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Abstract. Receptor activator of nuclear factor-κB ligand 
(RANKL)-expressing adaptive T cells contribute to bone 
damage in autoimmune arthritis, although their role in 
chronic obstructive pulmonary disease (COPD)-associated 
osteoporosis is unknown. In the present study, the functional 
expression of RANKL in CD4+/CD8+ T cells and Th17 cells, 
and the potential role of these cells in COPD-associated bone 
loss was investigated. A total of 36 non-smokers, 38 smokers 
with normal lung function and 57 patients with COPD were 
enrolled. Femoral and vertebral bone mineral density (BMD) 
was assessed by dual energy X-ray absorptiometry. RANKL 
expression in peripheral CD4+ and CD8+ T cells and Th17 cells 
was evaluated by flow cytometry. For in vitro experiments, 
CD4+ and CD8+ T cells from 17 non-smokers were evaluated 
for RANKL expression following dose-dependent culture with 
cigarette smoke extract (CSE) for 5 days. The frequencies of 
RANKL-positive CD4+ and CD8+ T cells were higher in the 
patients with COPD than in the non-smokers (P=0.001 and 
P=0.002, respectively). The proportion of CD4+ T cells posi-
tive for both RANKL and interleukin-17 (IL-17) was higher 
in the patients with COPD than in the non-smokers (P=0.010). 
However, the frequency of RANKL-expressing Th17 cells 
was similar among all groups (P=0.508). The frequency of 
RANKL+CD4+ T cells inversely correlated with BMD of the 
lumbar vertebrae (P=0.01, r=-0.229), and that of the femoral 
neck (P<0.001, r=-0.350). The results of our in vitro experi-
ments revealed that CSE increased RANKL expression in 

CD4+ T cells only. The percentages of RANKL-positive 
CD4+ T cells and RANKL- and IL-17 double-positive 
CD4+ T cells were increased in the peripheral blood of patients 
with COPD, and the former were associated with BMD. 
These observations suggest that RANKL+CD4+ T cells may 
be mechanistically linked to diseases of the lung and bone in 
patients with COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is mainly a 
disease of the lungs; however, systemic involvement is a char-
acteristic of the disease. The Global Strategy for the Diagnosis, 
Managment and Prevention of COPD, by the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) emphasizes 
that COPD usually co-exists with other diseases, and that these 
comorbidities have a significant effect on the disease manifes-
tations and prognosis of patients with COPD (1).

Osteoporosis is one of the most important comorbidities of 
COPD, and patients with COPD co-presenting with osteoporosis 
have a higher risk of developing fractures, and this significantly 
increases both the disease burden and morbidity associated with 
COPD. It has been shown that the bone mineral density (BMD) 
of patients with COPD is lower than that of the apparently 
normal healthy population (2,3), and more importantly, there is 
a significant correlation between osteoporosis and the severity 
of COPD, including emphysema (4), which suggests that there 
may be some common mechanism or combination of mecha-
nisms involved. Systemic inflammation in COPD is considered 
to play a role in the pathogenesis of osteoporosis (5); however, 
the underlying cellular and molecular mechanisms remain to 
be elucidated.

The bone metabolic regulatory system of osteoprotegerin 
(OPG)/receptor activator of nuclear factor-κB (RANK)/receptor 
activator of nuclear factor-κB ligand (RANKL) plays a key role 
in the balance of bone destruction and formation. RANK, the 
receptor of RANKL, is located on the surface of the precursor 
cells of osteoclasts and mature osteoclasts (6). RANKL induces 
the differentiation of precursor cells into mature osteoclasts, 
promotes mature osteoclast activation and suppresses osteoclast 
apoptosis (7). Mature osteoclasts excrete hydrochloric acid and 
proteolytic enzymes, which leads to increased bone absorption, 
osteopenia and osteoporosis (8).

