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Abstract 

 

It is well known that the intermittent administration of parathyroid hormone (PTH) 

promotes bone formation, but it remains to be unveiled if PTH could affect the 

distribution of bone-specific blood vessels and other cell-types surrounding the blood 

vessels. In this study, we have attempted to histologically examine bone-specific 

blood vessels after intermittent PTH administration. Six-week-old C57BL/6J mice 

received vehicle (control group) or 20 µg/kg/day of hPTH [1–34] (PTH group) for 

two weeks. The mice were then fixed and their femora and tibiae were examined for 

the immunohistochemical profile. The gene expression of bone was also examined by 

RT-PCR. In the control femoral metaphysis, there were many 

endomucin-positive/EphB4-positive blood vessels and few αSMA-reactive blood 

vessels. In the PTH administered femoral metaphysis, the numbers of 

endomucin-positive/EphB4-positive blood vessels and their diameters were 

significantly expanded when compared to those of the control groups. Interestingly, 

blood vessels accompanied with αSMA-positive cells were significantly increased in 

number in the PTH group, and were histochemically divided into two distinct types: 

the one surrounded by ALP-reactive/αSMA-positive cells close to the bone surface, 

and the others accompanied merely with αSMA-positive cells that showed a long cell 

shape extending thin cytoplasmic processes. In summary, the intermittent 

administration of PTH may affect both osteoblastic cells and bone-specific blood 

vessels. 
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Introduction 

 

Osteoporosis is a typical symptom in geriatric disease. For years, the first-line drug in 

therapy for osteoporosis has remained bisphosphonates [1]. However, it has been 

reported that bisphosphonates could be associated with severe complications such as 

osteonecrosis of the jaw or atypical femur fractures [2]. Over the last decade, 

teriparatide, which is a recombinant form of parathyroid hormone (PTH), has become 

the preferred drug for the treatment of osteoporosis [1, 3]. The anabolic action of PTH 

has also been demonstrated in clinical trials: PTH increased bone mass and reduced 

the fracture rate in patients with osteoporosis [4]. In our previous study, we have 

demonstrated that intermittent PTH administration promotes preosteoblastic 

proliferation and osteoblastic bone formation, both of which are finely tuned by cell 

coupling with osteoclasts, and finally induced new bone formation [5, 6].  

Recently, Kusumbe and Ramasamy demonstrated two new disparate subtypes of 

endothelial cells in bone according to distribution and function: type H and type L [7]. 

The type H bone-specific subtype is a blood vessel that features CD31 and endomucin 

double strong positivity located underneath the growth plate in the metaphysis, while 

the type L subtype showed CD31 and endomucin low positivity in diaphysis [7, 8]. 

Endomucinhigh-positive bone-specific blood vessels have been shown to reciprocally 

interact with osteoblastic cells [7]. Endomucinhigh-positive endothelial cells have been 

reported to secrete noggin, supporting osteoblasts and chondrocytes, which secrete 

vascular endothelial growth factor (VEGF) sustaining angiogenesis in reverse [7, 8]. 

This may implicate the reciprocal interaction of blood vessels and osteoblastic cells in 

bone in a normal state. 

 It is well-known that blood vessels consist of various cell-types, being roughly 

divided into inner vascular endothelial cells and outer perivascular cells [9]. A 

vascular smooth muscle cell is a type of perivascular cell that always covers 

arteries/veins including arterioles and venules and appears to regulate vessel caliber 

[10]. α-Smooth muscle actin (αSMA) is a specific marker of vascular smooth muscle 

cells and myofibroblasts [11]. The nutrient arteries and arterioles surrounded by 

vascular smooth muscle cells invade from the periosteum into the bone and run in the 

inner bone marrow region of the diaphyses of long bones [12]. However, the 

peripheral vascular smooth muscle cells gradually disappear to form sinusoidal 

capillaries that extend from the sinusoidal capillaries toward the chondro-osseous 
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junctions, where they are not covered by peripheral vascular smooth muscle cells and 

are sometimes surrounded by discontinuous basement membranes [10]. Therefore, 

perivascular cells including vascular smooth muscle cells will not always be adjacent 

to vascular endothelial cells, depending on the micro-circumstance of the blood 

vessels. It is assumed that perivascular cells such as vascular smooth muscle cells may 

not be fully differentiated but still possess the potential to differentiate into other cell 

types [10, 11, 13]. Indeed, it has been reported that arteries in bone are covered by 

αSMA-positive smooth muscle cells that have the potential to differentiate into 

different mesenchymal lineages [14–16].  

