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Purpose: Osteoporotic vertebral compression fracture (OVCF) is a common disease in the elderly, and genetic factors play a key role
in its occurrence. The present study was conducted to investigate the association between interleukin-6 (IL-6) and the transforming
growth factor (TGF-β) gene polymorphisms and the occurrence of thoracolumbar OVCF.
Patients and Methods: This case–control study recruited 146 patients with OVCF and 144 osteoporosis patients as the control
group. Genotypes of the IL-6 rs1800796 and TGF-β rs1982073 were analyzed by sequencing. Genotype distribution and allelic
frequencies were investigated by the χ2 test. Odds ratios (OR) and 95% confidence intervals (CI) evaluated the relationship of IL-6 or
TGF-β polymorphism and OVCF susceptibility.
Results: Allele G and genotype GG of IL-6 rs1800796 was more frequent in patients with OVCF (40.07% vs.28.47%; 19.18%
vs.7.64%) compared with controls. GG genotype (OR=3.394, 95% CI=1.560–7.385, P < 0.001) and G allele (OR=1.680, 95%
CI=1.187–2.376, P < 0.001) of IL-6 rs1800796 was significantly associated with increased risk of OVCF. What is more, CT and TT
genotypes (41.78 vs.51.39; 19.86 vs.26.39) and allele T (40.75 vs 52.08) of TGF-β rs1982073 were less frequent in OVCFs, more
common in controls and protective against OVCF risk (OR=0.436, 95% CI=0.228–0.835, P = 0.012; OR=0.615, 95% CI=0.443–
0.855, P = 0.004).
Conclusion: Our results suggest that the G allele and GG genotype of IL-6 rs1800796 may contribute to increased susceptibility to
OVCF in elderly Chinese. In contrast, CT and TT genotypes and the T allele of TGF-β rs1982073 may contribute to lower
susceptibility of OVCF.
Keywords: OVCF, IL-6, TGF-β, gene polymorphisms

Introduction
As the higher frequency complication of osteoporosis, osteoporotic vertebral compression fractures (OVCF) are the most
common clinical fracture, and there are nearly 1.4 million new cases per year.1 Epidemiology shows that the thoraco-
lumbar vertebral body is the most common site for osteoporotic fractures, and the incidence of thoracolumbar OVCF
accounts for 53% of all fragility fractures.2 It can cause severe and long-term low back pain, even disability, and
seriously affect the quality of life.3 Pathogenesis of OVCF is complicated, and individual nutrition, genetic factors,
environment, and living habits are all risk factors. Genetic factors are particularly important, which determine about 70–
80% of peak bone mass during individual growth.4 Recently, with the maturity and popularization of gene sequencing
technology, a large number of single nucleotide polymorphisms (SNPs) have been found in the gene, which is closely
related to many diseases, including OVCF.5

Interleukin-6 (IL-6) is a multifunctional cytokine that is involved in immune regulation and inflammation and
promotes B cell differentiation and T cell proliferation.6 The human IL-6 gene is located on human chromosome
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7p21 and contains 5 exons and 4 introns. The current research on IL-6 gene polymorphism mainly focuses on SNPs in
the promoter region, such as −597G/A (re1800797), −572G/C (rs1800796), −174G/C (rs1800795). They affect the
expression level of IL-6 by regulating gene transcription and expression strength, and then make differences in the
susceptibility of the population to diseases such as COVID-19,7 coronary artery disease,8 and type 2 diabetes.9 IL-6
polymorphism has been reported to be involved in bone loss,10 fracture,11 and osteoarthritis.12 In addition, the
transforming growth factor (TGF-β), as a multifunctional growth factor and osteogenic factor, is reported to be abundant
in bone and take leading to bone formation, differentiation, absorption, remodeling, and matrix metabolism.13 TGF-β
SNPs include +896T/C (rs1982073), +915G/C (rs1800471), +29T/C (re1800470), −509C/T (rs1800469), it was asso-
ciated with the susceptibility of aortic dissection,14 hepatitis15 and gastrointestinal adenocarcinoma.16 What’s more, in
bone metabolism, IL-6 can affect the metabolism of calcium and vitamin D and affect the metabolism of connective
tissue, especially cartilage and bone.17 It has also been reported that inhibition of the TGF-β signaling pathway, a key
pathway in bone metabolism, differentially regulates the inflammatory mediators IL-6 and MCP-1 thereby further
regulating bone metabolism.18