Increased RANKL expression in peripheral T cells is associated 
with decreased bone mineral density in patients with COPD
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In our previous study, we demonstrated that soluble 
RANKL (sRANKL) levels and the ratio of sRANKL/OPG in 
the peripheral blood of patients with COPD and osteoporosis 
were higher than those from patients with COPD without 
osteoporosis and healthy non-smokers. In addition, there was a 
negative correlation between the level of sRANKL and BMD in 
patients with COPD (9). A recent study revealed that the serum 
OPG level was significantly higher in patients with COPD with 
a normal BMD than in those presenting with osteopenia or 
osteoporosis; moreover, the serum OPG level independently 
predicted hip BMD in patients with COPD (10). These results 
suggest that disturbances in the OPG/RANK/RANKL system 
may be involved in bone loss in COPD.

Studies on osteoimmunity have found that activated 
lymphocytes express RANKL. In chronic inflammation, acti-
vated lymphocytes produce RANKL, which binds to RANK 
and promotes osteoclast differentiation and maturity (11). 
Previously, Kong et al reported that activated T cells produced 
two types of RANKL, sRANKL and membrane-bound 
RANKL (mRANKL), both of which induce osteoclast differ-
entiation and maturity (12). Kotake et al found that activated 
RANKL-expressing T cells directly induce the differen-
tiation of peripheral blood mononuclear cells (PBMCs) into 
osteoclasts (13). It was also previously demonstrated that in 
patients with rheumatoid arthritis (RA), peripheral CD4+ and 
CD8+ T cells expressed higher levels of RANKL as compared to 
healthy subjects, and the percentage of RANKL+CD4+ T cells 
was higher than that of RANKL+CD8+ T cells (14). It has also 
been shown that among CD4+ T cells, Th17 cells express higher 
levels of RANKL than their Th1 and Th2 counterparts (15). 
In vitro experiments confirmed that Th17 cells, rather than 
Th1 and Th2 cells, played the role of specific T helper cells in 
bone destruction (15). The study by Kikuta et al confirmed that 
RANKL-expressing Th17 cells had immediate contact with 
osteoclasts, and induced bone absorption by osteoclasts (16).

Accumulating evidence has suggested that CD4+ and 
CD8+ T cells, and more recently Th17 cells, play an important 
role in inflammation and emphysema that is characteristic of 
COPD (17-19). However, whether these cells participate in bone 
absorption, thus linking the disease of the lungs and the bones 
in COPD, remains unexplored. Thus, in this study, using flow 
cytometry, we analyzed the distribution of RANKL-expressing 
T cells (CD4+ T cells, CD8+ T cells and Th17 cells) in the blood 
of patients with COPD, and the correlation between RANKL-
expressing T cells and the severity of bone destruction in 
COPD. Finally, in an in vitro model, we examined the effects of 
cigarette smoke extract (CSE) on the proliferation and differen-
tiation of RANKL-expressing T cells.

Materials and methods

Study subjects. A total of 57 male patients with COPD and 
38 male smokers with normal lung function were recruited 
in this study. In addition, 36 male healthy non-smokers were 
recruited as the normal controls. Female patients were excluded 
from this study in order to avoid the influence of postmenopausal 
osteoporosis. Informed consent was signed by each subject prior 
to enrollment, and the local research ethics Committee approved 
this study (TRECKT 2008-14). The baseline characteristics of 
the study subjects are summarized in Table I.

The diagnosis of COPD was carried out in accordance with 
the GOLD criteria (20). Patients with COPD had a FEV1/FVC 
ratio <70% of the predicted value post-bronchodilator. All 
patients with COPD were clinically stable without deterioration 
for the preceding 3 months.

Smokers with normal lung functions had a smoking history 
with a smoking index ≥200 and a FEV1/FVC ratio >70% and 
an FEV1 >80% of the predicted value. The normal controls 
were non-smokers with normal lung functions.

The exclusion criteria for the 3 groups were as follows: i) other 
chronic pulmonary diseases such as asthma, bronchiectasis and 
interstitial lung diseases, among others; ii) a history of surgery 
of the lungs or the chest; iii) cancer; iv) autoimmune diseases; 
v) use of systemic immunosuppressive agents or corticosteroid; 
vi) acute infections such as respiratory and urinary tract infec-
tions; vii) diseases or therapies that can affect bone metabolism.

