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Abstract

Background: Endometriosis is one of the common benign gynecological diseases among reproductive aged women, which almost lead
to pelvic pain, infertility and menstrual disorders. There is no blood test available for the diagnosis of endometriosis. MUCI7 has
been revealed to play a role in a variety of cancers, but the role of MUC!7 single nucleotide polymorphisms (SNPs) in endometriosis
susceptibility remains unclear. Methods: In the present study, genotyping for four MUC17 polymorphisms in 117 endometriosis patients
and 118 female control participants was undertaken using the Agena Mass ARRAY. An unconditional logistic regression model was used
to estimate the role of MUC!7 gene polymorphisms in endometriosis. Results: Bioinformatics analysis showed that rs6966570 could be
relevant to the transcription factor binding sites of proteins bound and was related to expression quantitative trait Loci (eQTL) and Motifs.
Rs10246021 affected eQTL and Motifs. Nevertheless, there was no significant difference in the frequency of mutation of MUCI7 gene
between the case group and the control group (p > 0.05), the C allele of rs11979706 (OR: 0.37; 95% CI: 0.18-0.74; p: 0.03), the T allele of
1510246021 (OR: 0.43; 95% CI: 0.21-0.88; p: 0.018), the T allele of rs6966570 (OR: 0.45; 95% CI: 0.22-0.92; p: 0.026), and the T allele
of 154729655 (OR: 0.48; 95% CI: 0.26-0.88; p: 0.017) may be protective factors for the occurrence of dysmenorrhea in endometriosis.
Logistic regression analysis indicated genotypes MUC!7 rs11979706 CC and rs4729655 TT contribute a lower risk to dysmenorrhea
(p = 0.024, p = 0.034), respectively. Haplotype analysis showed that individuals with CTTT haplotypes had a lower risk of developing
dysmenorrhea (p = 0.008). In the log-additive model, the rs4729655 was associated with endometriosis-induced infertility. Conclusions:
On the whole, these findings demonstrate that MUC17 gene polymorphisms was not correlated with endometriosis susceptibility but was
associated with secondary dysmenorrheal and infertility in Central Plains Chinese women.
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1. Introduction dometriosis have been revealed [7,8], which implies that
gene mutations may serve a crucial purpose in the oc-
currence of endometriosis. Mucins are a group of high-
molecular-weight glycoprotein, which can be divided into
transmembrane and secretory categories. They affect the

occurrence of cancer by regulating inflammation, cell ad-

Endometriosis is defined as the presence of functional
endometrial glands and stroma outside the uterine cavity
with features of an array of symptoms including dysmen-
orrhea, infertility, excessive menstrual pain, pelvic pain
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with defecation and chronic pelvic pain, affecting 5-10%
of women of reproductive age [1,2]. The most common lo-
cations for the ectopic endometrial implants are the ovaries,
the uterosacral ligaments and the posterior cul-de-sac [3].
Diagnosis for endometriosis is solely made through surgery
as no consistent biomarkers for disease diagnosis exist. The
global average time of delayed diagnosis of endometrio-
sis is 10 years [4], while it is 13 years in Chinese women
[5]. Surgery combined with hormone drugs are commonly
used to treat endometriosis. But the current treatments are
mainly aimed at target symptoms but not the underlying
mechanisms of disease. Furthermore, the overall rate of
recurrence 5 years after the operation is up to 50%. The
theory of transplantation for the etiology of this disease
is widespread. However, the exact pathogenesis of en-
dometriosis is still obscure [6]. With the advent of genome-
wide association studies (GWAS), some loci related to en-

hesion or apoptosis, and can even supervise the damage and
repair of epithelial cells [9—11], which is being recognized
by clinical research institutes as a target for the treatment of
inflammation and cancer [12,13].

The MUC17 gene is located in the q22.1 region of the
chromosome, whose full-length open reading frame tran-
scribes 13 exons [14]. This protein has two EGF-like do-
mains, promoting cell proliferation, migration and restrain-
ing cell apoptosis by ErbB2 mechanism [15,16]. Previous
studies have demonstrated that MUC17 is critical for the
progression of breast cancer, colon cancer, cholangiocarci-
noma, and pancreatic ductal adenocarcinoma [17,18]. Par-
ticularly, evidence showed that MUC17 expression is el-
evated in epithelial ovarian cancer patients [19], patients
with endometriosis have a higher risk of developing ovar-
ian cancer [20]. Hence, we hypothesized that MUCI7
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Table 1. Functional annotation of MUC17 SNPs using RegulomeDB and HaploReg.

