Diabetes, Metabolic Syndrome and Obesity Dove

ORIGINAL RESEARCH

Association Between rs2278426 Polymorphism of
the ANGPTL8 Gene and Polycystic Ovary Syndrome

Han Wu"*, Hui Wangz’*, Lixia Sun3'*, Mengchen Liu', Haoran Wang', Xianchang Sun4, Wenjuan ZhangI

'Center for Reproductive Medicine, The Second Affiliated Hospital of Shandong First Medical University, Taian, 271000, People’s Republic of China;
2Gynecological Minimally Invasive Surgery Center, The Affiliated Taian City Central Hospital of Qingdao University, Taian, 271000, People’s Republic
of China; 3Department of Hematology, The Affiliated Taian City Central Hospital of Qingdao University, Taian, 271000, People’s Republic of China;
“Department of Physiology, Shandong First Medical University & Shandong Academy of Medical Sciences, Jinan, 250117, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Wenjuan Zhang, Center for Reproductive Medicine, The Second Affiliated Hospital of Shandong First Medical University, 366
Taishan Street, Taian, 271000, People’s Republic of China, Email wenjuanzhang! | |9@163.com; Xianchang Sun, Department of Physiology, Shandong
First Medical University & Shandong Academy of Medical Sciences, 6699 Qingdao Road, Jinan, 250117, People’s Republic of China,

Email hotsss@ |63.com

Purpose: To study the relationship between the single nucleotide polymorphism (SNP) rs2278426 in the angiopoietin-like protein 8
gene (ANGPTLS) and polycystic ovary syndrome (PCOS).

Patients and methods: A total of 122 patients with PCOS and 108 controls were recruited for comparison of glucose, lipid, insulin,
sex hormone, and ANGPTLS levels. Polymerase chain reaction (PCR) and gene sequencing were performed for comparison of the
frequency of the CC, CT, and TT rs2278426 genotypes and the rs2278426 allele distributions between the PCOS and control groups
and between the obese and non-obese subgroups of the PCOS and control groups.

Results: The frequency of the T allele was significantly higher in the PCOS group than that in the controls (P = 0.037). In the
dominant genetic model, the proportion of the CT+TT genotype in the PCOS group was significantly higher than that in the controls
(P = 0.047). Subgroup analysis demonstrated that the T allele proportion was significantly higher in obese PCOS group than obese
control group (P = 0.027). PCOS with the CT+TT genotype had significantly higher body mass index (BMI; P = 0.001), triglyceride
(TG; P =0.005), homeostasis model assessment of insulin resistance (HOMA-IR; P = 0.035), testosterone (P = 0.041), and ANGPTLS
(P =0.037) levels and significantly lower high-density lipoprotein (HDL) levels (P = 0.025) than PCOS with the CC genotype. Obese
PCOS group with the CT+TT genotype had significantly higher TG (P = 0.015), luteinizing hormone (LH; P = 0.030), fasting insulin
(FINS; P = 0.039), HOMA-IR (P = 0.018), and ANGPTLS (P = 0.049) levels than obese PCOS group with the CC genotype.
Conclusion: Polymorphisms of 152278426 may induce glycolipid metabolic disorders by affecting ANGPTLS levels and functions in
Han Chinese females with obesity from the Shandong region, increasing the risk of PCOS in this population.

Keywords: angiopoietin-like protein 8, insulin resistance, metabolic disorder, obesity, polycystic ovary syndrome, single nucleotide
polymorphism

Introduction
Polycystic ovary syndrome (PCOS) is a reproductive endocrine disorder frequently affecting females of childbearing age
that mainly manifests as menstrual disorder, hirsutism, obesity, and infertility. Possibly affecting females their entire lives,
PCOS has become a significant global public health concern related to reproduction, diabetes, cardio-cerebrovascular
events, reproductive system malignancy, and mental health.'" Despite extensive research, the exact etiology and
pathogenesis of PCOS remain unknown. With the recent development of gene detection technology, much focus has
been placed on genetic factors. Several PCOS-related susceptibility genes and single-nucleotide polymorphisms (SNPs)
have been identified that may be key targets for exploring the cause, prevention, diagnosis, and treatment of PCOS.*
Characterized by the coding product angiopoietin-like protein 8 (ANGPTLS), also referred to as betatrophin, the
ANGPTLS gene contains 183 amino acid residues mainly secreted in the liver and lipids. Located in the 14th intron at the
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dedicator of cytokinesis 6 (DOCK6). ANGPTLS corresponds to the open reading frame 80 of chromosome 19 (C190rf80).
ANGPTLS can affect glycolipid metabolism and energy metabolism by stimulating B-cell proliferation and regulating the
activity of lipoprotein lipase (LPL) or the triglyceride lipase,” and its aberrant expression has been shown to correlate with
a variety of metabolic diseases.®’ Upregulated serum ANGPTLS levels have been observed in patients with PCOS and
might be associated with insulin resistance (IR) and high androgen levels. Although these phenomena are often involved in
the pathological and physiological processes of PCOS,* ! little research has been conducted on the gene level.

