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Original Article 
Serum Sema4D levels are associated with lumbar spine 
bone mineral density and bone turnover markers in  
patients with postmenopausal osteoporosis
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Abstract: To investigate the association of serum semaphorin 4D (Sema4D) levels with lumbar spine bone mineral 
density (BMD) and bone turnover markers in patients with postmenopausal osteoporosis (PO). Lumbar spine BMD 
was measured by dual-energy X-ray absorptiometry in 257 PO patients (aged from 50 to 75) and 90 healthy controls 
(aged from 51 to 83). Serum Sema4D, BAP, BGP and TRACP-5b levels were measured by enzyme linked immunosor-
bent assay. Serum cross linked N-telopeptides of type I (NTX), 25-hydroxyvitamin D (25(OH)D) and N-mid fragment 
of osteocalcin (N-MID-OT) levels were measured using automated electrochemiluminescence system. Sema4D level 
was significantly higher in PO women compared to healthy controls (1.40±0.33 vs. 0.58±0.18 μg/L, P=0.006). 
Sema4D level was positively correlated with serumTRACP-5b and NTX levels and negatively correlated with lumbar 
spine BMD and serum BAP and BGP levels. There were no correlations between Sema4D level and age, body mass 
index, and serum 25(OH)D and N-MID-OT levels. Lumbar spine BMD (β=-0.354, P<0.001) and serum BAP level 
(β=0.127, P=0.019) were independent predictors of serum Sema4D level in PO patients. Sema4D may be involved 
in the pathogenesis of PO and play a critical role in bone formation and resorption. Sema4D may represent a novel 
therapeutic target for treatment of PO and function as a predictive indicator of PO.
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Introduction

Osteoporosis is one of the most common skel-
etal disorders. It is characterized by low bone 
mass and deterioration of micro-architectural 
bone structure, which causes bone fragility and 
susceptibility to fracture [1]. Primary osteoporo-
sis includes age-related osteoporosis and idio-
pathic osteoporosis. Age-related osteoporosis 
is often referred as postmenopausal osteopo-
rosis (PO), since more women than men are 
affected by it.

PO negatively affects the quality of life of aging 
women and results in various complications, 
such as fractures, chest tightness, shortness 
of breath, coughing, bloating, and constipation. 
These complications are resulted from disor-
ders of the heart, lungs, digestive system, and 
impaired blood flow due to thoracic and lumbar 

protrusion [2-4]. Consequently, various treat-
ment options for PO have been proposed. 
Current PO treatments focus on the regulation 
of estrogen and calcium absorption, and include 
supplementation of calcium and vitamin D [5, 
6], hormone replacement therapy (HRT) [7, 8], 
and treatment with bisphosphonates [9], calci-
tonin [10], fluoride preparations selective estro-
gen receptor modulators (SERM) [11], and para-
thyroid hormone (PTH) [12, 13]. Different thera-
peutic outcomes have been reported from stud-
ies using these agents, but all were beneficial 
for PO patients.

Bone is subjected to continuous renewal by 
bone remodeling, during which bone resorption 
is followed by bone formation [14]. Bone loss 
occurs when the balance between resorption 
and formation is disrupted. Estrogen deficiency 
in postmenopausal women prevents absorp-
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tion of calcium and phosphorus, resulting in 
bone loss and osteoporosis [15-17]. The bal-
ance between bone resorption and bone for-
mation can be indirectly evaluated by bone 
turnover markers. Recently, Love et al. found 
strong similarity between the semaphorin 4D 
(Sema4D) homodimer and αVβ3 integrin het-
erodimer, which is the most abundant integrin 
receptor expressed in bone resorbing osteo-
clasts [18]. Negishi-Koga et al. showed that 
bone volume, trabecular thickness, and bone 
strength were all greater in mice lacking 
Sema4D compared to wild-type animals. In 
ovariectomized mice, treatment with an anti-
Sema4D antibody promoted bone formation 
without affecting resorption [14]. Sema4D is 
mainly expressed in the nervous system, plate-