SNP Gene chromosome Position RegulomeDB HaploReg

rs4729655 MUC17 7q22.1 101058170 4 Selected eQTL

rs6966570 MuUcCi7 7q22.1 101051777 4 Proteinsbound, Motifs changed, Selected eQTL hits
rs10246021 MUCI7 7q22.1 101049399 5 Motifs changed, Selected eQTL hits
1511979706  MUCI7 7q22.1 101038078 5 DNase, missense

SNP, single nucleotide polymorphism; eQTL, expression quantitative trait loci; 4, TF binging + DNase peak; 5, TF binging or

DNase peakHWE.

may be the same risk factor in endometriosis as in ovar-
ian cancer. Moreover, a study of small sample size in Tai-
wan province found that the MUC!7 mutation was asso-
ciated with the development of endometriosis. There was
only one case reported so far. Therefore, we carried out a
study on women in central China to ascertain the correlation
between genetic variations of MUC!7 and endometriosis
among population in this area.

2. Methods
2.1 Study Participants

In the present case-control study, 117 endometrio-
sis patients were enrolled at The Third Affiliated Hos-
pital of Zhengzhou University between October 2018
and December 2019, and they were all diagnosed with
histopathological examination. Participants in the con-
trolled group were selected from unrelated patients who un-
derwent laparoscopy or laparoscopic surgery and excluded
endometriosis and adenomyosis due to hydrosalpinx, sim-
ple ovarian cyst or teratoma over the same period. All par-
ticipants were native populations of Henan and surrounding
provinces and not related. Those with genetic disorders in
the family history, gynecological benign or malignant neo-
plasm, and who have taken any hormone drugs within three
months were excluded. There were no statistical differ-
ences in the mean (£ SD) age (32.50 4 6.67, 32.85 £ 6.73
years) and the mean body mass index (BMI) (23.3 + 4.2,
23.9 4 2.9 kg/m?) between the case group and the control
group respectively (p > 0.05). We also recorded some clin-
ical information on patients, including dysmenorrhea, can-
cer antigen 125 (CA125) levels and fertility. This study was
approved by The Third Affiliated Hospital of Zhengzhou
University, and all participants have signed informed con-
sent.

2.2 Polymorphism Selection and Genotyping

Combining with previously published reports, and
a minor allele frequency of greater than 5% in the East
Asian population, we selected rs11979706, rs10246021,
186966570, and 1s4729655 from gnomAD databases (https:
//macarthurlab.org/2018/10/17/gnomad-v2-1/). Genomic
DNA was isolated by Genomic DNA Purification Kit
(BioTeke, Biotechnology, Beijing, China) in accordance
with the manufacturer’s instructions. The DNA concen-
tration and purity were determine dusing a Nanodrop 2000

(Thermo Fisher Scientific, Waltham, MA, USA). We per-
formed primers designing with Mass ARRAY Assay De-
sign 3.1 Software (Agena, San Diego, California, USA).
Agena Mass ARRAY RS1000 was utilized for SNP geno-
typing [21], and the data were analyzed using Mass ARRAY
Typer 4.0 software (Agena Bioscience Inc, San Diego, Cal-
ifornia, USA). In this study, the rate of success in geno-
typing was above 95%. In order to confirm the robustness
of the technology, we randomly chose 10% of samples for
genotyping in duplicate.

2.3 Bioinformatics Analyses

To confirm the effect of MUCI7 SNPs on allele-
specific transcriptional regulation and chromatin structure,
we used RegulomeDB [22] and HaploReg V4 [23].

2.4 Statistical Analysis

The y2-test was adopted to evaluate Hardy—Weinberg
equilibrium (HWE). Allele heterogeneity of patients and
controls was determined by applying the Fisher’s exact test
and the y2-test. The odds ratios (ORs) and 95% confidence
intervals (CIs) were estimated using a logistic regression
adjusted for age through the PLINK software [24]. Four
Genetic models were applied to estimate the relationship
between SNPs and EMs. The linkage disequilibrium (LD)
coefficient r2 among SNPs were assessed with Haploview
software [25]. The genetic effects of haplotypes were also
analyzed with PLINK software. All statistical tests were
with a two-sided p-value, and the threshold of p was set as
0.05.

3. Results
3.1 Bioinformatics Analyses

Although RegulomeDB lacks sufficient evidence to
prove that four loci affect transcription factor binding (Ta-
ble 1), HaploReg predicted that rs6966570 was likely to af-
fect Proteins bound and was related to eQTL and Motifs.
Additionally, rs10246021 may influence eQTL and Motifs.
The evidence of rs4729655 affecting EQTL is also avail-
able. Additionally, rs11979706 mutation can give rise to
mistranslation.

