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Abstract. Postmenopausal osteoporosis (PMO) has been 
recognized as an inflammatory condition. CD4+ T cells serve 
a key role in the interaction between bone metabolism and the 
immune system. Bu‑Shen‑Ning‑Xin decoction (BSNXD), a 
traditional Chinese medicine, has been ultilized as a remedy 
for PMO. In the present study, the aim was to investigate the 
immune modulatory effects of BSNXD on CD4+ T cells, receptor 
activation of nuclear factor κB ligand (RANKL)/osteoprotegerin 
(OPG) imbalance, skeletal parameters and osteoclastogenesis. 
Ovariectomized (OVX) mice were treated with a series of 
concentrations of BSNXD and then autopsied. The bone 
phenotype was analyzed by micro computed tomography. 
CD4+ T cells were isolated and their percentage was measured 
using flow cytometry (FCM). RANKL and OPG expression 
by the CD4+ T cells at the transcriptional and translational 
levels were quantified by reverse transcription-quantitative 
polymerase chain reaction, ELISA and FCM. CD4+ T cells 
were cultured with blood serum derived from BSNXD‑treated 
OVX mice (BSNXD‑derived serum) and the apoptosis rate 
was quantified by FCM. CD4+  T  cells were co-cultured 
with bone marrow‑derived macrophages and exposed to 
BSNXD‑derived serum to whether CD4+ T cells are involved 
in BSNXD‑modulated osteoclastogenesis and the results were 
quantified via tartrate‑resistant acid phosphatase staining. The 

results revealed that BSNXD ameliorated OVX‑induced bone 
loss, prevented the expansion of CD4+ T cells and restored 
the RANKL/OPG imbalance in the CD4+ T cells of OVX 
mice. In vitro, BSNXD‑derived serum promoted the apoptosis 
of CD4+ T cells. The co‑culture system demonstrated that 
CD4+  T cells from OVX mice increase osteoclastogenesis, 
while this effect was suppressed by BSNXD administration. 
The findings of the study collectively suggest that BSNXD 
exerts an immunoprotective effect on the bone phenotype 
of OVX mice by ameliorating RANKL/OPG imbalance in 
CD4+ T cells and attenuating osteoclastogenesis.

Introduction

Postmenopausal osteoporosis (PMO) is a major health 
problem for women, and is characterized by reduced bone 
mineral density (BMD) following the menopause, leading to 
raised bone remodeling rates and increased skeletal fragility 
risk  (1,2). These changes are mainly caused by declining 
ovarian function, which results in sex hormone disorders and 
an imbalance between osteoblast‑mediated bone formation 
and osteoclast (OC)‑mediated bone resorption (3). OCs are 
derived from hematopoietic stem cells via a process driven 
by two key factors: Macrophage‑colony‑stimulating factor 
(M‑CSF) and receptor activation of nuclear factor κB ligand 
(RANKL). RANKL is able to activate a variety of downstream 
signaling pathways required for OC development, resulting in 
increased osteoclastogenesis and accelerated bone loss (4‑6). 
Osteoprotegerin (OPG), which belongs to the tumor necrosis 
factor receptor superfamily, is a secreted glycoprotein that 
has been demonstrated to be associated with reductions in 
osteoclastogenesis and OC activity in rats, and therefore may 
be a protective factor against bone loss in osteoporosis (7,8). 
Thus, the balance between RANKL/OPG may modulate 
osteoclastogenesis.

PMO is a state of bone inflammation and sex steroid defi-
ciency (9,10). Sex steroids have regulatory functions on the 
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immune system, including T lymphocytes. Previous studies 
have demonstrated that descending levels of estrogen following 
the menopause are associated with increased bone inflam-
mation, in addition to enhanced osteoclastogenesis and bone 
resorption (11,12). In ovariectomized (OVX) mice, an animal 
model in which ovarian hormones are depleted via ovariectomy, 
an increase in the proliferation of activated T cells has been 
observed, which resulted in an expansion of the T cell pool 
in the bone marrow (BM) (13). Furthermore, several subsets 
of T lymphocytes, including cluster of differentiation (CD)4+ 
T cells, have been shown to be increased in the peripheral blood 
of osteoporotic patients (14). RANKL may serve a pivotal role 
in inflammation‑mediated bone loss; activated T cells are able 
to express high levels of RANKL and directly induce OC 
differentiation by acting on OC precursor cells (15‑20).