Recent studies have found that SNPs of IL-6 and TGF-β are associated with susceptibility to osteoporosis.19,20 Clinical
studies have confirmed elevated IL-6mRNA levels in OVCF patients,21 and IL-6may promote RANKL levels in osteoblasts
and activate its signaling pathway causing bone destruction.22 rs1800795 and rs1800796 are the two SNPs of IL-6 most
studied, and rs1800796 is strongly related to the risk of osteoporosis.20 However, TGF-β rs1982073 was closely related to the
low bonemineral density and was themain risk factor for osteopenia and osteoporosis.19,23 Therefore, we conducted this study
to test our suspicion that IL-6 rs1800796 and TGF-β rs1982073 are potentially associated with OVCF.

Materials and Methods
Participants of This Research
The present research was a case–control study to evaluate the effects of IL6 rs1800796 and TGF-β rs1982073 on OVCF.
Current research was conducted following the declaration of Helsinki with the approval by the Medical Ethics
Committee of Shandong First Medical University and Shandong Academy of Medical Sciences (Approval
NO. 201789) and informed consent of the subjects.

From June 2017 to December 2019, elderly patients diagnosed with thoracolumbar OVCF in our hospital were selected.
Inclusion criteria were: a) patients > 60 years; b) patients diagnosed with T11-L2 single-level thoracolumbar OVCF onMRI and
CTscan (defined as vertebral height loss > 25%),24 and there was tenderness or percussion pain in the vertebrae or lower lumbar
vertebrae; c) The diagnostic criteria for osteoporosis are based on the criteria of the World Health Organization:25 the bone
mineral density (BMD) T-score of −2.5 standard deviations (SD) or lower assessed by dual-energy X-ray absorptiometry
(DEXA). Exclusion criteria included: a) pathological fracture caused by spine infection or tumor; b) with neurology defects; c)
spinal surgery history and severe fractures; d) intake of drugs affecting bone metabolism such as bisphosphonates, calcium or
vitamin D, hormones. Through the above screening, 146 patients with OVCF (61 male/85 female; mean age 71.9±4.21 years)
were included. Meanwhile, 144 elderly people with osteoporosis (75 male/69 female; mean age 70.98±5.84 years) who came to
our hospital for physical examination during the same period were selected as the control group. All of them were examined by
DXA and the first finding of BMD was −2.5 or lower, and no intake of drugs affecting bone metabolism or anti-osteoporosis
within the last sixmonths. In addition,MRI andCI showed no evidence of fracture, and their agewasmatched to the patients with
OVCF. The basic clinical information of both patients is recorded in Table 1.

Specimen Collection
Venous blood from each subject’s upper extremity was collected into an EDTA-coated anticoagulant tube. Partial blood samples
from the subjects were used to analyze fasting blood glucose (FBG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), total cholesterol (TC), and triglyceride (TG) using the modular automatic biochemical analyzer
(Olympus AU640). The remaining peripheral blood samples were used for genetic analyses. Some blood was centrifuged to
collect the supernatant, and the expression levels of IL-6 and TGF-β in the subjects were measured using a commercial enzyme-
linked immunosorbent assay kit.
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DNA Extraction and Genotyping Analysis
According to themanufacturer's protocol, genomic DNA is extracted and isolated from peripheral venous blood using Tiangen
DNA Extraction Kit. The concentration and purity (absorbance ratios from 1.8 to 2.0 at the length of A260/A280) of each
DNA sample were measured on the NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific) and stored at −20°C.

The amplification and genotyping of the polymorphic target fragments of IL-6 rs1800796 and TGF-β rs1982073 were
performed by polymerase chain reaction (PCR) and sequencing. IL-6 rs1800796 was amplified by forward (5’-GGAGA
CGCCTTGAAGTAACTGC-3’) and reverse (5’-GAGTTTCCTCTGACTCCATCGCAG-3’) primers and TGF-β rs1982073
was amplified by forward (5’-TTCCCTCGAGGCCCTCCTA-3’) and reverse (5’-GCCGCAGCTTGGACAGGATC-3’) pri-
mers. The PCRprocedure forDNAamplificationwas pre-denaturation at 95°C for 1min, 40 cycles of denaturation at 95°C for the
30s, annealing at 55 °C for 30s, and extension at 72°C for 30s. PCR products were purified and analyzed by DNA sequencing by
an automatic ABI3730xL DNA analyzer (Applied Biosystems). Perform genotype analysis on randomly selected (5%) samples
by blind method, with 100% consistency.