 Recently, considerable reports have supported the importance of the interactions 

between EphB4 and ephrinB2 in the cardiovascular system and skeletal system [17, 

18]. EphB4 is a marker for veins, while ephrinB2 is a marker for arteries. Since 

previous reports have suggested EphB4/ephrinB2 action as a coupling factor in bone 

[17], it may be possible for EphB4-positive veins/ephrinB2-reactive arteries to affect 

the activities of osteoblastic cells. Thus, PTH-driven anabolic effects may affect both 

osteoblastic cells and vascular endothelial cells and the surrounding perivascular cells 

including vascular smooth muscle cells. Alternately, it might be possible that PTH 

would directly affect vascular endothelial cells of bone-specific blood vessels and 

surrounding vascular smooth muscle cells. However, the biological effects of PTH on 

bone-specific blood vessels including vascular endothelial cells and surrounding 

vascular smooth muscle cells remain unknown. 

 Therefore, in this study we have attempted to histochemically examine the 

bone-specific blood vessels in long bone after intermittent PTH administration in vivo. 
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Materials and methods 

 

Animals 

Six-week-old male C57BL/6J mice (n = 12, Japan CLEA, Tokyo, Japan) were divided 

into a control group and PTH group following the principles for animal care and 

research use set by Hokkaido University (approved No: 15-0032). The control group 

received vehicle (0.9% saline) while the PTH group received hPTH [1–34] 

(Sigma-Aldrich Co., LLC., St. Louis, MO). According to our previous report [6], the 

mice received 20 µg/kg/day of hPTH [1–34] twice per day. Intraperitoneal injections 

were performed at 8:00 am and 8:00 pm for two weeks. Mice were kept under 

standard conditions.  

 

Specimen preparation 

Before fixation, mice were anesthetized with an intraperitoneal injection of chloral 

hydrate for bodyweight determination. Then, all mice were perfused with 4% 

paraformaldehyde diluted in 0.1 M cacodylate buffer (pH 7.4) through the cardiac left 

ventricle. After perfusion with 4% paraformaldehyde solution, the femora and tibiae 

were extracted promptly and immersed in the same solution for 24 hours at 4°C. After 

washing in phosphate-buffered saline (PBS) for three days, all the samples were 

decalcified with 10% or 4.13% EDTA-2Na for paraffin-specimens and epoxy 

resin-specimens, respectively. For paraffin-embedded specimens, samples were 

dehydrated in ascending ethanol solutions, soaked in xylene, and finally embedded in 

paraffin. For epoxy resin-embedded specimens, samples were post-fixed with 1% 

osmium tetraoxide in a 0.1 M cacodylate buffer for eight hours at 4°C, dehydrated in 

ascending acetone solutions, and finally embedded with epoxy resin (Epon 812).  

 

Histological and immunohistochemical detection 

Dewaxed paraffin sections were examined for endomucin, αSMA, EphB4 and ephrin 

B2 as previously examined [5]. The sections were treated for endogenous peroxidase 

inhibition with 0.3% H2O2 in PBS for 30 mins, and subsequently for nonspecific 

staining blocking by 1% bovine serum albumin (BSA; Serologicals Proteins Inc. 

Kankakee, IL) in PBS (1% BSA-PBS) for 20 mins at room temperature. Then, 

sections were incubated with rat antibody against endomucin (Santa Cruz 

Biotechnology, Inc., Dallas, TX) at a dilution of 1:100 and 4°C overnight. Following 
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several washings in PBS, they were incubated with horseradish peroxidase 

(HRP)-conjugated anti-rat IgG (Zymed Laboratories Inc., South San Francisco, CA) 

at a dilution of 1:100. To detect αSMA, the dewaxed sections treated with 1% BSA–