The treatments currently available for PMO are limited. 
Estrogen replacement therapy has been used to ameliorate 
menopausal symptoms for women; however, it is limited due 
to its adverse effects on the uterus, breasts and cardiovascular 
system. In addition, the critical window hypothesis of hormone 
therapy has been suggested (21). Studies have indicated that 
early estrogen replacement therapy, usually started in women 
<60 years old and/or <10 years postmenopause, is more effective 
than that in other women (22,23). Selective estrogen receptor 
modulators, such as raloxifene, have an estrogen agonist effect 
in bone, while they exert an antiestrogenic effect in the uterus 
and breast and increase the risk for venous thromboembolic 
events. Bisphosphonates are considered to inactivate OCs and 
to decrease bone resorption; however, the reversal of their 
antiresorptive effect is delayed following discontinuation due 
to their long elimination half‑life (24). Denosumab, the human 
monoclonal immunoglobulin G (IgG) antibody to RANKL, has 
been demonstrated to be efficacious in reducing fracture inci-
dence, while its safety remains unclear (25,26). Teriparatide is 
the only anabolic agent with ability to increase BMD; however, 
this advantage is not observed in all patients (27).

Bu‑Shen‑Ning‑Xin decoction (BSNXD) is a traditional 
Chinese medicine (TCM) that has been used for hundreds of 
years to prevent menopause‑ and aging‑associated disorders (28). 
Unlike modern medicine which is target‑oriented, herbal TCMs 
are usually composed of several individual herbs to form a 
specific formulation that has good therapeutic efficacy and few 
adverse effects (29). BSNXD is composed of dried Rehmannia 
root, common Anemarrhena rhizome, bark of Chinese Corktree, 
Barbary Wolfberry fruit, Chinese Dodder seed, Shorthorned 
Epimedium herb, Spina date seed and Oriental water plantain 
rhizome. These herbs are mixed together in specific quantities 
and proportions (Table I), to keep the phytochemical components 
as constant as possible and to maximize their pharmacological 
effect (30) BSNXD has been demonstrated to have beneficial 
effects on bone metabolism in PMO (30), but the molecular 
mechanism of that effect remains unclear. A previous study iden-
tified 16 molecular components in a BSNXD fingerprint analysis, 
including acteoside, berberine, jatrorrizine and icariin (30). In 
other studies, BSNXD ameliorated the loss of BMD and bone 
volume (BV) in OVX mice without affecting the serum estrogen 
concentration or uterus, suggesting that it may act as a regulator 
for the endocrine and immune systems and inhibit osteoclasto-
genesis by abrogation of RANKL‑induced signaling pathways 
and by increasing the level of dehydroepiandrosterone (30,31).

In recent years, a growing number of studies has found 
that TCMs have immunomodulatory effect (32,33). The aim 
of the present study was to further explore the efficacy and 
mechanism of BSNXD as a potential osteoimmunological 
regulator in the therapy of PMO. In vivo, the effects of BSNXD 
administration on OVX‑induced CD4+ T-cell proliferation and 
the expression of RANKL and OPG were investigated, and its 
immunomodulatory effects on osteoclastgenesis and skeletal 
parameters were evaluated. In vitro, co‑cultures of CD4+ T cells 
with BM macrophages (BMMs) were exposed to different 
concentrations of blood serum isolated from BSNXD‑treated 
OVX mice. The aim of the present study was to probe into 
whether CD4+ T cells are involved in BSNXD‑modulated 
osteoclastgenesis and responsible for the improvement of bone 
morphometric parameters in OVX mice.

Materials and methods

Reagents and chemicals. Complete RPMI‑1640 medium used 
for the culture of mouse lymphocytes from BM and spleen was 
purchased from Wisent Inc. (St. Bruno, QC, Canada), and was 
supplemented with 10% fetal bovine serum (FBS), penicillin 
(100 U/ml) and streptomycin (100 µg/ml). Enzyme‑linked immu-
nosorbent assay (ELISA) kits for soluble RANKL (sRANKL; 
MTR00) were purchased from R&D Systems, Inc. (Minneapolis, 
MN, USA). ELISA kits for OPG (E108Mu) were purchased from 
USCN Life Sciences, Inc. (Wuhan, China). Leukocyte Acid 
Phosphatase kits were purchased from Sigma‑Aldrich (Merck 
KGaA, Darmstadt, Germany). Anti‑CD28 (14-0281-86) and 
anti‑RANKL (MA1-41019) antibodies were obtained from eBio-
science (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
Fluorescein isothiocyanate (FITC)-conjugated anti‑mouse 
CD3 (555274), phycoerythrin (PE)-conjugated anti‑mouse CD4 
(553048) and PE‑CY™5-conjugated anti‑mouse CD8a (553034) 
antibodies were purchased from BD Biosciences (San Jose, CA, 
USA). TRIzol was purchased from Thermo Fisher Scientific, 
Inc. Transcriptor First Strand cDNA synthesis kit and oligo 
primers were purchased from (Roche Molecular Systems, Inc., 
Branchburg, NJ, USA). SYBR Green Master Mix used for quan-
titative polymerase chain reaction (qPCR) was obtained from 
Applied Biosystems (Thermo Fisher Scientific, Inc.).