3.2 MUC17 Gene Polymorphisms and Endometriosis

The duplicate genotyping results were of 100% con-
cordance. Firstly, as shown in Table 2, the distribution
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Table 2. The basic information and allele frequencies of the SNPs.

allele frequencies

Allele HWE MAF OR (95% CI) p
Case, N (%) Control, N (%)

rs11979706 G 184 (78.6) 194 (82.2) 0.42 0.19 0.83 (0.53-1.30) 0.427
C 50 (21.4) 42 (17.8)

rs10246021 G 186 (79.5) 196 (83.0) 0.83 0.19 082 (0.51-1.32) 0.410
T 48 (20.5) 40 (17.0)

1$6966570 C 184 (78.7) 195 (82.6) 0.68 020 080 (0.51-1.27) 0.355
T 50 (21.3) 41 (17.4)

rs4729655 C 153 (65.9) 152 (64.7) 0.19 035 1.04 (0.99-1.09) 0.848
T 79 (34.1) 82 (35.3)

SNP, single nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval; HWE, Hardy-Weinberg

equilibrium; MAF, minor allele frequencies.
p < 0.05 indicates statistical significance.

of all the genotypes was in the HWE (p > 0.05). There-
fore, study subjects are regionally representative. Secondly,
Table 2 summarizes the alleles frequencies of the MUC17
gene among the endometriosis and the control group. The
result did not show any statistically significant difference
between the two groups (p > 0.05), nor the genotypes analy-
sis under each logistic regression model (codominant, dom-
inant, recessive and additive) (p > 0.05) (Table 3). Lastly,
link age analysis indicated that rs11979706, rs10246021,
r$6966570, and rs4729655 exhibit extremely significant
linkage disequilibrium (Fig. 1). We further examined the
effect of the haplotype “GGCC”, “CTTT” and “GGCT” fre-
quencies in the development of endometriosis. Similarly,
no association with EMs risk was found (p > 0.05) (Ta-
ble 4).

3.3 MUC17 SNP Polymorphism and Clinical Parameters
of Endometriosis Patients

Taking account into dysmenorrhea, infertility, as well
as CA125 levels associated with endometriosis [26], we fur-
ther investigated the role of the four SNPs of the MUC17
gene with regard to dysmenorrhea, infertility and serum
CA125 levels in patients. However, as shown in Table 5,
none of the gene polymorphisms associations with infertil-
ity and CA125 levels was discovered (p > 0.05), whereas
when patients were analyzed according to the occurrence of
dysmenorrhea, some significant association was detected.

Of note, in the allele model, the C allele of rs11979706
(OR: 0.37; 95% CI: 0.18-0.74; p = 0.03), the T allele of
rs10246021 (OR: 0.43; 95% CI: 0.21-0.88; p: 0.018), the
T allele of rs6966570 (OR: 0.45; 95% CI: 0.22-0.92; p:
0.026), and the T allele of rs4729655 (OR: 0.48; 95% CI:
0.26-0.88; p: 0.017) reduced the risk of the occurrence of
dysmenorrhea in endometriosis (Table 5). Further logis-
tic regression analysis was carried out. After adjustment
for age and BMI, we observed that the frequency of the
heterozygous variant of rs11979706 was a protective fac-
tor in patients with endometriosis (Table 5). The Reces-
sive model after adjustment for age showed that the indi-
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Fig. 1. The LD (linkage disequilibrium) among 4 SNPs of the
MUCI17 gene. Haplotype blocks for the 117 control subjects and
118 endometriosis patients were constructed according to the con-
fidence interval approach using Haploview software. The values
within each red square indicate the score of the related r2 mea-
sure for allelic association between SNPs. The greater the score
correspond to higher degrees of LD, up to a maximum of 1.

viduals with MUC17 rs11979706 CC genotype have a 93%
lower risk of dysmenorrheal than GC + GG genotype (OR:
0.07; 95% CI: 0.01-0.72; p: 0.024). Meanwhile, individ-
uals with rs4729655 TT genotype have a 72% lower risk
of dysmenorrheal than CT + CC genotype (OR: 0.28; 95%
CI: 0.09-0.91; p: 0.034). It is also worth noting that the
“log-additive” could be an extremely sensitive model in our
case. In this model, all four genetic loci were significantly
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Table 3. MUC17 genotype distributions based on logistic regression model analysis in endometriosis patients and controls.

