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Introduction n 

Overr the last decade the possibilities of quantifying of matrix molecules as markers 

off  connective tissue metabolism, especially with respect to bone and cartilage 

diseases,, has been extensively studied. Musculoskeletal connective tissues such as 

bone,, cartilage and intervertebral discs have many matrix components and 

propertiess in common, whereas others are unique to the tissue.13 Consequently, some 

off  the markers of matrix metabolism that have been developed have been applied in 

differentt research fields and others provide more tissue specific information. For 

cartilagee degeneration, markers that have been considered as useful are aggrecan and 

proteinn fragments as keratan sulfate (KS) and chondroitin sulfate, hyaluronan, 

cartilagee oligomeric matrix protein, propeptides of type I and II collagen and 

proteinasess and their inhibitor s.26-39-40 Main biomarkers that have been investigated 

forr assessment of bone metabolism are osteocalcin, alkaline fosfatase, type I collagen 

propeptides,, bone sialoprotein and hydroxypyridinium cross-links.39 Biomarkers for 

intervertebrall  disc degeneration are scarce; as described in Chapter 3, serum KS as a 

markerr of cartilage degeneration has been reported to be associated with 

degenerationn of intervertebral discs. However, the results of the laboratory 

experimentt (Chapter 4) underlined that it would require considerable structural 

damage,, which occurs in artificially induced degeneration, to cause detectable 

alterationss in serum concentrations of KS. With current biochemical technology, it is 

consideredd difficult to identify markers that are specific for matrix changes in 

intervertebrall  discs induced by physical loading. 

Therefore,, in this thesis attention wil l be shifted to markers that are not 

necessarilyy specific for intervertebral discs, but are likely to reflect metabolic changes 

inn relevant tissues, such as intervertebral disc, facet joints, vertebral bodies and 

ligaments.. Several of the biomarkers for bone and cartilage metabolism that were 

mentionedd above can be considered in this respect. To select potential biomarkers of 

thee effects of back load, certain aspects were considered of importance. Apart from 

biologicall  relevance, there has to be convincing evidence from the literature that the 

potentiall  biomarker can reflect effects of physical loading in healthy people. 

Furthermore,, the availability of validated, commercially available assays that can be 

usedd under routine laboratory conditions is an important prerequisite for the 

practicall  feasibility as well as validity of the biomarkers. Taking these aspects into 
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consideration,, biomarkers of type I collagen metabolism seem to be the most 

promising. . 

Inn recent years, the carboxyterminal propeptide of type I collagen and the 

carboxyterminall  telopeptide region of type I collagen, as markers of type I collagen 

synthesiss and degradation respectively, have received considerable research 

attentionn as markers for disease processes but also for the effects of physical exercise 

onn various connective tissues. Contrary to markers of type II collagen, which are also 

consideredd biologically relevant, laboratory assays are commercially available, have 

frequentlyy been used and validated, and do not require specialized laboratories. In 

thiss chapter, background information on these selected potential biomarkers wil l be 

given. . 

Biologicall relevance 

Typee I collagen is the major collagen type of the human body, it is essentially tensile 

inn nature and is found in all connective tissues, and particularly those that are 

subjectedd to tension and compression like tendon, bone and the annulus fibrosus of 

intervertebrall  discs. Collagen molecules are synthesized and secreted by cells such as 

fibroblastss and they self-assemble with other collagen molecules in the extracellular 

spacee to form fibrils. Degradation is likewise cell-mediated; via collagen-degrading 

enzymess like matrix metalloproteases.9 Stimuli like altered mechanical load and 

damagee can increase the rate of collagen turnover. Animal and cadaver studies 

demonstratedd increased synthesis and greater collagen concentrations in 

intervertebrall  discs in response to physical load.16"18 Generally, such alterations in the 

concentrationss of the matrix components are associated with loss of tissue integrity 

andd morphological signs of disc degeneration such as disc bulging or annular 

fissures.219211 However, a recent study suggested that these molecular changes 

followingg physical loading are not always accompanied by visible degeneration.17 It 

iss difficult to identify whether increased collagen synthesis is a favorable response 

thatt strengthens the tissue to meet the increased physical demands and repair micro-

damagee that may have occurred, or an undesirable change compromising the 

mechanicall  properties of the tissue. Yet, changes in collagen metabolism can be 
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consideredd an essential feature in the association between physical loading and tissue 

changess associated with degeneration. 