Preparation of BSNXD extracts. The herbal fomula BSNXD 
was obtained from the pharmacy of the Hospital of Obstetrics 
and Gynecology, Fudan University (Shanghai, China) and 
consisted of eight  crude herbs as listed in Table  I. It was 
formulated in line with TCM theory and the clinical experi-
ence of the present research team. These products were made 
with good manufacturing practice at the Institute of Obstetrics 
and Gynecology, Fudan University Shanghai Medical College. 
The eight crude herbs powder of BSNXD was prepared 
according to the Chinese Pharmacopoeia 2005 (34,35). Crude 
water extracts were prepared from powdered BSNXD (34,35). 
The fingerprint analysis of BSNXD has been conducted previ-
ously in a previous study (30).

Mice. Inbred strains of BALB/c mice (age, 10‑12 weeks) were 
obtained from Jackson Laboratory (Ben Harbor, ME, USA) 
and subsequently maintained in the Laboratory Animal 
Facility of Chinese Academy of Sciences (Shanghai, China). 
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Mice were habituated to the housing conditions under a strict 
12-h light/dark cycle at 22˚C for 2  days with a humidity 
controlled between 40 and 70%. Normal chow diet and water 
were provided ad libitum.

Generation of the PMO mouse model and drug administra‑
tion. The animal experiments were performed according to the 
Principles of Laboratory Animal Care of the Department of 
Laboratory Animal Science, Fudan University and approved 
by the Ethics Committee of Fudan University. We filtrated 
35 female BALB/c mice, 8 weeks old, with a body mass of 
20-30 g. Following the bilateral oophorectomy of 30 mice, 
5 mice died as a result of the surgery and were excluded from 
the analysis, and there were no deaths from other causes. 
The surviving mice were randomly divided into five groups 
(each n=5) as follows: OVX; OVX  +  BSNXD low dose; 
OVX + BSNXD mid dose; OVX + BSNXD high dose and 
OVX + estradiol (E2). A sham group (5 mice) underwent the 
surgical procedure without ovariectomy.

The OVX control group was treated with saline and the 
OVX + BSNXD low dose, OVX + BSNXD mid dose and 
OVX + BSNXD high dose groups were treated twice daily 
with 0.5 ml concentrated BSNXD extract (total raw herb 
contents 0.5, 1 and 2 g/ml, respectively, w/v) by oral admin-
istration (Table I) at dosages that were 4.5‑, 9‑ and 18‑fold 
the human adult dose, based on an established formula for 

human‑mice drug conversion  (30). The OVX  +  E2 group 
received E2 treatment (100 µg/kg/day orally) (31,36,37).

Following drug administration for 8 weeks, all animals 
were autopsied. The serum of the animals was collected 
for ELISA. The distal femurs of the mice were dissected 
for static and dynamic histomorphometric analysis. Bones 
and spleens were collected in PBS. The BM was flushed 
out and total lymphocytes were isolated from the BM by 
means of density gradient centrifugation using Hisep LSM 
1084 (1.084±0.0010 g/ml; HiMedia Laboratories, Mumbai, 
India) and then labelled with fluorescent antibodies for the 
analysis of CD4+ T cells. Splenic and BM mononuclear cells 
were collected to examine the percentage of CD4+ T cells 
and the alteration of RANKL/OPG expression in CD4+ 

T cells by fluorescence activated cell sorting (FACS), reverse 
transcription (RT)-qPCR analysis and ELISA.

Bone phenotype analysis. The micro‑architecture of the distal 
femurs of the mice was analyzed using micro‑computed tomog-
raphy (ScanXmate‑A100S Scanner; Comscan Techno Co., 
Kanagawa, Japan). Three‑dimensional (3D) microstructural 
image data were reconstructed and structural parameters 
were calculated using 3D trabecular bone analysis software 
(TRI/3D‑BON; Ratoc System Engineering, Co., Ltd., Tokyo, 
Japan), including BV/tissue volume (TV) ratio, trabecular 
number, trabecular thickness and trabecular plate separation.

Table I. Composition and preparation of the herbal formula Bu‑Shen‑Ning‑Xin decoction.