Among the few studies conducted to date, two genome-wide association studies (GWASs) showed that ANGPTLS
contains three single nucleotide polymorphism (SNP) mutant loci related to lipid metabolism: rs2278426 (C>T), rs737337
(T>C), and rs145464906 (C>T).'*'* The mutant of rs145464906 (C>T), a low-frequency synonymous mutation (minor
allele frequency [MAF] 0.01% to 0.1%) located at locus 361 of the gene coding region of ANGPTLS, has not been
extensively studied due to the difficulty in its detection. Rs737337 (T>C) is a synonymous mutation located 2.8 kb upstream
the transcription initiation locus of ANGPTLS whose effects on metabolic diseases have been largely disputed. To date,
1s2278426 (C>T), which is located in the second exon of ANGPTLS gene, has been the most studied locus. GWASs have
shown that rs2278426 is an important mutant locus related to glycolipid metabolism in the Taiwanese population.'* The
polymorphism of this locus induces the abnormal structure and instability of ANGPTLS protein, increasing the risk of
metabolic diseases such as diabetes and obesity.'> !’

Given that glycolipid disorder is a key determinant of PCOS, we speculate that rs2278426 polymorphism may be
closely associated with PCOS. However, to date no studies have investigated the relationship between rs2278426
polymorphism and PCOS. To fill this research gap, we conducted a case-control study to examine the effects of
1rs2278426 polymorphism on the phenotypes of PCOS in a population of Han Chinese females of childbearing age.

Materials and Methods

Subjects
Between January 2020 and January 2022, 122 outpatients with PCOS and 108 healthy controls were recruited from the
Department of Reproduction Medicine at the Second Affiliated Hospital of Shandong First Medical University. Both
patient groups were subdivided by body mass index (BMI) into an obese/overweight (BMI > 24 kg/m?) and a non-obese
(BMI < 24 kg/m?) subgroup. Patients were diagnosed with PCOS using the Rotterdam Criteria formulated by the
American Society for Reproductive Medicine and European Society of Human Reproduction and Embryology in 2003.'8
Females treated for infertility during the same period who had regular menstrual cycles (<25 menstrual cycles in <35
days) were recruited as participants in the control group. All the controls had normal cyclic androgen levels and normal
ovary shapes on ultrasonic examination. None of the patients had acute or chronic diseases, including thyroid dysfunc-
tion, cardiovascular diseases, autoimmune diseases, tumors, liver or renal dysfunction, mental abnormalities, or mental
diseases. To maximally reduce interference from confounders, patients who had unhealthy habits that could interfere with
reproductive function (eg, cigarette smoking or excessive alcohol consumption) or used contraceptives, hormones,
glucocorticoids, ovulation-stimulating drugs, decompressive drugs, lipid-lowering drugs, antidiabetic drugs, or weight-
loss drugs were excluded.

This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of Shandong First
Medical University (Ethics approval number 202,004,014). All participants were informed about the purpose of the study
and signed an informed consent.

Methods

Measurement of Basic Indices

Clinical baseline data, including height, weight, and waist and hip circumference, were measured and BMI and waist-to-
hip ratio calculated for all participants.

Detection of Clinical Biochemical Immune Indices and Serum ANGPTL8 Concentration
For all subjects, elbow venous blood was collected after fasting on the second to fifth day of the menstrual cycle. Follicle-
stimulating hormone (FSH), luteinizing hormone (LH), progesterone (P), prolactin (PRL), estradiol (E,), testosterone, and
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fasting insulin (FINS) levels were measured using a chemiluminescence (Siemens Healthcare Diagnostics, Erlangen,
Germany). Fasting blood glucose (FBG), triglyceride (TG), cholesterol (TC), high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) levels were detected using a full-auto biochemical analyzer. Serum ANGPTLS concentrations were
monitored using an enzyme-linked immunosorbent assay (ELISA) analyzer (EIAab Science Co., Ltd., Wuhan, China), and
4-mL blood samples preserved in ethylene diamine tetraacetic acid (EDTA) were stored at —80°C. IR was evaluated using
homeostasis model assessment of IR (HOMA-IR), according to which HOMA — IR= (FINS x FBG)/22.5.

Detection of ANGPTL8 Gene Polymorphism

Genomic DNA from peripheral blood cells was extracted using an Ezup columnar blood genomic DNA extraction kit
(B518253; Sangon Biotech Co., Ltd., Shanghai, China). The target gene was obtained from polymerase chain reaction
(PCR) amplification in which the forward primer was 5-CAGGAGTTCTATTGTGCGGC-3', and the reverse primer was
5'-CCTGATGCAACTAT CGCACC-3"."> The PCR conditions were pre-denaturation at 95°C for 5 minutes, denaturation at
94°C for 30 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 50 seconds for 35 cycles followed by
extension at 72°C for 8 minutes. The length of the amplified fragment was 387 bp, and the amplified PCR product was
detected via 2% agarose gel electrophoresis. After the product was purified using a BigDye Terminator v3.1 (ABI Scientific,
Sterling, VA, USA), two-way sequencing was performed with a 3730XL sequencing analyzer (ABI Scientific). Genotypes
were identified by an experienced technician, and all samples were double genotyped with 100% concordance.

