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General introduction

1
This thesis focuses on the effect of infl ammation on bone tissue. In this chapter the characteristics 

and pathogenesis of infl ammatory bowel disease and osteoporosis are introduced. At the end of 

the introduction the link between infl ammatory bowel disease and osteoporosis is discussed. The 

fi nal part comprises the outline of this thesis.

Infl ammatory bowel disease

Characteristics

Infl ammatory bowel disease (IBD) comprises primarily 2 disorders: Crohn’s disease (CD) and

ulcerative colitis (UC). The hallmark of IBD is chronic, uncontrolled infl ammation of the intestinal 

mucosa. CD can involve any part of the gastrointestinal tract, whereas UC solely affects the colon. 

IBD occurs worldwide, although it is more common in some geographic regions than in others. 

In general, the highest incidence rates and prevalence for both CD and UC have been reported 

in northern Europe, the United Kingdom, and North America.1 In 2004, an estimated 1.4 million 

people in the United States and 2.2 million people in Europe suffered from these diseases. The 

incidence of IBD is still increasing, with rates between 5.3 and 28.9 per 100.000 persons per year 

in North America and between 2.2 and 30.1 per 100.000 persons per year in Europe.1 The onset of 

IBD typically occurs in the second and third decades of life and the majority of affected individuals 

progress to chronic disease. The disease is characterized by periods of active disease (relapse) 

relieved by periods of remission.

Etiology and pathogenesis

CD and UC have been known for over more than half a century, but the etiopathogenesis of 

these diseases is still only partly elucidated. Factors known to be involved in IBD etiology and 

pathogenesis are discussed below. 

Genetic factors

Numerous studies suggest that genetic factors contribute to the susceptibility for IBD, especially 

for CD. Evidence, based on human studies, includes the variation in prevalence among different 

populations, the increased risk among fi rst-degree relatives of affected patients, and the presence

of many candidate genes, including genes of the major histocompatibility complex, tumor

necrosis factor and the interleukin 1 receptor antagonist, with putative allelic associations with IBD.2-5

However, studies of identical twins (in which ‘only’ up to 50 percent of pairs of identical twins are 

concordant for IBD)6 made it clear that the development of the disease depends on additional 

factors. 

Environmental factors

Among the many puzzles of IBD pathogenesis, one of the less understood and most diffi cult to 

tackle is the role of the environment. Environmental factors are probably as important for being at 

risk of IBD as the patient’s genetic constitution. Potentially relevant factors include smoking, diet, 
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microbial agents, events in early childhood, climate, pollution, and stress.7 For example, cigarette 

smoking is a signifi cant risk factor for the development of CD.1,8 Moreover, smokers with CD have 

more frequent relapses and a greater need for therapy.9 In contrast, persons who smoke have a 

lower risk of developing UC and smokers with UC have a better disease course.1,8,10  

Immunoregulatory factors

Accumulating evidence suggests that the intestinal fl ora is a requisite and perhaps central factor 

in the development of IBD.11,12 During absorption of essential nutrients, the human intestine must 

discriminate innocuous food antigens from infectious or toxic agents. To protect the host from 

the latter, the intestine relies upon an effective barrier, and both a natural (innate) and an acquired 

immune system. In healthy gut epithelium, the presence of luminal bacteria is tolerated. In gut 

epithelium of IBD patients, immunoregulatory defects in the mucosa seem to result in a loss of

immune tolerance, and consequently lead to an aggressive infl ammatory response against 

bacteria in the gut. This interesting hypothesis has recently been fi rmly corroborated by the 

identifi cation of specifi c IBD-associated genes by major genome-wide association studies.13-15 

Possible causes for this loss of tolerance are a dysfunctional immune host response to normal, 

harmless luminal components, infection with a specifi c, harmful pathogen, and/or a defective gut 

barrier function.16

Extra-intestinal manifestations

IBD primarily involves the bowel. Additionally, multiple other organ systems can be affected, 

including the bones and joints, skin, eyes, hepatobiliary system, lungs, and kidneys. Collectively, 

these are called extra-intestinal manifestations of IBD. Extra-intestinal manifestations can occur 

prior to, in conjunction with, or subsequent to active bowel disease, and can be related directly to the

disease or indirectly to drugs used to treat the disease. The overall prevalence of any extra-

intestinal manifestation in IBD patients ranges from 21 – 40%,17-19 with a higher risk in patients 

with CD compared to those with UC. An extra-intestinal manifestation of our interest is the 

development of osteoporosis in patients with IBD.

Osteoporosis 

Characteristics 

Osteoporosis is defi ned as a skeletal disease characterized by low bone mass and micro-architec-

tural deterioration of bone tissue with a consequent increase in bone fragility and susceptibility 

to fracture risk.20 Two categories of osteoporosis can be distinguished: primary and secondary. 

Primary osteoporosis is associated with the process of normal aging. Secondary osteoporosis 

occurs as a consequence of an underlying disease or condition. Causes of secondary osteoporosis 

include endocrine diseases (e.g. hyper(para)thyroidism, diabetes mellitus), nutritional disorders

(e.g. calcium or vitamin D defi ciency), drug related factors (e.g. glucocorticosteroid use), and

chronic infl ammatory diseases (e.g. rheumatoid arthritis, CD). Osteoporosis is a major public health
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threat; over 200 million people worldwide are estimated to have osteoporosis.21 In both the 

United States and the European Union, about 30% of all post-menopausal women suffer from 

osteoporosis. Although the risk for osteoporosis increases with age, especially in women, 

osteoporosis can affect people at any age. Osteoporosis itself has no specifi c symptoms, and as a 

consequence it is generally revealed by the occurrence of fractures. Typical osteoporotic

(fragility) fractures are fractures of the wrist, spine and hip. Among fragility fractures, hip fractures 

are associated with the highest morbidity and mortality.

Bone biology

Bone tissue is a type of dense connective tissue with a complex internal and external structure. 

The hard outer layer of bone is composed of compact bone tissue (cortical bone), so-called due 

to its minimal gaps and spaces. The interior of bone consists of a more porous network called 

cancellous bone tissue (trabecular bone). Bone has several essential functions, such as providing 

mechanical support, protecting vital organs, serving as a reservoir for calcium, and harboring the 

hematopoietic system. To enable these functions bone is a dynamic tissue that is continuously

renewed throughout life, a process called bone remodeling. The bone remodeling process 

involves the opposing activities of two major cellular elements in bone, osteoclasts and osteoblasts 

(Fig. 1).22   The osteoclast resorbs bone through the release of acid and proteolytic enzymes. The 

osteoblast is responsible for bone formation through synthesis of bone matrix (osteoid), consisting 

of collagen fi bers and non-collagenous proteins. When osteoblasts get incorporated into the bone 

matrix, they become osteocytes, the third bone cell type. Osteocytes are most abundantly present 

in bone and orchestrate the bone remodeling process by functioning as mechano-sensing cells.23 

Osteoblastogenesis 

The osteoblast is derived from the multipotent mesenchymal stem cell. Osteoblast progenitor cells 

go through a series of proliferation and differentiation stages to become a mature and functional 

osteoblast (Fig. 1). Each stage involves a strictly regulated sequential activation and suppression 

of genes. An early marker of the osteoblast phenotype is the expression of alkaline phosphatase

(ALP).24 With continuing differentiation, osteoblasts synthesize various bone matrix proteins

consisting of collagen type 1 and several non-collagenous proteins such as bone sialoprotein (BSP), 

osteopontin (OP) and osteocalcin (OC).24 Through the calcium-binding activity of these molecules,

osteoblasts are actively involved in the calcifi cation of bone matrix at their fi nal stage of 

osteoblast differentiation. Numerous factors have been shown to affect osteoblastogenesis. 

Amongst others, molecules from the Wnt signaling pathway have been shown to control the 

early stages of osteoblast differentiation. In the maturation stages of osteoblast differentiation,

numerous growth factors and infl ammatory cytokines have been shown to play an important

regulatory role.25

Osteoclastogenesis

The osteoclast is a large, multinucleated cell of monocyte/macrophage origin. Osteoclast

formation is a complex process requiring the temporal activation of a yet unknown number of 
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transcription factors. Osteoclast development is dependent on two cytokines: macrophage colony-

stimulating factor (M-CSF) and receptor activator of NF-κB ligand (RANKL) (Fig. 1).26,27 These 

membrane bound proteins are produced by neighboring stromal cells and osteoblasts, thus 

requiring direct contact between these cells and osteoclast precursors. These cell-cell interactions

lead to a cascade of signals that stimulate the osteoclast precursor to further differentiate. 

Osteoclast precursors fuse to form an immature multinucleated osteoclast, which can be activated

to become a mature, functional osteoclast by both systemic hormones, local factors, and factors

produced by the osteoclast themselves.28 Mature osteoclasts express tartrate-resistant acid 

phosphatase (TRAP), cathepsin K and the calcitonin receptor enabling these cells to resorb bone.

Diagnosis

Bone mineral density

Bone density refers to the amount of mineral (calcium) within the total volume of bone. Bone 

mineral density (BMD) is used in clinical medicine as an indirect indicator of osteoporosis and 

Figure 1. Bone remodeling.  A triggering event activates cells from the osteoblast lineage to promote osteoclast 
precursor cells to become osteoclasts, which subsequently resorb bone. After a brief reversal phase, osteoblast 
precursor cells differentiate into osteoblasts, which start to form new bone. Over time, the newly formed bone 
becomes mineralized, restoring bone strength.

Stem cell
Hematopoietic

progenitor
Mesenchymal

progenitor

Pre-osteoclast

Pre-fusion

Multinucleated
osteoclast

Active
osteoclast

Pre-osteoblast

Osteo-progenitor

Osteoblast

M-CSF

M-CSF
RANKL

RANKL

RANKL

Wnts
BMPs

BMPs
Growth factors

M-CSF
RANKL

Growth factors

Osteocyte Osteoid

Activation Resorption Reversal Formation Mineralization

Bone lining cell

3 WEEKS 3 MONTHS

Stem cell
Hematopoietic

progenitor
Mesenchymal

progenitor

Pre-osteoclast

Pre-fusion

Multinucleated
osteoclast

osteoclastlast

Pre-osteoblast

Osteo-progenitor

Osteoblast

M-CSF

M-CSF
RANKL

RANKL

RANKL

Wnts
BMPs

BMPs
Growth factors

M-CSF
RANKLRANKL

Growth factors

OstOstOstOstOstOsteoieoieoieoieoieoidddddd

Bone lining cellBone lining cell



General introduction

1
fracture risk. According to the World Health Organization (WHO) guidelines, an individual is 

classifi ed as having osteoporosis when the BMD is equal or lower than 2.5 standard deviations (SD) 

below the bone mass of young adults (T-score ≤ -2.5). An individual is having severe osteoporosis

when in addition one or more fragility fractures have occurred. Individuals with a BMD value

between 1 and 2.5 SD below the average (T-score of -1 to -2.5), are designated as having 

osteopenia and having an increased risk of developing osteoporosis. Another way to defi ne BMD 

is by using the Z-score. The Z-score is the number of standard deviations a patient’s BMD differs

from the average BMD of age-matched individuals. The T-score is commonly used in the elderly,

whereas the Z-score is more often used in children and individuals under the age of 50. 

BMD can be measured using a variety of tests, but the most widely used is Dual-energy X-ray 

absorptiometry (DXA).

Bone turnover markers

Measurement of bone turnover (bone remodeling) is an additional tool for diagnosis of 

osteoporosis and the assessment of fracture risk. The rate of bone formation and degradation can 

be established by measuring levels of several enzymes, proteins, and other substances that are 

released into the circulation during bone formation and resorption. The fi rst known marker of bone 

formation is the enzyme ALP. However, only part of the total ALP in blood originates from bone, 

resulting in a poor specifi city. Development of an assay for the measurement of bone-specifi c ALP 

(bs-ALP) overcame this problem. OC is another bone formation marker; it is a non-collagenous 

protein embedded in bone matrix after formation by osteoblasts and as such has high tissue 

specifi city. More recently, procollagen type 1 peptides (P1CP and P1NP), which are released into 

the blood during collagen formation, have been shown reliable markers of bone formation. The 

most useful markers of bone resorption are degradation products derived from the enzymatic 

hydrolysis of type 1 collagen, including (cross-linked) telopeptides (CTx, NTx and 1CTP). Recently, 

tartrate-resistant acid phosphatase 5b (TRAP), an enzyme produced by osteoclasts, has been 

proved as a specifi c and sensitive marker for bone resorption.

Bone histomorphometry

Quantitative analysis of bone histology, called bone histomorphometry, can be used 

for the diagnosis of metabolic bone diseases. Although it is not commonly used, bone 

histomorphometry has some substantial advantages over indirect measurements of bone mass 

(DXA) and bone turnover (markers). Histomorphometric analysis of microscopic sections of bone 

enables the direct examination of bone structure and remodeling, and provides as such valuable 

information about bone biology at both the tissue and cellular level. Consequently, this technique 

has been shown particularly useful in determining the cellular pathophysiology of different forms 

of osteoporosis, as well as in defi ning the mechanisms through which drugs affect bone.
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Osteoimmunology

The fi eld of osteoimmunology describes the crosstalk between the skeletal system and the 

immune system. The term osteoimmunology was fi rst introduced in the year 2000, when it had 

become clear that the close relationship between these, at fi rst glance fundamentally different, 

organ systems has broad implications.29 Osteoimmunology covers at least three different issues. 

The fi rst one is developmental and focuses on the organogenesis of both organ systems. 

The second is post-developmental and studies the role of bone in the regulation of the immune 

response and role of immune cells on the regulation of bone homeostasis. The third one is related 

to pathologies and questions whether immune cells can be involved in the development of 

bone-related pathology.

Similarities between the skeletal system and immune system

The immune system detects a wide variety of invading agents and has the potential to distinguish 

them from the organism’s own healthy cells and tissues. Cells belonging to the immune system, 

such as macrophages, monocytes, dendritic cells and lymphocytes, are derived from the same 

hematopoietic precursor cell as bone resorbing cells. As a consequence, immune cells and bone 

cells share several characteristics. An interesting property of macrophages is their ability to fuse 

with each other to form either multinucleated giant cells (at infl ammatory sites) or osteoclasts (in 

bone).30 Similar to osteoclasts, dendritic cells express receptor activator of nuclear factor-κB (RANK) 

on their surface.31 And last but not least, the skeletal system and immune system produce and 

respond to a wide range of infl ammatory cytokines, functionally coupling these systems.

The role of the immune system in the regulation of bone homeostasis

The interior of bone harbors the hematopoietic system, resulting in a close proximity of immune 

cells to bone cells. Consequently, immune cells and bone cells are able to interact and infl uence 

each other. Part of these interactions takes place through direct cell-cell contact. However, the 

majority of interactions are orchestrated through various immunoregulatory cytokines (Fig. 2A). 

Already early in the 1970s, soluble factors secreted from cultured human immune cells were 

known as osteoclast-activating factors,32 which were revealed to be amongst others the cytokines 

interleukin-1 beta (IL-1β) and tumor necrosis factor alpha (TNF-α).33,34 Moreover, a long sought-

after osteoclast differentiation factor was discovered to be receptor activator of nuclear factor-κB 

ligand, and was shown to be expressed by both osteoblasts and activated T cells.35

The identifi cation of the RANKL/RANK pathway resulted in a major advance in bone biology 

and the understanding of its interaction with the immune system. RANK is a receptor molecule on 

osteoclasts, which upon binding of RANKL induces activation of amongst others nuclear factor κB 

(NF-κB) and nuclear factor of activated T cells, cytoplasmic 1 (NFATc1). These transcription 

factors regulate the expression of a number of osteoclast-specifi c genes, such as cathepsin K, 

the calcitonin receptor and TRAP. 

Currently, there is increasing awareness of the importance of osteoblasts in osteoimmunology. 

Besides the crucial osteoclastogenic factor RANKL, stromal/osteoblastic cells produce macrophage 
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colony-stimulating factor (M-CSF), an essential survival factor for osteoclasts, and osteoprotegerin 

(OPG), a decoy receptor for RANKL. Binding of OPG to RANKL inhibits the interaction between 

RANKL and RANK, and thus inhibits osteoclast differentiation and activity.36 Furthermore, 

osteoblasts seem to have antigen-presenting properties and are a major source of a wide range of 

cytokines.37 In addition, osteoblasts themselves are also highly responsive to cytokines; osteoblast 

proliferation, differentiation and apoptosis are regulated amongst others by IL-1 and TNF-α.

Lastly, there are indications that immune cells also participate in bone homeostasis during 

normal physiology.38 However, details on the exact role of immune cells in this process remain to 

be established.

