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Introduction

Osteoporosis (OP) is a debilitating disease that brings a heavy burden to individuals and society with reduced quality of life and lifespan. However, it’s frequently overlooked and poorly studied in elderly male patients. Worse still, few anti-osteoporosis drugs are effective at the prevention and treatment of osteoporosis in men. It has been reported that the cells of bone and the immune system share common progenitors, cytokines and growth factors, and that reciprocal interactions occur during health and disease. Nevertheless, the role of immune system in OP is not fully understood, especially in male patients. Therefore, this study aimed to investigate molecular alterations in immune cells in men with OP and to identify immunomodulatory strategies with potential therapeutic value.



Materials and Methods

A population of 121 men aged between 51 and 80 years old was recruited. Bone mineral density (BMD) was measured at the lumbar spine L1-4 and femoral neck using dual-energy X-ray absorptiometry (DXA). Twenty people were healthy, 66 people had osteopenia and 35 people had OP. Bone metabolic markers, Th1, Th2, Tregs and immune molecules were evaluated at the time of enrollment.



Results

Smoking was a risk factor for OP. C-terminal crosslinking of type I collagen (β-CTX) and the ratio of receptor activator of nuclear factor-κB ligand (RANKL) to osteoprotegerin (OPG) were higher in OP group, which had lower 25-hydroxyvitamin D [25(OH)D] levels. OP had the higher levels of IL-6 and TNF-α and lower levels of IFN-γ and IL-10. CD4+CD25+CD127-/low Tregs were significantly lower in the OP group. The imbalance of Th1/Th2 cells may play an important role in the development of OP. 25(OH)D may play essential roles in maintaining bone health. The low level of Tregs is also one of the underlying immune mechanism that leads to male primary OP.



Conclusion

The active function of osteoclasts and the decline in osteoblasts were characteristics of OP, and the imbalance in cytokines and lower levels of Tregs were observed in elderly male patients with primary OP.





Keywords: male primary osteoporosis, bone mineral density, cytokines, Treg cells, bone turnover markers



Introduction

Osteoporosis (OP) is a metabolic disease characterized by low bone mass and destruction of bone microstructures, resulting in a decrease in BMD and an increase in skeletal fragility (1). The prevalence of OP increased from 14.94% in 2008 to 27.96% in 2015 in China (2). Epidemiologists estimate that more than 1.1 million men worldwide will experience hip fractures each year by 2025 (3). Age-dependent male OP is an overlooked and a poorly studied yet increasingly important clinical problem.

Bone remodeling is a dynamic process that is dependent on the balance between osteoblasts and osteoclasts (4). Osteoblasts secrete bone matrix proteins and then stimulate their mineralization. Conversely, osteoclasts adhere to demineralized bone and dissolve bone matrix. An imbalance of bone remodeling is an important cause of OP. Recent studies have established that bone and immune cells share the same progenitors and are influenced by the same cytokines; they are functionally connected, and the immune system and bone metabolism influence each other (5).

OPG/RANK/RANKL is one of the most important molecular systems involved in regulating balance. OPG/RANK/RANKL is also an immune pathway that plays an important role in the differentiation and development of lymphocytes and lymphoid organs. Through the RANK-RANKL pathway, T cells lead to osteoclast generation and promote bone absorption (6). OPG is a negative regulator of osteoclast formation that competitively binds RANKL along with RANK. Due to the lack of transcriptional activation signals generated by the RANK-RANKL pathway, osteoclast differentiation and maturation are impeded, and bone absorption is inhibited, thus achieving bone protection. However, the synthesis of OPG gradually decreases with the gradual increase in age, the function of the RANK-RANKL pathway increases, and the incidence of OP increases. Other cytokines are also involved in bone remodeling, such as TNF-α, IL-1, IL-6 and IL-17, which promote bone resorption (7), and IFN-γ exhibits a complex bidirectional regulation mechanism in the bone immune system, which is not only related to osteoclast differentiation but is also involved in the formation of osteoblasts (8).

Recent studies have shown that Tregs inhibit osteoclasts, control bone absorption in vivo, maintain bone mass and reduce the occurrence of OP (9). Tregs directly inhibit RANKL to regulate osteoclast formation in a dose-dependent manner (10). Tregs can block osteoclast differentiation by inhibiting TGF-β1, GM-CSF, IFN-γ, IL-5 and IL-10 (11). Tregs can also interact with osteoblasts and have been implicated in bone formation by promoting the differentiation of osteoblasts directly and inhibiting the differentiation of osteoclasts (12). In addition to Tregs, Zhao et al. found that Th1 is also involved in the regulation of osteoclasts and bone resorption, and that abnormality of Th1 may contribute to bone destruction (13). The insufficient activation of the Th2/Treg and Th1/Th17, with subsequent osteoclast activation (14). However, the balance among Th1/Th2/Treg is less studied in the development of osteoporosis, and we will use this as an entry point to explore the pathogenesis of osteoporosis.