Crude herbs	 Latin names	C ontent (g)	 Percentage	 Main components

Dried Rehmannia root	 Radix Rehmanniae	 15	 15.2	 Catalpol
	 Exsiccata			   Acteoside
				    Apigenin
Common Anemarrhena	 Anemarrhena	 15	 15.2	 Sarsasapogenin
rhizome	 osphodeloides Bunge			   Timosaponin
				    Markogenin
Bark of Chinese Corktree	 Phellodendron	   9	   9.1	 Berberine
	 amurense Rupr.			   Phellodendrine
				    Jatrorrhizine
Barbary Wolfberry fruit	 Lycium barbarum	 15	 15.2	 Lycium barbarun
				    polysaccharides
				    β‑carotene
				    Quercetin
Chinese Dodder seed	 Cuscuta chinensis	 12	 12.1	 Quercetin
				    Kaempferol
				    Hyperoside
Shorthorned Epimedium	 Epimediun	 12	 12.1	 Icariin
herb	 brevicornum Maxim			   Icariin I
				    Icariin II
Spina date seed	 Ziziphus jujube Mill.	   9	   9.1	 Jujuboside A
	 var. spinosa			   Jujuboside A1
				    Jujuboside C
Oriental water plantain	 Alisma plantago‑aquatica	 12	 12.1	 Alisol A
rhizome	 Linn.			   Alisol B
				    Alisol C 23 acetate
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Isolation of CD4+ T cells from murine spleen or BM. Single 
cell suspensions were obtained from the spleen or BM and 
incubated with magnetic beads coated with anti‑mouse CD4 
antibody (Miltenyi Biotec, Inc., Auburn, CA, USA). CD4+ 
T cells were isolated in strict accordance with the manufac-
turer's protocol (38). These purified cells were then collected 
in TRIzol for RT-qPCR analysis.

RT-qPCR. Total RNA was extracted from isolated CD4+ T cells 
using TRIzol. cDNA was synthesized from 1 µg total RNA with 
the Transcriptor first strand cDNA synthesis kit (04379012001; 
Roche Molecular Systems, Inc.; synthesis at 55˚C for 30 min 
and inactivation at 85˚C for 5 min). SYBR Green Master mix 
was used for quantitative determination of the mRNAs for OPG, 
RANKL and GAPDH in a 20-µl reaction system following an 
optimized protocol. The target mRNA expression was normal-
ized using the expression levels of GAPDH. We used the 2-ΔΔCq 
method for mRNA quantification (39). qPCR was performed 
using the following conditions: 95˚C for 5 min; 40 cycles of 
denaturation at 94˚C for 2 min and annealing and extension at 
62˚C for 30 sec; and extension at 72˚C for 30 sec. The primers 
used for each gene are presented in Table II.

Flow cytometry (FCM). Mononuclear cells from the BM/spleen 
were labelled with anti-CD3, CD4 and CD8a antibodies, namely 
FITC‑conjugated anti‑mouse CD3, PE‑conjugated anti‑mouse 
CD4, PE‑CY5‑conjugated anti‑mouse CD8a antibodies, to 
assess the CD4+ precentages of CD3+ cells. The specificity of 
immunostaining was ascertained by the background fluores-
cence of cells incubated with IgG isotype controls. Fluorescence 
data from ≥10,000 cells were collected from each sample. 
Immunostaining was performed according to the manufac-
turer's protocol. FACSCalibur and FACSAria flow cytometers 
(BD Biosciences) were used to quantify the CD4+ percentages 
of CD3+ cells in all the groups. CellQuest™ software (BD 
Biosciences) was used to analyze the flow cytometry data.

Evaluation of RANKL expression on the cell surface of CD4+ 
T cells. CD4+ T cells were purified from mouse splenocytes 
using a magnetic cell sorting system as described above. These 
cells were cultured in RPMI‑1640  medium supplemented 
with 10%  FBS, penicillin (100  U/ml) and streptomycin 
(100 µg/ml). CD4+ T cells (5x105 cells/ml) were activated 
with plate-coated anti‑CD3 (2 µg/ml; MA5-17655; Thermo 
Fisher Scientific, Inc.) and anti‑CD28 (0.5 µg/ml). Activated 

T cells were treated with anti‑RANKL antibody or control 
rat IgG (02-9602; Thermo Fisher Scientific, Inc.), followed 
by anti‑mouse IgG‑phycoerythrin (PE; PA5-33283). The cells 
were then analyzed for cell surface RANKL expression via 
FACS using a FACSCalibur flow cytometer.

Evaluation of sRANKL and OPG production by CD4+ T cells. 
The concentrations of sRANKL and OPG in the culture super-
natants were measured using the aforementioned ELISA kits 
according to the manufacturers' protocol.

Modulatory effect of BSNXD on CD4+ T cells in vitro. CD4+ 
T cells obtained from the spleen of OVX mice were cultured 
in RMPI‑1640 medium supplemented with 10%  fetal calf 
serum (FCS; SH30073.02; HyClone; GE Healthcare Life 
Science, Pittsburgh, PA, USA) for 3 days. To estimate the 
effect of BSNXD on the apoptosis rate of CD4+ T cells, the 
cells were exposed to 20% OVX mouse serum as control, serial 
concentrations (10, 15 and 20%) of OVX + mid‑dose BSNXD 
group‑derived serum or OVX  +  E2 group‑derived serum 
(containing 10 nM 17β-E2). Following incubation for 72 h, the 
apoptosis rate of the CD4+ T cells was measured by FCM.