PBS were incubated with mouse antibody against αSMA (Thermo Fisher Scientific 

Inc., Cheshire, UK) at a dilution of 1:400 and 4°C overnight. Then, the sections were 

incubated with HRP-conjugated rabbit anti-mouse IgG (Bethyl Laboratories, Inc., 

Montgomery, TX). For the detection of EphB4 and ephrinB2, the dewaxed sections 

were reacted with goat antibody against mouse EphB4 (R&D Systems Inc., 

Minneapolis, MN) at a dilution of 1:50 or with goat antibody against mouse ephrinB2 

(R&D Systems Inc., Minneapolis, MN) at a dilution of 1:50 and 4°C overnight. After 

several washings in PBS, they were incubated with HRP-conjugated rabbit anti-goat 

IgG (American Qualex Scientific Products, Inc., San Clemente, CA) for 1 h. Immune 

complexes of all sections were visualized using 3, 3’-diaminobenzidine 

tetrahydrochloride (Dojindo Laboratories, Kumamoto, Japan). Then, specimens were 

observed under a Nikon Eclipse Ni microscope (Nikon Instruments Inc. Tokyo, Japan), 

and light microscopic images were acquired with a digital camera (Nikon 

DXM1200C, Nikon). 

 

Double immunohistochemical and immunofluorescence staining 

For αSMA/endomucin double immunohistochemical staining procedures, dewaxed 

paraffin sections were incubated with 1% BSA–PBS and then with mouse antibody 

against αSMA (Thermo Fisher Scientific Inc.) at a dilution of 1:400 with 1% BSA–

PBS. After that, they were incubated with fluorescein (FITC)-conjugated goat 

anti-mouse IgG (MP Biomedicals. LLC., Solon, OH) at a dilution of 1:100 with 1% 

BSA–PBS and then incubated with rat antibody against endomucin at a dilution of 

1:100 at 4°C after washing with PBS. Sections were subsequently reacted with Alexa 

594-conjugated rabbit anti-rat IgG (Thermo Fisher Scientific Inc., Cheshire, UK) at a 

dilution of 1: 100. For the detection of αSMA and ALP, dewaxed paraffin sections 

were incubated with 1% BSA–PBS and then with mouse antibody against αSMA 

(Thermo Fisher Scientific Inc.) at a dilution of 1:400 with 1% BSA–PBS; then, they 

were incubated with fluorescein (FITC)-conjugated goat anti-mouse IgG (MP 

Biomedicals. LLC., Solon, OH) at a dilution of 1:100. After PBS washing, the 

sections were reacted with rabbit polyclonal antisera against TNALP at a dilution of 

1:300 with 1% BSA–PBS; then, they were incubated with Alexa Fluor 
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594-conjugated goat anti-rabbit IgG (Thermo Fisher Scientific, Inc, Waltham, MA) at 

a dilution of 1:100 with 1% BSA–PBS for 1 h. All sections were embedded by 

VECTASHIELD hard-set mounting medium with DAPI (Vector Laboratories, Inc. 

Burlingame, CA) and observed under light microscopy. 

 

Toluidine blue staining 

Semi-thin sections were prepared with an ultramicrotome and were then stained with 

toluidine blue staining and observed under a Nikon microscope. Light microscopy 

images were acquired with a digital camera. 

 

Static parameters for bone histomorphometry 

A 800×1000 µm Region of Interest (ROI) located underneath the growth plate of 

femoral metaphysis was employed to assess the following static parameters: number 

of endomucin-positive, αSMA-positive, EphB4-positive, and ephrinB2-positive blood 

vessels, maximum diameter (length of longest line joining two points of blood 

vessel’s outline and passing through the centroid)/minimum diameter (length of the 

shortest line joining two points in the blood vessel’s outline and passing through the 

centroid)/mean diameter (average length of diameters measured at 2 degree intervals 

and passing through the blood vessel’s centroid) of the endomucin-immunopositive 

blood vessels, area of the endomucin-reactive blood vessels. Images of the ROI 

stained for endomucin/αSMA, EphB4, ephrinB2 from the control groups and PTH 

groups (n = 6 for each group) were used to determine the number of each kind of 

vessel and the external diameter of the endomucin-immunoreactive blood vessel 

within the ROI were measured with Image-Pro Plus 6.2 (Media Cybernetics, Inc., 

Bethesda MD); the results were later statistically analyzed as follows. 