Measurement of BMD. BMD of the lumbar spine (L1-L4) 
and the bilateral femoral neck was measured by dual X-ray 
absorptiometry (Lunar Prodigy, GE Healthcare, London, UK). 
BMD is reported as a T score, which represents the number 
of standard deviations from a young, gender and ethnic group 
specific reference mean.

Cell collection. Five milliliters of peripheral blood were collected 
in an EDTA-treated tube from each subject and were processed 
to measure the PBMCs for flow cytometry. Fifty microliters of 
blood were used to measure the absolute count and the subpopu-
lations of T lymphocytes. The blood samples were then layered 
onto Ficoll-Paque Plus (Amersham Biosciences, Bucks, UK), 
centrifuged (400 x g for 20 min) and the PBMCs were harvested. 
The cells were washed twice in phosphate-buffered saline (PBS) 
at 300 x g for 5 min. The PBMCs were resuspended at a density 
of 106 cells/ml in RPMI-1640 medium (10% fetal bovine serum, 
1% penicillin-streptomycin double-resistant), and stimulated 
with PMA at 25 µg/l, and supplemented with ionomycin 1 mg/l, 
brefeldin 10 mg/l and Golgi blockers 0.7 µl/ml; (eBioscience, 
San Diego, CA, USA), and then cultured for 5 h in an incubator 
at CO2 at 37˚C.

Flow cytometry. Following incubation, the PBMCs were 
stained with anti-CD4-APC (23-3153-02), anti-CD8-FITC 
(23-2327-04) (both from BD Biosciences, Oxford, UK) 
and anti-CD254 (RANKL)-PE (12-6619-82; e-Bioscience, 
San Diego, CA, USA) antibodies. Following perforation of 
the cytomembrane with a ‘Fix and Perm’ kit (e-Bioscience), 
fluorescence staining with an interleukin (IL)-17 monoclonal 
antibody (anti-IL-17-percp; BD Biosciences) was performed 
as previously described (21). Corresponding isotypic controls 
were used as staining controls (BD Biosciences and e-Biosci-
ence). We analyzed the original data with a FACSCalibur 
(BD Biosciences) flow cytometer using FlowJo software (Tree 
Star, Inc., Ashland, OR, USA).

Effect of CSE on RANKL and IL-17 expression in T cells. 
CSE was prepared as previously described with some modi-
fications (22). Commercially filtered cigarettes (Hongtashan; 
Yuxi Cigarette Factory, Yuxi, China) which contained 13 mg 
of tar and 1.2 mg of nicotine/cigarette were used. CSE was 
diluted in RPMI-1640 medium to various concentrations and 
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the final concentrations of the solution were expressed as 
percentage values (CSE solution volume/total volume) x100. 
The concentrations of 1, 1.5 and 2% were selected according 
to preliminary experimental results. In addition, another 
17 healthy non-smoking volunteers with normal lung functions 
were recruited, who did not belong to the 36-person control 
group. Thirty milliliters of peripheral blood were collected 
in EDTA-treated tubes from each subject. The PBMCs were 
isolated from peripheral blood and resuspended in RPMI-1640 
medium. CD4+ and CD8+ T cells were purified using immu-
nomagnetic beads (Miltenyi Biotech, Bergisch-Gladbach, 
Germany) and cultured for 5 days.

The CD4+ and CD8+ T cells from each volunteer were 
divided into 4 groups as follows: CSE 0, 1, 1.5 and 2%. 
CD3/28 antibody (16-0037-85, 16-0289-85; e-Bioscience) 
was used in all the groups. Following culture for 5 days, both 
the CD4+ and CD8+ T cells were resuspended at a density of 
106 cells/ml in RPMI-1640 medium. The CD4+ T cells were 
stained with anti-CD4-APC (23-3153-02; BD Biosciences) 
and anti-CD254-PE (12-6619-82; e-Bioscience), and the 
CD8+ T cells were stained with anti-CD8-FITC (23-2327-04; 
BD Biosciences) and anti-CD254-PE (12-6619-82; e-Biosci-
ence) antibodies. The expression levels of RANKL on T cells 
were analyzed by FlowJo software.