Assayy related characteristics 

Thee propeptides which make collagen soluble are split off at the carboxyterminal end 

off  procollagen when collagen is deposited extracellularly. Their concentration is 

thereforee an index for the rate of collagen synthesis. Similarly, when collagen is 

degraded,, specific telopeptides are released, the amount of which scales with the rate 

off  collagen breakdown.29 These bits of collagen are released into the blood where 

theyy can be measured. Commercially available assays have been developed to 

quantifyy these markers of collagen type I metabolism. Concentrations of 

carboxyterminall  propeptide of type I collagen (PICP) can be measured by the 

"Prolagen-CC sandwich ELISA" (Metra Biosystems, Mountain View, USA). Serum 

concentrationss of carboxyterminal telopeptide region of type I collagen (CTx) can be 

analyzedd using the serum CrossLaps™ One Step ELISA (OSTEOMETER, Herlev, 

Denmark).. Another assay that is frequently being used for the cross-linked 

carboxyterminall  telopeptide of type I collagen is the ICTP radioimmunoassay (Orion 

Diagnostica,, Espoo, Finland). Because an ELISA can be carried out in a routine 

laboratory,, the CrossLaps™ was preferred. 

Withh respect to analytical sensitivity, the detection limi t of PICP, determined 

ass three times the SD of the zero standard value, is 0.2 ng.ml-1. For CTx the detection 

limi tt was reported as twice the SD of the zero standard, being 0.01 ng.ml-1. Both 

biomarkerss are stable upon storage and repeated freezing and thawing.30-32 

Biologicall variability 

Inn addition to assay imprecision, biological factors produce significant intra- and 

inter-individuall  variability in markers. Serum concentrations of PICP and CTx 

exhibitt short-term and long-term fluctuations related to time of day, phase of the 

menstruall  cycle, and season of the year.37 PICP concentrations were found to peak 

latee in the morning,33 whereas CTx concentrations peaked during the night.538 The 
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etiologyy of this circadian rhythm is largely unknown, however, it has been suggested 

thatt fasting can reduce circadian variations.5 Furthermore, gender differences exist in 

thee level and variability of the serum concentrations of both biomarkers: reference 

intervalss for PICP in healthy adults are 69 - 147 ng.ml1 in females and 76 -163 

ng.ml-11 in males (Metra Biosystems). For CTx, reference intervals for premenopausal 

womenn are 0.10 - 0.29 ng.ml1 and for males 0.04 - 0.93 ng.ml1 (OSTEOMETER). 

Specificityy and sensitivity of PICP and CTx 

Bothh PICP and CTx have most frequently been studied as indicators of bone 

turnover.. They have been used to investigate skeletal growth in children/ the effects 

off  anti-resorptive therapies,5'8'28'31 Paget's disease,1 the quality of bone fracture 

healing,233 and the effect of weight-bearing physical exercise.3'4'10'22'35 However, the 

samee assays have been applied to monitor the effects of physical exercise on muscles 

andd tendon,15-24'25'36 to monitor the healing of wounds,12'34 and disease processes in 

patientss with rheumatoid arthritis,611 or aortic aneurysm.27 This variety of 

applicationss raises the question of sensitivity, i.e. does the marker reflect the 

underlyingg condition of interest, and specificity, i.e. does the marker respond only to 

onee or a few exposures.14 With respect to sensitivity, most studies focused on 

associationss of PICP andd CTx with other measures of bone remodeling, such as bone 

minerall  density or bone scans.1-5'8 However, serum concentrations of the type I 

collagenn markers have also been shown to be related to collagen synthesis in 

tendons.255 This indicates that, contrary to what is often suggested, both PICP and 

CTxx are not specific markers for bone turnover. Even authors who advocate these 

markerss as unique for bone admit that serum concentrations of CTx and PICP may 

alsoo be generated by several other tissues unrelated to bone because of the 

widespreadd occurrence of type I collagen in the body.32 Until more tissue specific 

componentss can be assessed in blood, this non-specificity remains a vulnerable spot 

inn the application of biomarkers of collagen metabolism to investigate molecular 

changess in connective tissues at specific sites in the human body. However, 

assumingg that metabolism is not significantly altered in non-affected tissues, changes 

inn serum concentrations of these biomarkers may provide relatively site specific 

informationn when assessed in combination with appropriate exposure information. 
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Furthermore,, when using serum concentrations of PICP and CTx as markers of the 

effectss of physical load on structures in the back, other factors affecting the 

biomarkerr concentrations like joint and bone pathologies should be restricted or 

controlledd for. 

Conclusions s 

Basedd on biological relevancy, availability, practical applicability and validity of 

laboratoryy assays, PICP and CTx were selected for further exploration as potential 

biomarkerss of back load. Since these biomarkers are not specific for structures in the 

back,, it is crucial that studies to validate them are properly designed, i.e. restrict 

otherr potential causes of changes in serum concentrations (especially bone 

remodeling)) as much as possible. 
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