 

RT-PCR assessment 

Total RNA was extracted from fresh frozen femora and tibiae using TRIzol reagent 

(Life Technologies Co., Carlsbad, CA). For RT-PCR, total RNA was reverse 

transcribed to cDNA using SuperScript VILO cDNA Synthesis Kit (Life 

Technologies). For PCR amplification, the following primer sets were used: (forward) 

5′- TGTCTTCACCACCATGGAGAAGG -3′ and (reverse) 5′- 

GTGGATGCAGGGATGATGTTCTG -3′ for GAPDH, (forward) 5′- 

CTATGAAAATAACAGTGCCAAATACTCCAA -3′ and (reverse) 5′- 
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AGGATCCATCACGATGTCAGTTCTTGGTTT -3′ for endomucin, and (forward) 5′- 

GTATGTGGCTATTCAGGCTG -3′ and (reverse) 5′- 

CTTCTGCATCCTGTCAGCAA -3′ for α-SMA, (forward) 5′- 

CCCAAATAGGAGACGAGTCC -3′ and (reverse) 5′- 

CTCAAAAGGAGGTGGTCCAG -3′ for EphB4, and (forward) 5′- 

TCCAGGAGGGACTCTGTGTGGAAG -3′ and (reverse) 

5′-CGGGGTATTCTCCTTCTTAATTGT -3′ for ephrinB2. PCR products were 

electrophoresed on a 2% agarose gel containing ethidium bromide and visualized with 

UV light. 

 

Statistical analysis 

All statistical analyses were carried out using SPSS version 18.0.0 and analyzed for 

statistical significance by Student’s t-test. Data values were presented as mean ± SE. 

For the study, any p-value of 0.05 was considered statistically significant. 
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Results 

 

Altered distribution of bone specific-blood vessels after intermittent PTH 

administration 

Metaphyseal trabeculae and the trabecular bone mass were increased in femora of the 

PTH group compared with the control group (Figure 1A–B). After PTH 

administration, the number of endomucin-positive blood vessels appeared to increase 

histologically and their diameters seemed to expand compared to the control groups 

(Figure 1C–D). Therefore, we measured the cross-sectioned maximum diameter, the 

minimum diameter, and the mean diameter of the endomucin-reactive blood vessels in 

the ROI of 800 µm x 1,000 µm (Figure 1E). One consequence of intermittent PTH 

administration is that the indices of the maximum and mean diameter of the 

endomucin-immunoreactive blood vessels were significantly higher than those of the 

control specimens. The average maximum diameter of the 

endomucin-immunoreactive blood vessels in the control group were 224.53 ± 10.06 

µm and the average mean diameter of the endomucin-reactive blood vessels was 

121.37 ± 4.76 µm. In the PTH group, the average maximum diameter and mean 

diameter of the endomucin-reactive blood vessels were 339.22 ± 14.58 µm (p < 0.01 

vs. control) and 144.01 ± 4.63 µm (p < 0.05 vs. control), respectively. There was no 

significant difference in the minimum diameter of the endomucin-positive blood 

vessels between the control group and the PTH group as shown in Figure 1E. The 

average minimum diameter of the endomucin-reactive blood vessels was 73.16 ± 2.94 

µm in the control group and 73.26 ± 2.32 µm in the PTH group. Additionally, we 

examined the cross-section areas of the endomucin-immunopositive blood vessels in 

the ROI (Figure 1F). After intermittent PTH administration, the area of the 

endomucin-reactive blood vessels had significantly increased: The cross-sectioned 

areas of the endomucin-immunopositive blood vessels were 19,841.02 ± 2,585.61 

µm2 in the control group and 28,652.31 ± 2,413.11 µm2 in the PTH group (p < 0.05).   

 

Immunolocalization of αSMA-immunoreactive, EphB4-immunoreactive and 

ephrinB2-immunoreactive cells in PTH-administrated blood vessels 

The number of αSMA-immunopositive cells was markedly-increased in the vicinity 

of endomucin-reactive blood vessels after PTH administration. There was a huge 

number of αSMA-reactive blood vessels in the metaphyses by PTH administration, 
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while there seemed a few αSMA-positive blood vessels in the control counterparts 

(Figure 2A–C). In addition, the numbers of EphB4-positive blood vessels and 

ephrinB2-positive arteries increased in PTH-treated metaphyses when compared with 

those in the control specimens (Figure 2 D–I).  