A total of 257 PO patients (age range, 50 to 75 
years) and 90 healthy postmenopausal women 
as controls (age range, 51 to 83 years) were 
enrolled in this study. For PO patients, inclusion 
criteria were: (1) the evidence of >1 year of 
menopause; (2) the average BMD in PO patients 
with at least 2.5 standard deviation lower than 
in normal adults. Exclusion criteria were: (1) 
secondary osteoporosis; (2) congenital bone 
deformities, polio, severe liver or kidney diseas-
es, hyperthyroidism or hypothyroidism, colla-
gen diseases, diabetes, bone cancer, bone 
softening disease, and other related bone and 
joint diseases; (3) treatment with drugs affect-
ing bone metabolism, including calcium, calci-
tonin, vitamin D, estrogen, bisphosphonates, 
and raloxifene within one year; or (4) previous 
radiation therapy. Healthy postmenopausal 
women were identified following a physical 
examination at our Hospital, which excluded 
them from osteoporosis and other related bone 
diseases that could affect bone metabolism. 
The study was approved by the institutional 
review board of our Hospital. Written informed 
consent was obtained from each participant.

Bone mineral density

BMD is considered as an indicator of bone 
mass and is useful for evaluating the degree of 
osteoporosis. In the present study, BMD of the 
lumbar spine (L1-L4) was measured by dual-
energy X-ray absorptiometry (DEXA) (Norland 

Table 1. Characteristic and biochemical data of study population

Variables Control (n=90) PO (n=257) P values
Age (years) 61.36±3.75 62.73±3.94 0.383
Age of menopause (years) 53.13±2.94 53.75±2.76 0.227
Weight (kg) 57.59±7.21 57.47±7.73 0.432
Height (m) 1.54±0.09 1.55±0.07 0.374
BMI (kg/m2) 24.77±4.13 24.65±3.67 0.188
spine BMD (g/cm2) 0.99±0.15 0.79±0.19 0.013
T-score -1.58±0.45 -3.42±0.83 0.008
Sema4D (μg/L) 0.58±0.18 1.40±0.33 0.006
BAP (U/L) 60.28±15.33 33.17±9.22 0.008
BGP (μg/L) 7.75±1.36 4.82±0.77 0.017
TRACP-5b (U/L) 3.40±0.82 5.61±1.07 0.023
NTX (μmol BCE/L) 14.49±3.88 23.02±7.41 0.035
25(OH)D (ng/mL) 15.77±6.33 16.02±7.13 0.582
N-MID-OT (ng/mL) 17.07±6.44 16.96±5.96 0.633
Body mass index (BMI) was calculated as weight in kilograms divided by 
square of the height in meters.

Table 2. Correlations of serum Sema4D with age, 
BMI, BMD, and bone turnover markers in PO 
patients

Variables R P-values
Age 0.005 0.768
BMI -0.073 0.161
BMD -0.572 <0.001
BAP -0.396 0.007
BGP -0.411 0.006
TRACP-5b 0.365 0.014
NTX 0.287 0.019
25(OH)D 0.058 0.227
N-MID-OT 0.045 0.169

lets, and ovaries and may have 
important functions in neurite proli- 
feration, neuronal migration, and 
stimulation of angiogenesis [19-21]. 
Sema4D is also involved in follicle 
maturation in the mouse ovary.

To the best of our knowledge, there 
are no published clinical reports of a 
correlation between serum Sema4D 
levels and osteoporosis in postmeno-
pausal women. Therefore, the objec-
tive of the present study was to in- 
vestigate the association of serum 
Sema4D levels with lumbar spine 
bone mineral density (BMD) and 
bone turnover markers in PO patients.

Materials and methods

Study population



Sema4D levels associated with PO

16354 Int J Clin Exp Med 2015;8(9):16352-16357

XR-46 Excell plus, USA). Osteoporosis was 
defined as a T-score of <-2.5. Intra-and inter-
assay coefficients of variation (CVs) were <1.4% 
and <2.6%, respectively.