At present, there have been many studies on the pathogenesis of postmenopausal female OP, but insufficient attention has been given to primary OP in males. The purpose of this project was to determine the changes in the characteristics of bone metabolism in male patients with primary OP. This study will provide new ideas for clinical treatment of primary OP in males.



Materials and Methods

For requirements for a specific article type please refer to the Article Types on any Frontiers journal page. Please also refer to Author Guidelines for further information on how to organize your manuscript in the required sections or their equivalents for your field.


Study Participants

Males aged between 51 and 80 years who came to our outpatient department for physical examination from February 2018 to February 2019 were tested for vital signs and BMI to understand the general situation of the patients. Then, the questionnaire was completed to determine the patients’ sunburn duration, exercise duration, drinking duration and smoking duration and to determine their fracture history, past-history, family history, etc. Routine examinations, such as DXA, parathyroid hormone (PTH), calcium (Ca), phosphate (P), alkaline phosphatase (ALP), thyroid function, frontal and lateral chest radiographs, and ultrasound of the abdomen, thyroid and parathyroid gland, were performed to analyze the health status of patients. Suitable patients who volunteered to participate in our study were screened according to the inclusion and exclusion criteria, and after signing informed consent forms, six milliliters of venous blood were drawn to detect Tregs, cytokines and bone metabolic markers. This step was completed within 1 month after obtaining the medical examination report.

Subjects were included if (1) their exercise and sun intensity exposure were similar; (2) they were in good health according to medical history and current physical and laboratory examinations; and (3) they had a normal anatomical structure of the lumbar vertebra suitable for DXA assessment of BMD, with three measurable vertebrae. Subjects were excluded if they (1) had undergone any therapy affecting bone metabolism for more than two weeks in the three months directly preceding the study, including androgen-stimulating therapy, glucocorticoids or bisphosphonates; (2) had experienced bone fracture in the six months directly preceding the study; and (3) had a history of metabolic bone disease including hyperparathyroidism, hypoparathyroidism, other abnormal thyroid function, Paget’s disease and osteomalacia. The following data were obtained: 25(OH)D, β-CTX, N-terminal procollagen of type I collagen (P1NP), OPG, RANKL, Th1 cells, Th2 cells and Treg cells.



BMD Measurement

Patients were grouped into three categories, namely, normal, osteopenia and OP, based on the lower DXA result on lumbar spine L1-4 and femoral neck according to the 2016 AACE/ACE Guidelines (15). BMD of the lumbar spine L1-4 and femoral neck were measured by DXA (GE, New York, USA). All scans were reviewed by an experienced radiologist. The AACE/ACE Guidelines for Classification of Osteopenia and OP were as follows: normal: BMD T-score ≥ -1.0, osteopenia: -2.5 < T-score< -1.0, OP: T-score ≤ -2.5.



Sample Collection

Three milliliters of venous blood was withdrawn in ethylenediaminetetraacetic acid (EDTA) sterile tubes to isolate peripheral blood mononuclear cells (PBMCs) to detect Tregs within 1 hour after blood drawing. Three milliliters of venous blood was withdrawn in a serum tube, allowed to stand for 30 min and centrifuged at 1500 rpm for 10 min. The serum samples were separated, divided into aliquots, and then stored at -80°C for subsequent cytokines and bone-relevant serum parameter analysis. Fasting venous blood was collected from each subject between 8:00 and 9:00 AM. Detection of these parameters was completed simultaneously using the same reagent kits by the same technician.



Measurement of Bone-Relevant Serum Parameters

Serum levels of OPG and RANKL (R&D, Germany) were determined by enzyme-linked immunosorbent assays (ELISAs), and β-CTX and P1NP (Immunodiagnostic Systems, Limited, UK) and vitamin D (DiaSorin, USA) were determined by chemiluminescence immunoassays. Ca (Beckman Coulter, China) was determined by the azoarsenic III method, P (Shanghai Kehua Bioengineering, China) was determined by the ultraviolet direct method, and ALP (Juchuang Technology, China) was determined by the International Federation of Clinical Chemistry (IFCC) recommended method. All these kits were used according to the manufacturer’s protocols.



