
Composition of Bone

• 50-70% Mineral

• Hydroxyapatite crystal

Ca10(PO4)6(OH)2

• 20-40% Organic Matrix

• Type I Collagen (90% of 
total bone protein)

• Other proteins*

• 5-10% Water

• Some Lipids



Cells of Bone



• Osteoblast

• Form organic matrix

• Extensive ER & Golgi

• Osteocytes

• Osteoblasts that have 
become embedded in 
bone

• Cell extensions contact 
other osteocytes

• Sensory and control 
functions



• Osteoclasts

• Resorb bone

• Located in resorption 
lacunae

• Rich in acid phosphatase 
and lysozyme



How is bone resorption 
initiated?
• Make a flowchart, list, or 

diagram

• Be sure to understand the 
role of RANK and RANKL

• Resources:  Cells of Bone 
lecture, course manual





Initiation of Bone Resorption

1. M-CSF secreted by macrophages stimulates pre-osteoclasts

2. RANK on pre-osteoclast binds to RANKL on osteoblasts, etc.  
Pre-osteoclast becomes mature osteoclast

2a. IL-1 and TNF-α can activate osteoclasts independently of 
RANK/RANKL



How does bone resorption 
work?



• Make sense of the 
mechanism

• Create a list, flowchart, etc. 
to summarize main ideas

• Resources:  Bone 
Resorption and Formation 
lecture, course manual



1. Form sealed compartment: 

Integrin receptors on 
osteoclasts bind to RGD on 
bone

• i. Allows pH and enzyme 
levels to be controlled



2. Osteoclast produces 
enzymes:

• Acid phosphatase, 
Cathepsin K, MMP

• Transported in vesicles to 
sealed compartment – 
ruffled border gives large 
surface area for release

• Some enzymes work at 
acidic pH (cathepsin)

• Others are pro-enzymes 
activated by acidity



3.Acidification of Resorption 
Compartment

i. Mitochondria produce 
Co2 and ATP

ii. Carbonic anhydrase uses 
these to generate H+ and 
HCO3-

iii. Proton pump sends H+ 
to resorption compartment

iv. Lateral membrane 
exchanges HCO3- for Cl- 
(prevents cytosol from 
alkalinizing)



4. Bone Degradation

•i.
Deminer
alization
•1.  Low 
pH 
causes 
HAP 
crystals 
to 
dissolv
e
•2.  
Collage
n links 
break, 
releasi
ng 
crystals 
for 
more 
dissolu
tion

•ii.
Degrada
tion of 
Organic 
Matrix
•1.  
MMP 
and 
cathep
sin 
degrad
e 
collage
n
•2.  
Lysoso
mal 
enzym
es 
degrad
e 
protein
s

•iii.   
Internali
zation
•1.  
Second
ary 
lysoso
mes 
take in 
protein 
fragme
nts for 
further 
degrad
ation
•2.  
Fragme
nts are 
release
d to 
circulat
ion 
(sealin
g zone 
also 
opens 
periodi
cally to 
emit 
produc
ts)



Bone Formation

• 1.  Osteoblasts form immature “woven bone”

a. Nucleus formation: Vesicles released from osteoblasts

a. Nucleation cores (proteins, acid phospholipids)

b. Enzymes

b. Ca++ and PO4 crystals form inside vesicle, then rupture

c. High Ca++ and PO4 concentration allows crystal growth



• Remodeling creates mature lamellar bone 

-couples resorption/formation via Basic Multicellular Unit (BMU)



Local control of Osteoblasts

• BMP: Initiates osteoblast 
differentiation

• Growth Factors: Stimulate 
osteoblast proliferation

• TGFβ

• Stored in bone, released by 
resorption

• Stimulates osteoblasts, 
inhibits osteoclasts 
(reduces RANKL)



Systemic Control of Bone

• PTH (Parathyroid Hormone)

• Vitamin D



PTH

• Produced by parathyroid 
gland

• Regulated by serum Ca

• Overall Effect:

  Serum Ca++

  Serum PO4

• Effect on bone

• Release Ca++ and PO4

• Stimulates RANKL

• Effect on Liver

• Form inactive intermediate 
of Vit. D

• Effect on Kidney

• Reabsorb Ca

• Release PO4

• Form active Vit. D



What is the problem with 
PTH?



Too much or too little PTH?