Statistical Analysis
Analysis was performed by SPSS 23.0 software. Student’s t-test and ANOVA tests were applied to compare the
differences between two or more groups, and the measurement data were presented by means and SD. The Chi-square
test was performed on counting data, and it was applied to estimate the deviation of the genotype frequencies from the
Hardy-Weinberg equilibrium (HWE). The association of IL-6 and TGF-β with OVCF susceptibility was measured by
odds ratio (OR) and 95% confidence interval (CI). P < 0.05 was considered statistically significant.

Results
General Characteristics of Subjects
Demographic data of the participants are presented in Table 1. One hundred and forty-six patients with OVCF (61 male/85
female; mean age 71.9±4.21 years) and 144 controls (75 male/69 female; mean age 70.98±5.84 years) were included in this
study. There was no significant difference between the two groups in age, gender, BMI, and biochemical indicators such as FBG,
SBP, SDP, LDL-C, and BMD (P > 0.05). However, the level of HDL-C of OVCF patients was lower than that of the control
group, the TG of patients was significantly higher than that of the control group (P < 0.05). In addition, ELISAwas also applied to
detect the difference in serum levels of IL-6 and TGF-β between the two groups, and it was confirmed that the serum levels of IL-
6 were significantly higher in patients than in controls, while TGF-β was significantly lower (P < 0.001, Figure 1).

Table 1 Clinical Information of the Subjects

Indicators Controls (n=144) Patients (n=146) P

Age (years) 70.98 ± 5.84 71.92 ± 4.21 0.114
Gender (n) 0.079

Male/ Female 75/69 61/85

BMI (kg/m2) 24.69 ±3.20 24.96 ±2.90 0.447
FBG (mg/dL) 109.06 ±27.82 116.43 ±40.78 0.074

SBP (mmHg) 128.51 ±17.01 129.64 ±26.93 0.670

DBP (mmHg) 75.11 ±11.70 76.86 ±13.28 0.235
HDL-C (mg/dL) 49.68 ±17.75 45.42 ±10.46 0.013

LDL-C (mg/dL) 121.09 ±40.13 123.07 ±34.21 0.651
TG (mg/dL) 121.84 ±30.32 143.53 ±48.66 <0.001

BMD (g/cm2) −3.29 ±0.67 −3.42 ±0.81 0.141

Note: Data are expressed as n or mean ± standard deviation.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BMD, bone mineral density.
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Association Between IL-6 rs1800796 Polymorphism and OVCF Risk
Alleles and genotype frequencies of IL-6 rs1800796 of subjects are presented in Table 2. The control group of 144 subjects met
the HWE of genotype distributions (P > 0.05). And compared with the control group, the frequency of the G allele of IL-6
rs1800796 was higher in the OVCF group (40.07% vs 28.47%, P < 0.01). In addition, GG of IL-6 rs1800796 genotype was
more common in patients with OVCF than in controls (19.18% vs 7.64%, P < 0.01). What’s more, allele G of IL-6 rs1800796
was associated with higher risk by 1.68-fold of OVCF (95% CI=1.187–2.376), and genotype GG was associated with a 3.394-
fold higher risk of OVCF (95% CI 1.56–7.385). The results suggest that the G allele and GG genotype of IL-6 rs1800796 are
more common in patients with OVCF and are associated with OVCF susceptibility.

Association Between TGF-β rs1982073 Polymorphism and OVCF Risk
Subsequently, alleles and genotype frequencies of TGF-β rs1982073 in the control group and OVCF group were also
analyzed. The distribution of genotypes in controls did not deviate from HWE (P > 0.05, Table 3). The frequency of the
T allele was lower in the patients with OVCF than in the control group (40.75% vs.52.08%, P =0.004). Similarly, CT and
TT genotypes were significantly reduced in patients with OVCF and were more common in controls (41.78% vs 51.39%;
26.39% vs.19.86%, P < 0.05). Furthermore, the TGF-β rs1982073 T allele was associated with a low risk of OVCF (OR =
0.615, 95% CI= 0.443–0.855, P = 0.004), and CT (OR = 0.471, 95% CI=0.272–0.817, P = 0.007) and TT (OR=0.436, 95%
CI=0.228–0.835, P = 0.012) genotypes were associated with lower OVCF compared with genotype CC. The results suggest
that TNF-β rs1982073 T allele and genotype CT and TT are associated with a low risk of OVCF.

