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Introduction and objectives

Low bone mineral density is one of the common complications in chronic kidney disease

(CKD). It is an important risk factor of cardiovascular mortality among patients with

CKD. However, its exact mechanism has not been completely elucidated. Recent studies

indicated that the endothelial-to-mesenchymal transition (EndMT) of endothelial cells to

adipocytes contributed to the development of low bone mineral density . Our preliminary

studies have found that PTH could induce the phenotypic change of the endothelial cells in

a dose and time-dependent manner and EndMT occurred at an early stage of CKD in

animal models. In the present study, we aim to further clarify the mechanism of low bone

mineral density in CKD by investigating the effects of PTH on EndMT of endothelial cells

in the bone marrow . Our study will provide novel insights into the development of low

bone mineral density in CKD and might contribute to the establishment of new strategy to

its prevention.

Methods

Eight-week–old male Sprague Dawley rats were randomly divided into three groups: a

control group (CTL; n=10), a vehicle-treated group (CKD; n=10) and a cinacalcet-treated

group (CKD+CINA; n=10). CKD was induced by a 0.75% adenine diet for 4 weeks.

After adenine withdrawal, all rats were maintained on a 1.5% phosphate diets for the next

30 weeks. At the initiation of the adenine diet, rats in the cinacalcet-treated group were

orally administered cinacalcet (10mg/kg/d) for 34 weeks. We performed blood analysis,

emission computed tomography (ECT), bone mechanical properties tests, dual energy X-

ray absorptiometry (DEXA) and micro-computed tomography (micro-CT) assessment in

rats at the age of 42 weeks. The expressions of EndMT, mesenchymal stem cell and

adipocyte related markers in endothelial cells in the bone marrow were examined. The

effects of elevated PTH on EndMT were also investigated in human bone marrow derived

endothelial cells.

Results and conclusions

Compared with the CTL group, the levels of serum PTH, serum creatinine and blood urea

nitrogen were significantly higher in the CKD group (Table1, P <0.05). Cinacalcet

treatment decreased the levels of serum PTH, phosphate (P), and Ca (Calcium) × P

product (Table 1, P <0.05). The ECT images of the parathyroid glands indicated

hyperparathyroidism in CKD rats but normal parathyroid function in CTL rats and

CKD+CINA rats (Figure1). Trabecular BV/TV, trabecular number, cortical area and

cortical thickness measured by micro-CT in femur and lumbar vertebra were decreased in

the CKD group, which were alleviated in the CKD+CINA group (Table 2, Figure 2, P

<0.05). Force and stiffness of lumbar vertebra were decreased in CKD rats, which were

attenuated in the CKD+CINA rats (Table 3, P <0.05). The bone mineral density (BMD) of

femur and lumbar assessed by DEXA were decreased in the CKD group, which were

attenuated in the CKD+CINA group (Table 4, P <0.05). The adipocytes infiltration in the

CKD group by oil red O staining in femur were significantly increased compared with the

CTL group, which were improved in cinacalcet treatment (Figure 3, P<0.05). The

expression of endothelial marker CD31 was significantly downregulated in CKD rats,

whereas expression of the mesenchymal marker fibroblast specific-protein 1 (FSP 1),

mesenchymal stem markers (STRO-1, CD 44, CD 10), and adipocytes markers were

markedly upregulated. These changes were inhibited by CINA treatment (Figure 4, 5, 6).

These findings suggest a decline of BMD in uremic rats, which could be attenuated by

cinacalcet treatment. PTH may lower BMD via inducing endothelial-adipocyte transition

in CKD rats.

Table. 1. Physical and biochemical parameters of animal groups.

	 CTL	(n=5)	 CKD	(n=5)	 CKD+CINA	(n=5)	

Force	(N)	 307.66±44.04	 249.85±38.04*	 264.53±33.42*#	

Displacement	(mm)	 0.73±0.13	 0.66±0.15	 0.70±0.11	

Work	to	failure	(mJ)	 105.55±29.07	 50.73±11.56*	 47.60±9.01*	

Stiffness	(N/mm)	 902.69±137.22	 562.92±201.64*	 739.67±91.97*#	

Maximum	stress	(MPa)	 40.14±9.28	 37.08±19.70	 39.82±12.88	

Maximum	strain	(MPa)	 0.14±0.02	 0.12±0.04	 0.13±0.01	

Toughness	(MPa)	 2.22±0.68	 2.17±0.69	 2.09±0.53	

Elastic	modulus	(MPa)	 696.03±112.71	 282.13±38.65*	 351.12±84.33*	

	

Figure. 1. The ECT of parathyroid glands in rats. 

Table. 2. Micro CT bone parameters. 

Figure. 2. Micro CT images of femur and lumbar vertebra.  

Table. 3. bone mechanics of lumbar vertebra. 

Table. 4. BMD by DEXA

Figure. 3. Oil red O staining of distal femur.  

Figure. 4. immunohistochemical staining in bone marrow tissue

Figure. 5. qPCR analysis in bone marrow tissue. 

Figure. 6. Western blot analysis in bone marrow tissue. 

References

Tentori F, et al. Kidney Int. 2014, 85(1): 166-173.

Webster AC, et al. The lancet. 2016.

Evenepoel P, et al. Kidney International. 2016, 90(6) :1184–1190.

Lis R, et al. Nature, 2017.

Fan Y, et al. Cell Metab, 2017,25:661-672.

Gao C, et al. Osteoporosis International. 2017, 28(1):211-218.

Medici D, et al. Nat Med. 2010, 16(12): 1400–1406.

Shoshani O, et al. Cell Stem Cell. 2011, 8(1): 10-11.

Rosen CJ, et al. Nature Clinical Practice Rheumatology. 2006, 2(1): 35-43.

357--SP
Li-Hua Ni DOI: 10.3252/pso.eu.54ERA.2017

CKD - MBD