Measurement of T Cells and Tregs

Peripheral blood was diluted with PBS to the same volume, and PBMCs in diluted peripheral blood were isolated with lymphocyte separation fluid (lymphocyte separation fluid volume:diluted peripheral blood volume = 1:1). The finally about 0.5-1×106 cells per tube were used for flow cytometry analysis. PBMCs were labeled with APC-anti-human CD4, Perp-anti-human CD8, PE-anti-human CD25 and FITC-anti-human CD127 antibodies (all flow cytometry reagents came from BD Biosciences by following the manufacturer’s protocols). The percentages of CD4+, CD8+, CD4+ CD25+ and CD4+ CD25+CD127-/low cells were assessed by flow cytometry. The specificity of immunostaining was ascertained by the background fluorescence of cells incubated with CD25+ and CD127+ Ig isotype controls. FACSCaliber (BD Biosciences, Mississauga, Canada) was used to quantify the percentage of cells in all groups. CD8+Tregs had a low abundance (0.2- 2% of CD8+ T cells) in both the circulation and periphery in healthy controls. In comparison, the well-studied CD4+ Tregs comprise approximately 5-12% of the CD4+ T cell population. In our study, Tregs indicate CD4+ Treg cells.



Measurement of Th1 and Th2

Measurements of Th1 (IL-2, TNF-α and IFN-γ) and Th2 (IL-4, IL-6 and IL-10) cytokines in the serum of patients, about 0.5-1×106 cells, were determined by flow cytometry following the manufacturer’s protocols (Jiangxi Cellgene Biotech, China). Fluorescent signals were read and analyzed on a FACSCaliber flow cytometer with the help of BD FCAP Array v1.0.1 software (BD Biosciences).



Statistical Analysis

Data are expressed as medians and ranges or numbers (percentages), the mean ± SD and the mean ± Q. For comparison among three groups, ANOVA for normally distributed data and Kruskal-Wallis for skewed data were performed, and p < 0.05 was considered significant. The data with significant differences were compared between groups, with the LSD-t test for normally distributed data (*p < 0.05, **p < 0.01) and Kruskal-Wallis test for skewed data (#p < 0.017 was considered significant, the test level needed to be adjusted for multiple pairwise comparisons of data, inspection level α’= inspection level α/times of comparison). Ordinal logistic regression as used for analyzing risk factors. ROC curves were generated to study the clinical indicators to predict the incidence of OP. Statistics were analyzed with SPSS 19.0 (SPSS, Inc., Chicago, IL, USA).




Results


Characteristics and BMD of the Studied Groups

The male patient information and clinical indicator data of the three groups are listed in Table 1. The smoking load in the patients with OP was significantly higher than that in the other groups. The OP group had significantly lower BMD and T scores in the lumbar spine and femur than the osteopenia and healthy control groups (Figure 1A). Age, milk consumption, drinking index, BMI and waist circumference in the three groups were not different. Although age had no differences in these groups, people in the OP group were over 65 years of age and were elderly. Ordinal logistic regression was used to analyze the correlation between patient information and disease development. The risk of OP was 1.005 times higher for each additional unit of the smoking index (OR = 1.005, 95% CI 1.003-1.007, χ2 = 23.309, p < 0.001). Smoking was a risk factor for OP. To some extent, people with a high smoking index have a high incidence of OP (Table 2).


Table 1 | Clinical parameters and laboratory indicators of the studied groups in males.






Figure 1 | Characteristics of the studied groups. (A) Spine L1-4 BMD and Femoral neck BMD. (B) Bone metabolic markers [25(OH)VD, β-CTX, RANKL/OPG]. (C) Plasma levels of TNF-α and IFN-γ secreted by Th1. (D) Plasma levels of IL-6 and IL-10 secreted by Th2. (E) CD4+CD25+CD127-/low Treg cells. *p < 0.05, **p < 0.01, #p < 0.017 (#p < 0.017, was considered significant, the test level needed to be adjusted for multiple pairwise comparisons of data, inspection level α’= inspection level α/times of comparison). NS, No statistical differences. Data are Mean± SD or Mean ± Q.




Table 2 | Analysis of risk factors for osteoporosis.





Bone Metabolic Markers in the Studied Groups

Serum bone metabolic markers included ALP, Ca, P, 25(OH)D, β-CTX, P1NP, RANKL and OPG. ALP, Ca and P were not different among the three groups (Table 1). Changes in ALP in adults are common in liver diseases and severe bone tumor diseases but are not obvious in OP. In patients with OP, osteoclasts are activated to maintain blood Ca and P levels to maintain the normal electrophysiological function of cells, so blood Ca and P levels in OP had no obvious changes.

