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Facts about Osteoporosis
• Osteoporosis is a disease characterized by weak and 

level. The World Health Organization defines osteoporosis as having a BMD at or below 
T-score test and having a fracture

• One in two women and one in four men will be 

• Costs: above 

double by 2050

• M

• Hip fractures have a mortality rate between 12 and 20 

percent after six months, and affect women more often 

than men by a ratio of nearly three to one. Hip fractures 

severely compromise a person’s quality of life

• 90 percent of adult bone mass is developed by age 18 in 

wo

for healthy bones

• Only 35 percent of adults in America receive the daily 

recommended value of calcium

Facts about Osteoporosis
and porous bones with a low bone mass density (BMD) 

level. The World Health Organization defines osteoporosis as having a BMD at or below -2.5 on the BMD 

One in two women and one in four men will be affected.

Costs: above $18 billion in America and are expected to 

double by 2050.

Most common fractures: hip and vertebrae.

Hip fractures have a mortality rate between 12 and 20 

percent after six months, and affect women more often 

than men by a ratio of nearly three to one. Hip fractures 

severely compromise a person’s quality of life.

90 percent of adult bone mass is developed by age 18 in 

women and age 20 in men, meaning early years are critical 

for healthy bones.

Only 35 percent of adults in America receive the daily 

recommended value of calcium



Bone Re-modellingmodelling

Nature Reviews Cancer. 2011 11, 411-425 

Current Opinion in biotechnology 2012, 4, (23



Strategy: To Reduce 
Number and Increase 

Osteoblasts

Osteoblast

educe Adipocytes 
umber and Increase 

steoblasts

Adipocytes



Osteoblast

Osteoclast

Strategy: to Reduce O
Number and Increase Osteoblasts

Osteoclast

Osteoclast Activity or 
ncrease Osteoblasts



Dose-Dependent Effect of 

BMP-2 for Induction of Ectopic Bone 

Muscles.

of Keratose-Delivered 

Ectopic Bone in Mouse Leg 

Roche C. de Guzman et al., 2013. Biomaterials, 34, (6), 1644



BMP2: The Bad: Example InfuseBMP2: The Bad: Example Infuse

Side Effects

•Dysphagia 

•Infection 

•Nerve damage 

•Retrograde ejaculation 

•Male sterility 

•Osteolysis•Osteolysis

•Cancer risks 

Medtronic’s Infuse No Better Than Bon

Graft With Risk
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Multiple effects on BMP2 on cells. Why?

Coated Pits: AP-2

Nohe A. and Petersen NO. Biophotonics 2002, 9:39-52.

Multiple effects on BMP2 on cells. Why?
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BMP -2
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S. Saldanha, et al.,(2013). Journal of Cellular Physiology, 228 (5): 10



Co-localized 

with

-BMP +BMP

BRIa

CCP 45 66

cav-αß 12 25

cav-ß 12 8

other 31 0

BRII

CCP 75 76

cav-αß 11 19

cav-ß 13 5cav-ß 13 5

other 1 0

CCP

BRIa 31 40

BRII 44 52

other 25 8

CAV-ß

BRIa 8 0

BRII 6 4

other 87 96

CAV-αß
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BRII 14 16

other 66 54

CCP caveolae

BRIa 3.35 1.79

BRII 4.67 1.50

Cluster Density -BMP +BMP
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BRII 6.23 2.66
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+BMP
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Value

Accp 4.1504

Acav 7.6737

Distribution of BMP Receptors in 

Membrane Domains
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S. Saldanha, et al.,(2013). Journal of Cellular Physiology, 228 (5): 10



J. Bonor, E. L. Adams, B. Bragdon, O. Moseychuk, K. J. Czymmek, and A. Nohe. , and A. Nohe. J Cell Physiol. 2012 Jul;227(7):2880-8. doi: 10.1002/JCP23032



BMP2 Signaling PathwayBMP2 Signaling Pathway

Bragdon B, et al. Biophysical Jou

Bragdon et al., Bone,  2011

Moseychuck et al., JCCS, 2013

Akkiraju et al., in preparation



CK2 is a Key Switch of BMP2 Dependent  

Differentiation
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Loss of CK2 interaction with 
regulates osteogenesis

Loss of CK2 interaction with BRIa
osteogenesis and adipogenesis

- BMP2 +BMP2 HD     CK2.2   CK2.3    CK2.1

Bragdon B, et al. Biophysical 

Moseychuck et al., JCCS, 201



Serum Markers for Osteoblast Differentiation 

Increased and Decreased 
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Trabecular Bone Mineral Density is I
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BV/TV in % TB.N (1/mm) Tb.Th (mm)

PBS 23.3+/- 3.8 2.67+/-0.16 0.042+/-0.004
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Osteoclast Number 

Decreased in Mice Injected with 

Number and Activity is 

Mice Injected with CK2.3



Chol (mg/dl)

TRG (mg/dl)

ALT (u/l)

AST (u/l)

ALK (u/l)
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PHOS (mg/dl)

TRP (g/dl)

CAL  (mg/dl)

BUN (mg/dl)

CRE (mg/dl)

ALB (g/dl)

PBS BMP-2 CK2.3 Mean Range

(mg/dl) 107 103 98
55-164

TRG (mg/dl) 108 133 116
75-289

ALT (u/l) 30 30 28 27-195

AST (u/l) 80 105 98 43-397

ALK (u/l) 117 101 94
44-235

GLU (mg/dl) 162 180 167
93.7-219.8

PHOS (mg/dl) 7.7 6.4 5.9 4.5-7.8

TRP (g/dl) 5.9 5.4 5.8 4.8-7.2

CAL  (mg/dl) 9.1 9.3 9.2 8.5-9.4

BUN (mg/dl) 21 25 19 5-26

CRE (mg/dl) 0.2 0.3 0.2 0.2-0.5

ALB (g/dl) 3.4 3.6 3.6 2.4-4.3



Proven Biological Functions of CK2.3Proven Biological Functions of CK2.3
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