Statistical Analysis

Statistical analysis was performed using SPSS version 20.0 (IMB, Armonk, NY, USA). Quantitative data were tested
using the Student’s r-test and expressed as the mean + standard deviation (SD). Categorical data were tested using the y*
test and expressed as the frequency and percentage. The Hardy—Weinberg genetic equilibrium was analyzed using the
goodness-of-fit ¥2 test. Distributions of genotype and allele frequency were estimated using direct counting. The
differences among the three genotypes and allelic frequencies between the groups were compared using the y2 test.
The risk (odds ratio [OR]) of PCOS associated with genotype was calculated using logistic regression. The significance
level for all statistical analyses was a = 0.05.

Results

Comparison of Clinical Indices Between PCOS and Control Groups

The BMI, FINS, HOMA-IR, TC, LDL, LH, LH/FSH, Testosterone, and ANGPTLS levels of the PCOS group were all
significantly higher than those of the control group (P < 0.05), whereas the HDL level was significantly lower (P =
0.001). There were no significant differences in other clinical indices between the two groups (Table 1).

Subgroup Comparison of Clinical Indices Between PCOS and Control Groups

Obesity has been identified as an independent risk factor for PCOS. To clarify and validate the effects of obesity on the
PCOS and control groups, each group was divided by BMI into an obese and a non-obese subgroup for re-comparison of
clinical indices. In the PCOS group, BMI (P < 0.001), WHR (P < 0.001), FBS (P =0.001), FINS (P = 0.001), HOMA-IR
(P<0.001), TG (P <0.001), LDL (P <0.001), and ANGPTLS (P <0.001) levels were all significantly higher in the obese
subgroup than the non-obese subgroup. In contrast, HDL (P < 0.001), LH (P <0.001), and LH/FSH (P = 0.024) levels were
significantly lower in the obese subgroup. In the control group, however, only BMI (P <0.001), WHR (P <0.001), and TG
(P =0.003) levels were significantly higher in the obese subgroup than the non-obese subgroup (Table 2).

Distributions of SNPrs2278426 Genotypes and Alleles in PCOS and Control Groups
Testing of ANGPTLS gene polymorphism in all participants revealed rs2278426 has three genotypes—CC, CT, and TT. The
genotype distributions of 12278426 were in Hardy—Weinberg equilibrium in the PCOS and control groups (P > 0.05) and did not
significantly differ between the two groups. Analysis with a recessive inheritance model showed neither CC + CT nor TT
frequency significantly differed between the PCOS and control groups (P =0.077) but indicated a strong association between risk
of PCOS and TT (OR = 2.383, 95% confidence interval [CI] = 0.890—6.381). Analysis with a dominant inheritance model
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Table | Comparison of Clinical Indices Between PCOS and Control

Groups
PCOS (n=122) | Control (n=108) P
Age (y) 28.35+3.52 28.94+2.00 0.125
BMI 24.36+3.23 23.54+2.73 0.041
WHR 0.83+0.07 0.82+0.05 0.479
FBS (mmol/L) 5.25+0.51 5.19+0.37 0.279
FINS (umol/L) 12.33+4.94 9.12+2.51 <0.001
HOMA-IR 2.94%1.25 2.11+0.65 <0.001
TG (mmol/L) 1.35£0.42 1.30£0.50 0.436
TC (mmol/L) 4.48+0.67 4.22+0.80 0.009
HDL (mmol/L) 1.37£0.25 1.54+0.48 0.001
LDL (mmol/L) 2.67+0.51 2.41+0.61 <0.001
FSH (IU/L) 5.64%].68 5.79+1.23 0.434
LH (IU/L) 12.09+3.85 5.54+3.20 <0.001
LH/FSH 2.23+0.82 0.98+0.56 <0.001
Testosterone (nmol/L) 2.45+0.95 1.49+0.60 <0.001
PRL (ng/mL) 15.61+5.24 14.7246.55 0.256
P (nmol/L) 0.74+0.25 0.76+0.25 0.397
E, (pg/mL) 52.34+15.87 52.65+9.63 0.862
ANGPTLS (ng/L) 296.64+32.34 211.63+30.73 <0.001

Notes: Student’s t-test was applied; P < 0.05 was considered statistically significant.
Abbreviations: BMI, body mass index; WHR, waist-hip ratio; FBS, Fast blood glucose; FINS,
fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance; TG, triglyceride;
TC, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FSH, Follicle-
stimulating hormone; LH, luteinizing hormone; PRL, prolactin; P, progesterone; E,, estradiol.

Table 2 Subgroup Comparison of Clinical Indices Between PCOS and Control Groups

Variables PCOS group P Control group P
Non-obese (n=61) | Obese (n=61) Non-obese (n=54) | Obese (n=54)

