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Background: Osteonecrosis of the femoral head (ONFH) is a complex disease resulting in degeneration of the hip joint. The 
pathogenesis of ONFH is largely unknown, but alterations in immunological factors have been proposed to play a role.
Methods: We included 109 patients with ONFH and 109 age-, sex-, and body mass index-matched healthy controls in this study. The 
percentage of circulating CD3+, CD4+, and CD8+ lymphocytes among the total lymphocytes was identified by flow cytometry and 
compared between the cases and controls. Subgroup analysis within each etiological group and correlation analysis of T-cell subset 
levels with disease duration were performed. Furthermore, we compared the expression patterns of CD4, RANKL, and FoxP3 in the 
femoral head of healthy and glucocorticoid (GC)-treated ONFH rats.
Results: The results showed that CD3+ and CD4+ T-cell counts and the CD4+/CD8+ ratio were significantly higher in patients with 
ONFH and that CD3+ lymphocyte levels were negatively correlated with disease duration. The CD4+ T-cell levels and CD4+/CD8+ 

ratios in the GC-ONFH etiological group were lower than those in the idiopathic-, traumatic-, and alcoholic-ONFH groups, while the 
CD8+ T-cell levels were higher. Furthermore, the CD3+, CD4+, and CD8+ T-cell counts and the CD4+/CD8+ ratio were higher in the 
GC-ONFH group than in the control group. Finally, we observed diminished levels of FoxP3/CD4 double-positive T regulatory cells 
and increased RANKL+ T-cell levels in the bone marrow of the femoral head in GC-ONFH rats.
Conclusion: The imbalance of T-cell subsets might be involved in the pathophysiological process of ONFH, and diminished CD4+/ 
FoxP3+ T regulatory cells may be associated with increased RANKL+ T cells in the bone marrow of the femoral head in GC-ONFH, 
which may facilitate bone resorption and collapse of the femoral head.
Trial Registration: This study was registered in the Chinese Clinical Trial Registry (Registration number: ChiCTR2100042642).
Keywords: CD3+, CD4+, lymphocytes, ONFH, osteoimmunology

Introduction
Osteonecrosis of the femoral head (ONFH) is a progressive and refractory disease with a complex etiology and unclear 
pathogenesis that results in femoral head collapse and degenerative changes in the hip joint1 The exact worldwide 
incidence of ONFH is unknown, and few data related to each country have been reported. In China, an estimated 
8.12 million patients aged ≥ 15 years have been diagnosed with nontraumatic osteonecrosis, and the costs associated with 
this disorder are considerable.2 Furthermore, compared with patients undergoing total hip arthroplasty for osteoarthritis, 
those undergoing total hip arthroplasty for osteonecrosis incur higher readmission-related costs and complication rates.3 

Therefore, there is a need to better identify the potential mechanisms and biomarkers for patients with a higher risk of 
developing ONFH to reduce the huge financial burden.
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Osteoimmunology is a relatively new field of immunology that is based on evidence that the immune and bone 
systems share the same microenvironment and that the immune system can regulate osteocytes and affect the process of 
bone remodeling.4 Dysfunction of the immune system can destroy the balance between bone formation and resorption, 
resulting in an abnormal osteoimmunology status.5 Functional disorders of immune cells, such as B or T cells, have been 
implicated in the pathogenesis of some diseases, including cancers and some immune disorders.6–9 A recent study 
suggested that immune cells, such as cluster of differentiation 3 (CD3)+ T cells and Ts cells (CD3+CD8+), occurred in 
significantly higher numbers in patients with nontraumatic ONFH than in healthy controls.10 Furthermore, the 
T lymphocyte percentage was significantly lower in patients at the Association Research Circulation Osseous stage IV 
than in patients at stages II and III.10 In addition, Rabquer et al11 found that patients with ONFH exhibit significant 
synovial inflammation, in which the inflamed synovium consists primarily of infiltrated macrophages and CD4+ T cells. 
Similarly, Daltro et al12 found that patients with sickle cell disease with osteonecrosis had increased circulating CD4+ 

T cells and that an increased proportion of these cells produce a broad spectrum of proinflammatory cytokines to maintain 
the inflammatory state. These studies have shown that T-cell-mediated immunity may be involved in the pathogenesis of 
ONFH; however, studies with larger sample sizes and broad etiologies of ONFH are needed to better compare the 
changes in T-cell subsets between patients with ONFH and healthy individuals.