SNP Model Genotype  Case, N (%)  Control, N (%) OR (95% CI) pe
GG 72 (61.5) 82 (69.5) 1 0.348
Codominant GC 40 (34.2) 30 (25.4) 0.61 (0.28-1.34)
CC 5(4.3) 6(5.1) 1.09 (0.58-2.02)
. GG 72 (61.5) 82 (69.5) 1 0.242
rs11979706 Dominant
GC+CC 45 (38.5) 36 (30.5) 0.72 (0.42-1.24)
. GG +GC 112 (95.7) 112 (94.9) 1 0.639
Recessive
CC 5(4.3) 6(5.1) 1.34 (0.39-4.60)
Log-additive — — — 0.83 (0.53-1.29) 0.421
GG 74 (63.2) 82 (69.5) 1 0.672
Codominant GT 38 (32.5) 32 (27.1) 0.85 (0.37-1.96)
TT 5(4.3) 4(3.4) 0.90 (0.45-1.78)
. GG 74 (63.2) 82 (69.5) 1 0.368
rs10246021 Dominant
GT+TT 43 (36.8) 36 (30.5) 0.77 (0.45-1.34)
. GG +GT 112 (95.7) 114 (96.6) 1 0.858
Recessive
TT 5(4.3) 4(3.4) 0.88 (0.22-3.41)
Log-additive — — — 0.82 (0.52-1.29) 0.392
CC 73 (62.4) 81 (68.7) 1 0.654
Codominant CT 38 (32.5) 33 (27.9) 0.81 (0.42-1.57)
TT 6(5.1) 4(3.4) 0.98 (0.43-2.119)
. CC 73 (62.4) 80 (67.8) 1 0.374
1s6966570 Dominant
CT+TT 44 (37.6) 38(32.2) 0.78 (0.45-1.34)
. CC+CT 111 (94.9) 114 (96.6) 1 0.609
Recessive
TT 6(5.1) 4(3.4) 0.71 (0.19-2.61)
Log-additive — — — 0.80 (0.51-1.26) 0.341
CC 55 (47.4) 50 (42.7) 1 0.542
Codominant TC 43 (37.1) 52 (44.5) 1.37 (0.78-2.41)
TT 18 (15.5) 15 (12.8) 0.95 (0.64-1.42)
. CC 55 (47.4) 50 (42.7) 1 0.502
154729655 Dominant
TC+TT 61 (52.6) 67 (57.3) 1.19 (0.71-2.01)
. CC+TC 98 (84.5) 102 (87.2) 1 0.570
Recessive
TT 18 (15.5) 15 (12.8) 0.80 (0.38-1.69)
Log-additive — — — 1.06 (0.74-1.53) 0.760

SNP, single nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval.

%Calculated by logistic regression model after adjusting for age and BML

p < 0.05 indicates statis.

Table 4. MUC17 haplotype frequencies in endometriosis patients and controls.

SNP Freq  Haplotype endometriosis %  control % p

0.645 GGCC 65.7 65.4 0.816
rs11979706/rs10246021/

0.185 CTTT 17.1 20.5 0.383
1s6966570/rs4729655

0.153 GGCT 17.0 14.1 0.370

SNP, single nucleotide polymorphism.

p < 0.05 indicates statistical significance.

associated with dysmenorrhea (p > 0.05), evenrs11979706
and rs4729655 seem to influence infertility risk. However,
similar conclusions were not discovered in other models.

As shown in Table 6, the four protective alleles hap-
lotypes were available for analysis. Unsurprisingly, haplo-
type “CTTT” showed a lower frequency of dysmenorrhea

in the endometriosis group (p = 0.008). On the contrary,
patients with haplotype “GGCC” showed a significantly in-
creased frequency of dysmenorrhea (p = 0.045) (Table 6,
Fig. 2). Therefore, MUC17 haplotypes could be an indica-
tor of dysmenorrhea in patients.
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Fig. 2. The LD (linkage disequilibrium) among 4 SNPs of the MUC17 gene that associated with dysmenorrhea in endometriosis
patients. Haplotype blocks for the 26 patients without infertility and 88 patients with infertility were constructed according to the
confidence interval approach using Haploview software. The values within each red square indicate the score of the related r2 measure
for allelic association between SNPs. The greater the score correspond to higher degrees of LD, up to a maximum of 1.
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Table 5. Associations of MUC17 SNP polymorphism and clinical characteristics of endometriosis patients.

