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Discuss the markers for bone formation and  Resorption 
and their clinical use in diagnosis Describe the molecular 
basis of: 
 

1.    Duchene Muscular Dystrophy.  

(It maybe diagnosed either  by phenotype or markers.) 

 
2.    Glycogen storage diseases of muscle. 

 
3.    Muscle Mitochondrial diseases. 
(mitochondrial diseases may relate to nervous disorders also) 

 
4.    Describe the molecular basis of: 
Osteogenesis imperfecta and Ehlar Danlos syndromes 

Ehlar: stretchy skin.   



Regarding to the previous slide 

• When we say markers we mean that we use the clinical 
biochemistry to diagnose a disorder depending on detection 
of certain enzymes and molecules in serum and other 
specimen. 

 

• First of all we make a clinical assessment then we have two 
ways for conformation of the disease : 

1. Using the clinical biochemistry(markers). 

2. Genetic investigation: extraction of DNA and analyze it. 



Clin Biochem Rev Vol 26 November 2005  

Bone is a dynamic structure : 
we have mineralization and 
Resorption.  
If there is an imbalance in the 
pathway  an disorder will 
develop.  



Biochemical Markers of Bone Turnover 

The currently available markers of bone turnover 
include both enzymes and non-enzymatic peptides 
derived from cellular and non-cellular compartments 
of bone, they are usually classified according to the 
metabolic process they are considered to reflect.  



Markers of bone resorption are related to: 
 
• Collagen breakdown products such as hydroxyproline 

or the various collagen cross-links and telopeptides. 
 
 

 Other markers of bone resorption include non-
collagenous matrix proteins such as bone sialoprotein 
(BSP), or osteoclast-specific enzymes like tartrate-
resistant acid phosphatase or cathepsin K. 
 
- also you can see high activity of certain enzymes like alkaline phosphates  
enzyme. 
- BSP is acidic phosphoprotein that is responsible for mineralization.   
- don’t worry if you don’t understand these two points , there is an explanation later on. 

 



Markers of bone formation are either by-products 
of collagen neosynthesis: 
 
 (e.g. propeptides of type I collagen), or osteoblast-
related proteins such as osteocalcin (OC) and 
alkaline phosphatase (ALP).  



Bone acid 
phosphatase 

Alpha chains that 
forms collagen 

Fragments of collagen that 
located at the endings of 
the bone you will see them 
due to degradation (telo 
means at the end of 
something) 

bone 
sialoprotein  



Bone formation and bone resorption markers: 
(e.g. hydroxyproline, certain OC fragments).  
 
- we could have the same markers for both processes because if 

you have resorption, it means that you need to compensate this 
problem by replacement of bone with new contents bone 
formation. 

 
-  In other word ,if you activate resorption ,sometime you could 

activate formation or deposition of the bone itself. 
 
- so, we have some kind of overlapping markers. 
 
- we can know if OC is related to  resorption or formation by 

clinical assessment 

 



  Bone acidic protein 
 
  Alkaline phosphatase  
protein 

الدكتور حكى انه هاد العمود 

مو مهم نعرفه هلا بس رح 
 ٌكون مهم بمرحلة الكلٌنٌكال 

العمود التالت   serumالعمود التانً انه كلهم من ال  specific for the bone and non specific ones أول عمود شو الأشٌاء الً : المطلوب معرفته هون هو

 بالسلاٌد الً بعد هاد  immune essayشرح طرٌقة ال ... ELISAالهم كلهم خصوصًا ال   immune essay المطلوب معرفته انه بنستخدم تقنٌة ال



ELISA technique 
(from recording) 

• In this technique we will use an enzyme linked antibodies 
against the marker (the protein) which will be the antigen 
here. Also, we will add a substrate for the linked enzyme. 

  

• When the antibody attaches to the antigen the enzyme will be 
activated and it will work on the substrate to change the color 
into different one, the intensity of the color indicates the 
amount of protein that present on the blood. 

 

• Sometimes you can find a normally elevated amount due to 
physiological conditions as in children and pregnant women 



Not highly specific for the 
bone 

We use urine rather 
than serum 
(Some times serum) 

We use HPLC 
and ELIZA 

techniques 

ع السرٌع و الأشٌاء الً ركز علٌها  markersأسماء ال  أعمدة مطلوبة قرأ 3سلاٌدات هدول حسب كلام الدكتور انه أول  3ال

 بالشرح مشار علٌها بالأحمر



- In the last 4 markers you have to know that the degradation will be 
for type 1 collagen (the most abundant collagen type in the bone)  
- And that these markers are not related only to bone it maybe 
related to dentine for example. 



specific 



Markers of Bone Formation (the most important markers) 

Serum Total Alkaline Phosphatase (AP): 
membrane-bound tetrameric enzyme attached 
to glycosyl-phosphatidylinositol moieties located 
on the outer cell surface 

Osteocalcin (OC): OC is a 5.8 kDa, hydroxyapatite-
binding, protein exclusively synthesised by 
osteoblast, odontoblasts and hypertrophic 
chondrocytes 

Procollagen Type I Propeptides: The procollagen type I 
propeptides are derived from collagen type I, the most 
abundant form of collagen found in bone. 