CD4+ and CD8+ T-cell populations are representative of T cells. Naive CD4+ T cells can differentiate into T-helper 
(Th) type 1, Th2, Th9, Th17, and Th22; regulatory T (Treg); and follicular helper T cells depending on the environmental 
stimulus,13 while CD8+ T cells are cytotoxic T lymphocytes that are responsible for regulating immune responses and 
targeted cell destruction.14 Evidence suggests that T cells secrete cytokines to regulate bone remodeling in an autocrine or 
paracrine manner.13,15 For example, T cells can increase the receptor activator of nuclear factor kappa-Β ligand 
(RANKL)/osteoprotegerin ratio and play an important role in osteoclast formation, which may facilitate bone 
resorption.16–18 Additionally, Th17 cells are a specialized inflammatory subset associated with bone resorption.19 

Furthermore, Won20 found that CD4+ T cells can induce RANKL-mediated osteoclastogenesis by stimulating inter-
leukin-17 production. Moreover, Tregs can suppress osteoclast differentiation and bone resorption via the secretion of 
soluble cytokines.21 Normal bone remodeling relies on a balance between osteoclast-mediated bone resorption and 
osteoblast-mediated bone formation. An imbalance between osteoblastogenesis and osteoclastogenesis is known to play 
important roles in the pathogenesis and progression of ONFH.22

Therefore, we aimed to further elucidate the role of T-cellcell subsets, especially CD4+ lymphocytes, in ONFH 
pathogenesis. We think that the imbalance of T-cell subsets might be involved in the pathophysiological process of 
ONFH. Then, we conducted experiments to verify our hypothesis. By comparing changes in T-cell subsets in patients 
with ONFH and in healthy controls and further investigating the expression patterns of T-cell-related proteins in healthy 
and glucocorticoid (GC)-induced ONFH rats, we provide novel insights into ONFH pathogenesis and preliminary targets 
for the treatment of the disease.

Materials and Methods
Clinical Experiments
Case and Control Groups
One hundred nine patients with ONFH and 109 healthy matched controls were enrolled in this study. Patients were 
diagnosed with ONFH after total hip arthroplasty in our orthopedic ward between October 2020 and August 2021. These 
patients were diagnosed by more than two senior orthopedic surgeons, whose diagnosis was combined with clinical 
history, physical examination, radiography, and magnetic resonance imaging evaluation. The individuals included in the 
control group were admitted to the health management center of our hospital between October 2020 and August 2021 
and were matched (1:1) to the cases by age, sex, and body mass index (BMI). The controls were randomly selected and 
matched by a computer. Individuals who met the following criteria were excluded from our study: (i) individuals with 
a history of hip infection or tuberculosis and/or response to anti-tuberculosis therapy; (ii) individuals with severe 
cardiovascular disease, chronic obstructive pulmonary disease, kidney disease, or neoplastic diseases; and (iii) 
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individuals with known diseases (such as diabetes, thyroiditis, HIV, or viral infection) or a history of drug use that might 
influence the status of T cells.

The study was governed under the 2007–2008 version of the World Medical Association’s Declaration of Helsinki. 
This study was approved by the Institutional Review Board of the West China Hospital of Sichuan University and was 
registered in the Chinese Clinical Trial Registry (registration number: ChiCTR2100042642), and written informed 
consent was obtained from all study participants.

