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Background: Osteoporosis (OP) is a common metabolic bone disease characterized by loss of bone mass. /L-10 is considered to be
a powerful immune and inflammatory suppressor. This study aimed to assess association between genetic loci in /L-10 and
susceptibility to OP.

Methods: Association analysis between /L-10 genetic loci and OP risk through SNPStats online software. FPRP analysis (false-
positive report probability) verified whether the positive results were noteworthy findings. Linkage disequilibrium (LD) and haplotype
analysis were completed by Haploview 4.2 and SNPStats. Multi-factor dimensionality reduction (MDR) was used to assess interaction
of SNP—SNP in susceptibility to OP.

Results: Allele “G” of IL-10-rs1554286 (OR = 1.21, p = 0.013), allele “C” of IL-10-rs1518111 (OR = 1.22, p = 0.011), allele “C” of
1L-10-rs3024490 (OR = 1.20, p = 0.018), and allele “G” of IL-10-rs1800871 (OR = 1.21, p = 0.015) were risk factors for OP. In
females, smoking, drinking, or aging <60 years old participants, the above genetic loci are also significantly associated with the
increased risk of OP. FPRP analysis showed that all positive results are noteworthy findings. There are significant differences in serum
levels of uric acid, mean hemoglobin concentration, or mean hemoglobin among different genotypes of /L-10 gene loci. MDR showed
that four loci model composed rs1554286, rs1518111, rs3021094, and rs1800871 is the best model for predicting OP risk.
Conclusion: /L-10-rs1554286, -rs1518111, -rs3021094, and -rs1800871 are risk factors for susceptibility to OP.
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Introduction

Osteoporosis is a common bone metabolic disease, which is characterized by reduced bone mass and destruction of bone
microstructure.! Patients with osteoporosis have fewer bone matrix, lower bone mineral density, lower bone strength, and
increased brittleness, thereby increasing the risk of fracture. OP can be divided into POP (primary osteoporosis) and SOP
(secondary osteoporosis). The cause of POP is, generally, growth of age, and the secondary causes of OP include
smoking, excessive drinking, type I diabetes, hyperthyroidism, etc.>> The study found that the quality of life of patients
with OP decreased significantly.” Patients with osteoporotic fractures often suffer from limited actiVity and physical pain.
In particular, with osteoporotic hip fractures, in severe cases disability or death may even occur.** The social burden
caused by osteoporotic fractures is increasing globally.® Therefore, early identification of osteoporosis and thus
preventing the occurrence of osteoporotic fractures is an urgent need.

Johnston et al emphasized in their report that 20% of osteoporosis is affected by environmental factors, while 80%
depends on genetic factors.” A twin study showed that most of the differences in bone mineral density (BMD) are
genetically determined,'® and osteoporosis is mainly diagnosed using BMD.!" With the development of the human
genome project, more and more genes related to the occurrence and development of osteoporosis have been identified.'?
Nevertheless, the genetic factors that can elucidate osteoporosis have not been fully clear.'® Therefore, it is necessary to
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identify the susceptibility genes associated with the occurrence and development of osteoporosis in a specific population,
which is of great significance for the early prevention of osteoporosis.

A number of studies have shown that the /L-10 gene family (/IL-10, IL-20, IL-22, IL-26, etc.) play important roles in
bone and joint diseases including osteoporosis.'*'® Recent studies have reported that JL-10 is independently associated
with disease activity in rheumatoid arthritis patients accompanied by osteoporosis.'” In addition, several studies have
found evidence that JL-10 genetic polymorphisms are associated with OP risk (Taiwan population,'® Korean postmeno-
pausal women,'? etc.), which have provided new ideas for early prevention of osteoporosis in specific populations.
However, whether there is a correlation between OP susceptibility and IL-10 genetic polymorphism in Chinese Han
population has not been reported in detail and needs to be supplemented.

The study will use “case-control” study design to explore the association between /L-10 genetic loci and susceptibility
to OP in Han population from northwest China. This study will help to further understand the pathogenesis of OP in Han
population from northwest China at the genetic level and provide new ideas and theoretical basis for the early prevention
and treatment of osteoporosis.