Allele /Genotype

CA125 value

Reproduction ability

Dysmenorrhea

non-infertility,

non-dysmenorrhea, dysmenorrhea,

CA125 <352, N CAI25 >35%,N  OR (95% CI) Infertility, N OR (95% CI)  p° N N OR (95%CI)  p°
C/G 50/184 42/194 0.93 (0.41-2.12) 37/137 0.39 (0.14-1.04) 0.051 21/53 19/137  0.37(0.18-0.74) 0.030*
CC /GC/GG 5/40/72 6/30/82 1.92 (0.45-8.22) 6/26/56 0.51 (0.17-1.51) 0.095 5/11/21 1/17/60  2.10 (0.54-8.14) 0.035*
0.70 (0.26-1.89) 0.00 (0.00-NA®) 0.26 (0.08-0.79)
Dominant 1.09 (0.37-3.18) 0.41 (0.14-1.19) 0.103 0.39 (0.17-0.91) 0.031
Recessive 0.46 (0.06-3.31) 0.46 (0.06-3.31) 0.074 0.07 (0.01-0.72) 0.024*
Log-additive 0.94 (0.44-2.02) 0.37 (0.14-1.06) 0.046* 0.40 (0.20-0.80) 0.008*
T/G 48/186 40/196 0.91 (0.39-2.10) 35/139 0.91 (0.39-2.10) 0.072 19/55 19/137  0.43(0.21-0.88) 0.018*
TT/GT/GG 5/38/74 4/32/82 2.15 (0.49-9.46) 4/27/56 0.55(0.12-2.9) 0.133 3/13/21 1/17/60 136 (0.34-5.33) 0.060
0.64 (0.22-1.82) 0.90 (0.27-2.9) 0.34 (0.10-1.08)
Dominant 1.09 (0.37-3.18) 0.41 (0.14-1.19) 0.103 0.39 (0.17-0.91) 0.031
Recessive 0.38 (0.04-3.05) 0.38 (0.04-3.05) 0.153 0.14 (0.01-1.45) 0.102
Log-additive 0.89 (0.40—1.96) 0.40 (0.15-1.09)  0.066 0.43 (0.21-0.90) 0.024*
T/C 50/184 41/195 0.95 (0.41-2.21) 36/138 0.38 (0.13-1.12) 0.081 19/55 20/136  0.45(0.22-0.92) 0.026*
TT/CT/CC 6/38/73 4/33/81 2.29 (0.52-10.02) 0.535  4/28/55 0.45(0.15-1.32) 0.112 3/13/21 1/18/59  1.44(0.37-5.65) 0.592
0.65 (0.23-1.84) 0.00 (0.00-NA) 0.34 (0.11-1.09)
Dominant 1.17 (0.41-3.39) 0.38(0.13-1.12)  0.080 0.42 (0.18-0.97) 0.043*
Recessive 0.38 (0.04-3.04) 0.00 (0.00-NA) 0.155 0.14 (0.01-1.45) 0.103
Log-additive 0.94 (0.42-2.07) 0.39(0.14-1.05)  0.056 0.45 (0.22-0.93) 0.032*
TC 6/111 4/114 1.43 (0.66-3.07) 67/105 0.52 (0.26-1.04) 0.062 32/40 46/110  0.48 (0.26-0.88) 0.017*
TT/TC/CC 18/43/55 15/52/50 1.24 (0.39-3.95) 14/39/33 0.39 (0.13-1.14) 0.204 8/16/12 6/34/38  1.42(0.59-3.42) 0.079
1.30 (0.53-3.16) 0.53 (0.22-1.28) 0.48 (0.26-0.91)
Dominant 1.63 (0.62-4.27) 0.53(0.22-1.28) 0.158 0.53(0.23-1.24) 0.142
Recessive 1.34 (0.24-7.52) 0.18(0.02-1.51)  0.126 0.28 (0.09- 0.91) 0.034*
Log-additive 1.45 (0.70-3.00) 0.49 (0.24-0.99) 0.046* 0.47 (0.25-0.88) 0.017*

o)

2,

(i

4

Ss3id NI

*Indicates statistical significance.
@CA125 level: KU/L.
bCalculated by logistic regression model after adjusting for age and BML.

p < 0.05 indicates statistical significance.
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Table 6. MUC17 haplotype frequencies and the association with dysmenorrhea characteristic of endometriosis patients.