Measurements of T Lymphocyte Subsets
Peripheral venous blood samples were collected from the study participants using ethylenediaminetetraacetic acid 
between 7:00 and 10:00 a.m. after fasting from midnight. The percentages of CD3+, CD4+, and CD8+ lymphocytes 
among the total lymphocytes were identified and determined by flow cytometry using a BD FACSCantoTM II Flow 
Cytometer (BD Biosciences, Heidelberg, Germany), and the CD4/CD8 ratio was calculated. For flow cytometry analyses, 
a reagent cocktail (10 μL) containing CD4-fluorescein isothiocyanate, CD8-phycoerythrin, and CD3 peridinin chlor-
ophyll protein was added to 50 μL heparin-anticoagulated whole blood. Lymphocytes were gated using forward-scattered 
light and side-scattered light. For each sample, at least 10,000 cells were analyzed, and the percentage of cells expressing 
the CD3+, CD4+, and CD8+ markers was evaluated. All tests were performed by board-certified laboratory technicians 
who were blinded to the clinical data, according to the manufacturer’s instructions. All experiments were conducted in 
the clinical laboratory of our hospital.

Animal Experiments
Establishment of an ONFH Rat Model
All animal experiments were performed in a specific pathogen-free grade animal laboratory. Ten male Sprague Dawley 
rats, weighing 350–420 g, were used in this study. Six rats were induced with GC-ONFH by intramuscular injection with 
two doses of lipopolysaccharide (20 μg/kg) and three high doses of methylprednisolone (20 mg/kg).23 All injections had 
a time interval of 24 h. After 2 weeks, the rats were euthanized under anesthesia to obtain the femoral head. Normal 
femoral head was also sampled from the four healthy rats.

All experimental and animal care procedures were approved by the Animal Research Ethics Committee of the West 
China Hospital of Sichuan University and performed in accordance with the National Institutes of Health Guidelines for 
the Care and Use of Laboratory Animals.

Immunofluorescence Assay
The tissue sections were treated with 1:50 dilutions of mouse anti-CD4 (cat. no. Sc-20079; Santa Cruz Biotechnology Inc., 
Dallas, TX, USA), mouse anti-RANKL (cat. no. sc-377079; Santa Cruz Biotechnology Inc., Dallas, TX, USA), and rabbit 
anti-forkhead box P3 (FoxP3; cat. no. bs-10211R; Bioss Antibodies Inc., Beijing, China) primary antibodies for 15 h at 4 °C, 
followed by staining with 1:100 dilutions of Cy3-labeled goat anti-mouse immunoglobulin G (cat. no. K1207; ApexBio 
Technology, Houston, TX, USA) and Alexa488-labeled goat anti-rabbit immunoglobulin G (cat. no. K1206; ApexBio 
Technology, Houston, TX, USA) secondary antibodies for 1 h at 20 °C. To stain the nuclei, the sections were treated with 
4,6-diamino- 2-phenylindole (AR1176; Boster Biological Technology Co. Ltd., Pleasanton, CA, USA) for 5 min at 25 °C. 
Protein expression was evaluated using ImageJ analysis software to determine the mean optical density.

Statistical Analysis
Data from the clinical experiments are presented as the mean ± standard deviation and were analyzed using SPSS 20.0 
statistical software (SPSS Inc., Chicago, IL, USA). For clinical data, variables were assessed for normality using the 
Kolmogorov–Smirnov test. For variables with a nonnormal data distribution, the Mann–Whitney U-test was used for 
comparisons of quantitative variables between two etiological groups, while the Kruskal–Wallis test followed by Dunn’s 
test was used to compare quantitative variables between ≥ 3 etiological groups. The Spearman correlation test was used 
to study the correlation between quantitative parameters. For the data from the animal experiments, GraphPad Prism 8.4 
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(GraphPad Software Inc, San Diego, CA, USA) was used to conduct paired Student’s t-tests of variance. The significance 
level was set at P < 0.05.

Results
Clinical Experiment Results
Clinical and Demographic Characteristics
The demographic characteristics of the study participants are presented in Table 1. In the case group, 20.3% of the 
patients were women, with a mean age of 49.46 ± 12.202 years and BMI of 23.54 ± 3.16 kg/m2 for the entire group. In 
the control group, 21.2% of the participants were women, with a mean age of 49.46 ± 12.202 years and BMI of 23.56 ± 
3.44 kg/m2 for the entire group.