To examine the effects of CSE on IL-17 expression, 
CD4+ T cells from each volunteer were divided into 4 groups: 
CSE 0, 1, 1.5 and 2%. CD3/28 antibody was used in all 
groups. Cytokines [transforming growth factor (TGF)-β 3 ng/
ml, IL-1β 10 ng/ml, IL-6 100 ng/ml and IL-23 10 ng/ml; all 
from PeproTech, Rocky Hill, NJ, USA] that were required for 
Th17 cell differentiation were also added. Following culture 
for 5 days, the CD4+ T cells were resuspended at 106 cells/ml 
in RPMI-1640 medium and were then stimulated with PMA 
for 5 h at 37˚C in an incubator at CO2. Following incubation, 
the CD4+ T cells were stained with anti-CD4-APC, and then 
following perforation of the cytomembrane with a ‘Fix and 
Perm’ kit, fluorescence staining with anti-IL-17-PerCP was 
performed for each group of CD4+ T cells. The expression 
levels of IL-17 in T cells were analyzed by FlowJo software.

Data analysis. Group data are expressed as the means ± SEM 
or as the median and interquartile range where appropriate. For 
data that was distributed normally, comparisons among 3 groups 

were made using one-way ANOVA (P<0.05 was considered 
significant). If this test indicated significance, the Bonferroni test 
was used for post-hoc analysis for comparison between 2 groups 
(P<0.05 was considered significant). For data not distributed 
normally, comparisons among groups were made using one-way 
Kruskal-Wallis test (P<0.05 was considered significant). If this 
test indicated significance, the Mann-Whitney test was used for 
post-hoc analysis for comparison between 2 groups (P<0.017 
was considered significant). Correlation analysis was assessed 
by calculating Spearman's rank correlation coefficient. A value 
of P<0.05 was considered to indicate a statistically significant 
difference. To examine the effects of CSE on RANKL and 
IL-17 expression in T cells, the differences among the 4 groups 
of CD4+ T cell and CD8+ T cell cultures were analyzed using 
random block design analysis of variance (an α value of P<0.05 
was considered significant). Statistical analysis was performed 
using the SPSS version 16.0 statistical software package.

Results

Demographic characteristics of the study population. The 
characteristics of the patients with COPD, smokers and the 
healthy control subjects are summarized in Table I. All the 
subjects were males, and there were no significant differences 
among the groups in terms of age. The patients with COPD 
exhibited a markedly reduced value of the predicted FEV1%. 
In addition, the patients with COPD had significantly decreased 
T scores of the lumbar spine and the femoral neck as compared 
to the healthy non-smokers (Fig. 1).

RANKL expression levels in T cells (CD4+ T cells, CD8+ T cells 
and Th17 cells) among non-smokers, smokers and patients with 
COPD. We analyzed the absolute number and the percentage of 
total T lymphocytes, CD4+ and CD8+ T cells in the peripheral 
blood by flow cytometry (Table II), and by doing so, determined 
no significant differences among the 3 groups. Consistent with 
previous findings (29), we found a higher percentage of Th17 
cells (IL-17+CD4+ T cell %) in the patients with COPD than in 
non-smokers (P<0.001) (Table III).

We then investigated the percentages of RANKL+ cells in 
different T cell subpopulations. As shown in Figs. 2 and 3 and 
Table III, the patients with COPD exhibited a higher percentage 
of RANKL+CD4+ T cells (P=0.001) and a higher percentage 

Table I. Demographic characteristics of the study populations.