Markers of Bone Resorption 

Hydroxyproline (OHP): 
 
Is formed intracellularly from the post-translational 
hydroxylation of proline and constitutes 12-14% of the 
total amino acid content of mature collagen. Ninety 
percent of the OHP liberated during the degradation of 
bone collagen is primarily metabolised in the liver. 

Hydroxylysine-Glycosides: arise during the 
posttranslational phase of collagen synthesis and occur in 
two forms, glycosyl-galactosyl-hydroxylysine (GGHL) and 
galactosyl-hydroxylysine (GHL). 
Both components are released into the circulation during 
collagen degradation 



This photo discuss that if collagen type I is degraded what are the fragments that will 
be produced for example: 
 
1. c-terminal fragment 
2. n-terminal fragment  
3. NTX fragment that will be detected by NTX assay. 
4. CTX-MMP that was produced by metaloprotease enzyme. 
5. synthetic octapeptide that will be detected by CTX assay  
  

* Called pyridinium crosslinks markers 

2 
1 

* 

4 

5 3 



3-Hydroxypyridinium Crosslinks of Collagen 
Pyridinoline (PYD) and Deoxypyridinoline 
(DPD):  
 
PYD and DPD are formed during the 
extracellular maturation of fibrillar collagens 

Crosslinked Telopeptides of Type I Collagen The: 
 
Crosslinked telopeptides of type I collagen are 
derived from specific regions of the collagen type I 
molecule, namely the amino terminal (NTP) and the 
carboxyterminal (CTP) telopeptide (Figure 5).  



 لازمة 60صورة ما الها أي 



Duchenne muscular dystrophy (DMD): 
 
Genetic disorder characterized by progressive 
muscle degeneration and weakness.  
Emotionally, it’s very bad disease. 
There are nine types of muscular dystrophy. 
 
Caused by an absence of dystrophin. 
 
Early childhood onset  
 
X-linked  
 
Prevalence 1:3,600 male infants.(very high) 



Sarcolemmal proteins and sarcomere structure.  

Fedik Rahimov, and Louis M. Kunkel J Cell Biol 

2013;201:499-510 

© 2013 Rahimov and Kunkel 

• About slides 20,21,22: 
 
 Dystrophin is an important 

protein for muscles integrity so 
the deficiency of it will affect the 
connection between the 
muscles. 
 

 
 In the next two slides the doctor 

didn’t discuss the cases but he 
said that you can see the 
phenotype of the patients that 
results from muscle destruction . 

Not important 







A study on 15 patient with DMD 
with many deletions which 
means dystrophin gene is a big 
gene with many exons 



Regarding to the previous slide 

Here we have a trial on 4 patients with 
DMD: 
 
- C : the control sample. 
 

- MW : molecular marker(a fragments of   
DNA we put it in the gel in order to know 
the molecular weight (the size the DNA)). 
 

-In patient 1 exon 19 is  absent. 
 

-In patient 2 exon 51 is absent 
 

- in Patient 3 exon 45 is absent 
 

-In Patient 4 exon 48 is absent. 



Types of glycogen disorders 
that causes muscle 
abnormality are: 
 
 
1. McARDLE syndrome: 

which caused by glycogen 
phosphorylase deficiency 
which is the enzyme that 
is responsible for 
glycogenolysis , this 
deficiency will store 
glycogen in muscles and 
prevent glucose 
production and may lead 
to  hypoglycemia. 



2. Pompe disease: type 2 glycogen storage disorder due to abnormality in lysosomal   
      enzymes that don’t break down glycogen in the muscles , this disease can be treated by 
      enzymatic replacement. 





Deficiency with enzymes that are responsible for collagen processing or by mutations 
in collagen types.  





***Very important 





Mitochondrial Myopathy 

Group of neuromuscular diseases caused by damage to the 
mitochondria. 
 
Most mitochondrial myopathies occur before the age of 20, 
and often begin with exercise intolerance or muscle 
weakness. 



Types of Mitochondrial Myopathies 

Kearns-Sayre syndrome (KSS) 
Leigh syndrome and maternally-inherited Leigh syndrome 

(MILS) 
Mitochondrial DNA depletion syndrome (MDS) 
Mitochondrial encephalomyopathy, lactic acidosis and 

strokelike episodes (MELAS) 
Mitochondrial neurogastrointestinal encephalomyopathy 

(MNGIE) 
Myoclonus epilepsy with ragged red fibers (MERRF) 
Neuropathy, ataxia and retinitis pigmentosa (NARP) 
Pearson syndrome 
Progressive external ophthalmoplegia (PEO) 