Major Lymphocyte Populations Differ Between Cases and Controls
The flow cytometry results showed that CD3+ T-cell counts were significantly higher in the ONFH group than in the 
healthy group (74.21 ± 8.01% vs 68.05 ± 10.04%, respectively, P < 0.05). The same result was also found for the CD4+ 

T-cell counts; the CD4+ T-cell percentages were 45.47 ± 8.44% and 36.83 ± 8.11% in the ONFH and healthy groups, 
respectively. However, no significant difference in CD8+ T-cell counts was found between the two groups (cases: 25.13 ± 
8.91%, controls: 25.38 ± 8.24%; P > 0.05; Table 2). The CD4+/CD8+ ratio was significantly higher in the case group than 
in the control group (2.12 ± 1.03 vs 1.65 ± 0.74, respectively, P < 0.05). Furthermore, no correlation was found between 

Table 1 Basic Characteristics of Study Participants After (1:1) Matching by 
Age, Sex, and BMI

ONFH (n=109) Controls (n=109) P-value

Age in years, mean±SD 49.46±12.20 49.46±12.20 P=1

Gender (M:F) 88:21 87:22 P=1

BMI 23.54±3.16 23.56±3.44 P=0.96

Etiology

Idiopathic 25 N/A N/A

GC-induced 21 N/A N/A

Alcoholic 49 N/A N/A

Traumatic 14 N/A N/A

Abbreviations: ONFH, osteonecrosis of the femoral head; BMI, body mass index; M, male; F, female; 
GC, glucocorticoids.

Table 2 Comparison of T Cell Subsets Percentage Within the Total Lymphocyte in 
Patients with ONFH and Healthy Controls

T Cell Subsets (Mean±SD%) ONFH (n=109) Controls (n=109) P-value

CD3+ lymphocytes 74.21±8.01 68.05±10.04 P<0.0001

CD4+ lymphocytes 45.47±8.44 36.83±8.11 P<0.0001

CD8+ lymphocytes 25.13±8.91 25.38±8.24 P=0.588

CD4+/CD8+ 2.12±1.03 1.65±0.74 P<0.0001

Notes: For quantitative variables measured in two groups, Mann Whitney U-test was used to perform comparisons 
between groups. p-values for the difference between subjects with ONFH and heathy controls. 
Abbreviation: ONFH, osteonecrosis of the femoral head.
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T-cell subsets and the total duration of ONFH, except for CD3+ lymphocytes, whose levels were found to be significantly 
increased when the total duration of ONFH decreased (Spearman correlation, ρ = –0.207, P = 0.030; Table 3).

Lymphocyte Populations Differentially Represented in the GC-ONFH Etiological Group When Compared to 
Those of the Other Etiological Groups
Subsequently, subgroup analysis was conducted. We grouped the patients into idiopathic, GC-induced, traumatic, and 
alcoholic ONFH groups based on the Etiologic Classification Criteria of ARCO.24,25 The CD3+ T-cell percentage showed 
no significant difference among the etiological groups (P > 0.05). The CD4+ T-cell percentage (40.60 ± 9.39%) was lower in 

Table 3 Correlation Between T Cell Subsets Percentage Within the Total 
Lymphocyte and Total Disease Duration

T Cell Subsets (%) Spearman ρ P-value

CD3+ lymphocytes −0.21 0.030

CD4+ lymphocytes −0.05 0.600

CD8+ lymphocytes −0.16 0.089

CD4+/CD8+ 0.10 0.322

Note: Spearman’s rank correlation test was performed, P < 0.05 is significant.