Age (y) 28.13%3.18 28.57+3.85 0.490 29.19+2.48 28.70+1.34 0.212
BMI 21.70%1.40 27.01+2.18 <0.001 | 21.17+1.49 2591%1.18 <0.001
WHR 0.78+0.03 0.88+0.04 <0.001 | 0.78+0.03 0.87+0.03 <0.001
FBS (mmol/L) 5.10+0.38 5.40+0.58 0.001 5.12+0.38 5.26+0.34 0.051
FINS (umol/L) 10.81+3.79 13.84+5.49 0.001 8.88+2.38 9.36+2.64 0.325
HOMA-IR 2.47+0.92 3.42+1.36 <0.001 | 2.02+0.58 2.20+0.70 0.151
TG (mmol/L) 1.15+0.36 1.54+0.36 <0.001 | I.16+0.36 1.44+0.57 0.003
TC (mmol/L) 4.40+0.62 4.56+0.72 0.174 | 4.24+0.96 4.21+0.60 0.866
HDL (mmol/L) 1.47+0.25 1.2440.20 <0.001 | 1.62+0.58 1.45+0.32 0.072
LDL (mmol/L) 2.48+0.51 2.86+0.51 <0.001 | 2.36+0.67 2.45+0.56 0.514
FSH (IU/L) 5.68+1.39 5.60+1.94 0.801 5.91%1.60 5.67+0.68 0.305
LH (IU/L) 13.51£3.71 10.74£3.51 <0.00!1 | 5.70+3.21 5.39+3.20 0599
Testosterone (nmol/L) | 2.35%1.10 2.56+0.78 0.216 1.51£0.59 1.47+0.60 0.737
PRL (ng/mL) 14.9244.39 16.2945.92 0.147 15.25+6.43 14.19+6.68 0.399
P (nmol/L)) 0.71+0.24 0.77+0.25 0.169 0.80+0.33 0.73+0.14 0.181
E, (pg/mL) 54.01+16.01 50.58+15.68 0.240 53.82+12.36 51.43+5.39 0.203
LH/FSH 2.40+0.76 2.07+0.85 0.024 1.01£0.58 0.94+0.53 0.487
ANGPTLS8 (ng/L) 275.78+25.26 317.51+24.21 <0.001 | 210.46+37.96 212.79+21.51 0.696

Notes: Student’s t-test was applied; P < 0.05 was considered statistically significant;

Abbreviations: BMI, body mass index; WHR, waist-hip ratio; FBS, Fast blood glucose; FINS, fasting insulin, HOMA-IR, homeostasis model assessment
of insulin resistance; TG, triglyceride; TC, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FSH, Follicle-stimulating hormone;
LH, luteinizing hormone; PRL, prolactin; P, progesterone; E;, estradiol.

1752 "o Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wu et al

demonstrated that the proportion of CT+TT in the PCOS group was significantly higher than that in the control group (44.27% vs
33.33%, P=0.047). Risk analysis showed the risk of PCOS due to CT+TT was 1.728 times that that due to CC (95% CI = 1.006—
2.968). Allele frequency analysis showed the frequency of the T allele in the PCOS group was significantly higher than that in the
control group (28.28% vs 18.52%, P=0.037) and the rs2278426 polymorphism increased the risk of PCOS (OR = 1.586, 95% CI
=1.027-2.451). Details of the findings are listed in Table 3.

Comparison of rs2278426 Genotypes and Allele Frequency in Obese and Non-Obese
Subgroups

In the non-obese subgroups, the frequency of neither the three rs2278426 genotypes nor the alleles significantly differed
between the PCOS and control groups (P = 0.42 and P = 0.219, respectively). Although the three rs2278426 genotypes did
not significantly differ between the obese PCOS and obese control groups (P = 0.113), T allele frequency was significantly
higher in the obese PCOS (34.43%) than obese control (21.30%) group. Relative risk analysis showed the risk of PCOS was
higher in obese patients carrying the T allele than the C allele (OR = 1.940, 95% CI = 1.072-3.511; Table 4).

Comparison of Subgroup rs2278426 Genotype and Allele Frequency

Subgroup comparison of the difference in SNP distribution between the obese and non-obese PCOS subgroups revealed
no significant differences regarding the three rs2278426 genotypes but a significantly higher T allele frequency in the
obese PCOS (34.43%) than non-obese PCOS (22.13%) subgroup (Table 5).

Table 3 Distributions of SNPrs2278426 Genotypes and Alleles in PCOS and Control Groups

PCOS (n, %) | Control (n, %) | 1 P OR (95% CI)

Genotype CcC 68(55.73) 74(68.52) 5.083 | 0.079

CT 39(31.97) 28(25.92)

TT 15(12.30) 6(5.56)
Recessive model | CC+CT | 107(87.70) 102(94.44) 3.136 | 0.077 | |

TT 15(12.30) 6(5.56) 2.383(0.890-6.381)
Dominant model | CC 68(55.73) 74(66.67) 3.961 | 0.047 | |

CT+TT | 54(44.27) 34(33.33) 1.728(1.006-2.968)
Allelic genes C 175(71.72) 176(81.48) 4359 | 0.037 | |

T 69(28.28) 40(18.52) 1.586(1.027-2.451)

Notes: Chi-squared test was applied; P < 0.05 was considered statistically significant; n (%), Number of cases (percentage).
Abbreviations: OR, odds ratio; Cl, confidence interval.