Apoptosis analysis of CD4+ T cells by FCM. After incuba-
tion for 72 h, the CD4+ T cells were washed with PBS and 
the apoptotic cells were stained using an Annexin V‑FITC/PI 
dual‑labeling technique (Annexin V‑FITC/PI Apoptosis detec-
tion kit; RC201-50; RainBio) and analyzed by FCM. The 
quantity of Annexin V‑FITC+/PI‑ cells corresponded to early 
apoptosis. In every sample, 1x105 cells were counted. The 
experiment was repeated five times.

Modulatory effect of BSNXD on CD4+ T cells co-cultured with 
BMMs in vitro. To investigate whether CD4+ T cells are involved 
in BSNXD-modulated osteoclastogenesis, BMMs from the 
femurs and tibias of OVX mice were co‑cultured with CD4+ 
T cells (5x106/ml) from OVX mice in RPMI‑1640 medium 
supplemented with 10% FCS and 10 ng/ml M‑CSF for 2 days 
and then exposed to RANKL for stimulation and 20% serum 
of OVX mice, 20% serum of mid‑dose BSNXD treated OVX 
mice, or OVX + E2 group‑derived serum (containing 10 nM 
17β-E2) for 3 days. BMMs cultured with 20% serum of OVX 
mice served as a negative control. Osteoclastogenesis was evalu-
ated with tartrate‑resistant acid phosphatase (TRAP) staining by 
means of the Leukocyte Acid Phosphatase kit. TRAP‑positive 

Table II. Sequences of qPCR primers.

Gene name	 Primer sequence	 Accession no.

RANKL	 P1: 5'‑TGAAGACACACTACCTGACTCCTG‑3'	 AF019048.1
	 P2: 5'‑CCACAATGTGTTGCAGTTCC‑3'
OPG	 P1: 5'‑GTTTCCCGAAGGACCACAAT‑3'	 U94331.1
	 P2: 5'‑CCATTCAATGATGTCCAGGAG‑3'
GAPDH	 P1: 5'‑AGCTTGTCATCAACGGGAAG‑3'	 NM_008084.2
	 P2: 5'‑TTTGATGTTAGTGGGGTCTCG‑3'

qPCR, quantitative polymerase chain reaction; RANKL, receptor activation of nuclear factor κB ligand; OPG, osteoprotegerin.
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MNCs (≥5 nuclei) were counted using a microscope (31). Results 
from four independent experiments are shown.

Statistical analysis. All values are expressed as the 
mean ± standard error of the mean. Data were analyzed using 
SPSS 19.0 software (IBM Corp., Armonk, NY, USA) and 
differences were evaluated by one‑way analysis of variance 
followed by Bonferroni post hoc test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Effect of BSNXD administration on the bone phenotype of OVX 
mice. In the mice, ovariectomy disrupted the balance between 
bone resorption and formation in favor of resorption, resulting in 
the loss of bone microarchitecture in the OVX group compared 
with the sham group. Analysis of the femurs of the mice in 
the OVX group by micro‑computed tomography revealed a 
significant reduction in BV/TV ratio, trabecular numbers and 
trabecular thickness, and a significant increase in trabecular 
separation (P<0.05 vs. sham; Fig. 1). Following treatment for 
8 weeks with E2, or low‑, mid‑ or high‑dose BSNXD, the loss of 

BV and changes in bone microarchitecture were ameliorated or 
prevented compared with that in the OVX group. A significant 
reduction of trabecular separation was observed in the treated 
mice (P<0.05 vs. OVX; Fig. 1A and B), while no significant 
difference was detected in trabecular thickness (Fig. 1B).

OVX‑induced expansion of CD4+ T cells is attenuated by the 
administration of mid‑dose BSNXD. PMO is a result of chronic 
inflammation due to sex hormone deficiency, which is closely 
associated with OC function. The proportions of CD4+ T cells 
in the BM and spleen were analyzed using FCM. In the OVX 
group, the BM and spleen exhibited a significant increase 
in the proportion of CD4+ T cells compared with the sham 
group (P<0.01; Fig. 2), which is in accordance with a previous 
study (40). Administration of BSNXD for 8 weeks normalized 
the percentage of CD4+ T cells in the spleen and BM of OVX 
mice significantly in the mid‑dose group, with the same effi-
cacy as treatment with E2. However, no significant effect was 
observed in the low‑ and high‑dose BSNXD groups (Fig. 2B).