Biochemical assays

Serum Sema4D, bone alkaline phosphatase 
(BAP), bone gla protein (BGP), and tartrate 
resistant acid phosphatase (TRACP-5b) levels 
were measured by enzyme-linked immunosor-
bent assay (ELISA, R & D, USA). Intra-assay CVs 
were 3.6-4.4%, 3.7-4.3%, 3.3-4.8%, and 4.0-
5.1%, respectively, and inter assay CVs were 
<6%. Serum cross-linked N-telopeptides of 
type I (NTX), 25-hydroxyvitamin D (25(OH)D), 
and N-mid fragment of osteocalcin (N-MID-OT) 
levels were measured using the automated 
Roche electrochemiluminescence system. In- 
tra-assay CVs were 3.4-4.2%, 3.7-4.5%, 4.2-

5.5% and 3.8-5.3%, respectively, and the inter 
assay CVs were <6%.

Statistical analysis 

All statistics were analyzed using SPSS 13.0 
(SPSS Inc., Chicago, Illinois, USA). Data are 
described as mean ± standard deviation (SD). 
The differences between groups were evaluat-
ed by independent-samples t-test. Correlation 
analyses were performed using Spearman’s 
coefficient of correlation. Multiple regression 
analysis was conducted to determine the influ-
ence of each independent variable after cor-
recting other factors. A p-value of <0.05 was 
considered statistically significant.

Results

Demographic and clinical characteristics of the 
study population are shown in Table 1. There 
were no statistically significant differences in 
age (P=0.383), age of menopause (P=0.227), 
weight (P=0.432), height (P=0.374), and body 
mass index (BMI, P=0.188) between PO pa- 
tients and healthy controls. Serum Sema4D, 
TRACP-5b, and NTX levels were significantly 
higher in PO patients compared to controls 
(P=0.006, P=0.023, and P=0.035, respective-
ly). Serum BAP and BGP levels were significant-
ly lower in PO patients compared to controls 
(P=0.008 and P=0.017, respectively). There 
were no significant differences in serum 25(OH)
D and N-MID-OT levels between PO patients 
and controls (P=0.582 and P=0.633, respec- 
tively).

Figure 1. Correlations of serum Se-
ma4D levels with A. BMD, B. BAP, C. 
BGP, D. TRACP-5b and E. NTX levels 
in PO patients. Serum Sema4D lev-
els were negatively correlated with 
BMD (r=-0.212, P<0.001), BAP (r=-
0.396, P=0.007) and BGP (r=-0.411, 
P=0.006) and positively correlated 
with TRACP-5b (r=0.365, P=0.014) 
and NTX (r=0.287, P=0.019).

Table 3. Results of multiple regression in PO 
patients
Variables B SE β t P-values
Age -0.031 0.077 -0.019 -0.041 0.762
BMI -0.024 0.172 -0.005 -0.087 0.883
BMD -33.122 4.270 -0.354 -7.574 <0.001
BAP 4.331 1.205 0.127 2.044 0.019
BGP 2.117 0.743 0.039 0.932 0.078
TRACP-5b -0.176 0.175 -0.083 -1.277 0.097
NTX -0.433 0.072 -0.065 -0.921 0.106
25(OH)D 0.067 0.059 0.034 0.771 0.459
N-MID-OT -0.056 0.037 -0.073 -0.945 0.330
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Correlation analyses are shown in Table 2 and 
Figure 1. Serum Sema4D levels were positively 
correlated with serum TRACP-5b and NTX lev-
els (r=0.365, P=0.014; r=0.287, P=0.019; 
respectively) and negatively correlated with 
lumbar spine BMD and serum BAP and BGP lev-
els (r=-0.212, P<0.001; R=-0.396, P=0.007; 
r=-0.411, P=0.006; respectively). There were 
no correlations between serum Sema4D levels 
and age, BMI, serum 25(OH)D, and N-MID-OT 
levels (r=0.005, P=0.768; r=-0.073, P=0.161; 
r=0.058, P=0.227; r=0.045, P=0.169; 
respectively).