The role of the immune system in bone-related pathology    

In addition to the factors involved in the regulation of the physiological process of bone 

metabolism, infl ammatory mediators produced by various immune cells play a pivotal role in 

bone-related pathology (Fig. 2B). Both macrophages and dendritic cells produce infl ammatory 

cytokines, like TNF-α, IL-1 and IL-6,27,39 and IL-1, IL-6, IL-12, IL-15, and interferon (IFN),40 

respectively, known to be involved in osteoclast formation and function. In pathological situations, 

Figure 2. Factors involved in the regulation of bone metabolism.  A. In the physiological situation, osteoblasts induce 

osteoclast development and function via direct cell-cell contact and through the production of TNF-α, IL-1, RANKL and OPG.  

B. In the pathological situation, immune cells play an additional role. Their production of numerous cytokines can result 

in a direct stimulation or inhibition of osteoclasts. Moreover, these cytokines infl uence the production of RANKL and OPG 

by osteoblasts and T cells. This simplifi ed overview already shows the complexity of the regulation of bone metabolism. 

Therefore, it is easy to imagine that immune cells and their infl ammatory mediators may play a critical role in this process.

Abbreviations used: (p)Ob, (precursor) osteoblast; (p)Oc, (precursor) osteoclast; TC, T cell; BC, B cell; DC, dendritic cell; MΦ, 

macrophage; sRANKL, soluble RANKL; mRANKL, membrane-bound RANKL.
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(im)mature macrophages and dendritic cells can be triggered to differentiate into osteoclasts.41,42 

In addition, dendritic cells express RANK and are thought to mediate osteoimmune interactions 

indirectly by activating T cells to produce RANKL, which subsequently stimulates osteoclast 

formation and function.31,43 B cells also secrete infl ammatory cytokines, such as IL-6 and TNF-α, 

that amplify T cell reactions.44 As a negative feedback mechanism, most immune cells produce 

IL-10 and OPG to maintain the balance of OPG and RANKL, thereby maintaining the rate of bone 

turnover.

The T cell seems to be the central immune cell in the fi eld of osteoimmunology. First, as RANKL 

is produced by activated T cells, these cells have the capacity to induce osteoclast differentiation by 

directly acting on osteoclast precursor cells. Second, other immune cells, either directly (through 

cell-cell interactions) or indirectly (through the effect of cytokines), infl uence RANKL production 

by T cells. And third, T cells themselves secrete a variety of cytokines which all have their own 

profound, indirect effect on both osteoclasts, osteoblasts and other immune cells. Stimulators

of bone resorption include IL-1, TNF-α, IL-6, IL-11, IL-15, and IL-17.45 Inhibitors of resorption 

include OPG, IL-4, IL-10, IL-13, IL-18, and IFN-γ.45 Transforming growth factor beta (TGF-β) can 

both stimulate and inhibit bone resorption.45 Therefore, the net effect of T cells, or immune cells in 

general, on osteoclast formation and function is dependent on the balance between anti- and pro-

osteoclastogenic factors produced by these cells. 

Infl ammation-induced bone loss

In view of the above-mentioned role of immune cells in bone-related pathology, it is not surprising 

that numerous epidemiological studies have reported an increased risk of osteoporosis in 

various infl ammatory diseases, like periodontal disease, multiple myeloma, type 1 diabetes, 

Gaucher disease, chronic obstructive pulmonary disease and asthma.46-50 Some of the most 

compelling evidence of a link between infl ammation and osteoporosis comes from studies 

of rheumatoid arthritis (RA). Bone loss in RA occurs not only locally in the joints, but also 

systemically throughout the skeleton.51-53 Generalized bone loss in RA patients has long been thought 

to be the result of loss of mobility or long-term use of corticosteroids. However, the recognition 

of osteoclasts as pivotal effector cells in the pathogenesis of bone and joint damage in RA,54 in 

combination with the elucidation of the role of the OPG/RANKL/RANK system and activated T cells 

in RA-associated bone loss,55-58 shed new light on the important role of infl ammation in skeletal 

pathology in RA. 

In the infl amed joints of RA patients, to be specifi c in the synovium, high levels of the 

pro-infl ammatory and pro-osteoclastogenic factors RANKL and TNF-α have been detected. 

Interestingly, levels of anti-infl ammatory and anti-osteoclastogenic factors, like IL-4 and IL-10, are 

absent or present only at low levels. These fi ndings led to the theory that an as yet unknown 

subset of T cells is involved in RA-induced bone loss, as the until then known T cell subsets 

involved in pathogenic bone resorption, called T helper 1 and T helper 2 cells, produce 

respectively IFN-γ and IL-4 upon activation. Only very recently a new T helper (Th) cell subset 

has been recognized to play a critical role in the pathogenesis of RA. These Th17 cells, so-named 

for their production of IL-17, express higher levels of RANKL than Th1 and Th2 cells.59 Th17 cells 
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mediate the induction of RANKL on osteoblasts and synovial fi broblasts, and induce the secretion 

of other pro-infl ammatory cytokines like TNF-α, IL-1 and IL-6 by macrophages, hereby triggering 

a cascade of pro-infl ammatory immune reactions.60,61 The importance of IL-17 has been shown in 

vivo as well. In animal models of arthritis, treatment with anti-IL-17 antibodies and blockade of the 

IL-17 receptor reduced joint infl ammation, cartilage destruction, and bone erosion.62-64 Thus, based 

on these studies, Th17 might be the central effector cell in the erosion of cartilage and bone in joint 

disease. Moreover, increasing evidence emerges that this cell type is involved in the pathogenesis 

of other infl ammatory and bone-destructive diseases as well.65-67

IBD-associated bone loss

The prevalence of osteopenia and osteoporosis in patients with IBD varies between studies, and 

is reported to be up to 42% and 16% respectively.68 Like in RA, the etiology of bone loss in IBD 

patients has long been believed to be due to corticosteroid use. However, because corticosteroid 

therapy is generally given intermittently in high doses for short periods, the cause of low bone 

density in IBD patients may be more complex. Contributing factors are thought to include disease-

related factors as well, like malabsorption and vitamin D defi ciency, disturbances of calcium 

homeostasis, sex hormone defi ciency, and low body mass index.69 

Since the emergence of the fi eld of osteoimmunology, the importance of the infl ammatory 

process itself in IBD-associated bone loss has become evident. In studies using animal models of 

IBD, a dramatic loss of trabecular bone mass has been shown to be associated with the degree 

of colonic mucosal infl ammation.70-72 In addition, in both a mouse model of autoimmunity and a 

study in humans, osteopenia and colitis were reported to be caused by an increased production of 

RANKL, suggesting a pathological role of RANKL in IBD-associated bone loss.73,74 

Involvement of RANKL in IBD-associated bone loss is not surprising, as IBD is a T cell-mediated 

infl ammatory condition. Traditionally, CD has been associated with an exaggerated Th1 cell 

response in the infl amed mucosa and consequently with elevated levels of amongst others IFN-γ, 

IL-2 and TNF-α. In contrast, the infl amed intestinal mucosa of UC patients has been traditionally 

associated with an exaggerated Th2 cell response and as such with elevated levels of IL-4, 

IL-10 and IL-13. Recently, Th17 cells have been shown to play a major role in the development of 

chronic intestinal infl ammation in mouse models of IBD as well.75,76 Moreover, IL-23 receptor gene 

polymorphisms have been identifi ed to infl uence IBD susceptibility.77 Therefore, more complex 

networks of cytokine interactions are thought to be involved in the pathogenesis of IBD, and 

consequently in the pathogenesis of IBD-associated bone loss. 

Knowledge on bone loss in IBD has been obtained mainly through the use of animal models, 

or relies on clinical studies on BMD data and data on markers of bone turnover. Moreover, insight 

into the pathogenesis of bone loss in IBD is often based on extrapolations from data on the 

pathogenesis of other infl ammation-induced bone diseases. Therefore, more detailed research 

on the etiopathogenesis of IBD-associated bone loss is needed. A better understanding of these 

issues might lead to the identifi cation of new markers as predictors of disease onset, disease 

exacerbation, or disease phenotype, and might hopefully be of help in the development of new 

targeted and tailored therapies for IBD.  
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OUTLINE OF THIS THESIS

This thesis addresses the etiopathogenesis of bone loss in patients with infl ammatory bowel 

disease, in particular with CD, from an interdisciplinary perspective. In this light, the aims of the 

studies reported in this thesis were:

To explore bone metabolism in patients with IBD at the tissue level.

1.   To assess bone mass and bone remodeling in bone biopsies of IBD patients. 

To explore bone metabolism in patients with IBD at the cellular level.

2.   To determine whether basal characteristics of osteoblasts are affected by IBD.

3.   To study the effect of serum from IBD patients on osteoblasts, and to derive 

 (the combination of) infl ammatory factors from serum that affect the osteoblast.

4.   To determine whether osteoclastogenesis and/or osteoclast function are affected by IBD. 

The fi rst aim is addressed in Chapter 2. A histomorphometric study was conducted to assess bone 

mass and structure, bone formation, bone resorption and osteocyte apoptosis in transiliac bone 

biopsies obtained from patients with CD in a quiescent state of disease in comparison to data 

from age and sex-matched healthy controls. In Chapter 3 the second aim is addressed. Using 

an in vitro bone cell culture system, the basal proliferation, differentiation and responsiveness to 

infl ammatory cytokines of primary human bone cells obtained from patients with quiescent 

CD was compared with those of cells from healthy controls. Chapter 4 describes the third aim. 

Bone cells of IBD patients in vivo are exposed to a wide variety of infl ammatory mediators 

simultaneously. The total sum of interactions between these factors determines the net effect of 

infl ammation on bone. Therefore, the effect of serum from patients with CD and UC in both 

active and quiescent state of disease on bone cells was studied. In addition, the involved cytokines 

were attempted to be identifi ed. In Chapter 5, the last aim is addressed. Osteoclast formation 

from peripheral blood cells of quiescent CD patients was compared with osteoclast formation 

from cells of healthy controls. In addition, the role of lymphocytes and infl ammatory cytokines in 

this process was determined. Particularly intrigued by our fi ndings described in Chapter 2 and 5, 

in Chapter 6 the effect of risedronate, an effective inhibitor of bone resorption, on bone structure 

and remodeling in quiescent CD patients was studied. Finally, a summary of the results, the 

conclusions, and a general discussion of this thesis are presented in Chapter 7. Moreover, the 

clinical implications of the results and future directions will be discussed.
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ABSTRACT

Background & Aims | Crohn’s disease (CD) is associated with an increased prevalence of 

osteoporosis, but the pathogenesis of this bone loss is only partly understood. We assessed bone 

structure and remodeling at the tissue level in patients with quiescent CD. We also investigated the 

role of osteocyte density and apoptosis in CD-associated bone loss.

Methods | The study included 23 patients with quiescent CD; this was a subgroup of patients from 

a large, randomized, double-blind, placebo-controlled, multicenter trial. We obtained transiliac 

bone biopsy samples and performed histomorphometric analysis. Results were compared with 

data from age- and sex-matched healthy individuals (controls).

Results | Trabecular bone volume was decreased among patients with CD compared to controls 

(18.90 vs. 25.49 %; p<0.001). The low bone volume was characterized by decreased trabecular

thickness (120.61 vs. 151.42 µm; p<0.01). Bone formation and resorption were reduced, as 

indicated by a decreased mineral apposition rate (0.671 vs. 0.746 µm/d; p<0.01) and a low 

osteoclast number and surface area, compared to controls and published values respectively. In 

trabecular bone of patients with CD, osteocyte density and apoptosis were normal. The percentage 

of empty lacunae among patients was higher than that of published values in controls.

Conclusion | In adult patients with quiescent CD, bone histomorphometric analysis revealed a 

reduction in bone mass that was characterized by trabecular thinning. The CD-associated bone 

loss was caused by a reduced bone formation, possibly as a consequence of decreased osteocyte 

viability in the patients’ past.
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INTRODUCTION

Patients with infl ammatory bowel disease (IBD), in particular patients with Crohn’s disease (CD), are 

at increased risk of bone loss. The prevalence of osteopenia and osteoporosis in patients with IBD 

varies between studies, and is reported to be up to 42% and 16% respectively.1 The pathogenesis 

of bone loss in IBD patients is complex, multifactorial and only partly understood. General risk 

factors such as malnutrition, malabsorption, calcium and vitamin D defi ciency, and corticosteroid

treatment are known to be involved.2 However, these factors cannot completely explain the 

bone loss. Recently, the infl ammatory process itself has been suggested to play a pivotal role in 

IBD-associated bone loss. For example, proinfl ammatory cytokines that contribute to the intestinal

immune response in IBD, like tumor necrosis factor-α (TNF-α) and factors belonging to the receptor

activator for nuclear factor κB ligand/osteoprotegerin (RANKL/OPG) system, are known to enhance 

bone resorption.3,4

 Bone remodeling involves a balanced process of bone resorption by osteoclasts and subsequent

bone formation by osteoblasts. An imbalance in this process can be assessed by measurement of 

biochemical markers of bone turnover. In IBD patients bone resorption is increased, as indicated 

by elevated levels of the markers deoxypyridinoline (DPD) and cross-linked N-telopeptide of type 

1 collagen (NTx).5-7 Bone formation in IBD patients is less well characterized. Increased levels of 

(bone-specifi c) alkaline phosphatase,7 decreased levels of osteocalcin,7-9 as well as normal levels 

of bone formation markers have been reported in IBD patients.10 Therefore, based on biochemical 

markers of bone turnover, the bone remodeling balance in patients with IBD is characterized by a 

net increase of bone resorption.

 At the tissue and cellular level, low bone mass is caused by a disturbed regulation of bone 

remodeling as well.11 Histomorphometric analysis of bone biopsies is a powerful tool to demonstrate

disturbances in bone remodeling. In IBD patients there are only few data concerning bone 

histomorphometry. Croucher et al. demonstrated a reduced bone formation and a mild 

mineralization defect in IBD patients with osteoporosis.12 Ward et al. observed both a suppressed 

bone formation and bone resorption in children with newly diagnosed IBD,13 whereas Hessov et al. 

reported a normal bone remodeling and mineralization in young patients with CD.14

 The regulation of bone remodeling is thought to be supervised by osteocytes, besides 

osteoblasts and osteoclasts the third cell type in bone. As a consequence, a lack of functionally 

active osteocytes might underlie bone pathology. In fact, the number of osteocytes appears to 

decline with aging,15 and is lower in postmenopausal women, especially in those with a vertebral 

fracture, when compared to premenopausal women.16,17 Moreover, the percentage of apoptotic 

osteocytes in postmenopausal women has been shown to be associated with the level of bone 

remodeling.18 Information on osteocyte density and osteocyte function in bone of patients with 

IBD is lacking thus far. 

 To ascertain a better understanding of bone biology in patients with IBD, the aims of this study 

were to (1) assess bone structure and remodeling at the tissue level in patients with quiescent 

Crohn’s disease in comparison to healthy controls, and (2) investigate whether osteocyte density 

and osteocyte apoptosis are related to bone structure and remodeling parameters.   
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PATIENTS AND METHODS

Patients    

Twenty-three patients with quiescent CD participated in this study. These patients were a subgroup 

included in a large randomized, double-blind, placebo-controlled, multicenter trial on the effect of 

risedronate in quiescent CD patients with osteopenia (n=131, Crohn and Bone Study). The current 

study, describes data obtained from patients at baseline. Patients were diagnosed with CD using 

clinical, endoscopic, histological and radiological criteria according to Lennard-Jones.19 Patients 

had to be in remission (Crohn’s Disease Activity Index (CDAI) < 150). Although two patients had 

a CDAI > 150, these patients had absence of symptoms of active disease and no signs of active 

infl ammation on sigmoidoscopy, and as such were defi ned to be in clinical remission. Another 

inclusion criterium was a lumbar spine and/or total hip bone mineral density with a T-score of 

-1 to -2.5 SD (osteopenia). Osteopenia is the most prevalent state of bone loss in usually relative 

young CD patients, and is believed to progress to (presenile) osteoporosis. Hence, as such it is 

the most relevant population to study. Of the 23 patients included, 12 were women of which one 

was postmenopausal. Patients with current or recent bisphosphonate or corticosteroid treatment 

(respectively <1 year and <3 months prior to inclusion) were excluded as well as patients with 

known metabolic bone diseases and serum levels of 25-hydroxyvitamin D
3
 below 25 nmol/L. The 

study was approved by the Institutional Review Board at each participating medical center. All 

patients gave written informed consent.

Biochemistry

Biochemical measurements in serum included calcium (colorimetric assay, Roche Diagnostics),

25-hydroxyvitamin D
3
 (25(OH)D; radioimmunoassay, DiaSorin, Minnesota, USA), C-reactive protein

(CRP; immunoturbidimetric assay, Roche Diagnostics) and total alkaline phosphatase (ALP; IFCC 

method, Roche Diagnostics). Intra- and interassay coeffi cients of variation of the assays were:

calcium: 0.9% and 1.3%, 25(OH)D: 8% and 10%, CRP: 1.2% and 1.4%, and ALP: 0.7% and 2.4%. 