Discussion
Vertebral fractures are the most common outcome and complication of osteoporosis, especially OVCF, and occur most
frequently in the thoracolumbar lumbar segment.26 When patients with osteoporosis are hit by external forces such as
falls and traffic accidents, and a load of external forces exceeds the load limit that the vertebral body can bear, kyphosis
of the vertebral body and thoracolumbar fracture damage will result in OVCF of the thoracolumbar segment.27 And it is

Figure 1 The expression levels of IL-6 (A) and TGF-β (B) in controls and patients serum were measured by enzyme-linked immunosorbent assay. ***P < 0.001 versus the
Control groups.

Table 2 Frequency Distribution of IL-6 Gene rs1800796 Genotype and Allele in Controls and Patients Groups

Genotype/Allele Controls, N=144,
n (%)

Patients, N=146,
n (%)

χ2 OR (95% CI) P

rs1800796

CC 73 (50.69) 57 (39.04) – 1 –
CG 60 (41.67) 61 (41.78) 1.454 1.356 (0.826–2.224) 0.228

GG 11 (7.64) 28 (19.18) 10.103 3.394 (1.560–7.385) 0.001

C 206 (71.53) 175 (59.93) – 1 –
G 82 (28.47) 117 (40.07) 8.651 1.680 (1.187–2.376) 0.003

PHWE 0.78

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.
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more common in the elderly population, its morbidity and mortality are high.28 However, conservative treatment such as
bed rest, immobilization, analgesia, and bracing should only be used in patients without neurological dysfunction.29

Surgical treatments such as percutaneous kyphoplasty (PKP) have been widely used to treat OVCF, but have the
disadvantages of refracture, back pain, infection, and adjacent vertebral fractures.30 Recent investigations have shown
that the role of genetic factors, including gene polymorphism, is central in pathogenicity studies and has a synergistic
effect with OVCF risk factors.31 Therefore, polymorphic studies can effectively screen the high-risk elderly population
for OVCF occurrence and effectively prevent its occurrence in the early stage. Recent studies have emphasized the
regulatory role of bone and immune cells as well as immune cell products such as cytokines, chemokines, and growth
factors on bone resorption and bone formation. In this study, we investigated the association between the polymorphisms
of IL-6 rs1800796 and TGF-β rs1982073 and the occurrence of OVCF in the thoracolumbar segment. In addition to
OVCF patients, osteoporosis patients were also recruited as the control group. There were no remarkedly differences in
clinical basic information and BMD between the two groups. However, HDL-C was decreased and TG was significantly
elevated in OVCF patients, which was consistent with previous studies.32 This suggests that the subjects in our study are
representative to a certain extent.

IL-6 is a multifunctional chemotactic cytokine secreted by macrophages, Th12 cells, and endothelial cells, which take
a leading role in regulating inflammation and immune response. The latest investigation has found that IL-6 is also a key
regulator of osteoblast formation, bone resorption, and fracture. Studies have shown that after a hip injury, IL-6 levels can
be detected within 1h, and the concentration increases to a peak within 4–6h.33 In mice, the level of IL-6 reached the peak
at 24h after fracture.34 IL-6 gene is located on chromosome 7q21.3 and contains 5 exons and 4 introns. At present,
its common promoter regions SNPs included rs1800796, rs1800795, rs1800797, and rs10499563.35 Among them,
rs1800796 confirmed to be the most common SNP in Asian populations,36 is the 572-cytosine mutation to guanine,
which promotes the transcription of IL-6 promoter and causes an abnormal increase of IL-6 level.