Table 4 Comparison of T Subsets Among Different Etiologies in the ONFH Group

Idiopathic GC-Induced Traumatic Alcoholic P-value
N = 25 N = 21 N = 14 N = 49

Female (%) 4(16%) 10(47.6%) 9(64.3%) 0(0%) N/A

Age (years) 53(47–57) 40(30–51.75) 51(41.5–57.5) 49.5(46–58.5) P=0.067

BMI 24.66(21.89–26.22) 22.35(20.8775–23.815) 22.23(20.45–25.65) 23.855(21.5975–25.42) P=0.140

CD3+ lymphocytes 72.71±8.18 74.82±8.56 74.06±6.72 74.71±8.29 P=0.682

CD4+ lymphocytes 46.70±8.84 40.60±9.39 45.15±7.75 47.37±7.14 P=0.033*

CD8+ lymphocytes 22.58±7.78 30.46±11.24 25.23±7.65 23.79±7.80 P=0.025*,†

CD4+/CD8+ 2.42±1.20 1.57±0.84 2.05±0.99 2.42±1.20 P=0.009*,†

Notes: Results are shown in mean±SD, and Kruskal Wallis test was used to perform comparisons between groups. GC-induced vs Alcoholic. *p < 0.05; 
Idiopathic vs GC-induced. †p < 0.05. 
Abbreviations: ONFH, osteonecrosis of the femoral head; GC, glucocorticoids; BMI, body mass index.

Table 5 Comparison of T Cell Subsets in Patients with GC Induced ONFH and Age, Sex, and BMI 
Matched Healthy Controls

T Cell Subsets (Mean±SD%) GC Induced ONFH (n=21) Healthy Controls (n=21) P-value

CD3+ lymphocytes 74.818±8.5612 71.436±6.0065 P=0.252

CD4+ lymphocytes 40.600±9.3904 37.445±7.9742 P=0.044*

CD8+ lymphocytes 30.464±11.2376 27.468±5.9446 P=0.481

CD4+/CD8+ ratio 1.5723±0.84265 1.4568±0.54544 P=0.571

Notes: For quantitative variables measured in two groups, Mann Whitney U-test was used to perform comparisons between groups. GC 
induced ONFH vs Healthy Controls. *p < 0.05. 
Abbreviations: GC, glucocorticoids; ONFH, osteonecrosis of the femoral head.
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the GC-ONFH group than in the idiopathic- (46.70±8.84%), traumatic- (45.15±7.75%) and alcoholic- (47.37±7.14%) ONFH 
groups but was only significantly different between the GC-ONFH and alcoholic-ONFH groups (P < 0.05). Moreover, the 
CD8+ T-cell counts were higher in the GC-ONFH group than in the idiopathic-, traumatic-, and alcoholic-ONFH groups, but 
a significant difference was only found between the GC-ONFH and idiopathic-ONFH groups (P < 0.05). The CD4+/CD8+ 

ratio was also lower in the GC-ONFH group than in the idiopathic-, traumatic-, and alcoholic-ONFH groups. However, 
significant differences were only found between the GC-ONFH and alcoholic-ONFH (P < 0.05) and the GC-ONFH and 
idiopathic-ONFH (P < 0.05) groups. Details are presented in Table 4. Finally, all T-cell subsets and the CD4+/CD8+ ratio in the 
GC-ONFH group were higher than those in the corresponding healthy etiological groups; however, a significant difference 
was only found for CD4+ lymphocytes (Table 5).

Animal Experiment Results
First, we verified the success of establishing a rat model of GC-ONFH by histological examination. Images of 
H&E-staining showed that GC-ONFH induction resulted in evident signs of necrosis of the femoral head, including 
karyolysis, karyorrhectic osteocytes, marrow necrosis and fibrous invasion (Figure 1). The overall rate of ONFH was 
83.3% (5 of 6). Thus, we included 4 rats in the heathy group and 5 rats in the GC-ONFH group for the immunofluor-
escence assay.

The Bone Marrow of GC-ONFH Rats Had Diminished FoxP3/CD4 Double-Positive Treg Cell Levels
As depicted in Figure 2A–C, CD4+ T cells were found in the bone marrow of healthy femoral heads, and most of the 
CD4+ T cells were positive for FoxP3. The quantity of CD4+ T cells in the bone marrow was significantly increased in 
GC-ONFH rats compared to that in the controls (P < 0.05). However, the diseased bone marrow showed a decreased 
number of FoxP3+ T cells compared to that of the healthy bone marrow (Figure 2C), indicating that the increased CD4+ 

lymphocytes in the bone marrow of GC-ONFH rats showed a decreased positive staining pattern for FoxP3.