The difference in 25(OH)D was significant between groups (Table 1 and Figure 1B). Although extensive studies have shown that the serum concentrations of 25(OH)D are associated with bone health and optimal overall health, a consensus has not yet been reached by a scientific community. In our study, the OP group had significantly lower expression of 25(OH)D than the other groups. Next, we will supplement vitamin D, calcium tablets and alendronate in elderly male OP patients to see if there is any improvement in OP.

β-CTX and P1NP are bone turnover markers (16). The expression of the bone resorption marker β-CTX was significantly different among the three groups (χ2 = 7.942, p = 0.019) (Table 1). This marker was higher in the OP group, and there was a difference between the osteopenia and OP groups (Figure 1D). The expression of the bone formation marker P1NP was slightly lower in the OP group but did not show any differences among the groups (χ2 = 0.689, p = 0.709).

RANKL and OPG are bone metabolic markers as well as immune molecules. The RANKL/OPG ratio determines the degree of bone resorption. The RANKL/OPG ratio was significantly different among the three groups (F = 4.878, p = 0.009) (Table 1). This parameter was higher in the OP group, but there was no difference between the osteopenia and OP groups (Figure 1B).



Cytokines Secretion Profile in the Studied Groups

In our study, the impact of numerous inflammatory cytokines, including Th1 (IL-2, TNF-α and IFN-γ), Th2 (IL-4, IL-6 and IL-10), RANKL and OPG, on bone metabolism was investigated (Table 1, Figures 1B–D). The levels of IL-2 were not significantly changed in the three groups (χ2 = 0.678, p = 0.712). Although IL-4 was slightly lower in the OP group, we did not observe any difference among the three groups (F = 0.884, p = 0.416). The expression levels of TNF-α (χ2 = 41.410, p<0.001) and IL-6 (χ2 = 52.433, p<0.001) in the patients with OP were significantly higher than other groups. The expression levels of IFN-γ (F = 6.537, p = 0.002) and IL-10 (F = 3.947, p = 0.022) in the OP group were lower than other groups.

This pattern in our study indicates that the high level of TNF-α (secreted by Th1) and IL-6 (secreted by Th2) in the osteoporotic patients coincides with the low level of IFN-γ and a slight low level of IL-4 (secreted by Th1) and IL-10 (secreted by Th2) in the osteoporotic patients. Th1/Th2 cell imbalance plays an important role in the development of OP. The immune molecules RANKL and OPG have been described in the previous paragraph.



Tregs in the Studied Groups

CD4+CD25+ was previously used to detect Tregs (17, 18). With further studies, authentic Tregs highly expressed the transcription factor Foxp3 (Forkhead box protein P3), which was thought to be one of the most specific Treg cell markers (19). Foxp3 was not only a marker molecule of Tregs but also a key gene that determines the function of Tregs. However, the detection method of Foxp3 is complex. It requires cell permeabilization, preventing the isolation of viable Tregs. Subsequently, studies have found that in humans, CD127 is expressed on effector CD4+ T cells and not on Tregs. CD127 negativity or low expression can also serve as a specific marker of Tregs (20–23). There was a good correlation between high Foxp3 expression and low CD127 expression (24).

In our study, CD4+CD25+ Treg and CD4+CD25+CD127-/low Tregs were simultaneously detected. CD4+CD25+ Tregs were slightly lower in the OP group, but there was no difference among the three groups (χ2 = 5.880, p = 0.053). We found that CD4+CD25+CD127-/low Tregs were significantly different among the three groups (F = 14.503, p<0.001) (Table 1). This parameter was lower in the OP group, but there was no difference between the osteopenia and OP groups (Figure 1E).



Correlation Between Clinical Indicators and the Incidence of OP

ROC curves were generated to study the clinical indicators to predict the incidence of OP. In this study, 25(OH)D, CD4+CD25+ Tregs and CD4+CD25+CD127-/low Tregs were found to be lower in the OP group. The AUC of 25(OH)D was 0.812 (95% CI, 0.705-0.919, p < 0.001), that of CD4+CD25+ Tregs was 0.649 (95% CI, 0.504-0.794, p = 0.036) and that of CD4+CD25+CD127-/low Tregs was 0.853 (95% CI, 0.783-0.923, p < 0.001) (Figure 2A). The results showed that CD4+CD25+CD127-/low Tregs and 25(OH)D were better than CD4+CD25+ Tregs at predicting the occurrence of OP. However, the positive predictive value (PPV) and negative predictive value (NPV) of 25(OH)D were better than those of CD4+CD25+CD127-/low Tregs (Table 3).