Materials and Methods

Subject Information

All participants (786 OP patients + 719 controls) were recruited from Traditional Chinese Medicine Hospital Affiliated to
Xinjiang Medical University. All participants were Han population from northwest China without any genetic relation-
ship. The bone mineral density (BMD) at the lumbar spine (L1-L4) and hip joint were measured using dual-energy X-ray
bone densitometry, and a T-score will be obtained. We recruited patients with osteoporosis according to the WHO criteria
for osteoporosis diagnosis (T-score <-2.5). Patients with a history of osteoarthritis, hip fracture, other bone metabolism-
related diseases, or kidney/liver disease will be excluded from the case group. In addition, patients with a history of
taking anti-osteoporosis drugs and hyperthyroidism or hypothyroidism will be excluded. During the same period, we
recruited healthy individuals at the health examination center of the same hospital according to the following inclusion
criteria:' the control group and case group were matched in age and sex;> No history of hip fracture;’ No diseases or
metabolic disorders related to bone metabolism disorders. Demographic information and environmental exposure factors
of all participants were obtained by reviewing medical records or face-to-face questionnaire survey.

Participants were informed of the purpose and content of this study through oral notification or informed consent.
After obtaining their informed consent, we collected 10mL serum for subsequent DNA extraction. Our study has been
approved by the ethics committee of the Traditional Chinese Medicine Hospital Affiliated to Xinjiang Medical University
before the beginning.

Methods for Testing Laboratory Indicators

Overall, 3—5mL fasting venous blood was extracted from all participants in the morning and injected into a vacuum blood
collection tube containing anticoagulant EDTA-K2 5.4mg and aprotinin. Evenly shake the blood sample and send it to
the laboratory in time and complete the test of relevant blood indexes within 2 hr. Blood indicators were measured with
BeckmanDHX automatic blood analyzer (uric acid, platelet count, platelet distribution width (PDW), mean platelet
volume (MPV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and red
blood cell count, etc.). In addition, 3—5 mL of venous blood was pumped into an anticoagulant tube containing heparin.
After being evenly shaken, uric acid was detected by automatic sample examination system (HITACHI, Japan). Test of
blood samples is strictly carried out by professional medical test technicians in accordance with the operating instructions
and quality control.

Selection of SNPs

First, we used e!GRCh37online searching tool (http://asia.ensembl.org/Homo sapiens/Info/Index) and found that the
physical position of the /L-/0 was on the Chromosome 1: 206,767,602-206,774,541. After downloading genetic variants
(IL-10) file from e!Ensemble online software (https://asia.ensembl.org/Homo sapiens/Gene/Variation Gene/Table?db=
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core;g=ENSG00000136634;r=1:206767602-206774541), we found that there are a total of 9773 genetic variants in /L-
10. We also used the online converter window of e!GRCh37 (VCF to PED: http://grch37.ensembl.org/Homo sapiens/
Tools/VcftoPed) to download the related files of /L-70 genetic variants after choosing CHB and CHS population. In order
to narrow the scope of the study, we set specific conditions on the Haploview software (Tagger 1r>>0.8, Min
Genotype>75%, MAF>0.05, and HWE>0.01) to screen /L-10 genetic variants of the downloaded files. Finally, five
candidate genetic loci in /L-10 were randomly selected for subsequent study (rs1554286, rs1518111, rs3021094,
rs3024490, and rs1800871).

Genotyping

After the extraction and purification of genomic DNA, specific amplification and extension primers were designed over
MassARRAY Assay Design software (Supplemental Table 1). Genotyping was performed by the MassARRAY ® -IPLEX
SNP genotyping technology.

We randomly selected 5% DNA samples for repeated experiments, which will improve the reliability and repeat-
ability of the experimental results.