The Bone Marrow of GC-ONFH Rats Had Increased RANKL+ T-Cell Levels Along with Decreased FoxP3+ 

T-Cell Levels
A similar expression pattern for FoxP3 was found when the cells were stained with FoxP3/RANKL. The quantity of 
FoxP3+ cells in the bone marrow was decreased in the GC-ONFH group compared to that in the control group (P < 0.01). 
Nevertheless, along with a decrease in FoxP3+ cells, the staining pattern for RANKL increased considerably. In the bone 
marrow of GC-ONFH rats, a comparatively large number of RANKL+ cells were detected within the FoxP3+ lympho-
cytes compared to that of the healthy bone marrow (Figure 2D–F), which might be associated with local bone resorption 
and impaired bone repair.

Figure 1 Histological analysis of paraffin sections of the femoral heads. Representative images of H&E-stained coronal sections of femoral heads in healthy and model group. 
The necrotic area, including karyolysis, karyorrhectic osteocytes, marrow necrosis and fibrous invasion, was evident in the model group.
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Figure 2 (A) Immunofluorescence assay for CD4 and FOXP3 stained lymphocytes in the bone marrows of healthy and GC-ONFH. (B and C) Statistical analysis depicting 
the mean optical density (MOD) of specific indicators in different study groups. (D) Immunofluorescence assay for FOXP3 and RANKL stained lymphocytes in the bone 
marrows of healthy and GC-ONFH. (E and F) Statistical analysis depicting the mean optical density (MOD) of specific indicators in different study groups. Data represent 
the mean ±SD. *P <0 0.05 and **P<0.01 compared with healthy controls.
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Discussion
ONFH, a severe necrotic bone disease, is a multifactorial disease involving a combination of mechanisms that interact 
with each other to compromise the osseous healing mechanisms of the body. Although the precise etiology of ONFH is 
not known, evidence suggests that immunological factors play a vital role in the pathogenesis of osteonecrosis.26 

Previous studies have indicated that T lymphocytes are the principal factors that regulate and coordinate immune 
responses, and imbalanced differentiation of T-cell subsets may contribute to the pathogenesis of immune diseases.13 

However, a wide analysis comparing T-cell subsets in patients with a broad etiology of ONFH with those of healthy 
individuals has not been conducted thus far. Additionally, the specific role of CD4+ T cells in the pathogenesis of 
osteonecrosis has not yet been determined.

In this study, we found that the proportion of peripheral CD3+ and CD4+ T cells and the CD4+/CD8+ ratio were 
significantly elevated in patients with ONFH compared to healthy controls and that the increase in CD3+ T cells was not 
significantly different among the etiological groups. In addition, CD3+ lymphocyte levels were significantly negatively 
correlated with the total duration of ONFH. Together with the above observations, we found that the percentage of CD4+ 

T cells and the CD4+/CD8+ ratio in patients with steroid-induced ONFH were lower than those in patients with 
idiopathic-, traumatic-, and alcoholic-ONFH, while the CD8+ T-cell counts were higher. However, not all these changes 
were statistically significant. Additionally, the percentage of CD3+ and CD4+ T cells and the CD4+/CD8+ ratio in the GC- 
ONFH group were higher than those in the healthy controls; however, a significant difference was only found for CD4+ 

lymphocytes. Based on these findings, we conducted animal experiments to further investigate the role of T lymphocytes 
in the pathogenesis of GC-ONFH. We found that the bone marrow of the femoral heads of GC-ONFH rats had 
diminished FoxP3/CD4 double-positive Treg cell levels and increased RANKL+ T-cell levels. The increased RANKL+ 

T cells may be associated with decreased Treg cells. Therefore, these results indicate that imbalanced T-cell subsets may 
be involved in the pathogenesis of different ONFH etiologies and that dysfunction of Treg cells may facilitate the attack 
of GC-ONFH.