Figure 2 | The correlation between clinical indicators and the incidence of OP. (A) 25(OH)D, CD4+CD25+ Treg cell and CD4+CD25+CD127-/low Treg cell were found to decrease after the occurrence of OP. (B) RANKL/OPG, CD4/CD8, TNF-α and IL-6 were found to increase after the occurrence of OP.




Table 3 | PPV and NPV of clinical indicators from the ROC curve to predict the occurrence of osteoporosis.



In this study, RANKL/OPG, TNF-α, IL-6 and CD4/CD8 were found higher in OP. The AUC of RANKL/OPG was 0.729 (95% CI, 0.595-0.863, p = 0.001), that of TNF-α was 0.817 (95% CI, 0.732-0.903, p < 0.001), that of IL-6 was 0.751 (95% CI, 0.653-0.850, p < 0.001) and that of CD4/CD8 was 0.549 (95% CI, 0.387-0.711, p = 0.490) (Figure 2B). The results showed that TNF-α, IL-6 and RANKL/OPG were better than CD4/CD8 at predicting the occurrence of OP. The PPV and NPV of RANKL/OPG were better than those of IL-6 and TNF-α (Table 3).




Discussion

Bone mass slowly decreases in men older than 60 years of age. Skeletal fragility, leading to spine and hip fractures, is a major source of morbidity and mortality. Thus, the maintenance of healthy bones is important. Bone mass is influenced by many factors, such as nutrition, physical activity, smoking and alcohol intake (25). Our study found that the smoking load in the OP group was greater than other groups, which had the lower level of plasma 25(OH)D. Smoking was a risk factor for OP. Other studies also found that serum 25(OH)D was lower in OP, and 25(OH)D may play essential roles in maintaining bone health (26, 27). In our study, there was no difference in alcohol intake among the three groups, and the proportion of elderly men who regularly drank milk was low. These results may be helpful to guide elderly men to adjust their diet and lifestyle to improve their bone health. A healthy diet including calcium, vitamin D, vitamin K and protein, regular physical activity, and not smoking help maintain bone health and delay or prevent OP (28).

DXA was used to assess BMD, and bone turnover markers were used to evaluate bone metabolism. The standard reference range for P1NP and β-CTX should not be used to diagnose OP. Our study showed that the bone turnover marker β-CTX, which represents bone resorption, was higher in the OP group, and the bone turnover marker P1NP, which represents bone formation, was slightly lower in the OP group. However, the two were not sensitive at predicting the occurrence of OP when ROC curve analysis was conducted. However, by dynamically assessing the changes in P1NP and β-CTX after treatment, the therapeutic effect of anti-OP treatments can be monitored (16, 28). Notably, elevated levels of P1NP and β-CTX predicted the presence of bone diseases associated with malignancies, including breast, prostate, and lung cancer, as well as early signs of metabolic bone disease (29–32). Therefore, P1NP and β-CTX are more useful in the differential diagnosis of OP.

Bone is a dynamic tissue that is continuously remodeled throughout life, and the remodeling process is dependent on the balance between the osteoblasts and osteoclasts. Imbalance of bone remodeling is an important cause of OP. OPG/RANK/RANKL is one of the most important molecular systems involved in regulating this balance. RANKL is considered to have the most potent resorptive effect of all osteoclastogenic cytokines (33). The result of our study revealed that RANKL/OPG was the higher in the OP group. The active function of osteoclasts and the decline in osteoblasts were characteristics of male primary OP.

Other inflammatory cytokines produced by Th1 and Th2 cells also affect bone metabolism. Some studies have indicated that TNF-α and IL-6 promote osteoclastogenesis by either inducing RANKL expression or directly acting on osteoclast precursor cells, whereas IL-10, IL-4, and IFN-γ have inhibitory effects on osteoclast differentiation and function, illustrating the tight relationship of osteoclast precursor cells with other cells in the bone microenvironment, such as innate and adaptive immune cells (34–36).