BSNXD modulates the RANKL/OPG balance of CD4+ T cell in 
OVX mice. To determine the RANKL/OPG ratio of the CD4+ 

Figure 1. Effect of BSNXD on the bone phenotype of the mice. The OVX mice were randomly divided into the following groups: OVX control group 
treated with saline (n=5); OVX + BSNXD low‑, mid‑ and high‑dose groups treated with 0.5 ml evaporated BSNXD extract, twice daily (total raw herbs 0.5, 
1 and 2 g/ml, w/v) by oral administration (n=5 per group); and the OVX + E2 group treated with E2 (100 µg/kg/day orally; n=5). After 8 weeks of treatment, 
all mice were sacrificed following the final treatment and bone tissues were harvested for further investigation. Micro‑computed tomography was performed 
to analyze the bones of the mice in each group. (A) Micro‑computed tomography images. (B) Bone volume/tissue volume (%), trabecular thickness (µm), 
trabecular number (1/mm) and trabecular separation (µm) were measured. Data are expressed as the mean ± standard error of the mean. **P<0.01 and *P<0.05 
as indicated. BSNXD, Bu‑Shen‑Ning‑Xin Decoction; OVX, ovariectomized; E2, estradiol.
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Figure 3. Modulatory effect of BSNXD on RANKL and OPG. Following 8 weeks of BSNXD administration, mice in six experimental groups were sacrificed, 
and single cells were isolated from the spleen by means of density gradient centrifugation. CD4+ T cells were isolated from single cells via magnetic bead 
selection. The CD4+ T cells were separated into three portions for testing. One portion was used to estimate the relative mRNA expression of RANKL and 
OPG by reverse transcription-quantitative polymerase chain reaction, another was used to determine the cell surface expression of RANKL by flow cytometry, 
and the third was cultured in vitro and the supernatant harvested to detect the sRANKL and OPG levels by ELISA. (A) Relative mRNA expression of RANKL, 
(B) relative mRNA expression of OPG and (C) cell surface expression of RANKL. Protein levels of (D) RANKL and (E) OPG in the cell culture supernatant. 
Data are expressed as the mean ± standard error of the mean. **P<0.01 and *P<0.05 vs. OVX. BSNXD, Bu‑Shen‑Ning‑Xin Decoction; OVX, ovariectomized; 
E2, estradiol; RANKL, receptor activation of nuclear factor κB ligand; sRANKL, soluble RABKL; OPG, osteoprotegerin; CD, cluster of differentiation.

Figure 2. Mid‑dose BSNXD administration significantly inhibited the OVX‑induced increases of CD4+ T cells in the spleen and BM. Following 8 weeks of 
BSNXD administration, mice in the six experimental groups were sacrificed. The BM was then flushed out and single cells were isolated from the spleen by 
means of density (1,084±0,0010 g/ml) gradient centrifugation and then labelled with fluorescent antibodies to examine the percentage of CD4+ T cells using 
flow cytometry. (A) Images of the quantification of CD4+ T cells in the spleen in each group by flow cytometry. (B) Percentage of CD4+ T cells in the spleen 
or BM. Data are expressed as the mean ± standard error of the mean. **P<0.01 vs. OVX. BSNXD, Bu‑Shen‑Ning‑Xin Decoction; OVX, ovariectomized; E2, 
estradiol; BM, bone marrow; CD, cluster of differentiation.
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T cells in OVX mice and the influence of BSNXD‑derived 
serum, CD4+ T cells isolated from the spleen were divided 
into three groups for further analysis. One group was used to 
estimate the relative mRNA expression of RANKL and OPG 
by RT-qPCR. The second group was used to determine the cell 
surface expression of RANKL by FCM. The last group was 
cultured in vitro for 3 days, prior to harvesting of the supernatant 
to quantify soluble RANKL and OPG by ELISA. In the T cells 
from OVX mice a significant reduction in the expression of 
OPG mRNA was detected (P<0.01; Fig. 3A), and the expression 
of RANKL was significantly increased relative to that in the 
sham group mice (P<0.01; Fig. 3B). Those changes in mRNA 
expression were prevented with mid‑ and high‑dose BSNXD 
and E2 treatment. In addition, low‑dose BSNXD administration 
significantly increased the relative mRNA expression of OPG 
compared with that in the OVX group (P<0.01; Fig.  3A). 
Mid‑dose BSNXD and E2 administration significantly 
alleviated the sharp increase in the cell surface expression 
of RANKL compared with that in the OVX group (P<0.01; 
Fig. 3C). The secretion of sRANKL by the CD4+ T cells was 
significantly increased in the OVX group compared with the 
sham group, and this increase was significantly inhibited by 
mid‑dose BSNXD administration  (P<0.01; Fig.  3D). The 
secreted OPG level of CD4+ T cells was significantly decreased 
in OVX group compared with the sham group  (P<0.01; 
Fig. 3E). This reduction of OPG secretion was significantly 
attenuated in the OVX  +  mid‑dose BSNXD‑treated, 
OVX + E2‑treated (P<0.01; Fig. 3E) and OVX + high‑dose 
BSNXD‑treated mice (P<0.05; Fig. 3E). Consideration of all 
these data led suggest that the treatment with BSNXD‑derived 

serum ameliorated the imbalance of RANKL/OPG by 
downregulating the transcription, translation and cell‑surface 
expression of RANKL and upregulating the transcription and 
translation of OPG in the CD4+ T cells of OVX mice.