Multiple regression analyses are shown in 
Table 3. The dependent variable was serum 
Sema4D levels, and the independent variables 
were age, BMI, lumbar spine BMD, serum BAP, 
BGP, TRACP-5b, NTX, 25(OH)D, and N-MID-OT 
levels. The results showed that lumbar spine 
BMD (β=-0.354, P<0.001) and serum BAP lev-
els (β=0.127, P=0.019) were independent pre-
dictors of serum Sema4D levels in PO patients. 

Discussion

The present study demonstrated that serum 
Sema4D levels were significantly higher in PO 
patients, serum BAP and BGP levels were sig-
nificantly lower in PO patients, and serum 
TRACP-5b and NTX levels were much higher in 
PO patients compared to controls. A positive 
correlation between serum Sema4D levels and 
serum TRACP-5b and NTX levels and a negative 
correlation between serum Sema4D levels and 
BMD and serum BAP and BGP levels were ob- 
served, but no significant correlations between 
serum Sema4D levels and age, BMI, serum 
25(OH)D, and N-MID-OT levels were identified. 
These data provide new insight into the mecha-
nisms of regulating the balance between bone 
formation and bone resorption in postmeno-
pausal women.

Our observations confirmed and extended the 
results reported in previous studies. Dacquin et 
al. published in vitro data showing Sema4D-
deficient primary osteoclasts had impaired 
spreading, adhesion, migration, and resorp-
tion. In vivo, Sema4D deletion in sexually 
mature female mice led to a high bone mass 
phenotype due to defective bone resorption by 
osteoclasts. In ovariectomized Sema4D-/-mice, 
the bone resorption phenotype was abrogated, 
providing evidence that the high bone mass 

phenotype was dependent on ovarian function 
[1]. Negishi-Koga et al. showed that Sema4D-
specific antibody treatment markedly prevent-
ed bone loss in a mouse model of PO [14]. 
Taken together, the results of these studies 
suggest that Sema4D is emerging as a new 
therapeutic target for the discovery and devel-
opment of bone anabolic drugs.

As preclinical scientific investigations continue 
to reveal a role of Sema4D in bone remodeling, 
there is a need for preliminary clinical data. To 
the best of our knowledge, there are no pub-
lished clinical studies that correlate serum 
Sema4D level with BMD. We substantiated 
observations of a negative correlation between 
Sema4D and BMD with measurements of bone 
turnover markers. BAP mediates osteoblast 
proliferation, and BGP is involved in the mainte-
nance of bone mineralization rate. Both showed 
a negative correlation with serum Sema4D lev-
els in our population of PO patients [22, 23]. 
TRACP-5b and NTX determine bone resorption 
[24]. Accordingly, both were positively correlat-
ed with serum Sema4D levels in the PO patients 
in our study.

Despite being the first clinical study reporting 
on the correlation between serum Sema4D 
level and BMD in PO patients, this study was 
associated with several limitations. First, the 
results should be further verified by large-scale 
investigations, since only one published study 
showed that Sema4D acts as a potent inhibi- 
tor of bone formation in a PO mouse model 
[14]. Second, the association between serum 
Sema4D levels and local factors in osteoporot-
ic bone tissue remains to be elucidated. Third, 
mechanistic studies beyond the use of an anti-
Sema4D antibody to promote bone formation 
in ovariectomized mice are required. Clinical 
research similar to that conducted with anti-
romosozumab monoclonal antibody, which 
increased BMD and bone formation and redu- 
ced bone resorption in postmenopausal women 
with low bone mineral density, is needed [25, 
26].

In conclusion, our results suggest that Sema4D 
might be involved in the pathogenesis of PO 
and play a critical role in bone formation and 
resorption. Sema4D might be a novel therapeu-
tic target for the treatment of PO. Serum 
Sema4D level may function as a predictive indi-
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cator of PO and be used in monitoring anti-
osteoporosis treatment.
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