SNP Haplotype  Freq  Non-dysmenorrhea, %  Dysmenorrhea, % P
GGCC 0.651 69.8 57.6 0.045*

rs11979706/rs10246021/rs6966570/rs4729655 CTTT 0.169 12.6 27.0 0.008*
GGCT 0.167 17.6 154 0.631

*Indicates statistical significance; SNP, single nucleotide polymorphism.

p < 0.05 indicates statistical significance.

4. Discussion

Endometriosis is a common gynecological disease,
and secondary dysmenorrhea is a typical manifestation of
endometriosis. In our study, 67.8% of the patients with
endometriosis had dysmenorrhea symptoms. Previous re-
ports showed that dysmenorrhea is caused by the local in-
flammatory response due to the ectopic implantation of
endometrial cells. This response leads to the release of
inflammatory factors, promoting uterine contraction, af-
terwards, triggering dysmenorrhea. Yang B et al. [27]
found MUC17 maintained the MYH9-p53-RhoA regula-
tory feedback loop through the EGF-like domain and down-
stream sequence, and then activated p38 signal to transduce
NF-x£B pathway inhibiting the expression of IL1 and IL8
etc. Other studies have shown that the NF-xB pathway
can influence dysmenorrhea severity by modulating the ex-
pression of prostaglandin synthesis enzyme COX-2 [28].
IL15 was related to a pain effect of dysmenorrhea [29].
IL-8 is also associated with the severity of dysmenor-
rhea and the proliferation of endometrium stromal cells
[30,31]. Furthermore, our results suggest that the vari-
ants (rs11979706, rs10246021, 156966570, rs4729655) of
MUC17 were linked to the incidence of dysmenorrhea. In
addition, bioinformatics analysis found that the rs4729655
SNP site is positioned in the 3’-UTR of MUCI17, and ge-
netic variation in the 3’UTR of the target gene may af-
fect miRNA binding and miRNA stability. Hence, we sus-
pect that mutations at rs4729655 affect P53 or P38 path-
way by regulating specifically targeted miRNA to regu-
late inflammatory response. Furthermore, the mutation of
rs11979706 can produce missense mutation, and previous
study has revealed that missense mutations in the mucin
gene may affect the immune response and cell survival
by creating new antigen determinants [32]. On the other
hand, our study found rs11979706, rs10246021, rs6966570,
and rs4729655 show strong linkage disequilibrium, and the
variations of rs10246021 and rs6966570 may affect the en-
tire haplotype to work. The above observations provide
clues for us to infer that genetic element may lead to al-
tered endometriosis-associated dysmenorrhea by affecting
the expression of MUC17 protein and the release of inflam-
matory cytokines.

However, unfortunately, we did not discover that
MUCI7 (rs11979706, rs10246021, rs6966570, rs4729655)
gene polymorphisms were associated with endometriosis in
Central Plains Chinese women. Similar to our results, Yang
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Cetal. [33] failed to show a correlation between rs4729655
polymorphism and the risk of endometriosis in Taiwan pop-
ulation either. However, they revealed the genetic variation
of rs4729655 was associated with a lower risk of infertility,
which was also reflected in the data we obtained, not ob-
vious, though. As they research suggests, the rs4729655
could link to endometriosis-related infertility through reg-
ulate miR-4508 and miR-3158-3p expression. Moreover,
rs11979706 also played a protector role in our study, which
may work through the missense mutations and haplotype
mechanisms above mentioned.

However, several limitations need consideration in our
study. Endometriosis may be a disease caused by multiple
factors and genes. Whether the interaction with other genes
can affect the occurrence and development of endometrio-
sis requires a lot of cellular and molecular biological evi-
dence. Moreover, the sample size of our research is small,
and whether this result can be necessarily generalizable to
the whole Chinese population has yet to be confirmed by
a larger cohort, multi-regional, and multi-ethnic joint re-
search.

5. Conclusions

In conclusion, this study showed that the MUC17 gene
polymorphism could not be a significant relevant factor to
endometriosis in Central Plains Chinese women. Nonethe-
less, MUC17 SNP locis and haplotype could be poten-
tial targets of endometriosis dysmenorrhea and treatment
in this population, and reference index for patients with
endometriosis-induced infertility to choose in vitro fertil-
ization (IVF). Future study should be in larger populations,
in an attempt to clarify the relationship between MUCI7
gene polymorphism and endometriosis, and establish the
system of endometriosis cell lines research to perform func-
tional tests to further understand the association between
MUCI7 locus mutation and endometriosis.