Measurements were performed by the laboratories of Clinical Chemistry and Endocrinology of the 

VU University Medical Center.

Bone biopsies

Patients received two doses of tetracycline (250 mg, 4 times daily) for 2 days separated by an 

interval of 10 days. Three to seven days after the last dose transiliac bone biopsies were taken 

using Bordier’s trephine (8 mm inner diameter). The bone biopsies were fi xed in cold 4% phosphate-

buffered formaldehyde, dehydrated in graded ethanol, and embedded in 80% methylmethacrylate 

(BDH Chemicals, Poole, England) supplemented with 20% dibuthylphtalate (Merck, Darmstadt, 

Germany), 8 g/L lucidol CH-50L (Akzo Nobel, Deventer, The Netherlands) and 22 μl/10 ml N,N 

dimethyl-p-toluidine (Merck). Five micrometer thick undecalcifi ed sections were cut with a Polycut 

2500 S microtome (Reichert-Jung, Nussloch, Germany). Goldner’s trichrome stain was performed 

to distinguish between calcifi ed bone and non-calcifi ed matrix (osteoid). Tartrate-resistant acid 

phosphatase (TRAP) stain was performed to visualize osteoclasts. Unstained sections were used for 
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fl uorescence microscopy to measure tetracycline labels. 

Immunohistochemistry

Apoptotic cells were visualized by immunohistochemical detection of activated caspase-3. 

Immunohistochemistry was performed on two 5 μm sections of each biopsy, which were obtained 

with an interval of 30 μm. Sections were cut and transferred to poly-L-lysine-coated slides. After 

deplastifi cation and rehydration, sections were decalcifi ed for 10 minutes with 1% acetic acid. 

Antigen retrieval was performed by a 30-minute incubation with 0.5% saponin (Sigma, St. Louis, 

MO, USA) in phosphate-buffered saline (PBS) and a 10-minute incubation with 3.5 μg/mL DNase II

(Sigma) in 25 mM Tris + 10 mM magnesium sulfate. Sections were incubated with 3% hydrogen 

peroxide in methanol to block endogenous peroxidase and with 5% normal goat serum in PBS 

+ 0.05% Tween20 to block non-specifi c binding sites. Incubation with primary antibody was 

performed overnight at 4°C with 1/75 rabbit-anticleaved caspase-3 antibody (Cell Signaling 

Technology, Beverly, MA, USA) in PBS + 0.05% Tween20. Sections were then incubated for one hour 

with 1/100 biotin-labeled goat-anti-rabbit immunoglobulin G (Vector Labs, Burlingame, CA, USA) 

in PBS + 0.05% Tween20. Subsequently, the sections were incubated for 30 minutes with the ABC kit 

(Vector Labs) and developed for 10 minutes with 3,3′-diaminobenzidine with nickel enhancement.

Finally, sections were counterstained with 0.025% toluidine blue in water, dehydrated, and sealed 

in DEPEX mounting medium (BDH Chemicals). 

Bone histomorphometry

Histomorphometry was performed mainly on trabecular bone (background concerning histo-

morphometry is given in Supplementary data – section 2). Static histomorphometry was performed

automatically using NIS-Elements AR 2.10 (Nikon GmbH) at x100 magnifi cation. Dynamic 

histomorphometry was performed semi-automatically using Osteomeasure (OsteoMetrics, 

Atlanta, USA). All measurements were performed according to the ASBMR nomenclature.20 Mean 

cortical thickness was assessed manually by measuring both cortices, each at 4 equidistant places. 

Trabecular bone volume, trabecular bone surface and trabecular thickness were measured and 

used to calculate trabecular number and trabecular separation. Besides these structural indices, 

parameters associated with bone formation were measured, including osteoid volume, osteoid 

surface and osteoid thickness. Furthermore, the distance between double tetracycline labels and 

the labeled (mineralizing) surface were measured under ultraviolet light and used to calculate 

mineral apposition rate, bone formation rate, adjusted apposition rate and mineralization lag 

time. Bone resorption was assessed as osteoclast number (measured manually using an integrated 

eyepiece, Zeiss II, Zeiss, Oberkochen, Germany) and osteoclast surface. All measurements were 

performed by one investigator.

 In addition, the total number of osteocytes, the number of cleaved caspase-3-positive osteo-

cytes, and the number of empty lacunae in the entire trabecular bone area were counted at x200 

magnifi cation. Duplicate sections were analyzed by the same investigator. From these data the 

following parameters were calculated: total number of osteocytes per bone area, number of empty 

lacunae per bone area, total number of lacunae per bone area, percentage of positive osteocytes 

| 29



Chapter 2

per total number of osteocytes, and percentage of empty lacunae per total number of lacunae.

 To compare the data of this CD population with healthy controls, we used healthy control 

data from 17 men and 26 women (aged 20-60 yrs),21 kindly provided by Prof.dr. J.E. Compston, 

Cambridge, Great Britain. From this population, sections of 10 age- and sex-matched healthy 

controls were measured to verify comparability of the histomorphometric indices. The systemic 

measurement difference between our measurements and those from England was: BV/TV: 0.93, 

Tb.Th: 0.88, Tb.N: 0.99, OV/BV: 0.93, and O.Th: 0.98.     

Statistical analysis

Results are expressed as mean ± standard deviation (SD). Histomorphometric indices were 

compared between patients with CD and healthy controls, as well as between men and women using

a two-tailed Student’s t test for independent samples. Correlations between histomorphometric

parameters and biochemical indices were calculated using Pearson’s coeffi cient of correlation. 

All statistical analyses were performed using SPSS software (version 15.0). A p-value of < 0.05 was 

considered statistically signifi cant.

RESULTS    

Patient characteristics

Patient characteristics are listed in Table 1. As several parameters showed relatively high variation 

in the total population, data are presented for men and women separately. The quiescent state of 

disease in our Crohn population is ascertained by a mean CDAI of 93.8 ± 71.7 and a mean CRP level 

of 7.3 ± 8.4 mg/L. Disease activity was similar in men and women with CD. Disease duration tended 

to be longer in male CD patients (p=0.067). Levels of biochemical parameters were all within the 

reference values of our laboratory. However, ALP levels in men with CD were at the upper limit of 

the reference range, and were higher than ALP levels in women with CD (86 vs. 60 U/L; p=0.003).  

Bone histomorphometry

Histomorphometric data concerning bone structure are summarized in Table 2. Trabecular bone 

volume and trabecular thickness were reduced in patients with CD when compared to healthy 

controls (p<0.001 and p=0.006 respectively; Fig. 1A and 1B). Trabecular number was unaffected. 

Comparison of bone structure parameters between men and women showed no differences within 

the control population. However, in CD patients trabecular bone volume tended to be lower in 

men compared to women (p=0.056). Trabecular number was lower in men than in women with 

CD (p=0.037), and trabecular separation was higher in men (p=0.049). In Table 3, data of male 

and female patients with CD are summarized, including variables which were only available in CD 

patients.

 Histomorphometric data concerning bone remodeling are shown in Table 2. Mineral apposition 

rate was lower in patients with CD when compared to healthy controls (p=0.007; Fig. 1E). None of 

the patients had signs of osteomalacia. Osteoid volume, mineralizing surface and bone formation 
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rate were comparable between healthy controls and CD patients (Fig. 1C, 1D and 1F). However, 

analysis of the individual data revealed a cluster of nine patients with CD who had a very low 

mineralizing surface (3.78 ± 1.80) as well as bone formation rate (0.022 ± 0.011) in comparison to 

both the total CD population and healthy controls. Moreover, the nine patients in this subgroup 

(4 men and 5 women; age 43 ± 13 yrs) turned out to have a low bone volume (15.47 ± 2.90), which 

was accompanied by a low total hip BMD (TS: -1.38 ± 0.55). Trabecular thickness and trabecular

number were low as well (104.61 ± 16.05 and 1.68 ± 0.33, respectively). Furthermore, these 

patients had a low osteoid volume (0.42 ± 0.34), a low number of osteoclasts and osteoclast 

surface (0.19 ± 0.22 and 1.36 ± 0.80 respectively), a low mineral apposition rate (0.59 ± 0.08), and 

a low adjusted apposition rate (0.29 ± 0.16). Comparison of bone remodeling parameters between 
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Table 1.  Patient characteristics

 

 Men Women 

Total  (n) 11 12 

Age  (years) 44 ± 13                37 ± 8 

BMI  (kg/m
2
)                23 ± 2                23 ± 3 

Disease activity 
      

     CDAI  (total) 

 

82 ± 61 
(0 – 194) 

             105 ± 81 
              (6 – 322) 

     CRP  (mg/L) 
a
 6.6 ± 6.2 

(1 – 17) 

              7.9 ± 10 
                   (1 – 38) 

Location of disease 
Large intestine / small intestine / both 

5 / 3 / 3 4 / 3 / 5 

Bowel resection, yes / no (n) 7 / 4 6 / 6 

Disease duration  (years) 19 ± 11                11 ± 8 

Age at diagnosis  (years) 24 ± 11                26 ± 8 

Medication use   

     5-ASA derivatives 1 - 

     Immunosuppressives   

          Azathioprine 5 4 

          6-Mercaptopurine 2 1 

          Methotrexate 1 1 

     Biologicals - 2 
      No medication 2 4 
              

25(OH)D  (nmol/L) 
a
 64 ± 19 68 ± 32 

Calcium  (mmol/L) 
a
 2.39 ± 0.08 2.31 ± 0.13 

ALP  (U/L) 
a
      86 ± 25 

b, c
                 60 ± 8 

   
BMD lumbar spine  (g/cm

2
) 0.99 ± 0.15 0.92 ± 0.07 

     T-score  (SD)            -1.22 ± 1.11            -1.37 ± 0.71 

     Z-score  (SD)            -0.79 ± 1.09            -1.17 ± 0.73 

BMD total hip  (g/cm
2
)             0.81 ± 0.09 0.81 ± 0.06 

     T-score  (SD)            -1.50 ± 0.64            -1.08 ± 0.47 

     Z-score  (SD)            -1.13 ± 0.62            -0.87 ± 0.56 

NOTE.  Data represent mean ± SD; in the case of CDAI and CRP, ranges are shown in parentheses.
a  Reference ranges from the department of Clinical Chemistry of the VU University Medical Center:
   CRP: < 8 mg/L  ; 25(OH)D: 25 - 150 nmol/L  ; Calcium: 2.20 - 2.60 mmol/L  ; ALP: < 120 U/L.
b  N=10; ALP value of one patient with a liver function test abnormality was excluded.
c  Signifi cantly different from women with CD (p<0.01).



Chapter 2

men and women showed no statistically signifi cant differences in both healthy controls and CD 

patients (Table 3). Examination of the relationship between any of the histomorphometric 

parameters and disease activity did not reveal statistically signifi cant correlations. Also no 

correlations were found between other biochemical parameters and any of the histomorphometric 

indices.
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Table 2.  Bone structure and remodeling parameters in healthy controls and patients with CD

 Abbreviation (unit) Controls (n = 43) CD patients (n = 23) 

Bone volume BV/TV (%) 25.49  ±  4.92  18.90  ±  5.28 
a
 

Trabecular thickness Tb.Th (µm)          151.42  ±  63.46         120.61  ±  22.16 
b
 

Trabecular number Tb.N (/mm)              1.86  ±  0.54             1.81  ±  0.42 

    
Osteoid volume OV/BV (%)              2.83  ±  1.47             4.09  ±  3.12 

Osteoid thickness O.Th (µm)              7.10  ±  2.56             8.36  ±  2.07 

Mineralizing surface MS/BS (%)            10.27  ±  5.20           11.55  ±  7.84 

Mineral apposition rate MAR (µm/d)            0.746  ±  0.105           0.671  ±  0.098 
b
 

Bone formation rate BFR/BS (µm
3
/µm

2
/d)            0.080  ±  0.039           0.081  ±  0.059 

Adjusted apposition rate Aj.Ar (µm/d)            0.462  ±  0.318           0.534  ±  0.304 

Mineralization lag time Mlt (d)            21.25  ±  12.47           17.24  ±  9.39 

Figure 1.  Histomorphometric measurements on bone structure and remodeling in healthy controls and patients with CD. 

A. Bone volume (BV/TV) is decreased in CD patients. B. Trabecular thickness (Tb.Th) is decreased in CD patients. C. Osteoid 

volume (OV/BV) is unaffected in CD patients. D. Mineralizing surface (MS/BS) is unaffected in CD patients, however, note a 

subset of 9 CD patients with a very low mineralizing surface. E. Mineral apposition rate (MAR) is decreased in CD patients. 

F. Bone formation rate (BFR) is unaffected in CD patients, however, note a subset of 9 CD patients with a very low bone 

formation rate.   ** p<0.01, *** p<0.001.
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a  Signifi cantly different from the control group (p<0.001).
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Osteocyte apoptosis

Staining for cleaved caspase-3 clearly visualized apoptotic osteocytes, as depicted in Figure 2A. In 

this fi gure empty lacunae can be identifi ed as well. In transiliac bone biopsies of patients with CD, 

the total lacunar density was 293 ± 87 per mm2 bone consisting of 265 ± 76 osteocytes per mm2 

bone and 28 ± 11 empty lacunae per mm2 bone. The percentage of empty lacunae over the total 

number of lacunae was 9.27 ± 3.43 %. The number of positive osteocytes over the total number 

of osteocytes was 3.01 ± 2.23 %. None of the parameters differed statistically signifi cant between 

men and women with CD. 
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Table 3.  Bone structure and remodeling parameters in male and female patients with CD

 Abbreviation (unit) Men (n = 11) Women (n = 12) 

Cortical thickness Ct.Th (µm) 1060.6  ±  449.5 999.3  ±  418.0 

Bone volume BV/TV (%)           16.79  ±  4.58 
a
          20.90  ±  5.29 

Bone surface BS/TV (%)   3.00  ±  0.46 3.40  ±  0.56 

Trabecular thickness Tb.Th (µm) 118.02  ±  24.31        122.81  ±  20.64 

Trabecular number Tb.N (/mm)     1.63  ±  0.30 
b
 1.98  ±  0.44 

Trabecular separation Tb.Sp (µm)     522.9  ±  116.6 
b
 417.1  ±  125.2 

    
Osteoid volume OV/BV (%)   4.19  ±  3.05 4.01  ±  3.32 

Osteoid surface OS/BS (%) 15.76  ±  6.80 14.29  ±  10.16 

Osteoid thickness O.Th (µm)   8.19  ±  1.30 7.82  ±  2.07 

Osteoclast number N.Oc/TA (/mm
2
)   0.46  ±  0.37 0.39  ±  0.25 

Osteoclast surface Oc.S/BS (%)   0.87  ±  0.86 0.61  ±  0.33 

Mineralizing surface MS/BS (%) 13.30  ±  9.49 9.95  ±  5.95 

Mineral apposition rate MAR (µm/d)   0.668  ±  0.097 0.675  ±  0.102 

Bone formation rate BFR/BS (µm
3
/µm

2
/d)   0.094  ±  0.072 0.070  ±  0.045 

Adjusted apposition rate Aj.Ar (µm/d)   0.525  ±  0.285 0.543  ±  0.334 

Mineralization lag time Mlt (d)   17.66  ±  10.15          16.86  ±  9.09 

Figure 2.  Osteocyte apoptosis in patients with CD. A. Immunohistochemical staining of a bone biopsy section for cleaved 

caspase-3. Black arrowhead indicates an apoptotic osteocyte, white arrowheads indicate empty lacunae. B. Positive 

correlation between disease activity (CDAI) and the percentage of apoptotic osteocytes.
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NOTE.  Data represent mean ± SD. 
a  Tendency towards signifi cantly different from women with CD (p=0.056).
b  Signifi cantly different from women with CD (p<0.05).
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 Examination of the relationship between bone remodeling parameters and osteocyte density

as well as osteocyte apoptosis did not reveal statistically signifi cant correlations. Examination of 

the relationship between disease activity and osteocyte density as well as osteocyte apoptosis

showed a positive correlation of CDAI with the percentage of caspase-3-positive osteocytes 

(r=0.496, p=0.022; Fig. 2B).

DISCUSSION

In this study, bone structure and remodeling in transiliac bone biopsies in patients with quiescent 

CD were investigated. In short, our results indicate that trabecular bone volume was lower in CD 

patients than in healthy age- and sex-matched controls. The reduction of bone mass was more 

pronounced in men than in women, and was characterized by a reduction in trabecular thickness as 

well as trabecular number. Besides structural differences, we observed a change in bone remodeling

as indicated by a reduced mineral apposition rate in this Crohn population when compared to 

healthy controls. Bone remodeling parameters did not differ between sexes. 

