150/jca.27301

Wang, Y., Cao, Y., Li, Y., Guo, Y., Wang, Q., Yang, M., ... Wang, J.
(2015). Genetic association of the ApoB and ApoA1l gene polymor-
phisms with the risk for alcohol-induced osteonecrosis of femoral

Open Access,

head. International Journal of Clinical & Experimental Pathology,
8(9), 11332-11339.

Wellmann, R., Borden, B. A., Danahey, K., Nanda, R., Polite, B. N.,
Stadler, W. M., O'Donnell, P. H. (2018). Analyzing the clinical
actionability of germline pharmacogenomic findings in oncology.
Cancer, 124(14), 3052-3065. https://doi.org/10.1002/cncr.31382

Won, H.-H., Lee, J., Park, J. O., Park, Y. S., Lim, H. Y., Kang, W. K.,
... Park, S. H. (2012). Polymorphic markers associated with severe
oxaliplatin-induced, chronic peripheral neuropathy in colon can-
cer patients. Cancer, 118(11), 2828-2836. https://doi.org/10.1002/
cncr.26614

Yamashita, K., Sakuramoto, S., Nemoto, M., Shibata, T., Mieno,
H., Katada, N., ... Watanabe, M. (2011). Trend in gastric can-
cer: 35 years of surgical experience in Japan. World Journal of
Gastroenterology, 17(29), 3390-3397. https://doi.org/10.3748/
wjg.v17.i29.3390

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

How to cite this article: Duan X, Hong J, Wang F, et
al. The influence of ACYP2 polymorphisms on
gastrointestinal cancer susceptibility in the Chinese
Han population. Mol Genet Genomic Med.
2019;7:€700. https://doi.org/10.1002/mgeg3.700



https://doi.org/10.1038/ng.152
https://doi.org/10.1007/s00423-009-0530-8
https://doi.org/10.1136/bmj.323.7325.1354
https://doi.org/10.1097/FPC.0000000000000281
https://doi.org/10.1097/FPC.0000000000000281
https://doi.org/10.1097/MCG.0000000000000714
https://doi.org/10.1097/MCG.0000000000000714
https://doi.org/10.1038/ng.648
https://doi.org/10.7150/jca.27301
https://doi.org/10.7150/jca.27301
https://doi.org/10.1002/cncr.31382
https://doi.org/10.1002/cncr.26614
https://doi.org/10.1002/cncr.26614
https://doi.org/10.3748/wjg.v17.i29.3390
https://doi.org/10.3748/wjg.v17.i29.3390
https://doi.org/10.1002/mgg3.700