Data Analysis

In our study, continuous variables including age, bone mineral density (BMD) T score, and clinical indicators were
represented by “mean + SD.” Sex, BMI, smoking/drinking status, and other categorical variables were expressed in terms
of frequency. All statistical analyses were performed using SPSS 22.0 software (SPSS Inc., Chicago, IL, USA). The
prediction of the potential function of candidate SNPs was constructed by HaploReg v4.1 (https://pubs.broadinstitute.org/

mammals/haploreg/haploreg.php). In this study, the associations between susceptibility to OP and candidate genetic loci

were assessed using SNPStats online software (https://www.snpstats.net/start.htm?q=snpstats/start.htm). We investigate

the impact of candidate genetic loci on OP risk through odds ratios (OR) and 95% confidence intervals (CI). All results
were adjusted by the confounding factors (such as age, gender, smoking, or drinking) to avoid influences of confounding
factors. False-positive report probability (FPRP) analysis detected whether positive result is noteworthy at a prior
probability level of 0.25 and an FPRP threshold of 0.2.%° Haploview 4.2 software and SNPStats online software were
used to perform haplotype analysis of candidate SNPs and evaluation of linkage disequilibrium (LD). Finally, the
associations between interaction of SNP-SNP and OP risk were evaluated by multi-factor dimensionality reduction
(MDR). In all statistical analyses of this study, p<0.05 indicated that it was statistically significant.

Results

Subject Information
The basic information of 786 patients with OP and 719 healthy controls included in this study can be seen in Table 1. The
mean age of case group and control group was 57.68 + 11.65 and 57.48 + 11.52 years, respectively. The results showed

Table 1 Characteristics of Patients with OP and Healthy Individuals

Characteristics Cases Control P
n =786 n=719
Age (years) Mean * SD 57.68 £ |1.65 | 57.48 = 1.52 0.739*
> 60 350(44.5%) 329(45.8%)
< 60 436(55.5%) 390(54.2%)
Gender Male 368(46.8%) 346(48.1%) 0.613°
Female 418(53.2%) 373(51.9%)
BMI <24 533(67.8%) 244(33.9%) <0.0001°
> 24 253(32.2) 291(40.5%
Smoking status Yes 353(44.9%) 342(47.6%) 0.302°
No 433(55.1%) 377(52.4%)
(Continued)
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Table | (Continued).

Characteristics Cases Control P
n =786 n=719
Drinking status Yes 322(41.0%) 315(43.8%) 0.265°
No 464(59.0%) 404(56.2%)
BMD T score Total hip —3.28+0.37
Lumbar spine LI —3.32+0.53

Lumbar spine L2 —3.29+0.49
Lumbar spine L3 —3.23+0.58
Lumbar spine L4 | —3.30 +0.57

Uric acid 258.54 £ 391 | 313.86 + 454 | <0.0001*
Platelet count 257.37 £ 467 | 2141934 | <0.0001*
PDW 12.74 £ 0.16 1427 £ 0.17 | <0.0001%
MPV 8.64 + 0.05 11.16 £ 0.07 | <0.0001%
Red blood cell count 4.31 £ 0.02 4.7 £ 0.03 < 0.0001*
MCH 28.09 + 0.13 30.41 £ 0.09 | <0.0001°
MCHC 331.21 £ 0.67 | 335.24 + 0.58 | < 0.0001*
RDW-CV 11.39 + 0.08 1331 £ 0.04 | <0.0001%

Note: ° represents the p value calculated by the t-test. b represents the p value calculated by the chi-
square test.

Abbreviations: OP, osteoporosis; BMI, body mass index; BMD, bone mineral density; PDW, platelet
distribution width; MPV, mean platelet volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; RDW-CV, Red blood cell distribution width.

that the difference in age, gender, and smoking/drinking status between case and control groups is not significant, which
indicated that the two groups of subjects were matched in the variables mentioned above. In addition, there were
statistical differences in clinical indicators between the two groups, including uric acid, platelet count, platelet distribu-
tion width (PDW), mean platelet volume (MPV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and red blood cell distribution width (RDW-CV).

Genotyping and Information About Candidate SNPs

The genotyping of five IL-10 genetic polymorphisms (rs1554286 G/A, rs1518111 C/T, rs3021094 G/T, rs3024490 C/A,
rs1800871 G/A) have been successfully completed. The candidate /L-/0 genetic polymorphisms are all intronic variants.
Table 2 shows that all candidate genetic polymorphisms we randomly selected are in accordance with Hardy-Weinberg
equilibrium (HWE p > 5%). The HaploReg online software predicted that five candidate SNPs may be regulated by
a variety of factors (Table 2).