 The observed low bone mass in quiescent CD patients is in agreement with previous 

studies on bone histomorphometric analysis in patients with IBD.12,14 We showed that the mild 

bone mass defi cit in quiescent CD patients is related to thinning of trabeculae. Only one other 

study published details on bone microarchitecture in IBD patients, reporting a mild cortical bone 

defi cit, but a normal amount and structure of trabecular bone in children with newly diagnosed 

IBD.13 In our study, cortical thickness in bone of CD patients was comparable to values in healthy 

controls (J. Compston, personal communication July 2010). This discrepancy might be due to 

a different response of the developing skeleton to IBD than the mature skeleton. In addition, 

patients in the study of Ward et al. were included at diagnosis, before treatment had been 

instituted, which might be a cause of the difference as well.

 The relatively small reduction in bone formation we observed in quiescent CD patients was 

also reported by Croucher et al.12 It must be mentioned that, in contrast to our population, the 

majority of their patients received prednisolone therapy at time of the bone biopsy. This is likely to 

have been a contributory factor to the bone loss and might explain the stronger reduction in bone 

formation they observe in comparison to our fi ndings. 

 Interestingly, in our study population a subset of patients had histomorphometric characteristics

resembling osteoporosis rather than osteopenia. In these patients all bone formation indices were 

low and comparable to the extent of reduction of bone formation seen by Croucher et al. Since 

recent corticosteroid treatment was an exclusion criterium in this study, current corticosteroid 

therapy cannot be the cause of the reduced bone formation in our patients. Sex, age, current 

medication use, and number of patients with small bowel resection(s) in the past were similar 

in the subset and total population. Unfortunately, prospective data on lifetime cumulative dose 

of glucocorticoids and the history of number as well as severity of relapses are not available in 

the current study. Both aspects could well be related to a more severe affected bone phenotype. 

However, a retrospective estimate showed no statistically signifi cant correlation between 

34 |



Bone histomorphometry in patients with CD

2

cumulative glucocorticoid dose and any of the bone formation parameters.

 Glucocorticoids inhibit differentiation and activity of osteoblasts and its precursor cells, and 

moreover, induce osteoblast apoptosis.22 An advantage of this study is that only patients without 

recent corticosteroid treatment were included. Inherent to this aspect, patients in this study were 

in a quiescent state of disease, which is a poorly investigated but interesting group of patients 

as there are indications that the cumulative effects of even small excesses in cytokine levels over 

many months can be clinically relevant. One of our fi ndings supporting this theory is that bone of 

male CD patients, who tended towards a longer disease duration, was more severely affected than 

bone of female patients. Men with CD in this cohort had lower bone volume and both less and 

thinner trabeculae than women with CD. The latter aspect is in contrast to observations in healthy 

controls describing no difference in bone structure between men and women.21 Moreover, in 

post-menopausal populations bone loss due to the loss of whole trabeculae has been reported

mainly in women.23 A higher bone turnover in male CD patients in this cohort, as indicated by 

higher levels of alkaline phosphatase than in the female patients, might partially explain this 

fi nding. However, direct differences in bone remodeling indices could not be detected between 

men and women with CD, which suggests the existence of differences between male and female 

patients in the past.    

 Bone resorption data were not available in the healthy control population, but when 

compared to literature osteoclast number and osteoclast surface seemed to be low in our 

patients with CD.16,24 Our data are in concordance with previous studies addressing bone 

resorption in IBD patients which showed a slight decrease in bone resorption indices in both 

children and adults with IBD.12,13 These fi ndings raise the question whether treatment with 

anti-resorptive agents is benefi cial to all CD patients with osteoporosis or osteopenia. However, 

additional data on eroded surface, resorption cavities and serum levels of bone resorption markers 

are necessary to make fi rm conclusions on bone resorption in this study population.

 Osteocyte apoptosis interrupts signaling between osteocytes and the effector cells of bone; 

osteoblasts and osteoclasts. Therefore, a lack of osteocytes or ineffi cacy of their function can 

be related to a defective bone structure and remodeling. As far as we know, osteocyte density

and apoptosis in transiliac bone biopsies of CD patients have not been studied before. From 

comparison of our fi ndings with literature it appears that osteocyte density in bone of CD 

patients is within the range observed in healthy controls.15,16 Literature on osteocyte apoptosis 

in healthy controls is limited, since the assessment of apoptotic osteocytes in bone specimens is 

relatively new in bone morphometry. Nonetheless, the percentage of apoptotic osteocytes in our 

CD population is comparable to the percentage observed in hip fracture controls by Sambrook 

et al.25 However, the percentage of empty lacunae is relatively high when compared to the controls 

in that study, and resembles more the percentage of empty lacunae observed in their prednisone-

treated patients with rheumatoid arthritis. This fi nding may be explained by an increased osteocyte 

apoptosis in the past, as empty lacunae mark sites where osteocytes have died previously. This 

hypothesis is corroborated by the positive correlation we observed between disease activity (CDAI) 

and the percentage of apoptotic osteocytes. In that case, osteocyte apoptosis might have been 

increased during an active period of disease in CD patients. However, CRP did not correlate with 
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the percentage of apoptotic osteocytes. Since CDAI is inaccurate in the low range, the correlation 

of CDAI with osteocyte apoptosis might be due to chance. Therefore the biological relevance of 

this fi nding remains to be elucidated.  

 A drawback of bone histomorphometry is a considerable measurement variation. Differences in 

staining techniques, methods to measure the specimen, as well as inter-section and inter-observer 

variance can be substantial. The number of patients studied is relatively small, but despite, it still is 

the largest series in well-characterized IBD patients. Another limitation is that IBD patients refl ect

a heterogeneous population. In this study only patients with CD were included. In addition, these 

patients were in a quiescent state of disease and had not used glucocorticoids for at least 3 

months prior to inclusion. These restrictions to patient inclusion should have reduced the impact of 

heterogeneity in this study. However, we still might have had not enough statistical power to 

detect certain differences and correlations.  

 In conclusion, in this study for the fi rst time a cohort of adult patients with quiescent CD was 

evaluated using bone histomorphometry. In these patients, bone mass is reduced as characterized

by trabecular thinning. Furthermore, our results demonstrate that CD-associated bone loss is 

caused by a reduced bone formation at the tissue level, possibly as a consequence of decreased 

osteocyte viability in the past.
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ABSTRACT

Background & Aims | Patients with Crohn’s disease (CD) are at increased risk of developing 

osteoporosis. The mechanism underlying bone loss in CD patients is only partly understood. 

Infl ammation is thought to contribute by causing a disturbed bone remodeling. In this study 

we aimed to compare functional characteristics of osteoblasts from CD patients and controls, as 

osteoblasts are one of the effector cells in bone remodeling. 

Methods | The study included 18 patients with quiescent CD and 18 healthy controls. Bone cells 

obtained from iliac crest biopsies were cultured in the absence and presence of the infl ammatory 

cytokines IL-1α, IL-1β, IL-6, TNF-α, IL-10 and TGF-β. At various time points, cell proliferation and 

differentiation were analyzed.

Results | Bone cells from CD patients showed a prolonged culture period to reach confl uence and 

a decreased cell number at confl uence. CD patient-derived bone cell cultures produced higher

alkaline phosphatase levels, whereas osteocalcin levels were considerably reduced compared 

to control cultures. At the proliferation level, the responsiveness to infl ammatory cytokines was 

similar in bone cells from CD patients and controls. At the differentiation level, CD cultures showed 

an increased responsiveness to IL-6 and a decreased responsiveness to TGF-β. Responsiveness to 

the other cytokines tested was unchanged.

Conclusion | We showed a reduced growth potential and impeded maturation of bone cells from 

quiescent CD patients in vitro. These disease-related alterations combined with an unaffected 

sensitivity of CD patient-derived bone cells to infl ammatory cytokines, provide a new insight in the 

understanding of CD-associated bone loss.
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INTRODUCTION

Patients with infl ammatory bowel disease, in particular those suffering from Crohn’s disease (CD), are 

at increased risk of developing osteoporosis. The cause of bone loss in patients with infl ammatory

bowel disease is only partly understood and is thought to include malnutrition, malabsorption, 

calcium and vitamin D defi ciency, and corticosteroid treatment.1,2 Accumulating evidence suggests 

that the infl ammatory process itself plays a pivotal role in infl ammatory bowel disease-associated 

bone loss as well. High local production of infl ammatory cytokines in infl ammatory bowel disease

likely results from inappropriate and ongoing activation of the mucosal immune system.3,4 

Levels  of pro-infl ammatory cytokines such as tumor necrosis factor alpha (TNF-α), interleukin-1 

(IL-1) and interleukin-6 (IL-6) are elevated in the circulation as well.5,6 Therefore, these cytokines 

might possibly mediate systemic effects of infl ammatory bowel disease, such as bone loss, through 

the circulation.

 In bone, locally derived infl ammatory cytokines are pivotal in the regulation of the bone 

remodeling process. In order to maintain normal bone mass, bone is continuously remodeled 

through bone resorption by osteoclasts and bone formation by osteoblasts.7 Infl ammatory 

cytokines, such as TNF-α, IL-1 and IL-6, have been shown to increase osteoclast formation and 

osteoclast function in vitro, which might result in a stimulation of bone resorption.8 On the other

hand, these cytokines seem to increase osteoblast cell growth but decrease osteoblast function

in several bone cell culture systems, suggestive of an inhibition of bone formation.9-11 As a 

consequence, the net effect of elevated pro-infl ammatory cytokine levels on bone is bone loss. 

 In vivo studies implicate a relation between infl ammation and bone loss as well. Both disease

activity and serum IL-6 levels have been reported to inversely correlate with bone mineral 

density (BMD) and the prevalence of osteoporosis in patients with infl ammatory bowel disease.12,13 

Furthermore, a monoclonal antibody against TNF-α, infl iximab, benefi cially affects markers of 

bone metabolism, and increases BMD in patients with CD.14,15 This implies that not only cytokines 

derived locally from bone, but also cytokines from the circulation might be involved in bone 

remodeling. 

 In a previous study, we revealed differences between bone from CD patients and bone from 

healthy controls by histomorphometric analysis of bone biopsies.16 Prolonged exposure to a 

small excess of infl ammatory mediators might have caused changes in bone at the tissue level, 

and possibly affects bone cell functionality as well. Therefore, in this study we aimed to compare 

the growth potential and functional characteristics of primary human bone cells from CD patients 

in quiescent state of disease with cells obtained from healthy controls. Furthermore, in order to 

determine whether bone cells from CD patients differ from cells from healthy controls with respect 

to their sensitivity to infl ammatory factors, we assessed the responsiveness of bone cells from 

quiescent CD patients and healthy controls to pro-infl ammatory and anti-infl ammatory cytokines 

on both the cell proliferation and differentiation level.
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MATERIALS AND METHODS

Study population

Eighteen patients with quiescent CD participated in this study. These patients were a subgroup 

included in a large randomized, double-blind, placebo-controlled, multicenter trial on the effect 

of risedronate in quiescent CD patients with osteopenia (n=131, Crohn and Bone Study). Patients 

were diagnosed with CD using clinical, endoscopic, histological and radiological criteria according

to Lennard-Jones.17 Patients were in remission (C-reactive protein (CRP) levels < 10 mg/L, and 

Crohn’s Disease Activity Index (CDAI) < 150), and had a lumbar spine and/or total hip bone mineral 

density (BMD) with a T-score of -1 to -2.5 SD (osteopenia). Patients with current or recent bisphos-

phonate or corticosteroid treatment (respectively <1 year and <3 months prior to inclusion) 

were excluded as well as patients with metabolic bone diseases and/or vitamin D defi ciency 

(serum 25-hydroxyvitamin D levels < 25 nmol/L). Disease-specifi c medication not belonging to the 

exclusion criteria, i.e. immunosuppressive drugs, was used by 8 out of 18 patients.

 From 9 male and 9 female CD patients aged 40.4 ± 10.7 years (mean ± SEM), transiliac bone 

biopsies were obtained at baseline (n=5) or after 2 years of placebo or risedronate treatment (n=7 

and n=6 respectively). From patients with 2 biopsies available, only the biopsy obtained at baseline 

was used. Controls included healthy donors who underwent a pre-implant bony reconstruction of 

the maxilla and/or mandible, using an autologous bone graft from the anterior iliac crest. During 

the surgical procedure superfl uous trabecular bone fragments were collected. The control group 

consisted of 10 male and 8 female subjects aged 41.0 ± 15.2 years (mean ± SEM). The study was 

approved by the Institutional Review Board of the VU University Medical Center, and all subjects 

gave written informed consent.   

Cell culture

Cell culture was performed using a modifi cation of earlier described methods.18,19 (background 

concerning bone cell culture is given in Supplementary data – section 3). Briefl y, part of the 

trabecular bone of transiliac biopsies was dissected within 1-4 hours after removal, minced into 

small fragments, washed repeatedly with PBS, and incubated with 2 mg/ml collagenase (type II; 

Worthington, NJ, USA) for 2 hours at 37°C in a shaking water bath. After washing with medium 

containing 10% Fetal Clone I (HyClone), the bone fragments were subdivided into equal portions 

and transferred to 25 cm2 culture fl asks. Culture fl asks were weighed before and after addition of 

bone fragments to determine wet weight. Wet weight of the bone portions was 71 ± 7 mg (mean 

± SEM) in healthy controls and 60 ± 5 mg in patients with CD. Culture fl asks were maintained 

at 37°C in a humidifi ed atmosphere with 5% CO
2
. The culture medium consisted of DMEM/F-12 

(Dulbecco’s Modifi ed Eagle’s Medium: nutrient mixture F-12; Gibco) with 10% Fetal Clone I, 100 U/ml 

penicillin and 100 μg/ml streptomycin mixture (Gibco), and 1.25 μg/ml fungizone (Gibco), and 

was changed twice a week. The bone phenotype of the cultured cells was confi rmed by staining 

several control cultures for the presence of alkaline phosphatase activity (ALP staining) and calcium 

phosphate deposition (von Kossa staining) (Supplementary data – section 3).
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Cell proliferation

Primary human bone cells at passage one were used to examine cell proliferation. Cells were 

seeded into 96-well culture plates (Greiner Bio-One, Frickenhausen, Germany) at a density of 

2.5x103 or 5x103 cells per well in culture medium without phenol-red, and allowed to attach over-

night. The following day, recombinant human IL-1α (10 ng/ml), IL-1β (10 ng/ml), IL-6 (10 ng/ml) 

plus its soluble receptor (IL-6sR; 100 ng/ml), IL-10 (1 ng/ml), TGF-β (10 ng/ml), or TNF-α (10 ng/ml) 

was added. Cell proliferation was determined after 3, 5, and 7 days of culture using the Cell 

Proliferation Kit II (XTT; Roche) according to the manufacturer’s instructions. Metabolically active 

cells convert the XTT reagent into a colored solution, which correlates to the number of proliferating

cells. Absorbance at 450 nm was measured using an automated plate reader (BioTek Instruments, 

Winooski, VT, USA). Experiments were performed in triplicate and repeated independently using 

material from 8-10 different donors.

Cell differentiation

Primary human bone cells at passage two were used for differentiation experiments. Cells were 

seeded into 6-well culture plates (Costar, Corning Inc.) at a density of 2.5x104 cells per well and 

grown to 50-60% confl uence. Medium was changed to osteogenic medium consisting of the 

standard medium plus 50 μg/ml ascorbic acid (Sigma) and 10 mM β-glycerophosphate (Sigma), 

and treatments were added. Treatment consisted of the addition of recombinant human IL-1α 

(1 ng/ml), IL-1β (1 ng/ml), IL-6 (1 ng/ml) plus its soluble receptor (IL-6sR; 100 ng/ml), IL-10 

(100 pg/ml), TGF-β (1 ng/ml), or TNF-α (1 ng/ml). Media and treatments were replenished twice 

a week. Three days before measurements, 10 nM vitamin D
3
 (Sigma) and 10 nM vitamin K

1
 (Sigma) 

were added to the cell cultures to facilitate bone cell maturation. After 1, 2, 4 and 6 weeks of 

culture, medium was collected to determine collagen production, cell lysates were made to 

measure alkaline phosphatase activity, and RNA was isolated to determine the expression of 

osteoblast differentiation markers. Experiments were repeated independently using material 

from 3-4 different donors.

P1NP synthesis

To ascertain collagen production by the bone cells, procollagen type 1 amino-terminal propeptide 

(P1NP) concentration in conditioned medium was assessed using the UniQ P1NP radioimmuno-

assay kit from Orion Diagnostica. Measurements were performed according to manufacturer’s 

instructions. Samples were stored at -20°C after collection until all samples of one experiment 

could be analyzed at once. 

Alkaline phosphatase activity

To quantify alkaline phosphatase (ALP) activity in cell lysates, cells were washed in PBS, lysed in 

ice-cold water, harvested by scraping, sonicated (2x 30s at 50/60 Hz), and centrifuged at 5000 rpm 

for 5 minutes. Supernatants were collected and analyzed using the ALP IFCC liquid assay (Roche), 

based on the method described by Lowry20 and according to manufacturer’s instructions. After 

measurement samples were stored at -20°C. Alkaline phosphatase activity was normalized to total 
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protein content, which was quantifi ed in all samples of one experiment at once using the BioRad 

protein assay (BioRad).