 Non-smokers Smokers COPD patients P-value among
Characteristic (n=36) (n=38) (n=57) the 3 groups

Age (years) 74.00±9.49 72.44±12.27 77.70±10.89 P=0.059
Smoking index 0 488.33 (325-600) 698.72 (400-900) P=0.025
FEV1/FVC% 80.15±6.39 77.99±5.06 53.15±11.31 P<0.001
FEV1% pred 94.24±13.80 90.06±12.81 61.93±21.11 P<0.001
T score of lumbar spine 1.72±1.62 0.57±1.33 0.30±1.95 P<0.001
T score of femoral neck 0.01±1.10 -0.22±1.21 -0.87±1.16 P=0.001

Data are presented as the median and interquartile range for the smoking index, and as the means ± SD for all other parameters. FEV1% pred 
and FEV1/FVC were post-bronchodilator values. COPD, chronic obstructive pulmonary disease.
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of RANKL+CD8+ T cells than the non-smokers (P=0.002). 
Importantly, the proportion of CD4+ T cells positive for both 
RANKL and IL-17 (RANKL+IL-17+CD4+ T cells) differed 
among the 3 groups, and it was higher in the patients with 
COPD than in the non-smokers (P=0.010).

To determine whether the increase in the number of 
RANKL+IL-17+CD4+ T cells was due to increased RANKL 
expression in Th17 cells, we further analyzed the expression 
level of RANKL in Th17 cells. However, the percentage of 
RANKL-expressing Th17 cells (RANKL+Th17%) was similar, 
with no significant differences between the 3 groups (P=0.508) 
as shown in Table III.

Correlation between T cell RANKL expression and clinical 
parameters. Next, we investigated whether T cell RANKL 
expression correlated with clinical parameters. The percentage 
of RANKL+CD4+ T cells inversely correlated with BMD of the 
lumbar vertebrae (P=0.01, r=-0.229), and that of the femoral 
neck (P<0.001, r=-0.350) (Fig. 4). There was no correlation 
between the percentage of RANKL+CD8+ T cells and BMD 
(lumbar vertebrae and femoral neck; P=0.335, P=0.057), or 
between the percentage of IL-17+RANKL+CD4+ T cells and 
BMD (lumbar vertebrae and femoral neck; P=0.429, P=0.188).

There were positive correlations between the smoking index 
and the percentage of RANKL+CD4+ T cells (P<0.001, r=0.483), 

Table II. Number and percentage of peripheral T lymphocytes and their subpopulations.

 Non-smokers Smokers COPD patients P-value among
Cell subset (n=36) (n=38) (n=57) the 3 groups

CD3ab (cells/µl) 1105.89±381.42 1348.24±490.79 1236.41±602.68 0.122
CD3 (%) 68.32±8.68 69.68±8.13 70.23±10.06 0.137
CD4ab (cells/µl) 653.35±242.12 814.08±330.63 723.78±428.91 0.139
CD4 (%) 40.46±8.43 41.86±7.69 41.46±10.59 0.789
CD8ab (cells/µl) 383.76±163.08 478.08±203.36 534.00±496.83 0.137
CD8 (%) 23.70±6.47 25.14±8.10 25.22±6.89 0.588

Data are presented as the means ± SD. COPD, chronic obstructive pulmonary disease.

Table III. RANKL+ T cell subsets in the peripheral blood of the study populations.

 Non-smokers Smokers COPD patients P-value among
Cell subset (n=36) (n=38) (n=57) the 3 groups

RANKL+CD4+ T cell (%) 1.04±0.55 1.66±1.18 1.96±1.25 0.003
RANKL+CD8+ T cell (%) 0.91 (0.45-1.14) 1.17 (0.44-1.62) 1.55 (0.61-2.16) 0.006
RANKL+IL-17+CD4+ T cell (%) 0.08 (0.04-0.12) 0.11 (0.04-0.15) 0.15 (0.06-0.17) 0.037
IL-17+CD4+ T cell (%) 0.95±0.44 1.17±0.53 1.5±0.71 <0.001
RANKL+Th17 (%) 8.31±5.11 9.61±6.82 10.6±7.88 0.508

Data are presented as the median and interquartile range for CD8+RANKL+ (%) and CD4+IL-17+RANKL+ (%), and as the means ± SD for all 
other subsets. COPD, chronic obstructive pulmonary disease; RANKL, receptor activator of nuclear factor-κB ligand; IL-17, interleukin-17.