Association Between IL-10 Polymorphisms and Susceptibility to OP (Overall Analysis)
Table 3 shows that four /L-70 genetic polymorphisms were identified to be significantly associated with susceptibility to OP
under multiple genetic models (rs1554286, rs1518111, rs3024490, rs1800871). Specifically, allele “G” or genotype “GG” of
IL-10-rs1554286 is significantly associated with increasing OP risk (G: OR (95% CI) = 1.21 (1.04—-1.41), p = 0.013; GG: OR
(95% CI) = 1.52 (1.08-2.14), p = 0.016). And /L-10-rs1554286 is associated with susceptibility to OP under dominant (p =
0.037), recessive (p = 0.042) and log-additive (p = 0.012) genetic models. The allele “C” or genotype “CC” of IL-10-
rs1518111 is significantly associated with increasing OP risk (C: OR (95% CI) = 1.22 (1.05-1.42), p = 0.011; CC: OR (95%
CI) = 1.57 (1.11-2.21), p = 0.010). Associations between IL-10-rs1518111 and susceptibility to OP can be observed in
dominant (p = 0.040), recessive (p = 0.025), and log-additive (p = 0.010) genetic models. The allele “C” or genotype “CC” of
1L-10-rs3024490 is significantly associated with increasing OP risk (C: OR (95% CI) = 1.20 (1.03—1.40), p = 0.018; CC: OR
(95% CI) = 1.50 (1.06-2.12), p = 0.022). Associations between /L-10-rs3024490 and susceptibility to OP can also be
observed in dominant (p = 0.046) and log-additive (p = 0.016) genetic models. The allele “G” or genotype “GG” of IL-10-
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Table 2 The Basic Information and HWE About the Candidate SNPs of IL-/10

SNP ID Function | Chr: Position | Alleles MAF HWE Haploreg 4.1
A/B P val
( ) Cases | Controls (Pvalue)
rs|1554286 Intronic 1: 206,770,888 G/A 0.366 0.323 0.551 Promoterhistone marks; Enhancerhistone marks;
DNAse; ProteinsBound; Motifs changed;
GRASPQTLhits
rsI518111 Intronic 1: 206,771,300 CIT 0.364 0319 0.493 Promoterhistone marks; Enhancerhistone marks;

DNAse; ProteinsBound; Motifs changed; NHGRI/
EBIGWAS hits; GRASPQTLhits; Selected eQTL hits

rs3021094 Intronic 1: 206,771,607 GIT 0.429 0.445 0.880 Promoterhistone marks; Enhancerhistone marks;
DNAse; Motifs changed; GRASPQTLhits

rs3024490 Intronic 1: 206,771,966 C/A 0.359 0318 0.440 Promoterhistone marks; Enhancerhistone marks;
Motifs changed; GRASPQTLhits; Selected eQTL hits

rs1800871 Intronic 1: 206,773,289 G/A 0.362 0.320 0.391 Promoterhistone marks; Enhancerhistone marks;

DNAse; Motifs changed; NHGRI/EBIGWAS hits;
Selected eQTL hits

Note: P-value > 0.05 indicates that the genotypes were in Hardy-Weinberg Equilibrium;
Abbreviations: A, minor allele; B, wild-type allele; HWE, Hardy—Weinberg equilibrium; SNP, Single nucleotide polymorphisms; MAF: minor allele frequency.

rs1800871 is significantly associated with increasing OP risk (G: OR (95% CI) =1.21 (1.04-1.41), p = 0.015; GG: OR (95%
CI)=1.54 (1.09-2.17), p = 0.015). And IL-10-rs3024490 is associated with susceptibility to OP under dominant (p = 0.047),
recessive (p = 0.034) and log-additive (p = 0.013) genetic models.

Additionally, we found no evidence that /L-10-rs3021094 was associated with susceptibility to OP.

Stratified Analysis of Association Between IL-10 Gene Polymorphisms and
Susceptibility to OP

We have made stratified analysis to determine whether the association between candidate genetic polymorphisms and OP
risk is dependent on potential risk factors for OP (age, gender, smoking, alcohol status). We have found evidence that the
candidate /L-10 SNPs have associations with susceptibility to OP among female, smoking, drinking participants, or
participants aging <60 years old. The details are as follows:

The stratified analysis showed that (Supplemental Tables 2 and 3) allele “G” of IL-10-rs1554286, allele “C” of IL-10-
rs1518111, allele “C” of IL-10-rs3024490 and allele “G” of IL-10-rs1800871 are all risk genetic factors for risk of
susceptibility to OP among female, smoking, drinking participants, and participants aging <60 years old. In addition, IL-
10-rs1554286, -rs1518111, -rs3024490, and -rs1800871 were also significantly associated with an increased risk of OP in
above-mentioned subgroups under multiple genetic models.