RNA isolation and real-time RT-PCR

Total RNA was isolated from cells using the RNeasy® Mini kit with an on-column DNase I 

digestion (Qiagen, Basel, Switzerland), and stored at -80°C prior to use for RT-PCR analysis. Total 

RNA concentration was measured with the Nanodrop spectrophotometer (Nanodrop Technologies).

One hundred ng of RNA was reverse-transcribed using 10 ng/μl random primers (Roche) and 5 U/μl

M-MLV Reverse Transcriptase (Promega) in a mixture containing 5 mM MgCl
2
, 1x RT-buffer, 1 mM

dNTPs each, 1 M betaine and 0.40 U/μl RNAsin. In a total volume of 20 μl, the samples were

incubated for 10 min at 25°C, 1 h at 37°C and 5 min at 95°C. Three μl of cDNA was amplifi ed

by PCR using the following primer sets: Bone specifi c alkaline phosphatase (ALP; Eurogentec) forward: 

5’-CCACgTCTTCACATTTggTg-3’, reverse: 5’-gCAgTgAAgggCTTCTTgTC-3’ ; Collagen1α1 (Col1α1; 

Eurogentec) forward: 5’-gTgCTAAAggTgCCAATggT-3’, reverse: 5’-ACCAggTTCACCgCTgTTAC-3’ ; 

Osteocalcin (OC; Invitrogen) forward: 5’-ggCgCTACCTgTATCAATgg-3’, reverse: 5’-TCAgCCAACTC-

gTCACAgTC-3’ ; and the housekeeping gene TATA-box binding protein (TB; Invitrogen) forward:

5’-ggTCTgggAAAATggTgTgC-3’, reverse: 5’-gCTggAAAACCCAACTTCTg-3’. The PCR reaction

was performed on the iCycler system (BioRad) and consisted of an initial denaturation step for 

3 min at 95°C, followed by 40 amplifi cation cycles (15 sec at 95°C, 1 min at 60°C) in a total volume 

of 25 μl containing 300 nM primers and SYBR® Green Supermix (BioRad). Following PCR a melting 

curve was run to check the specifi city of the reaction. Data were analyzed with the iCycler IQTM 

software, and compared using the ∆∆Ct method. 

Statistical analysis

Data are expressed as mean ± standard error of the mean (SEM). Results are presented as 

treatment-over-control ratios (T/C ratios). Culture characteristics of bone cells from healthy controls

and CD patients were compared using a two-tailed Student’s t test. Differences between cultures 

from baseline, follow-up placebo-treated and follow-up risedronate-treated CD patients were tested

by univariate ANOVA and Bonferroni’s post hoc test. Data from control and experimental cell cultures

were compared using univariate ANOVA and Dunnett’s post hoc test. All analyses were performed 

using SPSS for Windows version 16.0. A p-value of <0.05 was considered statistically signifi cant.  

RESULTS

Cell culture

Cell outgrowth from the bone fragments was visible after 1-4 days of culture for both fragments

obtained from healthy controls and from patients with CD. At confl uence, control cultures 

contained elongated cells showing parallel alignment (Fig. 1A). CD cultures hardly reached 

confl uence, however, at their maximal cell density CD cultures frequently showed a less organized 

cell pattern with more polygonal-shaped cells (Fig. 1B). Control cultures reached confl uence after
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28 ± 2 days, whereas cultures from CD patients reached maximal cell density after 47 ± 3 days 

(p<0.001; Fig. 1C). The cell number at fi rst passage was (62 ± 5) x104 cells/culture fl ask for control 

cultures, but only (31 ± 5) x104 cells/culture fl ask for CD cultures (p<0.001; Fig. 1D). The differences

in cell growth and cell number were independent of the wet weight of the bone portions as well as 

gender, age and BMD of the subjects. Moreover, cell growth and cell number were not signifi cantly

different between cultures from CD patients with and without using immunosuppressive drugs.

Cell proliferation

Cell density did not infl uence the proliferative response of bone cells to infl ammatory cytokines, 

since no statistically signifi cant difference in cell proliferation was observed between cytokine-

treated cultures seeded at 2.5x103 and 5x103 cells/well. Therefore, analysis was performed on 

pooled data obtained from cultures at both cell densities. Bone cells from CD patients were 

obtained from both patients at baseline and follow-up (either placebo or risedronate-treated). 

Statistical analysis showed no difference in cell proliferation between cultures obtained from 

baseline, follow-up placebo-treated and follow-up risedronate-treated patients. Thus, data were 

pooled for further statistical analysis.

 Cell proliferation was statistically signifi cant lower in cultures from CD patients treated with 

immunosuppressive drugs when compared to cultures from healthy controls as well as to cultures 

Figure 1.  Reduced cell growth and decreased cell number of primary human bone cells from patients with CD in 
comparison to bone cells from healthy controls. A. Cell number and morphology of primary human bone cells from healthy 
controls at confl uence (P0); magnifi cation x40. B. Cell number and morphology of primary human bone cells from patients 
with CD at their maximal cell density (P0); magnifi cation x40. C. Time to reach maximal cell density was considerably higher 
in bone cell cultures from CD patients than in cultures from healthy controls. D. Cell number at fi rst passage was remarkably 

lower in CD cell cultures compared to healthy control cell cultures.   *** p<0.001.
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from CD patients not receiving any treatment (both p<0.001). The proliferative response of bone 

cells to the tested infl ammatory cytokines was similar in cultures from healthy controls and CD 

patients, and was independent of the use of immunosuppressive drugs. IL-1α increased the 

proliferation of primary human bone cells in a time-dependent manner compared to untreated

cell cultures (Fig. 2A). Cell proliferation increased by 58% in healthy controls and by 69% in 

patients with CD. Addition of IL-1β to primary human bone cell cultures resulted in an increase of 

cell proliferation (Fig. 2B), which was time-dependent in healthy control cultures, with a maximum 

increase of 48%. In cultures from CD patients the increase of proliferation was constant over time, 

with a maximum increase of 39%. IL-6 slightly increased cell proliferation over time in healthy 

Figure 2.  The effect of pro-infl ammatory and anti-infl ammatory cytokines on the proliferation of primary human bone 
cells from healthy controls and from patients with CD. Cells were cultured in the presence of vehicle or the infl ammatory 
cytokines IL-1α (10 ng/ml), IL-1β (10 ng/ml), IL-6 (10 ng/ml), IL-10 (1 ng/ml), TGF-β (10 ng/ml), or TNF-α (10 ng/ml) for 
3, 5, and 7 days. Data represent ‘cytokine-treated’-over-control (T/C) ratios: proliferation of the vehicle condition of each 
study population and of each measured time point separately was set at 1.0 (dashed line; T/C=1 is no effect).   * p<0.05, 

** p<0.01, *** p<0.001 compared to vehicle-treated cells, and # p<0.05 compared to control cultures.
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control cultures, although this effect did not reach statistical signifi cance (Fig. 2C). Proliferation of 

CD cultures was also not affected by IL-6. IL-10 increased proliferation of bone cells from healthy 

controls by 79% and proliferation of bone cells from CD patients by 104% (Fig. 2D). TGF-β and 

TNF-α did not affect the proliferation of primary human bone cells from either healthy controls or 

patients with CD (Fig. 2E and 2F).  

Cell differentiation

Levels of differentiation markers showed no statistically signifi cant difference between cultures 

obtained from baseline, follow-up placebo-treated and follow-up risedronate-treated CD patients. 

Therefore, data were pooled for further statistics. 

 The basal phenotype of bone cells from healthy controls and CD patients was compared based 

on RNA expression and protein levels of several osteoblast differentiation markers (Table 1). All 

differentiation markers showed a relatively constant level over time, therefore data of all time 

points were analyzed together as well. Due to the limited number of experiments, no distinction

could be made between the bone phenotype of cultures from CD patients with and without using

immunosuppressive drugs. Collagen levels were comparable between bone cell cultures from 

healthy controls and CD patients (RNA p=0.401; protein p=0.638). Alkaline phosphatase RNA levels 

were 30% higher in CD cultures when compared to healthy control cultures (p=0.001), and  alkaline

phosphatase activity increased by 20% in CD cultures (p=0.001). Osteocalcin RNA levels were 

decreased by 72% in CD cultures when compared to healthy control cultures (p<0.001).  

NOTE.  Data represent mean ± SEM. 
# Total: pooled data from all time points tested
a Statistically signifi cant different from the control group (p<0.001)
b Statistically signifi cant different from the control group (p<0.01)
c Statistically signifi cant different from the control group (p<0.05)

 

  Time (weeks) 
        Total  # 

1 2 4 6 

Rel. Col1α1 expression 

Control        925 ± 60      1110 ± 98        697 ± 62        750 ± 102         870 ± 43 

CD      1485 ± 99 
a
      1015 ± 86        630 ± 104        516 ± 100         934 ± 63 

P1NP level 
 

(µg/mg protein) 

Control       3.93 ± 0.22       4.07 ± 0.39       2.78 ± 0.24       2.70 ± 0.27        3.39 ± 0.15 

CD       4.81 ± 0.37       4.44 ± 0.39       2.93 ± 0.38       1.84 ± 0.31        3.52 ± 0.21 

Rel. ALP expression 

Control     13.65 ± 1.38     15.85 ± 1.48     15.24 ± 2.38     14.39 ± 1.85      14.80 ± 0.91 

CD     20.55 ± 1.75 
b
     17.54 ± 1.19     21.34 ± 2.43     16.72 ± 2.16      19.17 ±  0.97 

a
 

ALP activity   
 

(µmol/mg protein/min) 

Control       0.80 ± 0.06       1.02 ± 0.06       0.93 ± 0.09       0.91 ± 0.10        0.91 ± 0.04 

CD       0.91 ± 0.09       1.06 ± 0.08       1.28 ± 0.07 
b
       1.14 ± 0.08          1.10 ±  0.04 

a
 

Rel. OC expression 

Control       7.09 ± 1.16       5.56 ± 0.74       5.67 ± 1.36       5.26 ± 1.32        5.90 ± 0.58 

CD       1.89 ± 0.33 
a
       1.56 ± 0.42 

a
       1.05 ± 0.18 

c
       2.16 ± 0.52        1.65 ±  0.19 

a
 

Table 1.  Basal expression and protein levels of differentiation markers in bone cells from controls and CD patients
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 At the differentiation level, the responsiveness of bone cells from healthy controls and CD 

patients to infl ammatory cytokines could not be evaluated for each time point separately due to 

insuffi cient statistical power. Analysis of data from all time points together revealed an in general 

comparable response to the tested infl ammatory cytokines in healthy control cultures and CD 

cultures (Fig. 3). Details are described below.

48 |

Figure 3.  The effect of pro-infl ammatory and anti-infl ammatory cytokines on the differentiation of primary human bone 
cells from healthy controls and from patients with CD. Cells were cultured in the presence of vehicle or the infl ammatory 
cytokines IL-1α (10 ng/ml), IL-1β (10 ng/ml), IL-6 (10 ng/ml), IL-10 (1 ng/ml), TGF-β (10 ng/ml), or TNF-α (10 ng/ml). 
Data represent ‘cytokine-treated’-over-control (T/C) ratios: differentiation of the vehicle condition of each study population 
individually was set at 1.0 (dashed line; T/C=1 is no effect).   * p<0.05, ** p<0.01, *** p<0.001 compared to vehicle-treated 
cells, and  # p<0.05, ## p<0.01 compared to control cultures.
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 Collagen 1α1 expression (Fig. 3A) was decreased by IL-1α in both healthy control cultures 

and CD cultures to respectively 41% and 35% of vehicle-treated cultures (both p<0.001). IL-10 

decreased collagen 1α1 expression to 65% of vehicle-treated cultures only in cultures from healthy 

controls (p=0.004). TNF-α tended to decrease collagen 1α1 expression in CD cultures (p=0.052). 

As healthy control cultures did not respond to TNF-α, nor to IL-6, the responsiveness of bone cells 

to these cytokines differed signifi cantly between healthy control cultures and CD cultures (p=0.003 

and p=0.002 resp.). Collagen (P1NP) production (Fig. 3B) was decreased by IL-1α in both healthy 

control cultures and CD cultures to respectively 67% and 46% of vehicle-treated cultures (p<0.001 

and p=0.002 resp.). 

 Alkaline phosphatase expression (Fig. 3C) and activity (Fig. 3D) were signifi cantly increased by 

IL-1α only in healthy control cultures to respectively 203% and 139% of vehicle-treated cultures 

(p=0.015 and p=0.005 resp.). Since alkaline phosphatase expression and activity tended to increase 

in CD cultures as well, the responsiveness to IL-1α was not statistically signifi cant different between 

control and CD cultures. IL-6 increased alkaline phosphatase activity in cultures from CD patients 

to 132% of vehicle-treated cultures (p=0.022). As healthy control cultures did not respond to IL-6,

the responsiveness of bone cells to this cytokine differed signifi cantly between healthy control 

cultures and CD cultures (p=0.035). TGF-β decreased alkaline phosphatase activity only in cultures 

from healthy controls to 66% of vehicle-treated cultures (p=0.008).  

 Osteocalcin expression (Fig. 3E) was decreased by IL-1α in both healthy control cultures and 

CD cultures to respectively 32% and 27% of vehicle-treated cultures (p=0.006 and p=0.031 resp.). 

IL-10 decreased osteocalcin expression in healthy control cultures by 42% of vehicle-treated 

cultures (p<0.001) and caused a tendency towards a decrease in CD cultures (p=0.058). In addition, 

only in healthy control cultures TGF-β decreased osteocalcin expression to 58% of vehicle-treated 

cultures (p=0.002). As CD cultures did not respond to TGF-β, the responsiveness of bone cells to 

this cytokine differed signifi cantly between healthy control cultures and CD cultures (p=0.020).

DISCUSSION

In the present study, we demonstrated that the growth potential of primary human bone cells 

obtained from patients with quiescent CD is diminished in comparison to that of bone cells from 

healthy controls. A reduced growth rate and a decreased cell number at maximal cell density were 

observed in bone cell cultures from CD patients. Although bone mineral density did not correlate 

with the changes in growth rate and cell number, a lower bone cell density in the bone fragments 

of patients with CD might have caused the observed difference. Cell growth and viability are not 

only related to (initial) cell density but to cell morphology as well.21 In this study, cultured healthy 

control bone cells had an elongated cell shape and showed parallel alignment at confl uence. CD 

bone cell cultures showed a less organized cell pattern with more polygonal-shaped cells at their 

maximal cell density. Therefore, the decreased growth potential of cells from our CD patients might 

also be related to a change in cell morphology. In this study no data on cell survival are available. 

Whether increased apoptosis in CD patient-derived bone cells has accounted for the observed 
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decrease in cell growth and cell number as well as for the observed changes in cell organization 

level remains to be elucidated. Nonetheless, taken together, our fi ndings suggest a phenotypic 

alteration in osteoblasts of patients with CD. 

 A second interesting fi nding is an impeded maturation of primary human bone cells obtained

from patients with CD when compared to that of bone cells from healthy controls. Alkaline 

phosphatase RNA and protein levels were elevated in bone cells from CD patients, whereas 

osteocalcin RNA levels were considerably reduced in cells from CD patients. Osteocalcin is produced

in well-differentiated osteoblasts. The downregulation of this protein in cultures of CD patients 

might imply that bone cells of patients with CD stagnate in their development before reaching a 

fully mature phenotype. The differences in expression of osteoblast differentiation markers in bone 

cells from CD patients again pinpoint towards a functional change in this cell. Studies in the fi eld 

of immunology and oncology, have increased the awareness of the role of microenvironmental 

factors, including persistent subclinical infl ammation, in the determination of a cell’s phenotype.22-24 

Therefore, we propose that the observed alterations in both cell proliferation and function of 

bone cells from CD patients in vitro might refl ect disease-specifi c modifi cations caused by chronic 

subclinical infl ammation or other CD-related factors in vivo. 

 Since phenotypic differences between bone cells from CD patients and healthy controls 

might affect their responsiveness to infl ammatory cytokines, we studied the effect of several 

pro-infl ammatory and anti-infl ammatory cytokines on the proliferation and differentiation 

of primary human bone cells from both healthy controls and patients with CD. In general, the 

response to the tested infl ammatory cytokines was comparable between cultures from healthy 

controls and cultures from CD patients. However, bone cells from CD patients showed an enhanced 

responsiveness to IL-6 during the early to intermediate phase of differentiation, as refl ected by 

reduced collagen expression and elevated alkaline phosphatase activity in comparison to IL-6 

treated healthy control bone cell cultures. The increased sensitivity for IL-6 in CD bone cells 

suggests a pivotal role for IL-6 in the pathogenesis of CD-associated bone loss, especially when 

considering elevated serum IL-6 levels commonly observed in CD patients with active disease.