Figure 1. Bone mineral density (BMD) of non-smokers, smokers and patients with chronic obstructive pulmonary disease (COPD) . (A) T scores of the femoral 
neck. (B) T scores of the lumbar vertebrae. A P-value <0.05 was considered to indicate a statistically significant difference.
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that of RANKL+CD8+ T cells (P=0.006, r=0.312), and that of 
IL-17+RANKL+CD4+ T cells (P=0.002, r=0.352) (Fig. 5).

There was a negative correlation between the percentage 
of RANKL+CD4+ T cells and FEV1% (P=0.006, r=-0.242), 
and between the RANKL+CD8+ T cells and FEV1% (P=0.047, 
r=-0.177) (Fig. 6). There was no correlation observed 
between the percentage of IL-17+RANKL+CD4+ T cells and 
FEV1% (P=0.088).

Effect of CSE on RANKL expression in T cells. We then wished 
to investigate whether CSE affects RANKL expression in T cells. 
For this purpose, we exposed CD4+ T cells and CD8+ T cells 
from healthy volunteers in the absence of CD3/28 antibody to 
various concentrations of CSE. Following culture for 5 days, we 
found that CSE induced an increase in RANKL expression in the 

CD4+ T cells, but not in the CD8+ T cells, in a dose-dependent 
manner. In line with this finding, CSE also induced an increase 
in IL-17 expression in the CD4+ T cells (Table IV and Figs. 7 
and 8).

Discussion

Osteoporosis is one of the major comorbidities associated with 
COPD. As cigarette smoking is a risk factor for both lung injury 
in COPD and osteoporosis (4), it is intriguing to speculate that the 
destruction of the lung parenchyma may be associated in some 
way with the mechanism of the destruction of bone structure. The 
link between them is most likely systemic inflammation, which 
in turn results in an imbalance of the bone metabolic regulation 
system RANK/RANKL/OPG, which tips the balance towards 

Figure 2. Receptor activator of nuclear factor-κB ligand (RANKL)+ T cell subsets in the peripheral blood of non-smokers, smokers and patients with chronic 
obstructive pulmonary disease≈(COPD). (A) Percentage of RANKL-positive CD4+ T cells. (B) The percentage of RANKL-positive CD8+ T cells. (C) Percentage 
of RANKL- and interleukin-17 (IL-17) double-positive CD4+ T cells. (D) Percentage of IL-17-positive CD4+ T cells. (E) Percentage of RANKL-positive 
Th17 cells. (A, D and E) A P-value <0.05 was considered to indicate a statistically significant difference. (B and C) A P-value <0.017 was considered to indicate 
a statistically significant difference.
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bone destruction in COPD (5), as evidenced in our previous 
study (9).

Recent studies have demonstrated that the acquired immu-
nity mediated by CD4+ T cells plays an important role in 

Figure 3. Flow cytometry scatter plot of receptor activator of nuclear factor-κB ligand (RANKL)+ T cell subsets in the peripheral blood of non-smokers, smokers 
and patients with chronic obstructive pulmonary disease (COPD). (A) The percentage of RANKL-positive CD4+ T cells was higher in patients with COPD than 
in non-smokers. (B) The percentage of RANKL-positive CD8+ T cells was higher in patients with COPD than in non-smokers. (C) The percentage of RANKL- 
and interleukin-17 (IL-17) double-positive CD4+ T cells (RANKL+ IL-17+ CD4+ T cell) was higher in patients with COPD than in non-smokers.