No association between /L-10-rs3021094 and susceptibility to OP has been found in stratified analysis. We have

divided participants according to BMI value to explore the association between candidate genetic loci and susceptibility
to OP but did not find any positive results (Supplemental Table 4).

FPRP Analysis for Positive Results

Statistical powers for the positive results range from 91.7% to 100.0% in overall analysis. Although some statistical
powers in stratified analysis are less than 85%, prior probability of all positive results is less than 0.2 at the prior
probability level of 0.25 and FPRP threshold of 0.2 (Supplemental Table 5). Taken together, all associations between
genetic loci and susceptibility to OP found in this study are noteworthy.

Association Analysis Between Genetic Polymorphism and Clinical Characteristics
The evaluation of differences in clinical characteristics of OP patients under different genotypes of candidate genetic
polymorphism has been completed (Table 4 and Supplemental Table 6). Under genotype “GG” of rs1554286, the levels
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Table 3 Genetic Loci in IL/0 Associated with Susceptibility to OP

SNP ID Model Genotype Control Case OR (95% CI) P-value
rs1554286 Allele A 974 (67.73%) | 997 (63.42%) |
G 464 (32.27%) | 575 (36.58%) | 1.21 (1.04-1.41) 0.013
Codominant AA 326 (45.3%) 315 (40.1%) |
AG 322 (44.8%) 367 (46.7%) 1.18 (0.95-1.47) 0.125
GG 71 (9.9%) 104 (13.2%) 1.52 (1.08-2.14) 0.016
Dominant AA 326 (45.3%) 315 (40.1%) | 0.037
AG-GG 393 (54.7%) 471 (59.9%) 1.24 (1.01-1.53)
Recessive AA-AG 648 (90.1%) 682 (86.8%) | 0.042
GG 71 (9.9%) 104 (13.2%) 1.39 (1.01-1.92)
Overdominant AA-GG 397 (55.2%) 419 (53.3%) | 0.440
AG 322 (44.8%) 367 (46.7%) 1.08 (0.88-1.33)
Log-additive - - - 1.22 (1.04-1.42) 0.012
rs1518111 Allele T 979 (68.08%) | 998 (63.65%) |
C 459 (31.92%) | 570 (36.35%) | 1.22 (1.05-1.42) 0.011
Codominant TT 329 (45.8%) 318 (40.6%) |
CcT 321 (44.6%) 362 (46.2%) 1.17 (0.94-1.45) 0.154
cC 69 (9.6%) 104 (13.3%) 1.57 (1.11-2.21) 0.010
Dominant TT 329 (45.8%) 318 (40.6%) | 0.040
CT-CC 390 (54.2%) 466 (59.4%) 1.24 (1.01-1.52)
Recessive TT-CT 650 (90.4%) 680 (86.7%) | 0.025
cC 69 (9.6%) 104 (13.3%) 1.44 (1.04-2.00)
Overdominant TT-CC 398 (55.4%) 422 (53.8%) | 0.540
CcT 321 (44.6%) 362 (46.2%) 1.07 (0.87-1.31)
Log-additive - - - 1.22 (1.05-1.43) 0.010
rs3021094 Allele T 793 (55.45%) | 897 (57.13%) |
G 637 (44.55%) | 673 (42.87%) | 0.93 (0.81-1.08) 0.354
Codominant TT 221 (30.9%) 257 (32.7%) |
GT 351 (49.1%) 383 (48.8%) 0.94 (0.74-1.18) 0.591
GG 143 (20%) 145 (18.5%) 0.86 (0.64-1.16) 0.331
Dominant TT 221 (30.9%) 257 (32.7%) | 0.440
GT-GG 494 (69.1%) 528 (67.3%) 0.92 (0.74-1.14)
Recessive TT-GT 572 (80%) 640 (81.5%) | 0.420
GG 143 (20%) 145 (18.5%) 0.90 (0.69-1.16)
Overdominant TT-GG 364 (50.9%) 402 (51.2%) | 0.930
GT 351 (49.1%) 383 (48.8%) 0.99 (0.81-1.21)
Log-additive - - - 0.93 (0.81-1.08) 0.330
rs3024490 Allele A 980 (68.15%) | 1007 (64.06%) |
C 458 (31.85%) | 565 (35.94%) | 1.20 (1.03—1.40) 0.018
Codominant AA 329 (45.8%) 320 (40.7%) |
CA 322 (44.8%) 367 (46.7%) 1.18 (0.95-1.46) 0.142
CcC 68 (9.5%) 99 (12.6%) 1.50 (1.06-2.12) 0.022
Dominant AA 329 (45.8%) 320 (40.7%) | 0.046
CA-CC 390 (54.2%) 466 (59.3%) 1.23 (1.00-1.51)
Recessive AA-CA 651 (90.5%) 687 (87.4%) | 0.052
cC 68 (9.5%) 99 (12.6%) 1.38 (0.99-1.92)
Overdominant AA-CC 397 (55.2%) 419 (53.3%) | 0.450
CA 322 (44.8%) 367 (46.7%) 1.08 (0.88-1.33)
Log-additive - - - 1.21 (1.04-1.41) 0.016
rs1800871 Allele A 978 (68.01%) | 1000 (63.78%) |
G 460 (31.99%) | 568 (36.22%) | 1.21 (1.04-1.41) 0.014
Codominant AA 327 (45.5%) 317 (40.4%) |
(Continued)
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Table 3 (Continued).