Table 4 Comparison of rs2278426 Genotypes and Allele Frequency in Obese and Non-Obese Subgroups

PCOS (n, %) | Control (n, %) 7 P OR (95% CI)
Non-obese patients | Genotypes CC | 40(65.57) 39(74.22) 1.736 | 0.42
CT | 15(24.59) 13(24.08)
TT | 6(9.84) 2(3.70)
Allelic genes | C 95(77.87) 91(84.26) 1.512 | 0.219 |
T 27(22.13) 17(15.74) 1.521(0.777-2.978)
Obese patients Genotype CC | 28(45.90) 35(64.81)
CT | 24(39.34) 15(27.78) 4368 | 0.113
Allelic genes | TT | 9(14.76) 4(7.41)
C 80(65.57) 85(78.70) 4.871 | 0.027 |
T 42(34.43) 23(21.30) 1.940(1.072-3.511)

Notes: Chi-squared test was applied; P < 0.05 was considered statistically significant; n (%), Number of cases (percentage).
Abbreviations: OR, odds ratio; Cl, confidence interval.
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Table 5 Comparison of Subgroup rs2278426 Genotype and Allele Frequency

Variables PCOS (n, %) Ve P Control group (n, %) | 1 P
Non-obese | Obese No-obese | Obese
Genotype CC | 40(65.57) 28(45.90) | 4.795 | 0.092 | 39(74.22) | 35(¢4.81) | 1.03 | 0.603
CT | 15(24.59) 24(39.34) 13(24.08) | 15(27.78)
TT | 6(9.84) 9(14.76) 2(3.70) 4(7.41)
Allelic genes | C | 95(77.87) 80(65.57) | 4.547 | 0.033 | 91(84.26) | 85(78.70) | 1.105 | 0.293
T | 27(22.13) 42(34.43) 17(15.74) | 23(21.30)

Notes: Chi-squared test was applied; P < 0.05 was considered statistically significant; n (%), Number of cases (percentage);

Comparison of Clinical Indices in rs2278426 Genotypes in PCOS and Control Groups
in Dominant Models
In the PCOS group, CT+TT carriers had significantly higher BMI (P = 0.01), TG (P = 0.05), Testosterone (P = 0.041),
HOMA-IR (P = 0.035) and ANGPTLS8 (P = 0.037) levels but significantly lower HDL levels (P = 0.025) than CC
carriers. In the control group, CT+TT carriers had significantly lower HDL levels than CC carriers (P = 0.048), but none

of the other clinical indices significantly differed between the groups (Table 6).

Comparison of Clinical Indicators of rs2278426 Genotypes Among Different
Subgroups

The results revealed that patients in the obese PCOS subgroup carrying CT+TT had significantly higher BMI (P = 0.019),
TG (P =0.015), LH (P = 0.030), FINS (P = 0.039), HOMA-IR (P = 0.018), and ANGPTLS (P = 0.049) levels than those

Table 6 Comparison of Clinical Indices in rs2278426 Genotypes in PCOS and Control Groups in

Dominant Models

PCOS P Control P
CC CT+TT CcC CT+TT

Case(n) 68 54 74 34

Age (y) 28.60+3.75 28.04+3.22 0.380 | 29.03+2.08 28.77+1.85 0.536
BMI 23.51+2.97 25.42+3.27 0.001 | 23.37+2.60 23.90+3.00 0.340
WHR 0.82+0.07 0.84+0.06 0.081 | 0.82+0.05 0.83+0.06 0.379
TG (mmol/L) 1.25+0.37 1.46+0.45 0.005 | 1.27+0.49 1.3740.51 0.340
TC (mmol/L) 4.41+0.70 4.57+0.64 0.169 | 4.24+0.80 4.19+0.81 0.756
HDL (mmol/L) 1.44+0.27 1.30£0.41 0.025 | 1.60+0.48 1.41+0.45 0.048
LDL (mmol/L) 2.65+0.54 2.70+0.45 0.520 | 2.35+0.58 2.53+0.67 0.165
E, (pg/mL) 53.37+16.79 | 50.98+14.60 | 0.418 | 52.07+9.32 53.84+10.27 | 0.374
PRL (ng/mL) 15.5045.57 15.75+4.83 0.795 | 14.7746.60 14.6246.52 0916
Testosterone (nmol/L) | 2.30+0.94 2.65+0.94 0.041 | 1.53+0.65 1.41+0.45 0.307
P (nmol/L) 0.71+0.32 0.78+0.26 0.195 | 0.78+0.25 0.73+0.24 0.343
FSH (IU/L) 5.71+1.94 5.55+1.31 0.624 | 5.65+1.30 6.09+1.04 0.084
LH (IU/L) 11.774£4.30 12.48+3.24 0.317 | 5.61£3.22 5.39+3.20 0.733
LH/FSH 2.13+0.86 2.35+0.77 0.162 | 1.02+0.57 0.88+0.52 0.198
FBS (mmol/L) 5.27+0.39 5.23+0.63 0.725 | 5.19+0.35 5.19+0.40 0.933
FINS (umol/L) 11.61+4.47 13.2245.37 0.072 | 9.00+2.33 9.34+2.86 0.518
HOMA-IR 2.73%1.12 3.21+1.37 0.035 | 2.09+0.62 2.16+0.71 0.572
ANGPTLS (ng/L) 291.22+33.47 | 303.48+29.78 | 0.037 | 210.39+34.26 | 214.31+21.32 | 0.54I|

Notes: Student’s t-test was applied; P < 0.05 was considered statistically significant.

Abbreviations: BMI, body mass index; WHR, waist-hip ratio; TG, triglyceride; TC, cholesterol; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; E;, estradiol; PRL: prolactin; P, progesterone; FSH, Follicle-stimulating hormone; LH, luteinizing

hormone; FBS, Fast blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance.
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carrying CC. In contrast, patients in the non-obese PCOS subgroup carrying CT+TT had significantly lower HDL levels
than those carrying CC (P = 0.020) but did not significantly differ in any of the other clinical indices (Table 7). None of
the clinical indices significantly differed among the carriers of different genotypes in the obese and non-obese control
subgroups (Table 8).