CD patient-derived bone cells seemed to have a decreased responsiveness to TGF-β during

the intermediate to late phase of differentiation, as refl ected by unaffected differentiation 

markers in comparison to decreased alkaline phosphatase and osteocalcin levels in cultures from 

healthy controls. However, it must be mentioned that CD cultures had strongly reduced basal 

levels of osteocalcin, which might have hampered the detection of a decrease of this late phase 

differentiation marker in bone cells from CD patients. All taken together, these fi ndings indicate 

that bone cells from CD patients remain susceptible to elevated levels of circulating infl ammatory 

cytokines. As such, our results fi t in with the current view on the importance of infl ammation in 

CD-associated bone loss.

 One of the strengths of this study is the use of a primary human bone cell culture system. 

Previous studies have shown that human primary cultures are more representative of the in vivo 

osteoblast and therefore more suitable to study the mechanism of (infl ammation-induced) bone 

loss than the commonly used animal or cell line culture systems.25 A disadvantage of the use of 

primary human bone cells is the relatively mature state of the cells, which impaired us to study the 
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early phase of osteoblast differentiation.

 In this study, for the fi rst time isolated bone cells from patients with quiescent CD were studied.

Characteristics of bone cells from CD patients were directly compared with bone cells from healthy 

controls, thereby excluding bias from methodological variations. A drawback of this study might 

be the pooling of CD patients treated with a bisphosphonate or placebo. However, proliferation 

as well as differentiation of the bone cells was comparable between bisphosphonate-treated 

and placebo-treated patients, and therefore bisphosphonate treatment is not likely to have 

infl uenced the outcome of this study. On the other hand, bone cells from patients treated with 

immunosuppressive drugs showed a greater reduction in cell proliferation than bone cells of 

patients not receiving any treatment. Data on a direct effect of immunosuppressive drugs on 

bone cells are scarce. Possibly, this fi nding is indirectly caused by a relatively more active state 

of disease in patients on immunosuppressive therapy when compared to patients not receiving 

any treatment.   

 In conclusion, we demonstrated a reduction in the growth potential of primary human bone 

cells obtained from patients with quiescent CD in comparison to bone cells obtained from healthy 

controls. In addition, we showed an impeded maturation of CD patient-derived bone cells. The 

overall responsiveness of bone cells from CD patients to infl ammatory cytokines, known to 

be involved in active disease, remained largely unchanged. Therefore, the disease-specifi c, 

phenotypic alterations combined with the unaffected sensitivity of CD patient-derived bone cells 

to infl ammatory cytokines, provide a new insight in the understanding of bone loss frequently 

observed in patients with CD.
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ABSTRACT

Background & Aims | Patients with infl ammatory bowel disease (IBD) frequently suffer from 

extra-intestinal manifestations such as osteoporosis. Circulating infl ammatory factors have been 

proposed to be involved in the process of bone loss. In this study, the effect of serum from adult 

patients with IBD on bone cell culture was assessed. Additionally, the cytokine content of serum 

from IBD patients was determined in order to identify those factors that most strongly affected 

bone cell metabolism in vitro. 

Methods | Primary human healthy control (HC) bone cells were cultured in the presence of sera 

from 25 Crohn’s disease (CD) patients and 9 ulcerative colitis (UC) patients in both active and 

quiescent state of disease. The effect of patients’ serum on bone cell proliferation was compared 

with that of pooled serum of healthy controls. A protein array consisting of 174 cytokines and 

chemokines was used to semi-quantitatively measure levels of these proteins in serum from 12 CD 

patients and 6 UC patients.

Results | Compared with the HC serum pool, one third of the sera from IBD patients decreased 

bone cell proliferation time-dependently. Serum from male IBD patients more often negatively

infl uenced bone cell proliferation than serum from female patients. Comparison of the cytokine 

profi le between sera that reduced bone cell proliferation and those that did not, revealed possible

differences with respect to CC-chemokines and hormones. Quantitative measurements of MCP-1

(CCL2) showed a positive correlation between serum levels of this protein and bone cell 

proliferation.

Conclusion | This study showed that exposure to IBD patient serum reduced bone cell 

proliferation in vitro, which implicates a possible mechanism for the bone loss observed in IBD 

patients in vivo. CC-chemokines and hormones, in particular MCP-1 and sex hormones, might be 

of potential importance in this process.
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INTRODUCTION

Infl ammatory bowel disease (IBD), comprising Crohn’s disease (CD) and ulcerative colitis (UC), is a 

chronic infl ammatory disorder of the gastrointestinal tract. Patients with IBD frequently suffer from 

extra-intestinal manifestations such as osteoporosis. The cause of bone loss in IBD patients has not 

been clearly established, though malnutrition, malabsorption, calcium and vitamin D defi ciency, 

and corticosteroid treatment are known to be involved.1 An increasing number of both clinical and 

laboratory data suggest that the infl ammatory process underlying IBD plays an important role in 

IBD-associated bone loss as well.2-4 

 In vivo studies using measurements of bone mineral density (BMD) and markers of bone 

turnover suggested bone loss in IBD patients to be the result of an increased bone resorption.5,6 

More recently, however, evidence has emerged that bone formation might be primarily impaired 

in patients with IBD.7-10 Infl ammatory mediators are known to affect both bone resorption and 

bone formation. (Pro-)Infl ammatory cytokines, such as tumor necrosis factor alpha (TNF-α), 

interleukin-1 (IL-1) and interleukin-6 (IL-6), have been demonstrated to increase osteoclast 

formation and osteoclast function in vitro.11,12 In addition, these cytokines have been reported 

to increase osteoblast cell growth but decrease osteoblast function in vitro.13-15 Patients with 

IBD have elevated concentrations of infl ammatory mediators both locally and in the circulation. 

Consequently, bone cells from IBD patients in vivo are exposed to a wide variety of infl ammatory

factors simultaneously. Therefore, not the infl uence of a single cytokine but rather the interplay

between numerous cytokines is likely to determine the net effect on bone cell function and 

metabolism. 

 The effect of patients’ serum, containing a cocktail of infl ammatory factors, on bone cell 

metabolism has been evaluated in only a limited number of studies. Two studies assessed the 

effect of serum from juvenile idiopathic arthritis patients on either murine metatarsal cultures 

or cultures of human osteoblasts. Serum samples of arthritis patients were associated with a 

reduced metatarsal growth,16 and inhibited differentiation and increased apoptosis in osteoblast 

cultures.17 Three studies determined the effect of serum from IBD patients on either organ or cell 

cultures of rat parietal bones. Serum from newly diagnosed untreated children with CD, but not 

with UC, reduced bone formation and mineralization. Bone cell proliferation and resorption were 

not affected by the presence of IBD patients’ serum.18-20 A drawback from these studies is that the 

factor(s) involved in the inhibitory effect of patients’ serum on bone cell metabolism could not be 

established. 

 Identifi cation of the infl ammatory factors mediating the effects on bone cell metabolism might 

be crucial for the understanding of the etiopathogenesis of IBD-associated bone loss, as well as for 

the development of more specifi c therapies to treat bone loss in IBD patients. Therefore, the aims 

of this study were to (1) assess the effect of serum from adult patients with IBD on primary human 

bone cells and (2) determine the cytokine content of serum from IBD patients in order to identify 

the factor(s) most strongly affecting bone cell metabolism in vitro.
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MATERIALS AND METHODS

Study population

Patients were recruited from the outpatient clinic of the department of Gastroenterology at the VU 

University Medical Center in Amsterdam. Patients were diagnosed with CD or UC using established

clinical, endoscopic, histological and radiological methods according to Lennard-Jones.21 

Remission was defi ned as C-reactive protein (CRP) levels below 15 mg/L and active disease as 

CRP levels above 15 mg/L. Co-morbidity infl uencing bone metabolism, such as renal insuffi ciency,

hypo-/hyperthyroidism, and metabolic bone diseases, belonged to the exclusion criteria. 

Furthermore, patients in remission were excluded when currently or recently using corticosteroids 

and anti-TNF treatment (<6 months prior to inclusion).

NOTE.  Data represent mean ± SD. 
CRP levels are additionally shown as range.

Table 1.  Patient characteristics

 Thirty-four IBD patients were included.

Patient characteristics are summarized 

in Table 1. Whole blood was obtained by 

venipuncture, allowed to clot, and spun for 

10 minutes at 1900 g within 30 minutes of 

collection. Serum was aspirated, aliquoted, 

and frozen at -80°C until use. Serum was 

also obtained from 30 healthy volunteers. 

Erythrocyte sedimentation rate (ESR) and 

CRP levels were determined. Serum from all 

individuals with BSE <10 mm/hr and CRP 

<8 mg/L was pooled to obtain a healthy 

control (HC) serum pool (n=28, 13 men and 

15 women; mean age 36 ± 13 yrs). All sam-

ples were thawed only once. The study was 

approved by the Institutional Review Board 

of the VU University Medical Center, and all 

individuals gave written informed consent.   

Cell culture

Superfl uous trabecular bone fragments were collected from healthy donors who underwent a 

pre-implant bony reconstruction of the maxilla and/or mandible using an autologous bone graft 

from the anterior iliac crest. Cell culture was performed using a modifi cation of earlier described 

methods.22,23 Briefl y, trabecular bone fragments were minced into small pieces, washed repeatedly 

with PBS, and incubated with 2 mg/ml collagenase (type II; Worthington, NJ, USA) for 2 hours at 

37°C in a shaking water bath. After washing with medium containing 10% Fetal Clone I (HyClone), 

the bone fragments were subdivided into equal portions and transferred to 25 cm2 culture fl asks.

Culture fl asks were maintained at 37°C in a humidifi ed atmosphere with 5% CO
2
. The culture medium

consisted of DMEM/F-12 (Dulbecco’s Modifi ed Eagle’s Medium: nutrient mixture F-12; Gibco) with 

 IBD patients 
(n=34) 

Gender  (m/f) 14 / 20 

Age  (years)         36.9 ± 8.5 

CD / UC  (n)             25 / 9 

Disease activity  

   active disease / remission    5 / 29 

   active disease CD / UC (n) 1 / 4 

   CRP (mg/L)   8.5 ± 15.5 
  [1 – 87] 

Disease duration  (years)         14.0 ± 7.0 

Age at diagnosis  (years)         24.0 ± 10.0 

            
25(OH)D  (nmol/L)            61 ± 22 

ALP  (U/L)            72 ± 22 

BMD lumbar spine  (g/cm2)         0.97 ± 0.12 

    T-score  (SD)        -0.99 ± 1.01 

BMD femoral neck  (g/cm2)         0.86 ± 0.10 

    T-score  (SD)        -0.95 ± 0.77 
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10% Fetal Clone I, 100 U/ml penicillin and 100 μg/ml streptomycin mixture (Gibco), and 1.25 μg/ml

fungizone (Gibco), and was changed twice a week. The bone phenotype of the cultured cells was 

confi rmed by staining several cultures for the presence of alkaline phosphatase activity (ALP staining)

and calcium phosphate deposition (von Kossa staining).

Cell proliferation

To examine cell proliferation primary human bone cells at passage one were used. Cells were seeded

into 96-well culture plates (Greiner Bio-One, Frickenhausen, Germany) at a density of 2.5x103 or 

5x103 cells per well in culture medium without phenol-red, and allowed to attach overnight. The 

following day, medium was replaced by fresh medium containing either 10% of the HC serum pool 

or 10% of individual patient’s serum. Cell proliferation was determined after 3, 5, and 7 days of 

culture using the Cell Proliferation Kit II (XTT; Roche) according to the manufacturer’s instructions. 

Metabolically active cells convert the XTT reagent into a colored solution, which directly correlates 

to the number of proliferating cells. Absorbance at 450 nm was measured using an automated 

plate reader (BioTek Instruments, Winooski, VT, USA). Experiments were performed in triplicate and 

repeated independently using material from 2-3 different bone cell donors.

Serum cytokine levels

A RayBio Human Cytokine Antibody Array G Series 2000 (RayBiotech, Norcross, USA) was used 

to semi-quantitatively assay 174 cytokines in serum simultaneously. A list of cytokines present 

on the array can be found at http://www.raybiotech.com/map/human_G_Series_2000_map.pdf.

The signals were captured using a laser scanner (Agilent Technologies, Santa Clara, USA). 

ScanAlyze software (Eisen Lab, Berkeley, USA) was used to measure spot intensities. Relative protein 

concentrations were obtained by normalization to the positive controls on the same array. 

 Enzyme-linked immunosorbent assays (ELISAs) were performed to quantitatively determine 

serum levels of the following cytokines (detection ranges in parentheses): IL-1α (R&D; 8-1000 

pg/ml), IL-1β (Sanquin; 5-600 pg/ml), IL-6 (R&D; 10-1200 pg/ml), IL-8 (Sanquin; 10-1500 pg/ml), IL-13

(Sanquin; 4-500 pg/ml), TNF-α (Sanquin; 3-400 pg/ml), and MCP-1 (R&D; 16-2000 pg/ml). Serum 

samples were measured at 2x, 10x and 100x dilution to fall into the detection ranges of the assays.

Statistical analysis

Results are presented as treatment-over-control ratios (T/C ratios). Data from control and 

experimental cell cultures were compared using univariate ANOVA and Dunnett’s post hoc test. 

Correlations were calculated using Spearman’s rank correlation coeffi cient, or Chi squared test  

for nominal variables. Analyses were performed using SPSS for Windows version 16.0 (SPSS. Inc., 

Chicago, USA) and GraphPad Prism 4 (GraphPad Software, San Diego USA). A p-value of <0.05 was 

considered statistically signifi cant.    

Array statistics

Samples were normalized using a quantile normalization (see Bolstad et al.24) on log2-transformed 

data, which essentially makes the distribution of values per sample the same across all samples. 
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Differentially expressed proteins between patient samples and the control pool were identifi ed 

using an empirical-Bayes model,25 which also corrected for an array effect as 3 arrays were used. 

Specifi cally, we fi tted the model:

expression protein i = intercept + b*patient_sample + c*array + error

where i indicates which protein is considered, the intercept represents the average expression level 

of the protein for the control pool and array 2, b represents the difference between the protein 

expression of the control pool and patient samples, and c accounts for a possible remaining array 

effect. This is essentially a classic regression model which, after being fi tted, has improved variance 

estimates computed for the parameter b by looking at b’s variance estimate distribution obtained 

for all proteins. This means that the interpretation of the results is similar to that in classic regression.

To test if the protein expression differed between patient samples and the control pool, the p-value 

corresponding to b was extracted per protein. Subsequently, those p-values were corrected for 

multiple testing using Benjamini-Hochberg’s FDR.26 A similar empirical-Bayes model was used to 

compare the expression levels per protein between CD and UC patients as well as between cultures 

affecting bone cell proliferation and those that did not.

 In the above, we looked for proteins that were individually differentially expressed between 

sets of samples. Since there was also interest in knowing whether groups of proteins behave 

differently between sets of samples, global testing was used.27 Proteins were grouped according 

to their function. Then, for each group the expression was compared between sets of samples as 

defi ned by either one of the following variables: sample type (patient sample or control pool); culture 

effect (yes or no); and disease type (CD or UC). Since here again a number of comparisons are made 

simultaneously, computed p-values (per protein type and per comparison) are corrected for multiple

testing using Bonferroni’s method.

 All the calculations were performed using the R statistical package (R Development Core team, 

2010) version 2.11 and the packages limma and global test.

RESULTS

Effect of IBD patient serum on osteoblast proliferation

To determine whether serum from adult patients with IBD affects osteoblast proliferation, we 

cultured primary human bone cells from healthy control donors in the presence of 10% serum 

from 25 CD patients and 9 UC patients. The effect of patient’s serum on bone cell proliferation 

showed a large variation among individual patients. In comparison to a HC serum pool, serum from 

6 CD patients and 3 UC patients decreased bone cell proliferation up to 20% after 3 days of culture. 

After 5 days of culture, serum from 8 CD patients and 4 UC patients reduced bone cell proliferation 

up to 25%. After 7 days of culture, the same 12 IBD patients’ sera caused an up to 30% decrease in 

bone cell proliferation (Fig. 1).
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Cytokine content of IBD patients’ serum 

Serum profi le of 174 cytokines/chemokines

Serum profi ling was performed by semi-quantitative measurements of the concentrations of 174 

cytokines and chemokines in serum from 12 CD patients and 6 UC patients. Exploration of the raw 

data showed that two samples (one CD and one UC patient) were outliers. In particular the spot 

intensities of these samples were shifted to the right, as such being considerably larger than the 

other samples. To avoid bias of the results, these samples were left out of further analysis.