Figure 4. Correlation between CD4+ T cell receptor activator of nuclear factor-κB ligand (RANKL) expression and bone mineral density (BMD). (A) Correlation 
between the percentage of RANKL+CD4+ T cells and BMD of the lumbar vertebrae. (B) Correlation between the percentage of RANKL+CD4+ T cells and BMD 
of the femur neck. A P-value <0.05 was considered to indicate a statistically significant difference.
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COPD (23). In animal experiments, emphysema that was caused 
by smoke exposure, depended on the functional involvement of 
Th17 cells (IL-17+CD4+ T cells) and IL-17 (24,25). In patients 
with COPD, Th17 cells and IL-17 were shown to be increased 
in the lungs and bronchoalveolar lavage fluid (26,27). Of note, 
Th17 cells have previously been shown to express high levels 
of RANKL, and to be actively involved in the process of bone 
destruction in experimental arthritis (12-16).

In this study, we found for the first time, to the best of 
our knowledge, that patients with COPD exhibited a higher 
percentage of RANKL-positive CD4+ T cells, and more notably, 
a higher percentage of RANKL- and IL-17 double-positive 
CD4+ T cells (RANKL+IL-17+CD4+ T cells) in their blood, as 
compared to the healthy non-smoking controls. Importantly, 
the percentage of RANKL+CD4+ T cells was associated with 
BMD of the lumbar vertebrae and the femoral neck.

Table IV. Effects of CSE on RANKL and IL-17 expression in T cells.

     P-value among
Cell subset CSE0% CSE1% CSE1.5% CSE2% the 4 groups

RANKL+CD4+ T cell (%) 0.87±0.86 0.98±0.78 1.16±0.93 1.17±0.86 0.006
RANKL+CD8+ T cell (%) 1.20±1.04 1.35±0.81 1.80±1.46 1.64±1.11 0.106
IL-17+CD4+ T cell (%) 0.75±0.56 0.90±0.52 0.94±0.54 1.24±0.57 <0.001

Data are presented as the means ± SD. COPD, chronic obstructive pulmonary disease; RANKL, receptor activator of nuclear factor-κB ligand; 
IL-17, interleukin-17; CSE, cigarette smoke extract.

Figure 5. Correlation between T cell receptor activator of nuclear factor-κB ligand (RANKL) expression and smoking index. (A) Correlation between the 
percentage of RANKL+CD4+ T cells and smoking index. (B) Correlation between the percentage of RANKL+CD8+ T cells and smoking index. (C) Correlation 
between RANKL- and interleukin-17 (IL-17) double-positive CD4+ T cells (RANKL+IL-17+CD4+ T cell) and smoking index. A P-value <0.05 was considered 
to indicate a statistically significant difference.

Figure 6. Correlation between T cell receptor activator of nuclear factor-κB ligand (RANKL) expression and lung functions. (A) Correlation between the per-
centage of RANKL+CD4+ T cells and FEV1%. (B) Correlation between the percentage of RANKL+CD8+ T cells and FEV1%. A P-value <0.05 was considered 
to indicate a statistically significant difference.
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To determine whether RANKL expression in CD4+ T cells 
is associated with exposure to smoke, we revealed that 
the percentage of RANKL+CD4+ T cells and that of 
RANKL+IL-17+CD4+ T cells in the peripheral blood positively 
correlated with the smoking indexes. In vitro experiments also 
revealed that exposure to CSE increased RANKL expression 
in CD4+ T cells. We also found an increase in the frequency of 
Th17 cells, but not an increase in RANKL expression in these 
cells in the peripheral blood of patients with COPD. These data, 
together with the effect of CSE on the proliferation of Th17 cells 
in vitro, suggested that the increased percentage of RANKL+IL-
17+CD4+ T cells among CD4+ T cells from patients with COPD 
was due to increased numbers of Th17 cells, which may have 
been as a consequence of exposure to cigarette smoke. Taken 
together, these findings indicate that by expressing RANKL, 
CD4+ T cells, and Th17 cells among them, may be involved 
in the pathogenesis of osteoporosis, acting as the common 
mechanistic link between lung disease and its major comor-
bidity osteoporosis.