Table 7 Comparison of Clinical Indicators in rs2278426 Genotypes Between PCOS Subgroups

Non-obese subgroup P Obese subgroup P
cC CT+TT cC CT+TT

Case(n) 40 21 28 33

Age(y) 28.40+3.58 27.62+2.22 0.367 | 28.89+4.03 28.30+3.72 0.555
BMI 21.55+1.36 21.97+1.48 0.270 | 26.31+2.32 27.61£1.90 0.019
WHR 0.77+0.03 0.78+0.03 0.234 | 0.89+0.05 0.88+0.04 0.428
TG (mmol/L) 1.14+0.36 1.18+0.41 0.663 | 1.42+0.32 1.64+0.37 0.015
TC (mmol/l) 4.39+0.67 4.42+0.52 0.863 | 4.43+0.75 4.68+0.69 0.190
HDL (mmol/L) 1.52+0.25 1.37+0.22 0.020 | 1.28+0.23 1.22+0.17 0.337
LDL (mmol/L) 2.47£0.57 2.49+0.40 0.921 | 2.88+0.42 2.83+0.43 0.695
E, (pg/mL) 53.12+16.30 | 55.72+15.66 | 0.55| | 53.72+17.77 | 47.65%13.06 | 0.142
PRL (ng/mL) 15.47+5.05 13.87+2.53 0.178 | 15.53+6.35 16.94+5.55 0.359
Testosterone (nmol/L) | 2.26+1.07 2.52%1.15 0.369 | 2.36+0.73 2.73+0.79 0.061
P (nmol/L) 0.69+0.22 0.74+0.28 0.439 | 0.71+0.25 0.81+0.24 0.132

9
FSH (IU/L) 5.71%1.41 5.62+1.37 0.815 | 5.70+2.53 5.51%1.29 0.708
LH (IU/L) 13.34+3.93 13.82+3.36 0.640 | 9.69+3.92 11.63+2.89 0.030
LH/FSH 2.33+0.77 2.54+0.75 0.303 | 1.88+0.92 2.22+0.76 0.119
46

FBS (mmol/L) 5.14£0.37 5.04£0.41 0.340 | 5.45+0.36 5.36%0.71 0.539
FINS (umol/L) 11.14£3.97 10.18+3.42 0.350 | 12.28%5.12 15.16%5.52 0.039
HOMA-IR 2.56+0.96 2.29+0.84 0.276 | 2.98+1.29 3.80+1.32 0.018
ANGPTLS (ng/L) 277.42+29.54 | 272.65+14.03 | 0.488 | 310.92+28.89 | 323.10+18.02 | 0.049

Notes: Student’s t-test was applied; P < 0.05 was considered statistically significant.
Abbreviations: BMI, body mass index; WHR, waist-hip ratio; TG, triglyceride; TC, cholesterol; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; E;, estradiol; PRL, prolactin; P, progesterone; FSH, Follicle-stimulating hormone; LH, luteinizing
hormone; FBS, Fast blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance.

Table 8 Comparison of Clinical Indicators in rs2278426 Genotypes Between Control Subgroups

Non-obese subgroup P Obese subgroup P
cC CT+TT CcC CT+TT
Case (n) 39 15 35 19
Age (y) 29.45+2.60 28.56+2.13 0.235 | 28.57%1.17 28.95+1.62 0.330
BMI 21.18+1.34 21.14+1.84 0919 | 25.73%1.12 26.23%1.26 0.140
WHR 0.78+0.03 0.78+0.03 0.914 | 0.86+0.03 0.87+0.03 0.410
TG (mmol/L) 1.19+0.35 1.09+0.40 0.371 | 1.35+0.61 1.59+0.48 0.137
TC (mmol/l) 4.21£0.92 4.29+1.07 0.795 | 4.27+0.64 4.10£0.53 0.345
HDL (mmol/L) 1.69+0.58 1.46+0.57 0.194 | 1.50+0.31 1.36+0.32 0.133
LDL (mmol/L) 2.39+0.73 2.3340.50 0.753 | 2.40+0.46 2.46+0.57 0.677
E; (pg/mL) 53.09£11.97 | 55.56+13.50 | 0.508 | 50.88+4.64 52.39+6.53 0.335
PRL (ng/mL) 15.99+6.77 13.48+5.31 0.192 | 13.43+6.24 15.58+7.40 0.261
Testosterone (nmol/L) | 1.54+0.62 1.46+0.54 0.657 | 1.53+0.69 1.37+0.38 0.343
P (nmol/L) 0.83+0.33 0.73£0.32 0.309 | 0.73+0.12 0.74+0.17 0.906
(Continued)
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Table 8 (Continued).