 Comparison of the protein profi le between the HC serum pool and serum from IBD patients 

revealed 8 differentially expressed proteins with a p-value below 0.05 and a false discovery rate 

(FDR) of less than 50% (Table 2). 
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Figure 1.  Effect of IBD serum on the proliferation of primary human healthy control bone cells. Data represent treatment-
over-control (T/C) ratios with treatment being serum from IBD patients. The proliferation of the control condition, being 
pooled serum of healthy controls, was set at 1.0 (dashed line; T/C=1 is no effect). After 7 days of culture, sera from CD and 
UC patients with both active (CD patient nr 11, and UC patient nr 1, 4, 6 and 7) and quiescent state of disease negatively 
affected bone cell proliferation.   * p<0.01.

Protein 
Fold change 

IBD vs. HC pool 
P-value FDR 

IL-8 0.62  (0.41 – 0.83) 0.0009 0.15 

ICAM-1 0.36  (0.16 – 0.56) 0.0056 0.35 

Lymphotactin 0.87  (0.76 – 0.96) 0.0067 0.35 

IGF-1 SR 0.90  (0.79 – 1.02) 0.0084 0.35 

Axl 1.54  (1.33 – 1.75) 0.0097 0.35 

GITR-ligand 0.83  (0.70 – 0.95) 0.0118 0.36 

EGF 0.76  (0.57 – 0.95) 0.0181 0.46 

IL-13 1.50  (1.00 – 1.86) 0.0209 0.47 

 
NOTE. Data are expressed as mean fold change (95% CI) in comparison to HC serum pool;  FDR: false discovery rate.
Proteins in bold are 1.5 fold or more increased or decreased in IBD sera.

Table 2.  Proteins differentially expressed between healthy control and IBD sera

CD patients UC patients
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The potentially relevant proteins exhibit a fold change of at least 1.5 fold: IL-8 and ICAM-1 

(inter-cellular adhesion molecule 1) were present at signifi cantly lower levels in IBD patient serum,

and Axl (receptor tyrosine kinase) and IL-13 were present at signifi cantly higher levels in IBD 

patients’ serum.

 Comparison of the protein profi le between serum from CD patients and serum from 

UC patients revealed 11 differentially expressed proteins with a p-value below 0.05 and a FDR 

of less than 50% (Table 3). 

The potentially relevant proteins exhibit a fold-change of at least 1.5 fold: GRO (growth-related

oncogene), TRAIL R3 (TNF-related apoptosis-inducing ligand receptor 3), MMP-1 (matrix metallo-

proteinase 1), E-Selectin (endothelial leukocyte adhesion molecule), and LIF (leukemia

inhibitory factor) were present at signifi cantly lower levels in serum from CD patients, whereas 

levels of IGF-II (insulin-like growth factor 2) were signifi cantly higher in serum from CD patients.    

 Comparison of the protein profi le between IBD sera which negatively affected bone cell 

proliferation and IBD sera that did not, revealed no differentially expressed proteins.

Serum profi le of groups of infl ammatory factors

Since the combination of a small sample size and a small effect size lowers the power to identify

individual differentially-expressed proteins, we continued the analysis by grouping the 174 

infl ammatory factors on the array into 14 groups. Protein categories included anti-infl ammatory

proteins, cell adhesion proteins, C-chemokines, CC-chemokines, CXC-chemokines, enzymes, 

growth factors, hormones, IL-1 receptor/binding proteins, IL-6 family cytokines, TGF-β superfamily 

cytokines, TNF family cytokines, Th1 cytokines, and Th2 cytokines. Supplementary data – Section 4 

shows which proteins are classifi ed into each category.

 Comparison of the protein profi le of the HC serum pool with that of IBD patient sera revealed

differential expression of the group of proteins involved in cell adhesion (p=0.0190). When 

Table 3.  Proteins differentially expressed between CD and UC patient sera
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Protein 
Fold change 
CD vs. UC P-value FDR 

MCP-4 1.31  (1.05 – 1.57) 0.0002 0.27 

GRO 0.62  (0.39 – 0.84) 0.0051 0.27 

IGF-ll 2.16  (1.19 – 3.12) 0.0058 0.27 

TRAIL R3 0.62  (0.40 – 0.85) 0.0061 0.27 

I-309 0.72  (0.56 – 0.87) 0.0074 0.27 

MMP-1 0.32  (0.21 – 0.43) 0.0096 0.29 

Angiogenin 1.19  (1.08 – 1.29) 0.0146 0.33 

IL-3 1.07  (0.90 – 1.24) 0.0159 0.33 

E-Selectin 0.37  (0.18 – 0.56) 0.0167 0.33 

CD14 1.07  (0.88 – 1.26) 0.0222 0.40 

LIF 0.64  (0.52 – 0.77) 0.0302 0.49 

NOTE. Data are expressed as mean fold change (95% CI) in comparison to UC serum;  FDR: false discovery rate.
Proteins in bold are 1.5 fold or more increased or decreased in CD sera.
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the protein profi le of sera from CD patients was compared with that of sera from UC patients, 

three groups of proteins showed differential expression, including CXC-chemokines (p=0.0296), 

enzymes (p=0.0371) and Th2 cytokines (p=0.0436). Comparison of the protein profi le between 

IBD sera which negatively affected bone cell proliferation and IBD sera that did not, showed 

a possible difference in the expression of CC-chemokines (p=0.0556) and of hormones (p=0.0569). 

However, none of these comparisons reached statistical signifi cance when taking into account the 

Bonferroni correction for multiple testing, which requires a very strict threshold of p<0.002.

Validation of protein array data using ELISA 

In order to validate the semi-quantitative results obtained with the protein array analysis, 

concentrations of the differentially expressed proteins IL-8 and IL-13 were measured using ELISA. 

In addition, levels of the CC-chemokine MCP-1 (monocyte chemotactic protein-1, CCL2) and the 

well-known IBD associated cytokines TNF-α, IL-1α, IL-1β and IL-6 were assessed. Similar to the 

array results, levels of IL-8 were lower and levels of IL-13 were higher in serum from IBD patients in 

comparison to the HC serum pool (Table 4). Levels of the other cytokines did not show differences.

Relationship between clinical features, serum cytokine levels and bone cell proliferation

A negative effect of IBD patients’ serum on bone cell proliferation was observed more often in males 

(in 7 of 15 patients) than in females (in 3 of 19 patients) (p=0.050). No correlation between bone 

cell proliferation and any of the other clinical parameters was observed. Serum levels of MCP-1

correlated positively with bone cell proliferation (r=0.601, p=0.018). None of the other serum 

cytokine levels showed a correlation with bone cell proliferation.

DISCUSSION

IBD-associated bone loss is currently thought to be, at least in part, the result of the deleterious 

effect of systemically released pro-infl ammatory mediators on bone metabolism. Infl uences of 

distinct  cytokines on bone cells have been studied extensively. However, little is known about the 

effect of a combination of infl ammatory cytokines, as present in serum, on bone cell metabolism. 

In this study, we showed that serum of about one-third of IBD patients, including both CD and UC 

Table 4.  Serum cytokine levels

NOTE. Data represent median [25th – 75th percentile] and the number of patients in which the cytokine was detected.
*  N=1, value represents cytokine level in pooled serum from 28 healthy control donors.
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 IL-8 IL-13 TNF-α IL-1α IL-1β IL-6 MCP-1 

HC pool * 216 121 62 31 129 276 57 

IBD patients 
67  

[12 – 189] 
180  

[130 – 246] 
51  

[8 – 78] 
26  

[6 – 67] 
100  

[88 – 135] 
495  

[253 – 875] 
57 

[41 – 79] 

(N=14) 7 14 7 5 5 4 13 

 



Chapter 4

patients, reduced the proliferation of primary human bone cells when comared to pooled serum 

of healthy controls. The longer cultures were exposed to serum of patients with IBD, the more sera 

caused an inhibitory effect on bone cell proliferation and the more severe the observed reduction 

was. This fi nding implicates that prolonged exposure to IBD patient serum has a more detrimental

effect on bone than short term exposure, and as such might explain the bone loss frequently 

observed in IBD patients.

 The inhibition of bone cell proliferation by several IBD patient sera indicates that factors 

present in serum of these patients (either in excess or defi cient) may modify bone cell proliferation.

Indeed, from the 174 infl ammatory factors tested, sera from IBD patients differed from a 

healthy control serum pool with respect to the expression of 8 proteins. Of these proteins, the 

potentially relevant were IL-8, ICAM-1, Axl and IL-13. However, these proteins could not be related 

to the effect of IBD patient’s serum on bone cell proliferation. A small sample size and a small 

effect size might have hampered the detection of a causative relationship. Therefore, our fi ndings 

necessitate more extensive study to explore the role of these cytokines in bone cell metabolism. 

As a comparison of groups of proteins between IBD sera and healthy control serum implicated a 

difference with respect to cell adhesion molecules, this group of proteins, particularly ICAM-1, 

might be the most promising for further research.

 Studying differential protein expression in relation to the inhibitory effect on the bone cell 

proliferation revealed a possible role for CC-chemokines. Additional quantitative protein analysis

showed MCP-1 (CCL2) to be present at lower levels in sera from patients reducing bone cell 

proliferation. MCP-1 has been shown to stimulate osteoblast number in an in vivo animal study.28 

The effect of MCP-1 on osteoblasts was suggested to occur via indirect mechanisms as MCP-1 

did not directly infl uence DNA synthesis of osteoblasts in vitro.28 Our data, however, do implicate 

a direct effect of MCP-1 on bone cell proliferation. In vitro studies using other cell types of human

origin, including epithelial cells and smooth muscle cells, suggest a possible general effect of 

MCP-1 on human cell proliferation.29,30

 Besides CC-chemokines, hormones were shown to play a possible role in the observed 

effect on bone cell proliferation as well. An intriguing fi nding of this study is that serum from 

male patients with IBD more often had an adverse effect on bone cell proliferation than serum 

from female IBD patients. In a previous study, we observed male CD patients to have a more 

severely reduced bone mass than female CD patients.10 Both results suggest a gender difference 

with respect to IBD-associated bone loss and may imply a role for sex hormones in this process. 

Therefore, further research on bone metabolism in IBD patients should take into account the role 

of hormones, in particular sex hormones. 

 In this study serum from both CD and UC patients had an inhibitory effect on bone cell 

proliferation. From literature it is known that bone loss is more prevalent in patients with CD 

than in patients with UC. As such one would have expected a more severely affected bone cell 

proliferation by sera from CD patients. However, more UC patients than CD patients included 

in this study were in active state of disease which might explain our fi ndings. Comparison of 

groups of proteins between CD and UC patients revealed possible differences with respect to 

CXC-chemokines, enzymes and Th2-cytokines. Analysis of individual cytokines and chemokines 
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showed differential expression of GRO (growth-related oncogene, CXCL1), TRAIL R3 (TNF-

related apoptosis-inducing ligand receptor 3), MMP-1 (matrix metalloproteinase 1), E-Selectin 

(endothelial leukocyte adhesion molecule), LIF (leukemia inhibitory factor), and IGF-II (insulin-like

growth factor 2). All of these proteins are implicated in IBD pathology and might correlate with 

disease activity.31-35 Therefore, although these proteins could not be related to the observed 

inhibitory effect on bone cell proliferation in this study, they might be involved indirectly through 

their pathophysiological role in IBD pathogenesis. 

 In this study, a pilot experiment was performed to determine the effect of serum from IBD 

patients on bone cell differentiation. Differentiation markers, i.e. relative alkaline phosphatase 

activity and calcium content of cell lysates, were not affected by the presence of various amounts 

of IBD patient’s serum (data not shown). In contrast, the amount of total protein content was 

decreased by serum from IBD patients which generally refl ects a reduction in cell number. These 

data are in contradiction to studies on the effect of serum from IBD patients on rat bone cell 

proliferation and differentiation, in which proliferation was unaffected but bone formation and 

mineralization were reduced.18-20 Possibly, these discrepancies have been caused by differences 

between donor species as both morphological and functional differences exist between rat 

and human bone cells.36 In addition, differences between the measured parameters, differences 

between pediatric and adult patients with IBD, and differences in disease activity of the studied 

patients might be related to the different study outcomes. 

 In conclusion, this study confi rms our hypothesis that serum of IBD patients, including both 

CD and UC patients in both active and quiescent state of disease, contains an altered cocktail of 

infl ammatory factors compared to healthy control serum. Consequently, bone cells from IBD 

patients are surrounded by different infl ammatory factors during a vast part of their lifespan 

which accounts for changes in their metabolism. It was shown that exposure to IBD patients’ 

serum reduced bone cell proliferation in vitro, which implicates a possible mechanism for the bone 

loss observed in IBD patients in vivo. CC-chemokines and hormones, in particular MCP-1 and sex 

hormones, might be of potential importance in this degenerative process.
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ABSTRACT

Background & Aims | The pathophysiology of osteoporosis in patients with Crohn’s disease (CD) 

is still not completely elucidated, although being a common extra-intestinal manifestation. In 

this study, we evaluated osteoclastogenesis from peripheral blood cells of CD patients and studied 

the role of lymphocytes and infl ammatory cytokines in this process. 

Methods | Peripheral blood mononuclear cells from 7 patients with quiescent CD and 

matched healthy controls were isolated, and separated into T cells, B cells, and a T- and B-cell 

depleted fraction. In various culture combinations, osteoclast formation in the absence of the 

osteoclastogenic factors RANKL and M-CSF was assessed by scoring the number of TRACP+ 

multinucleated cells (MNCs). Cytokine levels in culture supernatants were measured.

Results | Formation of heterogeneous cell clusters in culture was noticed; a process that was  

inhibited by anti-LFA-1. In CD cultures, mean cluster area was up to 3-fold higher than in control 

cultures, and shown to be induced by T cells. Over 10-fold higher numbers of TRACP+ MNCs 

were found in CD cultures, but exclusively in cultures containing T cells. Formation of cell clusters 

correlated strongly with formation of TRACP+ MNCs. Both cell cluster formation and osteoclast 

formation were related to IL-17 levels in vitro.

Conclusion | Osteoclastogenesis, preceded by cell cluster formation, is T cell mediated and 

increased in patients with quiescent CD. Our fi ndings suggest heterotypic interactions between 

osteoclast precursors and T cells to be a triggering step in osteoclast formation in CD. Furthermore, 

our results propose a possible role for IL-17 in osteoclastogenesis in CD patients, and as such in 

CD-associated bone loss.
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INTRODUCTION

A common complication in Crohn’s disease (CD) is an altered bone metabolism inducing 

the development of osteoporosis.1,2 Bone, being a dynamic tissue, is continuously renewed 

through a complex process of bone resorption by osteoclasts and subsequent bone formation 

by osteoblasts. An imbalance in this process can result in bone loss, as shown in a previous 

study on bone histomorphometry in patients with quiescent CD.3 For bone degradation to occur, 

osteoclast progenitor cells differentiate into mature, multinucleated osteoclasts. The precursors 

of osteoclasts are derived from cells of the monocyte/macrophage lineage. In bone loss-

associated diseases, it is thought that osteoclast precursors are recruited from peripheral blood 

mononuclear cells (PBMCs).4

 Osteoclast formation from PBMCs has been shown to occur when PBMCs are stimulated 

by the osteoclastogenic factors receptor activator of NF-κB ligand (RANKL) and macrophage 

colony-stimulating factor (M-CSF). PBMCs from patients with rheumatic diseases,5,6 osteo-

porosis,7,8 and periodontitis,9,10 exhibit a signifi cant increase in in vitro osteoclast formation 

when compared to PBMCs from healthy controls. Interestingly, increased osteoclast formation 

particularly occurs when PBMCs from patients with infl ammatory diseases are cultured without 

the addition of osteoclastogenic cytokines (reviewed by de Vries et al.4). This implies that cytokines 

necessary for osteoclast formation are produced by PBMCs themselves. In patients with CD, 

PBMCs are highly activated and are characterized by an altered production of infl ammatory 

cytokines.11,12 Therefore, PBMCs from CD patients might have an increased capacity to induce 

osteoclast formation as well.

 Recently, the role of monocytes, T cells, and B cells in osteoclastogenesis has been 

addressed, as these cells are the primary cell subsets of PBMCs. Spontaneous osteoclastogenesis

was reported to occur only in unfractionated PBMC cultures, or in cultures in which monocytes 

were cultured in the presence of T cells.6,9,13 Based on these fi ndings, T cell cytokines have been 

suggested to be essential drivers of osteoclastogenesis. In CD, markedly increased levels of 

cytokines associated with both Th1 and Th17 cells have been reported in the infl amed mucosa.14,15

In addition, disturbances at the T cell level have been observed in peripheral blood of 

CD patients, as refl ected by decreased numbers of regulatory T cells and increased levels of 

Th17 cells.16 Therefore, both altered cytokine production by T cells and changes in T cell 

number and/or T cell activation in CD patients are likely to be important in the regulation of 

osteoclastogenesis in this patient group.