 Using the immunostained sections, we counted the number of each type of 

blood vessel in the ROI underneath the growth plate. After intermittent PTH 

administration, the numbers of endomucin-positive, αSMA-positive, EphB4-positive, 

and ephrinB2-positive blood vessels were significantly increased (Figure 2J). The 

numbers of endomucin-positive, αSMA-positive, EphB4-positive, and 

ephrinB2-positive blood vessels in the control group were 50.17 + 18.45, 3.50 + 2.17, 

63.00 + 18.01, and 4.00 + 1.55, respectively. The numbers of endomucin-positive, 

αSMA-positive, EphB4-positive, and ephrinB2-positive blood vessels in the PTH 

group were 82.33 + 14.63, 26.67 + 7.58, 147 + 42.37, and 21.5 + 4.84, respectively (p 

< 0.01 vs. control). When examined by RT-PCR, the gene expressions of endomucin, 

αSMA, EphB4, and ephrinB2 in the femora consistently appeared elevated after PTH 

administration (Figure 2K).  

 

The distribution of αSMA-immunoreactive cells surrounding 

endomucin-immunoreactive blood vessels in PTH-administered metaphyses 

Some αSMA-immunopositive cells seemed closely associated with 

endomucin-positive vascular endothelial cells, being identical to vascular smooth 

muscle cells. However, the others were located somewhat apart from the blood 

vessels, and therefore appeared to be cell-types other than vascular smooth muscle 

cells (Figure 3A–D). To define the characteristics of αSMA-positive cells not 

identical to vascular smooth muscle cells, we examined the double immunodetection 

of ALP and αSMA, and consequently divided them into two distinct cell-types 

(Figure 3E–H): the αSMA-positive cells bearing ALP-reactivity located in close 

proximity to the blood vessels in the intertrabecular regions (Figure 3E and G), and 

the αSMA-positive but ALP-negative cells that extend long cell bodies and thin 

cytoplasmic processes (Figure 3F and H). Taken together, three αSMA-positive 

cell-types appeared after PTH administration: αSMA-positive vascular smooth 

muscle cells, αSMA/ALP double-positive cells close but not adjacent to blood vessels, 

and αSMA-positive/ALP-negative cells that extend their straightly extending 

cytoplasmic processes. Thus, it appears that the cellular population surrounding the 
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blood vessels changes after PTH administration. Therefore, we examined the 

corresponding region using semi-thin sections (Figure 4). Two distinct cell-types 

were shown to be located around blood vessels in the femoral metaphysis of the 

PTH-administered mice (Figure 4B–D). One was the cells revealing a long cell-shape 

with thin cytoplasmic processes distant from bone, and the other was the cells 

containing several cell organelles in the somehow translucent cytoplasm.  
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Discussion 

 

In this study, we have attempted to histologically demonstrate the altered distribution 

of bone-specific blood vessels in murine bone after intermittent PTH administration. 

Our main histological findings can be summarized as follows: 

1) Intermittent PTH administration increased the number of endomucin-positive 

blood vessels and significantly expanded their diameter. 

2) The numbers of αSMA-positive, ephrinB2-positive, and EphB4-positive blood 

vessels also increased after PTH administration. 

3) αSMA-positive cells were markedly-increased in number and can be 

distinctively divided into the first type, αSMA-positive vascular smooth muscle cells 

closely surrounding the endomucin-reactive vascular endothelial cells, the second 

type, αSMA/ALP double-positive cells close but not adjacent to blood vessels, and 

the third type, αSMA-positive but ALP-negative cells extending their straightly 

extending cytoplasmic processes. 

 

To our knowledge, this is the first report to suggest that the intermittent administration 

of PTH affects bone-specific blood vessels in bone.  

 One may wonder why we have employed regimens of two- and four-times 

administration of PTH each day. Using murine models, we have recently 

demonstrated that the high frequency of intermittent PTH administration (two or four 

times per day) promotes bone remodeling by stimulating both bone resorption and 

formation, while low-frequency PTH administration (once a day or per two days) 

caused both remodeling-based/mini-modeling-based bone formation [6]. In addition, 

we have reported that high-frequency PTH administration stimulated preosteoblastic 

proliferation and subsequent osteoblastic differentiation by mediating cell coupling 

with osteoclasts [5]. Therefore, the anabolic effects of PTH appear to be based on 

accelerated preosteoblastic proliferation and finely-tuned cell coupling with 

osteoclasts.  