Author Contributions

MQ—Conceptualization, Formal Analysis, Investiga-
tion, Methodology, Software, Resources, Writing - original
draft; HZ—Conceptualization, Formal Analysis, Data Cu-
ration, Methodology, Resources, Writing - original draft;
YX—Data Curation, Methodology, Resources, Software,
Writing - review & editing. LY—Conceptualization, For-
mal Analysis, Investigation, Project administration, Writ-
ing - review & editing. All authors read and approved the


https://www.imrpress.com

final manuscript.

Ethics Approval and Consent to Participate

All subjects gave their informed consent for inclusion

before they participated in the study. The study was con-
ducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Committee of The
Third Affiliated Hospital of Zhengzhou University (Ap-
proval number: (2019) Medical ethics review NO.20).

Acknowledgment

Not applicable.

Funding

This work was supported by National Health and Fam-

ily Planning Commission of Henan Province (Grant No.
2018020215).

Conflict of Interest

The authors declare no conflict of interest.

References

(1]
(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Giudice LC, Kao LC. Endometriosis. The Lancet. 2004; 364:
1789-1799.

Zondervan KT, Becker CM, Koga K, Missmer SA, Taylor RN,
Vigano P. Endometriosis. Nature Reviews Disease Primers.
2018; 4: 9.

D’Alterio MN, D’Ancona G, Raslan M, Tinelli R, Daniilidis
A, Angioni S. Management challenges of deep infiltrating en-
dometriosis. International Journal of Fertility & Sterility. 2021;
15: 88-94.

Eisenberg V, Weil C, Chodick G, Shalev V. Epidemiology of
endometriosis: a large population-based database study from a
healthcare provider with 2 million members. BIOG: An Interna-
tional Journal of Obstetrics & Gynaecology. 2018; 125: 55-62.
Han XT, Guo HY, Kong DL, Han JS, Zhang LF. Analysis of
characteristics and influence factors of diagnostic delay of en-
dometriosis. Zhonghua Fu Chan Ke Za Zhi. 2018; 53: 92-98.
Wang Y, Nicholes K, Shih I. The origin and pathogenesis of en-
dometriosis. Annual Review of Pathology: Mechanisms of Dis-
ease. 2020; 15: 71-95.

Treloar SA, Wicks J, Nyholt DR, Montgomery GW, Bahlo M,
Smith V, et al. Genomewide linkage study in 1176 affected sis-
ter pair families identifies a significant susceptibility locus for
endometriosis on chromosome 10q26. The American Journal of
Human Genetics. 2005; 77: 365-376.

Albertsen HM, Chettier R, Farrington P, Ward K. Genome-wide
association study link novel loci to endometriosis. PLoS ONE.
2013; 8: e58257.

Pelaseyed T, Bergstrom JH, Gustafsson JK, Ermund A,
Birchenough GMH, Schiitte A, et al. The mucus and mucins of
the goblet cells and enterocytes provide the first defense line of
the gastrointestinal tract and interact with the immune system.
Immunological Reviews. 2014; 260: 8-20.

Kaur S, Kumar S, Momi N, Sasson AR, Batra SK. Mucins in
pancreatic cancer and its microenvironment. Nature Reviews
Gastroenterology & Hepatology. 2013; 10: 607-620.

Kufe DW. Mucins in cancer: function, prognosis and therapy.
Nature Reviews Cancer. 2009; 9: 874-885.

Macha MA, Krishn SR, Jahan R, Banerjee K, Batra SK, Jain
M. Emerging potential of natural products for targeting mucins

[16]

[17

—

[19

—

[22

—

[23

—

[24

[l

[25

[t

[26

[l

[27]

[28]

[29]

[30

-

for therapy against inflammation and cancer. Cancer Treatment
Reviews. 2015; 41: 277-288.

L. Ho J. Mucins in the diagnosis and therapy of pancreatic can-
cer. Current Pharmaceutical Design. 2000; 6: 1881-1896.
Moniaux N, Junker WM, Singh AP, Jones AM, Batra SK. Char-
acterization of human mucin MUCI!7. Journal of Biological
Chemistry. 2006; 281: 23676-23685.

Ho SB, Dvorak LA, Moor RE, Jacobson AC, Frey MR, Corredor
J, et al. Cysteine-rich domains of Muc3 intestinal mucin promote
cell migration, inhibit apoptosis, and accelerate wound healing.
Gastroenterology. 2006; 131: 1501-1517.

Peng Z, He Y, Yang Y, Zhu R, Bai J, Li Y, et al. Autoproteoly-
sis of the SEA module of rMuc3 C-terminal domain modulates
its functional composition. Archives of Biochemistry and Bio-
physics. 2010; 503: 238-247.