BSNXD inhibits CD4+ T cell‑induced osteoclastogenesis. 
Previous studies conducted by the present research team 
support the hypothesis that BSNXD markedly inhibits osteo-
clastogenesis by abrogation of RANKL‑induced signaling 
pathways (34), and the present study indicates that BSNXD 
effectively suppresses OVX‑induced expansion of the CD4+ 
T cell subset. Therefore, it appears that CD4+ T cells may be 
involved in the modulation of osteoclastogenesis by BSNXD. 
Accordingly, in order to investigate the effect of BSNXD on 
CD4+ T cell‑induced osteoclastogenesis, CD4+ T cells from 
the spleen of mice were exposed to serial concentration (10, 
15 and 20%) serum derived from OVX mice treated with 
BSNXD or E2 (containing 10 nM 17-β-estradiol) for 72 h and 
the apoptosis rate was mearsued by FCM. Results showed 
that with 15 and 20% serum treatment, the apoptosis rate 
of CD4+ T cells was decreased and the same effect can be 
observed by E2 treatment (Fig. 4, P<0.05, P<0.01 and P<0.01 
respectively). BMMs from OVX mice were co‑cultured with 
CD4+ T cells from OVX mice and exposed to 20% blood 
serum derived from untreated OVX mice, or OVX mice 
treated with mid‑dose BSNXD or E2 for 72 h. BMMs cultured 
with 20% OVX group serum were considered as the nega-
tive control. These cells were fixed and subjected to TRAP 
staining. TRAP‑positive MNCs containing five or more nuclei 
were counted as OCs (Fig. 5A). The results indicated that 

Figure 4. Effect of mid‑dose BSNXD on the apoptosis rate of CD4+ T cells in vitro. CD4+ T cells were isolated from the spleen of OVX mice and then exposed 
to serial concentrations (10, 15 and 20%) of OVX + mid‑dose BSNXD group‑derived serum or OVX + E2 group‑derived serum (containing 10 nM 17β‑E2). 
Following incubation for 72 h, the apoptosis rate of the CD4+ T cells was measured using FCM. (A) Images showing the detection of apoptosis of CD4+ T cells 
from the spleen in each group by FCM. (B) Apoptosis rates of CD4+ T cells from the spleen. Data are expressed as the mean ± standard error of the mean. 
**P<0.01 and *P<0.05. BSNXD, Bu‑Shen‑Ning‑Xin Decoction; OVX, ovariectomized; E2, estradiol; FCM, flow cytometry; CD, cluster of differentiation.
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TRAP‑positive MNCs were significantly increased in number 
when co‑cultured with CD4+ T cells from OVX mice, which 
indicates the involvement of CD4+ T cells in osteoclastogenesis 
in OVX mice (P<0.01; Fig. 5B). Treatment of OVX mice with 
BSNXD-treated mouse serum or E2 significantly inhibited the 
number of TRAP‑positive MNCs, which indicates that CD4+ 
T cell‑induced osteoclastogenesis was inhibited by BSNXD or 
E2 treatment (P<0.01 and P<0.05, respectively; Fig. 5B).

Discussion

It has gradually been recognized that bones and the immune 
system mutually regulate each other to a much greater 
degree than was previously believed. The interdisciplinary 
research principle, which is known as osteoimmunology, 
mainly concentrates on the cross‑talk between the bone and 
immune systems (9,12). PMO is a state of estrogen deficiency 
and a disordered state of bone metabolism, which involves 
the upregulation of osteoblast‑mediated bone formation and 
OC‑mediated bone resorption (41‑43). However, the increased 
bone turnover shifts the bone homeostasis toward bone resorp-
tion. It also has been associated with various disorders of 
endocrine and immune origin (11,13,14).

The OVX mouse, serving as an animal mode of PMO, 
demonstrated an expansion of the CD4+ T cell pool in the BM 
and spleen via prolongation of the lifespan of CD4+ T cells 

Figure 6. Summary of the CD4+ T cell‑induced immunomodulatory effects of 
BSNXD on osteoclast differention. BSNXD suppresses ovariectomy‑induced 
increases in CD4+ T cells subsets, adjusting the RANKL/OPG imbalance 
and the translation of these immunomodulatory effects on skeletal param-
eters such as osteoclastogenesis. BMMs, bone marrow‑derived macrophages; 
BSNXD, Bu‑Shen‑Ning‑Xin Decoction; RANKL, receptor activation of 
nuclear factor κB ligand-RANK, nuclear factor κB ligand; OPG, osteoprote-
gerin; CD, cluster of differentiation.