Vitamin D3

• Production:

• Light activates precursor in 
skin

• Liver produces 
intermediate

• Kidney produces active 
vitamin D

• Function: promotes 
mineralization by 
maintaining Ca and PO 
levels

• Osteoclast differentiation

• Osteoblasts upregulated



Vitamin D3 regulation

• Hypophosphatemia

• Increased Vit D production

• Hyperphosphatemia

• Decreased Vit D 
production

• Vitamin D increases serum 
Ca levels



What is the problem with 
Vitamin D?



What do bone proteins do?

• Focus on the functions of 
the proteins.  

• Look for similarities

• Make categories

• Resources: Composition of 
Bone lecture or course 
manual



Review Questions

Which one of the following is a CORRECT statement about the 
cells of bone?

a.  Bone surfaces are covered throughout by a continuous layer of 
osteoblasts.

b.  Osteocytes are distinguished from other bone cells by their 
multinucleated appearance.

c.  All bone cells maintain direct contact with and are nourished 
by small blood vessels.

d.  Osteocytes are osteoclasts that become embedded in bone 
during bone formation.

e.  Osteoclasts are found in clusters of 4-6 cells in resorption 
lacunae.



During bone remodeling, TGF-beta is released.  This is important 
because ___________.

a.  TGF-beta stimulates osteoclast proliferation

b.  TGF-beta increases RANKL expression and thereby osteoclast 
differentiation

c.  TGF-beta stimulates osteoblast proliferation and protein 
synthesis

d.  TGF-beta has no detectable effects on osteoblasts

e.  TGF-beta effects enhance bone degradation



Which one of the following events does NOT pertain to 
degradation of the organic matrix during bone resorption?

a.  Lysosomal enzymes hydrolyze proteins.

b.  MMPs and cathepsins cleave collagens.

c.  Protein fragments are internalized in secondary lysosomes.

d.  Short relapses of the sealing zone release cleavage products 
from the osteoclasts.

e.  Reduced pH completely dissolves type I collagen fibers.



Which of the following statements is NOT correct about 
parathyroid hormone (PTH)?

a.  PTH production and release occur in response to signaling via 
calcium receptors.

b.  PTH acts on cells via an estrogen receptor.

c.  PTH has effects on both kidney cells and bone cells.

d.  PTH release is increased in response to hypocalcemia.

e.  PTH producing cells may increase in number during 
longstanding hypocalcemia.



What would be a desirable property of a drug to prevent the 
excessive bone degradation that occurs during osteoporosis?

a.  blockage of the RANK/RANKL interactions

b.  effects on osteoclasts similar to those of IL-1beta

c.  increased production of PTH

d.  increased secretion of Ca2+ in kidneys 

e.  inhibition of enamelysin



Which one of the following is the most common type of collagen 
found in bone?

a.  type I collagen

b.  type II collagen

c.  type III collagen

d.  type V collagen

e.  type X collagen



Which one of the following properties does the RGD amino acid 
sequence contribute to bone proteins?

a.  It serves as an intracellular signal peptide.

b.  It mediates interaction with cellular integrins.

c.  It blocks bone cell attachment.

d.  It cross-links collagen and fibronectin.

e.  It directs cellular apoptosis.



In contrast to the osteoblast, the osteoclast _______.

a.  develops from mesenchymal cells and pericytes

b.  is generally rich in lysozymes

c.  occurs in clusters of 200-300 cells

d.  has a smooth basal membrane

e.  has a low level of acid phosphatase



During osteoclast differentiation, the chemokine M-CSF 
(macrophage colony-stimulating factor) __________.

a.  blocks the RANK/RANKL interaction

b.  stimulates the final differentiation after RANK/RANKL effects

c.  induces differentiation of hemato-progenitors

d.  has stimulatory effects similar to osteoprotegerin

e.  is primarily secreted by mature osteoclasts



During the process of bone resorption, osteoclasts form a sealed 
compartment.  Which one of the following is characteristic of this 
compartment?

a.  It provides a controlled acidic environment.

b.  It provides a controlled basic environment.

c.  It occurs without integrin-RGD interactions.

d.  It contains only collagenases (MMPs).

e.  It is functionally active for 2 months.



Which of the following enzymes are active in the resorption 
compartment of osteoclasts?

a.  Collagenases (MMPs)

b.  Cathepsins

c.  Pepsin

d.  DNA polymerase

e.  a and b



Which one of the following is CORRECT with regard to crystal 
formation in bone?

a.  Calcium reacts with ATP to form hydroxyapatite.

b.  Initial crystals form on nucleation cores.

c.  Reduced Ca++ concentration enhances crystal growth.

d.  Alkaline phosphatase specifically counteracts nucleation.

e.  Matrix vesicles do not contribute to nucleation.