SNP ID Model Genotype Control Case OR (95% CI) P-value

GA 324 (45.1%) 366 (46.7%) 1.17 (0.94-1.45) 0.159
GG 68 (9.5%) 101 (12.9%) 1.54 (1.09-2.17) 0.015
Dominant AA 327 (45.5%) 317 (40.4%) [ 0.047

GA-GG 392 (54.5%) 467 (59.6%) 1.23 (1.00-1.51)
Recessive AA-GA 651 (90.5%) 683 (87.1%) | 0.034

GG 68 (9.5%) 101 (12.9%) 1.42 (1.02-1.97)
Overdominant AA-GG 395 (54.9%) 418 (53.3%) | 0.520

GA 324 (45.1%) 366 (46.7%) 1.07 (0.87-1.31)
Log-additive - - - 1.22 (1.04-1.42) 0.013

Notes: “-” indicates Log-additive model. “p-value< 0.05” and bold text represent statistical significance.

Abbreviations: OP, osteoporosis; SNP, single nucleotide polymorphisms; OR, odds ratio; Cl, confidence interval.

Table 4 Difference Analysis of Clinical Indicators of Patients Under Different
Genotypes of Candidate Genetic Polymorphism

Clinical Indicators rs1554286

AA AG GG P
Uric acid 270.85 + 6.15 251.7 £ 5.46 243.21 + 12.28 | 0.025
MCHC 33049 + 0.99 | 332.84 + 1.04 327.26 £ 1.71 0.024
Clinical Indicators rsI518111

TT CT ccC P
Uric acid 269.69 + 6.04 | 252.08 + 5.54 | 244.19 + 12.42 | 0.043
MCHC 330.63 £ | 332.85 + 1.03 32691 £ 1.69 0.018
Clinical Indicators rs3024490

AA CA ccC P
Uric acid 269.69 + 6.04 | 251.84 + 552 | 244.88 + 12.66 | 0.045
MCH 28.19 £ 0.2 2823 £ 0.18 27.18 £ 0.39 0.036
MCHC 330.63 £ | 3328 £ 1.02 32693 £ 1.75 0.022
Clinical Indicators rs1800871

AA GA GG P
Uric acid 26991 + 6.11 | 251.88 + 546 | 244.88 £ 12.66 | 0.043
MCH 28.16 £ 0.2 28.26 + 0.18 27.18 £ 0.39 0.034
MCHC 330.55 + 1.0l | 332.83 £ 1.0l 32693 + 1.75 0.019