As mentioned above, CD4+ T cells, both Th1 cells and 
Th17 cells, are found increased in the airways and lungs of 
smokers with COPD. The same may be true in the peripheral 
blood in patients with COPD, though only a few studies have 
examined circulatory CD4+ T cells. Majori et al reported an 
increased percentage of CD4+IFN-γ+ T cells in the circulation 
of patients with COPD (28). In a recent study, an increase in 
the frequency of circulatory Th17 cells was also observed in 
patients with COPD, as in Th1 and regulatory T cell subsets (29). 
Inverse correlations were also found between Th17 cells and 
FEV1%. In addition, increases in Th17 cells predicted the 
presence and severity of airflow limitations (29). The implica-
tions of increased CD4+ T cells, including Th17 cells in the 
circulation still need further study, but it is logical to speculate 
that these cells may play an important role in the persistence of 
systemic inflammation. The results of the present study provide 
evidence of the potential role of these cells in COPD, linking 
the disease of the distal lung to systemic comorbidities.

CD8+ T cells have long been believed to play a central 
role in both airway inflammation and lung destruction 
by producing mediators and enzymes (23). Although the 
expression of RANKL in CD8+ T cells has been previously 
confirmed (30), its implication in bone destruction remains 
controversial. This study demonstrated that the percentage of 
RANKL+CD8+ T cells was increased in patients with COPD as 
compared to healthy non-smokers; however, it did not correlate 
with BMD. Although the percentage of RANKL+CD8+ T cells 
weakly correlated with the smoking index, our in vitro experi-
ments failed to show an effect of CSE exposure on RANKL 
expression in CD8+ T cells. This suggests that although 
CD8+ T cells are key players in lung disease, they may not 
be involved in bone disease in COPD. An earlier study by 
Choi et al showed that, while CD4+ T cells induced osteoclast 
differentiation in the presence of M-CSF, CD8+ T cells did 
not. On the contrary, in the presence of M-CSF and sRANKL, 
CD8+ T cells suppressed osteoclastogenesis (30). Apparently, 
the implication of peripheral RANKL+CD8+ T cells in patients 
with COPD warrants further investigation.

The present study has several limitations. Although a corre-
lation between RANKL expression in CD4+ T cells and BMD 
was observed, the r-values (i.e., correlation index) were small 
(-0.229 and -0.35), suggesting that RANKL+CD4+ T cells may 
only have a partial effect on BMD decrease in COPD, and 
other important mechanisms are thus likely to be involved. 
In addition, we failed to reveal a correlation between an 
increased number RANKL+IL-17+CD4+ T cells and BMD, 
which may be explained by the relatively small increase in the 
number of Th17 cells in COPD, and the very low percentage of 
RANKL+IL-17+CD4+ T cells in the peripheral blood, although 
this lack of correlation does not necessarily exclude the poten-
tial role of these cells in bone destruction. Further studies using 
animal models of COPD with exposure to cigarette smoke are 
required in order to formally demonstrate a role for Th17 cells 
in bone loss.

In conclusion, this study demonstrated that the percentages 
of RANKL+CD4+ T cells and RANKL- and IL-17 double-
positive CD4+ T cells were increased in the peripheral blood of 
patients with COPD. The percentage of RANKL+CD4+ T cells 
was associated with bone loss, which provided evidence of the 
potential role of these adaptive immune cells in osteoporosis. 

Figure 8. Effect of various concentrations of CSE on interleukin-17 (IL-17) 
expression in CD4+ T cells in vitro. A P-value <0.05 iwas considered to indi-
cate a statistically significant difference.

Figure 7. Effect of various concentrations of cigarette smoke extract (CSE) 
on receptor activator of nuclear factor-κB ligand (RANKL) expression in 
CD4+ T cells in vitro. A P-value <0.05 was considered to indicate a statistically 
significant difference.
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Further studies on the common pathways that may lead to lung 
destruction and bone loss in both patients and animal models 
that are exposed to environmental smoke would perhaps provide 
more informative insight into the pathogenesis of COPD and its 
associated comorbidities.
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