However, some studies have indicated that IFN-γ exhibits a complex bidirectional regulation mechanism in the bone immune system in which it plays both a role in bone destruction and a role in bone protection. It is not only related to osteoclast differentiation but is also involved in the formation of osteoblasts. IFN-gamma blunts osteoclast formation through direct targeting of osteoclast precursors but indirectly stimulates osteoclast formation and promotes bone resorption by stimulating antigen-dependent T cell activation and T cell secretion of the osteoclastogenic factors RANKL and TNF-alpha (8). IFN-γ has a mainly bone protective effect (37) through downregulation of osteoclast maturation (bone-degrading cells). IFN-γ can promote osteoblast differentiation and inhibit bone marrow adipocyte formation (38). Apalset et al. found an inverse association between BMD and markers of IFN-γ-mediated inflammation in the oldest participants (39). Our study suggested that the OP group had the lowest BMD and the lowest IFN-γ level. Although our study was not directly comparable with Apalset’s study, the conflicting results may indicate a difference in region or race or other reasons impacting IFN-γ activity. IFN-γ signaling as a target for the treatment of osteoporosis has been proposed (40). However, there are still many problems in the clinical application of IFN-γ, including how to control the bidirectional regulation and doses of IFN-γ, which need to be further studied.

Tregs control adaptive and innate immune responses by suppressing the activation, proliferation and function of various immune cell types, such as Th cells, Tc cells, B cells, NK cells, macrophages, and dendritic cells (41–44). Accumulated evidence has demonstrated that Tregs have the ability to suppress osteoclast differentiation in vitro and in vivo, but the mechanisms remain incompletely understood. Some studies have indicated that inhibitory cytokines or cell-cell contact dependence may be the mechanisms (45, 46). Zaiss’s group indicated that Tregs inhibit osteoclastogenesis and suppress the formation of resorption pits directly in vitro by CD11b+ monocytes that have been treated with M-CSF and RANKL (47). Our study found that Tregs was lower in OP, which was accompanied by the lower serum levels of 25(OH)D and higher serum levels of RANKL/OPG, CD4/CD8, TNF-α and IL-6 compared to the other two groups. The results of the ROC curve indicated that CD4+CD25+CD127-/low Tregs and 25(OH)D were better than CD4+CD25+ Tregs at predicting the occurrence of OP. CD4+CD25+CD127-/low Tregs were more sensitive and specific than CD4+CD25+ Tregs in predicting OP. However, the PPV and NPV of 25(OH)D were better than those of CD4+CD25+CD127-/low Tregs.

Although some relationships between bone and the immune system have been recognized, communication factors between the different immune cell types and the bone microenvironment are still incompletely understood. We will select a matched population for a prospective study. The differentiation and maturation of osteoclasts were inhibited by alendronate. The observation group will be given supplemental calcium, vitamin D and alendronate, while the control group will only be given supplemental calcium and vitamin D. We will observe the changes in the RANK/RANKL/OPG system, inflammatory factors and CD4+CD25+CD127-/low Tregs to study the effects of alendronate. The aim is to provide immunological evidence for the administration of bisphosphonates in elderly male patients with OP.

There were several limitations to this study. The bone metabolism index, Th1, Th2, Tregs and OPG/RANK/RANKL can be determined in many tissues of the body, but this study only measured the expression of the above indicators in peripheral blood, which does not fully reflect their overall role in bone metabolism. In this study, only the percentage of Tregs was measured, and the function of Tregs was not assessed.

We intend to study the bone metabolism index, Th1, Th2, OPG/RANK/RANKL and Tregs at the local bone level to verify their interrelationships in the bone microenvironment. We intend to test the function of Tregs in the future to determine the role of Tregs in OP.



Conclusion

A healthy diet including calcium, vitamin D, vitamin K and protein, regular physical activity, and not smoking help maintain bone health and delay or prevent OP. The active function of osteoclasts and the decline in osteoblasts were characteristics of male primary OP. P1NP and β-CTX should not be used to diagnose OP, but they are useful in the differential diagnosis of OP. An imbalance in cytokines and lower levels of Tregs were observed in elderly male patients with primary OP. In this study, 25(OH)D, CD4+CD25+ Tregs and CD4+CD25+CD127-/low Tregs were found to be lower in the OP group. CD4+CD25+CD127-/low Tregs and 25(OH)D were better than CD4+CD25+ Tregs at predicting the occurrence of OP. The results showed that RANKL/OPG, TNF-α, IL-6 and CD4/CD8 were higher in OP. TNF-α, IL-6 and RANKL/OPG were better than CD4/CD8 at predicting the occurrence of OP. However, whether there are correlations between the RANK/RANKL/OPG system and inflammatory factors and Tregs in male patients is unclear.
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