One study found that rs1800796 was associated with fractures in older women compared with other SNPs of
IL-6.11 More importantly, IL-6 rs1800796 were significantly correlated with BMD, while BMD is a key indicator
of bone strength and the most effective predictor of fracture risk.37 What’s more, osteoporosis is a common
complication and clinical outcome of OVCF, and IL-6 rs1800796 is also associated with osteoporosis.37 Therefore,
we suspected that IL-6 rs1800796 might be related to OVCF. To verify our hypothesis, we conducted a case–
control study and found that the G allele frequency of IL-6 rs1800796 was 28.47% in the control group and
40.07% in OVCF patients, which was remarkedly higher than the controls. The CG genotype did not differ
significantly between the two groups, but the purified GG genotype was more common in the case group. We also
found that both the G allele and GG genotype of rs1800796 polymorphism of IL-6 were related to a higher risk of
OVCF.

TGF-β belongs to the TGF-β superfamily and is a pleiotropic cytokine and immunomodulator, which not only
participates in the immune response but also plays a key role in normal development and physiology. In addition, TGF-β
also is synthesized by osteoblasts and is highly expressed in bone, and its level is related to the proliferation and

Table 3 Frequency Distribution of TGF-β Gene rs1982073 Genotype and Allele in Controls and Patients Groups

Genotype/Allele Controls, N=144,
n (%)

Patients, N=146,
n (%)

χ2 OR (95% CI) P

rs1982073

CC 32 (22.22) 56 (38.36) – 1 –

CT 74 (51.39) 61 (41.78) 7.272 0.471 (0.272–0.817) 0.007
TT 38 (26.39) 29 (19.86) 6.362 0.436 (0.228–0.835) 0.012

C 138 (47.92) 173 (59.25) – 1 –

T 150 (52.08) 119 (40.75) 8.422 0.615 (0.443–0.855) 0.004
PHWE 0.72

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.
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differentiation of osteoblasts.38 In addition, osteoblasts produce TGF-β, which is secreted in a latent form and then
deposited into the bone matrix. During the resorption phase, osteoblasts release and activate TGF-β from the bone matrix
so that this molecule affects the bone microenvironment. Also TGF-β binds to bone resorption and formation and recruits
bone progenitor cells to the site of bone resorption.39 TGF-β gene is located in the long arm of chromosome 19, and the
gene is described as 5 SNPs, which are −800G/A (rs1800468) and −509C/T (rs1800469) promoter region and +896T/C
(rs1982073), +915G/C (rs1800471), +29T/C (re1800470) coding region, respectively. Multiple studies have confirmed
that TGF-β polymorphism is associated with disease susceptibility. Such as rs1982073 and rs1800471 were associated
with psoriasis susceptibility.40 Importantly, it was found that TGF-β rs1982073 may be related to the risk of fracture
osteoporosis, and osteoarthritis.41 Genotype CT+CC of TGF-β rs1982073 is significantly reduced in patients with
osteopenia or osteoporosis in the lumbar spine and tibia.42 As OVCF is a common complication and clinical outcome
of osteoporosis, we focused on the correlation between the allele and genotype of TGF-β rs1982073 and OVCF. Similar
to the genotypes in osteoporosis, rs1982073 CT and TT genotypes were more common in osteoporosis patients and
significantly reduced in OVCF patients. The T allele was also more common in osteoporosis patients and significantly
reduced in patients. And TGF-β rs1982073 T allele and CT and TT genotypes were related to low risk of OVCF. That is,
CC genotype and allele C are more relevant to patients with OVCF. Finally, a major limitation of this study was the
failure to examine in time the G allele and GG genotype of IL-6 re1800796 as well as the CT and TT genotypes and
T allele of TGF-β rs1982073 in predicting the potential risk of vertebral compression fractures in patients with
osteoporosis. This will be addressed in our next in-depth study. In addition, to ensure that two groups were comparable,
we therefore included osteoporotic patients with no significant difference in BMD as a control group, which narrowed the
effect of BMD in this study, which is a limitation of this study, and this will be noted in the next studies.

Conclusion
In conclusion, our current study shows that the G allele and GG genotype of IL-6 rs1800796 may contribute to increased
susceptibility to OVCF in elderly Chinese. In contrast, CT and TT genotypes and the T allele of TGF-β rs1982073 may
contribute to lower susceptibility of OVCF.

Ethics Statement
The current research was conducted following the declaration of Helsinki with the approval of the Shandong First
Medical University and Shandong Academy of Medical Sciences Ethics Committee and informed consent of the
subjects.
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