Wardell CP, Fujita M, Yamada T, Simbolo M, Fassan M, Karlic
R, et al. Genomic characterization of biliary tract cancers iden-
tifies driver genes and predisposing mutations. Journal of Hep-
atology. 2018; 68: 959-969.

Al Amri WS, Allinson LM, Baxter DE, Bell SM, Hanby AM,
Jones SJ, et al. Genomic and Expression Analyses Define
MUCI17 and PCNXI1 as Predictors of Chemotherapy Response
in Breast Cancer. Molecular Cancer Therapeutics. 2020; 19:
945-955.

Heinzelmann-Schwarz VA, Gardiner-Garden M, Henshall SM,
Scurry JP, Scolyer RA, Smith AN, ef al. A distinct molecu-
lar profile associated with mucinous epithelial ovarian cancer.
British Journal of Cancer. 2006; 94: 904-913.

Kim HS, Kim TH, Chung HH, Song Y'S. Risk and prognosis of
ovarian cancer in women with endometriosis: A meta-analysis.
British Journal of Cancer. 2014; 110: 1878—-1890.

Gabriel S, Ziaugra L, Tabbaa D. SNP Genotyping using the
sequenom MassARRAY iPLEX platform. Current Protocols in
Human Genetics. 2009; 60: 2.12.1-2.12.18.

Boyle AP, Hong EL, Hariharan M, Cheng Y, Schaub MA,
Kasowski M, et al. Annotation of functional variation in per-
sonal genomes using RegulomeDB. Genome Research. 2012;
22: 1790-1797.

Ward LD, Kellis M. HaploReg v4: systematic mining of putative
causal variants, cell types, regulators and target genes for human
complex traits and disease. Nucleic Acids Research. 2016; 44:
D877-D88]1.

Bland JM. Statistics Notes: the odds ratio. BMJ. 2000; 320:
1468-1468.

Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and
visualization of LD and haplotype maps. Bioinformatics. 2005;
21: 263-265.

Muyldermans M, Cornillie FJ, Koninckx PR. CA125 and en-
dometriosis. Human Reproduction Update. 1995; 1: 173-187.
Yang B, Wu A, Hu Y, Tao C, Wang JM, Lu Y, ef al. Mucin 17
inhibits the progression of human gastric cancer by limiting in-
flammatory responses through a MYH9-p53-RhoA regulatory
feedback loop. Journal of Experimental & Clinical Cancer Re-
search. 2019; 38: 283.

Li B, Chen M, Liu X, Guo S. Constitutive and tumor necrosis
factor-a-induced activation of nuclear factor-kB in adenomyosis
and its inhibition by andrographolide. Fertility and Sterility.
2013; 100: 568-577.

. Evans SF, Kwok YH, Solterbeck A, Liu J, Hutchinson MR,
Hull ML, et al. Toll-Like Receptor Responsiveness of Peripheral
Blood Mononuclear Cells in Young Women with Dysmenorrhea.
Journal of Pain Research. 2020; 13: 503-516.

Malhotra N, Karmakar D, Tripathi V, Luthra K, Kumar S. Cor-
relation of angiogenic cytokines-leptin and IL-8 in stage, type
and presentation of endometriosis. Gynecological Endocrinol-
ogy. 2012; 28: 224-227.

&% IMR Press


https://www.imrpress.com

[31] Ohata Y, Harada T, Miyakoda H, Taniguchi F, Iwabe T, Ter- in long-term survivors of pancreatic cancer. Nature. 2017; 551:

akawa N. Serum interleukin-8 levels are elevated in patients with 512-516.

ovarian endometrioma. Fertility and Sterility. 2008; 90: 994— [33] Yang C, Chang CY, Lai M, Chang H, Lu C, Chen Y, et al. Ge-

999. netic variations of MUC17 are associated with endometriosis de-
[32] Balachandran VP, Luksza M, Zhao JN, Makarov V, Moral JA, velopment and related infertility. BMC Medical Genetics. 2015;

Remark R, ef al. Identification of unique neoantigen qualities 16: 60.

@B IMR Press 9


https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Study Participants
	2.2 Polymorphism Selection and Genotyping
	2.3 Bioinformatics Analyses
	2.4 Statistical Analysis

	3. Results
	3.1 Bioinformatics Analyses
	3.2 MUC17 Gene Polymorphisms and Endometriosis
	3.3 MUC17 SNP Polymorphism and Clinical Parameters of Endometriosis Patients

	4. Discussion
	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