Non-obese subgroup P Obese subgroup P
CcC CT+TT CcC CT+TT
FSH (IU/L) 5.711.69 6.42+1.28 0.133 | 5.60+0.67 5.80+0.72 0.280
LH (IU/L) 5.73+3.09 5.64+3.58 0.925 | 5.49+3.39 5.18+2.92 0.737
LH/FSH 1.08+0.58 0.86+0.56 0.210 | 0.97+0.56 0.89+0.50 0.626
FBS (mmol/L) 5.11+0.38 5.15+£0.41 0.728 | 5.27+0.31 5.23+0.38 0.672
FINS (umol/L) 8.70+2.21 9.31+2.78 0.390 | 9.35+£2.46 9.37+3.01 0.976
HOMA-IR 1.98+0.57 2.12+0.61 0.409 | 2.21+0.66 2.20+0.80 0.969
ANGPTLS (ng/L) 209.25+42.30 | 213.61+£24.16 | 0.710 | 211.66+22.74 | 214.87+19.46 | 0.606

Notes: Student’s t-test was applied; P < 0.05 was considered statistically significant.

Abbreviations: BMI, body mass index; WHR, waist-hip ratio; TG, triglyceride; TC, cholesterol; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; E;, estradiol; PRL: prolactin; P, progesterone; FSH, Follicle-stimulating hormone; LH, luteinizing
hormone; FBS, Fast blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance.

Discussion

PCOS is a complex, polygenic, inherited disease caused by multiple interacting factors, including genetic, environmental,
and inflammatory factors. Although affecting females throughout the lifecycle, PCOS has particularly negative effects on
the reproductive health of the 6% to 15% of females of childbearing age who experience this condition. PCOS can also

induce metabolic dysfunction, increasing long-term health risks,'® 2!

and although it has been intensively and extensively
studied, patients with PCOS still face challenges, such as delayed diagnosis and lack of precise therapy.

With the recent development of genomics and gene detection technology, SNP has been extensively applied in genetic
research for investigation of many diseases, including PCOS. Because of its low cost, high efficiency, and rapid results,
SNP has become a key method in screening diagnosis and therapeutic disease targeting. Many SNP mutant loci closely
related to PCOS have been discovered, providing a critical basis for investigating the mechanism and factors underlying
PCOS.?** Given the genetic heterogeneity and phenotypic complexity of PCOS, continued screening of PCOS-related
SNP loci is scientifically valuable and clinically significant.

Discovered in 2013, ANGPTLS is a major glycoprotein with a molecular weight of approximately 27.5 kDa secreted
by fat cells and the liver that contains 183 residues. Basic research has shown that ANGPTLS can drive pancreas [ cells
to secrete insulin to regulate sugar metabolism, thereby playing a critical role in glycolipid metabolism by inhibiting the
activity of lipoprotein lipase to regulate lipid metabolism.**2® Clinical research has demonstrated that serum ANGPTLS
abnormality is closely related to diabetes, fatty liver, obesity, and metabolic syndrome.”*"2°

Our preliminary research revealed that abnormal elevation in serum ANGPTLS levels may be related to IR and
PCOS.8 Although our findings indicate that ANGPTLS functional abnormality may be involved in the occurrence and
development of metabolic diseases, including PCOS, the mechanisms underlying it remain unknown. In this study, we
observed significantly higher serum ANGPTLS levels in patients with PCOS versus the controls and in obese patients
with PCOS versus non-obese patients. We also observed that changes in TC, LDL, HOMA-IR, and testosterone levels
were similar to those in ANGPTLS levels. Our findings accord with a previous study that reported a positive correlation
between ANGPTLS and TG, LDL, and IR levels and a negative correlation between ANGPTL8 and HDL levels.®° These
findings provide evidence that glycolipid metabolic abnormality, IR, and hyperandrogenism are key factors stimulating
ANGPTLS secretion and that ANGPTLS upregulation further aggravates glycolipid metabolic disorders and IR.

Increasing research indicates that serum ANGPTLS level may be a biomarker of PCOS and that ANGPTLS gene
polymorphism is a key factor affecting ANGPTLS protein expression and action.*'*? Currently, rs2278426 (C>T) is the
most widely studied polymorphic site in the ANGPTLS gene. Abu-Farha et al*’ observed that ANGPTLS rs2278426
polymorphism did not significantly affect ANGPTLS8 concentrations in diabetes. However, a Dallas Heart Study reported
that rs2278426 polymorphism was closely related to the cyclic ANGPTLS level and that CT+TT genotype carriers had

significantly higher cyclic ANGPTLS level than CC genotype carriers.>
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We observed significantly higher ANGPTLS levels in patients with PCOS carrying the CT+TT genotype than in
patients with PCOS carrying the CC genotype. In subgroup analysis, we also observed significantly higher ANGPTLS8
levels in obese patients with PCOS carrying the CT+TT genotype than in non-obese patients with PCOS carrying the CC
genotype. The significantly high ANGPTLS levels in patients with PCOS may be closely related to the blood lipid
abnormality and IR caused by high BMI and glycolipid metabolic disorders.>* We could not identify the exact effect of
1s2278426 polymorphism on ANGPTLS levels, but our results indicate that rs2278426 polymorphism may be a risk
factor for PCOS in individuals with obesity.