Signal transduction induced by pre-T-cell receptor (pre-TCR)–CD3 and TCR–CD3 complexes is essential for 
thymocyte maturation during T-cell development.27 This complex, expressed on T cells, also determines the outcome 
of T-cell activation and differentiation, and the CD3 subunits play a pivotal role in intracellular assembly, surface 
expression, and signal transduction. As a T-cell coreceptor, CD3 activates both cytotoxic CD8+ T cells and CD4+ 

T helper cells.28 The role of CD3+ T cells in chronic immune diseases, such as perennial allergic rhinitis, has been 
previously highlighted.29 Evidence has also demonstrated that reconstituted CD3+ T cells can independently elevate 
serum RANKL and tumor necrosis factor (TNF) levels and induce bone loss, and this same phenomenon can be seen for 
CD8+ T-cell reconstitution.30 To the best of our knowledge, this study is the first to demonstrate higher CD3+ T-cell 
levels in patients with idiopathic, GC-induced, traumatic, and alcoholic ONFH, with no variability among the groups, and 
a negative correlation with the total duration of ONFH. Based on the function of CD3, we hypothesized that increased 
CD3+ T cells might facilitate the activation of cytotoxic CD8+ T cells or CD4+ T helper cells, which may accelerate bone 
loss in the femoral head and play a role in disease progression. However, additional studies are required to characterize 
the functional properties of CD3+ T cells in patients with ONFH.

Although there is some consensus regarding the role of CD3+ T cells in the pathogenesis of ONFH, the specific 
role of CD4+ T cells has not been widely investigated. It has been reported that CD4+ T cells can increase the levels of 
RANKL and TNF to promote bone resorption, affecting both trabecular and cortical compartments, whereas CD8+ 

T cells increase bone marrow TNF levels and induce trabecular bone loss only.31 Our results indicate that the 
percentage of CD4+ lymphocytes in patients with ONFH was significantly increased compared to that in healthy 
controls, of which the percentage in idiopathic-, traumatic-, and alcoholic-ONFH was higher than that in GC-ONFH. 
According to a systematic review conducted by Mont et al,32 the prevalence of collapse in corticosteroid-related 
ONFH was 26%, excessive alcohol consumption related to ONFH was 47%, and idiopathic-ONFH had a 38% 
prevalence. Here, the overall prevalence of collapse of alcoholic- and idiopathic-ONFH was higher than that of GC- 
ONFH; thus, we speculate that the occurrence of collapse of the femoral head might correlate with the change in CD4+ 

lymphocytes. Our study further found that, compared with that in healthy bone marrow, FoxP3+/CD4+ T-cell numbers 
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in GC-ONFH bone marrow were decreased, and GC-ONFH bone marrow had abundant infiltration of RANKL+ 

lymphocytes along with decreased expression of FoxP3+ cells. Based on our findings, we speculate that increased 
peripheral CD4+ T-cell numbers and CD4+/CD8+ ratio levels represent an overall activation of the CD4+ T-cell- 
mediated immune response; naive CD4+ T cells may have abnormal differentiation and activation, resulting in reduced 
Treg cells and increased proinflammatory subsets, which are associated with enhanced bone resorption and compro-
mised bone healing.

However, this study had some limitations. First, the control group was only matched for age, sex, and BMI, whereas 
other factors, such as the amount of alcohol intake, smoking, disease duration, or disease stage, may affect the 
composition of T cells. These confounding variables were difficult to address in our study. Second, our study was 
conducted in a single center with a limited number of patients, and some of the differences were not statistically 
significant; thus, a large-scale multicenter study is needed. Finally, we did not compare the levels of T cell subpopulations 
in human tissues, and there might be some inconsistencies. Therefore, studies comparing the levels of T cell subpopula-
tions in human tissues are needed. Furthermore, studies are also needed to assess the role of cytokines in Th1, Th2, Th17, 
and Treg cells. Additionally, studies are required to ensure the reproducibility of our findings.

Conclusions
Overall, the present study suggested that the imbalance of T-cell subsets might be involved in the pathophysiological 
process of ONFH, and diminished CD4+/FoxP3+ T regulatory cells may be associated with increased RANKL+ T cells in 
the bone marrow of the femoral head in GC-ONFH, which may facilitate bone resorption and collapse of the femoral 
head. In addition, our data also indicated that any differences may mean that the different etiologies may have different 
pathways but that ultimately the same final result - osteonecrosis. Thus, our study contributes to a better understanding of 
the disordered osteoimmunology of ONFH, which may aid in the development of targeted therapeutics for better 
management of ONFH.
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