 These cellular events take place in the region of mature osteoblasts including 

preosteoblastic cells, bone marrow-stromal cells, and blood vessels rather than in the 

region of the osteocytic network embedded in bone, although many investigators have 

suggested that PTH-driven anabolic action is reportedly mediated by the 

sclerostin/Wnt pathway of osteocytes [21, 22]. In accordance with our previous 
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reports, we decided to employ high-frequency PTH administration in this study rather 

than low-frequency to ensure adequate regimens to examine the bone specific-blood 

vessels and the surrounding cells; consequently, we were able to observe the 

significant alteration of bone specific-blood vessels by PTH. 

 Regarding the biological actions of blood vessels in bone, many studies have 

paid close attention to the intimate connection between blood vessels and bone tissues 

[23]. Since bone is highly vascularized tissue, it has been previously assumed that 

blood vessels serve as a tunnel by which to transmit oxygen, nutrition, growth factors, 

and hormones into the bone and take part in the hematopoiesis of neighboring bone 

marrow [9]. Recently, it has been demonstrated that there is a network of 

trans-cortical capillaries as a mainstay for blood circulation in long bone [24]. 

Literally, Kusumbe and Ramasamy et al. reported a bone-specific subtype of blood 

vessels featuring CD31high/endomucinhigh, and illuminated that angiogenesis also plays 

an important role in bone development and remodeling [7, 8]. Endomucinhigh-positive 

blood vessels in the metaphyses of long bone have been shown to reciprocally interact 

with osteoblastic cells requiring various cytokines, microRNA, and signaling 

pathways. Thus, while recent studies on bone/blood vessel interaction have 

progressed, few reports have elucidated the biological action of PTH on bone-specific 

blood vessels. 

 In the present study, intermittent PTH administration increased the number of 

endomucin-immunoreactive/EphB4-positive blood vessels and the maximum/mean 

diameters and area of endomucin-positive blood vessels in the metaphyses of murine 

femora and tibiae. Since most blood vessels in this area are capillaries that are not 

surrounded by vascular smooth muscle cells, the enlargement of blood vessels in this 

area seems non-ascribable to the relaxation of vascular smooth muscle cells but is 

rather probably due to morphological changes in the capillaries. In addition, we 

assume that the reason why blood vessels increased in number might be due to 

angiogenesis stimulated by PTH. Another interpretation may be that PTH mainly 

reacts to the development and remodeling of bone by the classical Wnt/β-catenin 

pathway [22], which might be able to react to the angiogenesis by the VEGF-relevant 

pathway. However, further investigation is necessary to define the cellular mechanism 

of the increased numbers and diameters of capillaries after PTH administration. 

 We have observed that three αSMA-positive cell-types appear after PTH 

administration: the first is αSMA-positive vascular smooth muscle cells closely 
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surrounding the endomucin-reactive vascular endothelial cells, the second is 

αSMA/ALP double-positive cells close but not adjacent to blood vessels, and the 

third is αSMA-positive but ALP-negative cells extending their straightly extending 

cytoplasmic processes. The first appears to be vascular smooth muscle cells, but the 

other two might be other cell-types. Since the control vascular endothelial cells were 

hardly accompanied by αSMA-positive vascular smooth muscle cells in the 

metaphyses, it seems likely that undifferentiated perivascular cells might differentiate 

into vascular smooth muscle cells by PTH administration. 

αSMA-positive/ALP-reactive cells that were located close but not adjacent to 

endomucin-positive/αSMA-reactive blood vessels seem different to vascular smooth 

muscle cells even though they showed αSMA-immunoreactivity. It has been 

previously reported that arteries in bone were covered by 

αSMA-positive/NG2-reactive vascular smooth muscle cells [14], possessing the 

potential to differentiate into other mesenchymal lineages [7, 8]. Therefore, 

αSMA-positive/ALP-reactive cells close to the blood vessels might be derived from 

vascular smooth muscle cells that have differentiated from perivascular cells. 