Note: “p < 0.05” and bold text represent statistical significance.
Abbreviations: MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration;

of uric acid (p = 0.025) and mean corpuscular hemoglobin concentration (p = 0.024) are significantly lower than levels
under other genotypes. Similarly, the “CC” genotype of rs1518111 has the lowest levels of uric acid (p = 0.043) and
mean corpuscular hemoglobin concentration (p = 0.018) compared with other genotypes. The levels of uric acid (p =
0.045), mean corpuscular hemoglobin concentration (p = 0.022), and mean corpuscular hemoglobin (p = 0.036) under
different genotypes of 1s3024490 Hemoglobin are significantly different, and these characteristic levels are lowest under
the “CC” genotype of rs3024490. Similarly, the “GG” genotype of rs1800871 has the lowest levels of uric acid (p =
0.043), mean corpuscular hemoglobin (p = 0.034), and mean corpuscular hemoglobin concentration (p = 0.019)
compared with other genotypes.
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Table 5 IL-10 SNP-SNP Interaction Models Analyzed by MDR Method

Model Training Bal. | Testing Bal. OR (95% CI) p-value | CVC
Acc Acc
rs1554286 0.525 0.508 1.22 (0.99-1.50) 0.0622 5/10
rs1518111, rs3021094 0.531 0.506 1.29 (1.03-1.61) 0.0241 7/10
rs1554286, rs1518111, rs3021094 0.535 0.511 1.33 (1.07,1.66) 0.0112 | 7/10
rs1554286, rs1518111, rs3021094, 0.537 0.517 1.36 (1.09-1.70) 0.0064 10/
rs1800871 10
rs1554286, rs1518111, rs3021094, 0.538 0.517 1.36 (1.10-1.68) 0.0039 10/
rs3024490, rs1800871 10

Notes: p values were calculated using 4 tests; “p-value< 0.05” and bold text represent statistical significance.
Abbreviations: MDR, multifactor dimensionality reduction; Bal. Acc., balanced accuracy; CVC, cross-validation consistency; OR, odds ratio; 95% ClI,
95% confidence interval.

SNP-SNP Interaction and OP Risk

As is shown in Supplemental Figure 1, the dendrogram describes the interaction between the four candidate genetic loci. The

color of the lines in the dendrogram represents the level of redundancy or synergy. As is shown in (Supplemental Figure 1A),

the closer the color of lines red the stronger the synergy between genetic loci, the closer the color of lines to blue the more
redundant they are. It follows that the interaction between the five candidate genetic loci is redundant. In addition, information
gain (IG) was used to evaluate attribute interactions. As shown in (Supplemental Figure 1B), the IG value of rs1518111 was
the highest. MDR analysis showed (Table 5) that the five loci and four loci model all have the highest test accuracy (0.517) and
perfect CVC (10/10). However, due to the small sample size in this study, the four-site model consisting of rs1554286,
rs1518111, rs3021094, and rs1800871 can be considered as the best model to predict the risk of osteoporosis.

Haplotype Analysis

The result of linkage disequilibrium showed that (Figure 1) the five candidate genetic loci in IL-10 (rs1554286,
rs1518111, rs3021094, rs3024490, and rs1800871) composed one LD block. However, the results of haplotype analysis
showed that there is no haplotype associated with the susceptibility to OP (Supplemental Table 7).

Discussion

This study has investigated the association between /L-70 loci and OP susceptibility in Han population from northwest
China. At the same time, the association between candidate genetic loci and potential risk factors of OP was evaluated
through hierarchical analysis. We have found strong evidence that four candidate /L-/0 genetic polymorphisms
(rs1554286, rs1518111, rs3024490, and rs1800871) were associated with OP susceptibility: allele “G” of IL-10-
1s1554286, allele “C” of IL-10-rs1518111, allele “C” of IL-10-rs3024490, and allele “G” of IL-10-rs1800871 are all
significantly associated with increased risk for OP. In addition, the above genetic loci are also significantly associated
with the increased risk of OP in stratified analysis (female, smoking, drinking, or aging <60 years old participants). FPRP
analysis showed that all positive results are noteworthy findings. More importantly, FPRP analysis showed that all
positive results found in this study are noteworthy findings.