Among individuals with type II diabetes, the frequency of the rs2278426 T allele is 17.8% in Han Chinese from
Guangxi, 19.5% in Han Chinese from Jiangsu, 23.04% in Melao Chinese from Guangxi, 25.75% in Japanese
populations, and 5% in European American populations.'>** In our study, the frequency of the rs2278426 T allele
was 18.52% in the control group. ANGPTLS gene polymorphism among regions, populations, and races may be due
to different ancestral environments or genetic selection pressures. Previous studies have shown that rs2278426
polymorphism increases risk of type II diabetes and cardiovascular diseases in Japanese, Egyptian, and Han Chinese
populations.'>'*3® However, no studies before our study examined the relationship between rs2278426 polymorph-
ism and PCOS.

Our results showed that despite the absence of significant differences between the PCOS and control groups
regarding the three genotypes, the proportion of CT+TT genotypes in the PCOS group was significantly higher than
that in the control group. As both the CT and TT genotypes contain the T allele, its frequency was higher in the
PCOS group than the control group, suggesting that the T allele increases the risk of PCOS. Similar results have
been obtained in other studies. However, the reason for the difference in alleles but not genotypes between the
PCOS and control groups may be related to the sample size; if the number of participants were increased, the results
may reach or lose statistical significance. Further subgroup analysis showed the frequency of the T allele was
significantly higher in obese patients with PCOS than in either non-obese patients with PCOS or obese controls,
which indicates that obese T allele carriers are at higher risk of PCOS. However, it is unknown whether
polymorphism of this locus increases the risk of PCOS in individuals from other regions or races. It is thus
necessary to validate our findings by examining whether rs2278426 polymorphism is associated with PCOS
incidence in individuals of other ethnic groups and from other regions.

The Dallas Heart Study found significantly decreased HDL and LDL levels in African Americans and Hispanic
Americans but not in European Americans carrying the rs2278426 T allele.”> Guo et al’’ found that rs2278426
polymorphism in healthy Han Chinese of the Guangxi region was related to LDL downregulation. However, Ding
et al®>” reported that rs2278426 polymorphism in Han Chinese of the Jiangsu region was not significantly associated
with lipid phenotype abnormality. We found significantly decreased HDL levels in Han Chinese carriers of the
152278426 the T allele, which is consistent with a study of an Arab population.*® Moreover, in the PCOS group, we
observed that the BMI and TG levels in CT+TT genotype carriers were significantly higher than those in CC
genotype carriers.

Further subgroup analysis revealed significantly higher TG levels in obese patients with PCOS carrying the CT+TT
genotype than in obese patients with PCOS carrying the CC genotype. This finding indicates that the increased risk of
PCOS associated with CT+TT may be related to lipid metabolic disorder due to SNPrs2278426 polymorphism. Different
studies have obtained differing results regarding the effect of rs2278426 polymorphism on lipid metabolism phenotypes,
which may be attributed to differences in sample sizes, populations, and/or regions. Moreover, the linkage disequilibrium
(LD) between rs2278426 and other pathogenic polymorphisms is another key cause for lipid metabolic abnormality and
the difference in lipid phenotypes among populations.*®*°

To explore the gene-level mechanism underlying ANGPTLS regulation of sugar metabolism, we examined the effect
of ANGPTLS 1rs2278426 polymorphism on sugar metabolism. We found that HOMA-IR levels in patients with PCOS
carrying the CT+TT genotype were significantly higher than those in patients with PCOS carrying the CC genotype.
However, we found no significant differences among carriers of different rs2278426 genotypes in the control group.
Subgroup analysis showed that the obese patients with PCOS carrying the CT+TT genotype had significantly higher
HOMA-IR and FINS levels than those carrying the CC genotype.
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Some of our results are consistent with those of Oldoni et al*” and Abu-Farha et al,*' both of whom reported that
carriers of the 152278426 TT/CT genotype have significantly higher serum insulin and HOMA-IR levels than carriers of
the CC genotype. Studies of risk analysis have demonstrated that rs2278426 polymorphism increases risk of diabetes.

Among them, Liu et al'’

found that a large proportion of the Japanese population carrying the rs2278426 C/T and T/T
genotypes experiences type II diabetes and glucose intolerance.

Based on our findings and recent research advances, we speculate that Han Chinese females from the Shandong
region carrying the CT+TT genotype, especially those with obesity, have increased risk of PCOS associated with IR
or sugar metabolism disorder caused by rs2278426 polymorphism. However, the mechanism of rs2278426 poly-
morphism involved in sugar metabolism is not fully clear. In addition to the structural and functional changes in
ANGPTLS protein caused by rs2278426 polymorphism, another cause may be the LD between rs2278426 and other
mutant loci. Admittedly, given the polygenic heritance of PCOS and the large differences in SNPs among different
populations and regions, more research into how the LD between rs2278426 and other pathogenic polymorphisms
affects PCOS is needed.

To our knowledge, this is the first study of the association between rs2278426 and PCOS. By affecting ANGPTLS
levels and functions and thereby increasing the risk of PCOS, rs2278426 polymorphism may be involved in glycolipid
metabolic disorders, particularly in females with obesity. Our findings indicate that this polymorphism might be a novel
biomarker for screening females at high risk of PCOS. Nevertheless, our findings are limited by our examination of only
two subgroups classified according to BMI in the subgroup analysis. Similarly, they are limited by the small sample of
participants whom we examined, which may have affected the significance of the results. To overcome these limitations,
we will examine larger samples of more detailed subgroups based on BMI to further clarify the association between
rs2278426 and other SNPs of ANGPTLS and PCOS in future studies.
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