Figure 5. Effects of BSNXD administration on CD4+ T cell-induced osteoclastogenesis. BMMs from OVX mice were co‑cultured with CD4+ T cells from 
OVX mice for 2 days in the presence of M‑CSF and then exposed to 20% OVX + mid‑dose BSNXD group‑derived serum or OVX + E2 group‑derived 
serum (containing 10 nM 17β‑E2) independently plus M‑CSF and RANKL for 3 days. BMMs cultured with 20% OVX group serum were considered as the 
negative control. Subsequently, the cells were fixed and stained for TRAP. TRAP‑positive multinucleated cells containing five or more nuclei were counted 
as osteoclasts. (A) Representative images of the TRAP‑positive MNCs in each groups. (B) TRAP‑positive MNCs (more than five nuclei) were counted 
under a microscope. Data are expressed as the mean ± standard error of the mean. **P<0.01. *P<0.05. BMMs, bone marrow‑derived macrophages; OVX, 
ovariectomized; BSNXD, Bu‑Shen‑Ning‑Xin Decoction; E2, estradiol; TRAP, tartrate‑resistant acid phosphatase; MNCs, multinucleated cells; M‑CSF, 
macrophage‑colony‑stimulating factor; CD, cluster of differentiation.
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in the present study. In addition, it was also observed that 
BSNXD or E2 administration mitigated this OVX‑induced 
expansion of CD4+ T cells in the BM and spleen.

RANKL has been reported to serve an essential role in 
osteoclastogenesis; it is mainly expressed by stromal cells 
and osteoblasts, but T cells may also be a crucial source of 
RANKL in specific conditions such as PMO (44). CD4+ T cells 
have the potential to adjust osteoclastogenesis bidirectionally 
by secreting pro‑osteoclastogenic cytokines such as RANKL, 
as well as anti‑osteoclastogenic cytokines such as OPG (45). 
The OPG/RANKL/RANK system is central to the coupling 
of OCs and osteoblasts in bone biology (46). Thus, the effect 
of BSNXD on OPG and RANKL mRNA transcription and 
expression in CD4+ T cells was observed in the present study. 
The results demonstrated that CD4+ T cells isolated from 
OVX mice and treated with BSNXD‑derived serum exhibited 
increased levels of OPG mRNA and protein. Furthermore, 
BSNXD also reduced RANKL mRNA and protein levels, 
leading to a decreased RANKL/OPG ratio compared with that 
in OVX control mice. E2 administration exhibited a similar 
effect to that of BSNXD.

To assess whether RANKL secretion by T cells stimulates 
osteoclastogenesis, CD4+ T  cells were co‑cultured with 
OC precursor cells and an increase in OC differentiation 
was observed. The results demonstrating that CD4+ T cells 
promote osteoclastogenesis and BSNXD rebalances the 
OPG/RANKL/RANK system indicate that BSNXD has a 
positive effect on RANKL‑induced osteoclastogenesis in BMMs 
in vitro and a negative effect on osteoclastogenesis  (34). BSNXD 
administration also exhibited an ameliorating effect on the 
bone phenotype of OVX mice, which is in accordance with the 
hypothetical molecular mechanism suggested in the present study.

These observations indicate that an immune function 
disorder occurs in OVX mice. The results of the present study 
indicate that BSNXD reversed the detrimental immunological 
changes resulting from E2 deficiency and provided protection 
against bone loss. Based on these findings, it is proposed that 
BSNXD administration prevents bone loss by suppressing 
the OVX‑induced expansion of CD4+ T  cells subsets and 
attenuating the imbalance of RANKL/OPG expression, and 
these immunomodulatory effects have subsequent effects on 
skeletal parameters such as osteoclastogenesis (Fig. 6), leading 
to an improved bone phenotype in mice.

Based on the beneficial effect of BSNXD administration 
on OVX mice that has been addressed previously (30,31,34), in 
association with the immunoprotective effect of BSNXD, the 
current findings appear to suggest that BSNXD provides skel-
etal preservation effects under estrogen deprivation. Therefore, 
it is proposed that BSNXD administration may have potential 
clinical value in the prophylaxis and therapy of PMO.

In conclusion, BSNXD, a herbal remedy used for centu-
ries in TCM for the treatment of PMO, has previously been 
confirmed to have a bone protective effect in a mouse model 
for PMO. In the present study it was revealed that BSNXD 
has an immune-regulating effect on the bone phenotype of 
OVX mice by attenuating the reduced apoptosis rate of CD4+ 
T cells, regulating the OVX-induced RANKL/OPG imbal-
ance in CD4+ T cells and attenuating osteoclastogenesis. This 
suggests that BSNXD may have potential clinical value as a 
prophylactic and therapeutic agent for PMO.
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