IL-10 is considered to be a potent immune and inflammatory suppressor and plays an important role in the
pathogenesis of inflammation, autoimmune diseases, and immune escape of tumor cell antigens. This determines that
IL-10 has important and broad clinical application prospects in autoimmune and gene therapy of inflammatory diseases.
In recent years, a correlation between IL-10 genetic polymorphism and various disease risks has been reported, including
tuberculosis,?' periodontitis,”* and bacterial sepsis.”> In addition, the correlation between IL-10 genetic polymorphism
and bone mineral density and OP risk has also been reported in many populations, including South Korea,'® Turkey,'®
Taiwan,'® and Chinese postmenopausal women.>* Studies have reported the association of IL-10-rs1554286, -rs1518111,
-rs3024490, and -rs1800871 with susceptibility to Behcet‘s disease,” tuberculosis,?® systemic lupus erythematosus®’ or
breast cancer.”® However, no association analysis between the above genetic polymorphisms and susceptibility to OP of
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A

Figure | Haplotype block map for the IL-10 genetic loci (rs1554286, rsI1518111, rs3021094, rs3024490, rs1800871). (A) The numbers inside the diamonds indicate the D’
for pairwise analyses. (B) The numbers inside the diamonds indicate the R? for pairwise analyses. The colors represent the degree of linkage disequilibrium: the redder the
color, the stronger the linkage disequilibrium.

any population has been reported. We have found strong evidence that the above four IL-10 genetic polymorphisms are
associated with increased OP risk for the first time.

Recent animal experiments and related clinical studies have confirmed that IL-10 can be used as an important anti-
inflammatory medium to inhibit bone resorption and reduce bone loss.?**° Giiret al found that the IL-10 level in blood of
postmenopausal women with osteoporosis was significantly lower than that of postmenopausal normal women.>' The
above studies suggest that the IL-10 level in patients with osteoporosis is lower than that in the normal population.
Studies have found that IL-10 gene polymorphism affects the level of IL-10 and evidence related to BMD reduction and
osteoporosis risk.>* Combined with previous studies and the results of this study, we speculate that the presence of allele
“G” of IL-10-rs1554286, allele “C” of IL-10-rs1518111, allele “C” of IL-10-rs3024490, or allele “G” of IL-10-rs1800871
will reduce the level of IL-10, thereby increasing the risk of OP. However, the above is only a speculation, and further
functional verification experiments are necessary, which will further confirm the results of this study.

In addition, our results showed that the levels of UC, MCH, or MCHC in the population carrying homozygous or
heterozygous mutant genotypes of IL-10-rs1554286 (AG/GG), -rs1518111 (CT/CC), -rs3024490 (CA/CC), and -
rs1800871 (GA/GG) were significantly lower than those in the population carrying wild genotypes. Many studies have
confirmed that serum uric acid and bone mineral density are positively correlated.>*>* Uric acid protects bone

3336 and anemia patients should be alert to

metabolism.>* Low levels of MCH or MCHC suggest anemia,
osteoporosis.”’*® It can be seen that people with low levels of UC MCH or MCHC are more likely to develop
osteoporosis. Combined with the results of this study, we speculated that homozygous or heterozygous mutations of
IL-10-rs1554286, -rs1518111, -rs3024490, and -rs1800871 may affect the level of UC, MCH, or MCHC and thus affect
the susceptibility of osteoporosis. However, the above speculation requires functional verification experiments to further

verify it.
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In any case, this study is the first to explore the association between IL-10 genetic polymorphisms and susceptibility
to OP in Han population from Northwest China, and found noteworthy results. However, the shortcomings of this study
cannot be ignored: it is necessary to expand the sample size in future studies and carry out validation tests in different
regions or populations with different genetic backgrounds. In addition, we believe it is of great interest to conduct
necessary functional studies to support the speculations based on results obtained from this study. The above study will
further explore the molecular mechanism of IL-10 in the occurrence and development of OP and provide a more reliable
theoretical basis for the treatment of osteoporosis at the gene level.

Conclusion

In summary, this study showed that IL-10-rs1554286, -rs1518111, -rs3024490, and -rs1800871 are associated with
increased risk of OP. This study found for the first time that IL-10 genetic loci are significantly associated with
susceptibility to OP among Han population from Northwest China. Our study has laid a reliable theoretical foundation
for the study of the mechanism of IL-10 in the occurrence and development of osteoporosis.
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