Alternately, perivascular cells may have directly differentiated into 

αSMA-positive/ALP-reactive cells. A previous study indicated that PTH may 

promote vascularized bone regeneration and directly improve blood vessel formation 

and the osteogenic potential of aged bone marrow mesenchymal stem cells [25]. Since 

ALP is an important bone metabolic marker expressed in the osteoblastic lineage [26–

28] that also comes from bone marrow mesenchymal cells, these cells may be able to 

differentiate into preosteoblasts/osteoblasts. Taken together, it may be possible for 

PTH to stimulate perivascular cells to differentiate into either vascular smooth muscle 

cells or an ALP-positive osteoblastic lineage. 

 Regarding αSMA-positive/ALP-negative cells with long cell bodies and thin 

cytoplasmic processes located in middle of the intertrabecular region, this cell-type 

extends long cytoplasmic processes linearly parallel to the bone surface. Judging from 

the cell shape and long cytoplasmic processes, this may be a kind of telocyte that was 

discovered in 2003 [29]. Telocytes are fibroblast-like cells extending extremely long 

but thin prolongations. There has not yet been any report of the discovery of telocytes 

in bone and further examination is warranted. Taken together, bone specific-blood 

vessels may play an important role in the bone formation process.  

 In summary, the intermittent administration of PTH may affect both osteoblastic 



16 
 

cells and bone-specific blood vessels. 
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Figure legends 

 

Fig. 1 HE staining of the control mice’s femora (A) and PTH-administered mice’s 

femora (B). The bone mass increased in the PTH-administered mice (B) compared to 

the control groups (A). In the metaphysis of the femora, the diameter of the 

endomucin-positive blood vessels (brown color) tended to expand in PTH mice (D) 

compared to control mice (C). Graph E showed the index of the luminal diameter of 

endomucin-positive blood vessels. After PTH administration, the maximum and mean 

diameter of the endomucin-positive blood vessels were significantly increased 

compared to the control group (* p < 0.05, ** p < 0.01). Graph F demonstrated the 

total areas of the endomucin-positive blood vessels in the ROI. The area of the 

endomucin-positive blood vessels was significantly expanded after PTH injection (p 

< 0.05). Bars: A, B: 500 µm C, D: 200 µm 

 

 

Fig. 2 In the metaphysis, both αSMA-positive blood vessels (brown color) and 

αSMA-immunopositive cells close to the endomucin-reactive blood vessels tended to 

increase in PTH-administered groups (B and C) compared to the control group (A). 

Figures D–F demonstrated the immunolocalization of EphB4 (brown color) and 

Figures G–I showed the immunolocalization of ephrinB2 (brown color) in the control 

and PTH-administered groups. The number of endomucin-, αSMA-, EphB4-, and 

ephrinB2-positive blood vessels were significantly increased in PTH mice, 

respectively (J, p < 0.01). The gene expressions of Endomucin, α-sma, Ephrinb2, and 

Ephb4 were also increased by RT-PCR analysis (K). BV: blood vessel 

Bars: A, B: 200 µm C–I: 50 µm 

 

 

Fig. 3 After PTH administration, αSMA-immunoreactivity (brown color: A and B; 

green color: C and D) were localized on the vascular smooth muscle cells associated 

with endomucin-positive vascular endothelial cells and other types of cells other than 

the blood vessels (arrows: B and D). ALP (blue color: E and F; red color: G and H) 

and αSMA (brown color: E and F; green color: G and H) double staining 

demonstrated 1) ALP-positive/αSMA-positive cells close to the blood vessels (G), and 

2) ALP-negative/αSMA-positive cells extending long cell bodies and thin cytoplasmic 
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processes in the PTH-administered groups (arrows, H). BV: blood vessel 

Bars: A, B: 200 µm C–I: 50 µm 

 

 

Fig. 4 The semi-thin section obtained from the PTH group demonstrated two different 

type of cells in the bone marrow region over the osteoblasts (C–D). One is the spindle 

cell that reveals a long shape with thin cytoplasmic processes distant from the bone 

(inset, D), and the other is cuboidal cells that appeared to contain several cell 

organelles (arrows, D). ob: osteoblast; BV: blood vessel. 

Bars: A, B: 50 µm C, D: 20 µm 
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