 To improve our understanding of osteoclastogenesis in patients with CD, we aimed to 

analyze the process of spontaneous osteoclast formation by peripheral blood from patients with 

quiescent CD. To clarify the role of lymphocytes in osteoclast formation, we studied the effect of 

T cells and B cells on osteoclastogenesis from autologous T cell and B cell depleted PBMCs.
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MATERIALS AND METHODS

Study population

Patients diagnosed with CD according to Lennard-Jones criteria were included.17 Since therapy 

with bisphosphonates, corticosteroids and antibodies to TNF-α is known to infl uence osteo-

clastogenesis, use of these treatments less than 6 months prior to inclusion belonged to the 

exclusion criteria. Consequently, patients included were in a quiescent state of disease (i.e. 

C-reactive protein < 15 mg/L). Other exclusion criteria were metabolic bone diseases and hypo- 

and hyperthyroidism. The patient group consisted of 3 male and 4 female CD patients with a mean 

age of 33.6 ± 3.5 years (mean ± SEM). Each patient was matched for gender and age with a healthy 

control. The control group consisted of 3 male and 4 female subjects with a mean age of 32.4 

± 3.4 years (mean ± SEM). The study was approved by the Institutional Review Board of the VU 

University Medical Center, and all individuals gave written informed consent.     

Serum measurements

Serum samples from all individuals were collected and stored at -80°C. Serum concentrations 

of a bone resorption marker (CTx) and a bone formation marker (P1NP) were assessed using 

respectively the β-CrossLaps serum assay (Roche Diagnostics, Mannheim, Germany) and the UniQ 

P1NP radioimmunoassay (Orion Diagnostica, Espoo, Finland). Measurements were performed 

according to manufacturer’s instructions. Enzyme-linked immunosorbent assays (ELISAs) 

were performed to quantify the serum levels of the following cytokines (detection ranges in 

parentheses): IL-1α (R&D Systems, Minneapolis, USA; 8-1000 pg/ml), IL-1β (Sanquin, Amsterdam, 

The Netherlands; 5-600 pg/ml), IL-6 (R&D; 10-1200 pg/ml), IL-13 (Sanquin; 4-500 pg/ml), IL-17 

(eBio-science, San Diego, USA; 3-2000 pg/ml), TNF-α (Sanquin; 3-400 pg/ml), IFN-γ (Sanquin

6-800 pg/ml), VEGF (R&D; 16-2000 pg/ml), HGF (R&D; 63-8000 pg/ml), and MCP-1 (R&D; 

16-2000 pg/ml). 

Cell isolation

Peripheral blood samples from patients and matched controls were obtained on the same day 

and time, and were processed within 2 hours. Two milliliter of blood was kept apart to analyze 

blood cell composition by fl ow cytometry. Peripheral blood mononuclear cells were isolated from 

25 ml whole blood using Ficoll density gradient centrifugation as described previously.10 T cells 

were isolated from PBMCs by positive selection using anti-CD3 conjugated microbeads and the 

PosselD protocol of an autoMACS cell sorter following the manufacturer’s instructions (Miltenyi 

Biotech, Bergisch Gladbach, Germany). Subsequently, the negative selection was incubated with 

anti-CD19 conjugated microbeads (Miltenyi Biotech) to isolate B cells. Thus, in total three cell 

fractions were obtained. First, a CD3-/CD19- fraction, from now on designated as the negative 

fraction, containing monocytes and NK cells as confi rmed by mRNA expression levels of CD14 

and CD56. Second, a CD3+ T cell fraction as confi rmed by CD3 mRNA expression. And third, a 

CD19+ B cell fraction as confi rmed by CD19 mRNA expression.
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Blood cell composition

Four-color fl ow cytometry was performed to determine the whole blood cell composition of 

peripheral blood as described previously.10

Cell culture

The negative fraction was cultured separately (1.2 x 105 cells/well), and together with autologous 

T cells (2 x 105 cells/well) and/or autologous B cells (4 x 104 cells/well). Monocultures consisting 

of B cells and T cells, thus without putative osteoclast precursor cells, were performed as well. The 

choice of cell density in culture was based on the average prevalence of monocytes, B cells and T 

cells in whole blood. 

 Cells were seeded in 96-well plates (Greiner Bio-One, Frickenhausen, Germany) on plastic

and cultured in Dulbecco’s Modifi ed Eagle Medium (DMEM; Gibco) supplemented with 10% 

fetal bovine serum (Fetal Clone 1, HyClone) and 1% antibiotics (100 U/ml penicillin, 100 µg/ml 

streptomycin and 250 ng/ml Amphotericin B; Sigma). Cultures were grown without the addition 

of osteoclastogenic factors M-CSF and RANKL. For resorption experiments, cells were cultured 

on 500-µm thick elephant teeth dentin slices in the absence and presence of 25 ng/ml M-CSF 

and 40 ng/ml RANKL (optimal concentrations accordng to Olivier et al.18). All cultures were run 

in duplicate, and maintained at 37°C in a humidifi ed atmosphere with 5% CO
2
. Medium was 

replenished twice weekly. Culture supernatants were harvested after 7, 14 and 21 days of culture 

and stored at -20°C.

Cell cluster analysis

From all culture conditions, after 7 and 14 days of culture 3 micrographs per well were taken 

from pre-determined positions (center of the well and an adjacent fi eld to the left and to the right) 

at a x40 magnifi cation, using a digital camera mounted on an inverted light microscope (both from 

Leica, Wetzlar, Germany). Formation of cell clusters, starting from day 1 of culture, was noticed. 

Cell cluster number and size were quantifi ed using Image-Pro Plus software (Media Cybernetics, 

Silver Spring, USA). Subsequently, cell cluster area was calculated as the product of cell cluster 

number and size. 

 In order to establish the contribution of the various cell fractions to cluster formation, 

PBMCs were reconstituted from the negative fraction with T cells and B cells. For each possible 

combination, a single cell population was labeled with carboxyfl uorescein succinimidyl ester 

(CFSE; Molecular Probes, Invitrogen). In short, after cell separation cells were washed with PBS and 

incubated with a fi nal concentration of 1.5 µM CFSE solution for 15 minutes at 37°C. After washing 

repeatedly with PBS and culture medium, cells were seeded in 96-well plates and allowed to settle 

overnight. Cultures were analyzed for their cell content after 1 to 2 days of culture. 

 To determine whether cluster formation was facilitated by leukocyte function-associated 

antigen-1 (LFA-1) dependent cell-cell interactions, blocking experiments with an antibody to 

LFA-1 were performed. In short, the negative fraction alone and with added T cells and/or 

B cells was cultured in the presence of vehicle (PBS), 20 µg/ml anti-LFA-1α19 or 20 µg/ml IgG2a 

isotype control (Sanquin) for 7 days. After 2, 7 and 14 days of culture micrographs were taken 
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to determine cell cluster formation. After 21 days of culture the formation of multinucleated cells 

(MNCs) was assessed.

Multinucleated cell analysis

Tartrate-resistant acid phosphatase (TRACP) is widely used as a marker of osteoclast-like cells. 

Therefore, the formation of TRACP positive multinucleated cells (TRACP+ MNCs) from the 

various culture combinations was assessed after 3 weeks of culture, as described previously.10 

The number of TRACP+ MNCs per well was determined at a x20 magnifi cation. Only cells with three 

or more nuclei were considered as multinucleated cell.  

Osteoclast resorption assay

In order to evaluate osteoclast activity, after culturing cells on dentin slices for 4 weeks resorption 

was analyzed as described previously.10 In addition, scanning electron microscopy (Philips XL20; 

Eindhoven, The Netherlands) was performed to visualize formation of resorption pits. Three days 

after the last medium refreshment, concentrations of CTx were measured in culture supernatants.  

RNA isolation and quantitative PCR

RNA was isolated from all cell types at baseline (before the start of culture) using the RNeasy 

Mini Kit (Qiagen) according to the manufacturer’s instructions. Total RNA concentration was 

measured with the Nanodrop spectrophotometer (Nanodrop Technologies). cDNA preparation,

primer designation, and the PCR reaction were performed as described previously.10 PCR 

primers included: CD3, CD14, CD19, CD56, RANK, RANKL, OPG, M-CSF, c-FMS, ICAM-1, LFA-1,

TNF-α, TNF-R1, TNF-R2, IFN-γ, TGF-β, IL-1β, IL-4, IL-6, IL-7, IL-13, and IL-17 (for detailed 

information see Supplementary data – Section 5). For the PCR analysis, samples were normalized

for the expression of PBGD by calculating the ∆Ct (Ct
gene of interest

 – Ct
PBGD

). Expression of the 

different genes is expressed as 2^-(∆Ct).

Cytokine measurement in culture medium

A custom Milliplex Human Cytokine/Chemokine kit (Millipore) was used to simultaneously quantify

levels of 10 cytokines in conditioned media obtained after 7 and 14 days of culture. Culture 

supernatants from the negative fraction, the T cell fraction, and the negative fraction plus T cells,

were assayed for their content of IL-1α, IL-1β, IL-6, IL-7, IL-13, IL-17, TNF-α, IFN-γ, VEGF, 

and MCP-1. Assays were run in duplicate and performed according to the manufacturer’s 

recommendations.   

 

Statistical analysis

Data showing a normal distribution are expressed as mean ± standard error of the mean (SEM), 

data not showing a normal distribution are expressed as median [inter-quartile range]. Differences

between various cell fractions were tested using a repeated measures ANOVA and Dunnett’s post 

hoc test, or when appropriate a non-parametric Friedman and Dunn’s post hoc test. Differences

between control and patient cultures were analyzed by a paired Student’s t test, or when 
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appropriate a non-parametric Wilcoxon signed-rank test. Correlations were calculated using 

Spearman’s rank correlation coeffi cient. Analyses were performed using SPSS for Windows version

16.0 (SPSS. Inc., Chicago, USA) and GraphPad Prism 4 (GraphPad Software, San Diego USA). A 

p-value of <0.05 was considered statistically signifi cant.  

RESULTS

 CD patients (n=7) 

Disease activity  (CRP (mg/L)) 2.5 [2.5 – 3.6] 

Location of disease  (n)  

     Terminal ileum 3 

     Colon / rectum 4 

Bowel resection, yes / no (n) 4 / 3 

Disease duration  (years) 10 [8 – 15] 

Age at diagnosis  (years) 19 [15 – 28] 

Corticosteroid-free  (years) 3 [2 – 8] 

Current medication use  (n)  

      5-ASA derivatives 2 

      No medication 5 

            
25(OH)D  (nmol/L) 49 [31 – 74] 

ALP  (U/L) 63 [57 – 72] 

BMD lumbar spine  (g/cm
2
) 0.96 [0.86 – 1.04] 

     T-score  (SD) -1.2 [-1.7 – -0.25] 

BMD total hip  (g/cm
2
) 0.95 [0.91 – 1.10] 

     T-score  (SD) 0.0 [-0.35 – 0.50] 

Basal characteristics

Patient characteristics are summarized 

in Table 1. The leukocyte composition of 

whole blood was unchanged in patients

with CD when compared to healthy 

controls (Table 2). CTx and P1NP levels in 

serum were comparable between healthy 

controls and CD patients (451 ± 132 vs. 

356 ± 124 ng/L; and 60 ± 8 vs. 56 ± 14 

µg/L, respectively). Serum cytokine levels 

were generally low or undetectable in both 

healthy controls and CD patients, and did 

not differ between CD patients and healthy 

controls (data not shown).     

 Basal RNA expression levels of genes 

possibly contributing to osteoclast 

formation were determined in the negative 

fraction, T cell fraction and B cell fraction 

isolated from PBMCs of healthy controls 

and CD patients (Table 3). 

NOTE.  Data are expressed as median [25th – 75th quartile].

Table 1.  Patient characteristics

 Controls CD patients P-value 

Granulocytes 52.6 ± 4.9 57.0 ± 3.5 0.3706 

Monocytes   5.6 ± 0.5   5.2 ± 0.2 0.5954 

NK cells   6.0 ± 1.2   3.6 ± 0.8 0.1149 

T cells 26.6 ± 4.7 23.6 ± 3.0 0.4047 

CD4
+
 T cells 55.4 ± 3.8 64.4 ± 4.4 0.1282 

CD8
+
 T cells 32.9 ± 3.3 25.6 ± 4.2 0.1240 

CD4
+
 / CD8

+
 T cell ratio   1.9 ± 0.3   3.0 ± 0.5  0.0737 

B cells   3.0 ± 0.2   3.2 ± 0.5 0.7432 

 

Table 2.  Whole blood cell composition from healthy controls and patients with CD

NOTE.  Data are expressed as mean percentage ± SEM of whole blood cell count (n=7).
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Relative expression levels of IL-6 tended to be higher in both the negative and T cell fraction of CD 

patients when compared to healthy controls (both p=0.0625). Relative expression levels of IL-17 

tended to be higher in T cells from CD patients when compared to healthy control cells (p=0.0625). 

Cell cluster formation is increased in CD cultures and highest in cultures with T cells

Typical for all culture conditions containing cells from the negative fraction was the presence of 

cell clusters formed early in culture in both cultures from controls and CD patients (Fig. 1A and 1B). 

In CD patient-derived cultures mean cluster area was up to 3-fold higher than in control cultures 

(Fig. 1C; data on monocultures of B cells and T cells not shown). Moreover, in CD cultures mean 

cluster area was 2.5-fold higher in the presence of T cells in comparison to cultures without T cells. 

In control cultures, the presence of T cells did not signifi cantly affect formation of cell clusters. The 

addition of B cells to the negative fraction, with or without T cells, had no apparent effect on cluster 

formation, both in healthy control and CD cultures.

Cell clusters are heterogeneous and consist of B- and T- cell depleted PBMCs 

and T cells

To evaluate which cells contributed to cluster formation, healthy control co-cultures of the negative 

fraction plus T cells and B cells were plated in threefold, where in each plating a different cell type 

Table 3.  Relative RNA expression levels in cells from healthy controls and patients with CD

NOTE.  Data are expressed as mean ± SEM (n=6).
Abbreviations:  Neg, negative fraction;  T, T cell fraction;  B, B cell fraction;  n.d., not detected.
# p=0.0625  vs. healthy control.
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Negative fraction  T cell fraction  B cell fraction 

  Controls   CD patients  Controls CD patients  Controls CD patients 

RANKL   0.04 ± 0.009   0.04 ± 0.009    0.04 ± 0.008   0.03 ± 0.012    0.01 ± 0.003   0.02 ± 0.008 

RANK   0.12 ± 0.040   0.09 ± 0.038    0.04 ± 0.021   0.04 ± 0.024    0.01 ± 0.010   0.02 ± 0.006 

OPG   0.001 ± 0.0005   0.002 ± 0.0006    n.d.   n.d.    n.d.   n.d. 

M-CSF  16 ± 2.0  16 ± 2.6    0.4 ± 0.18   0.3 ± 0.08    0.4 ± 0.17   0.6 ± 0.25 

C-FMS   0.1 ± 0.01   0.1 ± 0.02    0.6 ± 0.16   0.4 ± 0.09    0.2 ± 0.09   0.1 ± 0.06 

ICAM-1   2.5 ± 0.40   3.0 ± 0.75    0.9 ± 0.24   0.8 ± 0.20    0.7 ± 0.10   1.1 ± 0.23 

LFA-1  16 ± 2.9  13 ± 1.5   18 ± 1.2  17 ± 5.1  9.6 ± 1.3  18 ± 3.5 

TNF-RI   5.3 ± 0.50   5.0 ± 0.78    2.4 ± 0.21   2.4 ± 0.49    1.6 ± 0.14   1.0 ± 0.26 

TNF-RII  35 ± 5.0  32 ± 4.2   17 ± 2.2  13 ± 3.2  8.5 ± 1.6  15 ± 0.2 

TNF-α   3.6 ± 0.54   3.2 ± 0.39    2.1 ± 0.49   2.0 ± 0.33    2.6 ± 0.38   3.7 ± 0.93 

TGF-β  41 ± 3.7  39 ± 4.5   41 ± 5.1  42 ± 8.8   34 ± 5.7 38 ± 10 

IFN-γ   0.2 ± 0.03   0.2 ± 0.03    0.7 ± 0.10   0.7 ± 0.21    0.6 ± 0.14   0.5 ± 0.20 

IL-1β   5.3 ± 1.73   8.0 ± 2.98    0.2 ± 0.08   0.1 ± 0.05    0.6 ± 0.34   0.3 ± 0.15 

IL-4   0.25 ± 0.027   0.30 ± 0.113    0.02 ± 0.006   0.03 ± 0.009    0.02 ± 0.001   0.04 ± 0.008 

IL-6   0.02 ± 0.005     0.04 ± 0.010 
#
    0.01 ± 0.004       0.02 ± 0.004 

#
    0.4 ± 0.11   1.0 ± 0.25 

IL-7   0.08 ± 0.008   0.12 ± 0.020    0.15 ± 0.034   0.14 ± 0.034    1.6 ± 0.59   1.9 ± 0.37 

IL-13   n.d.   n.d.    n.d.   n.d.    n.d.   n.d. 

IL-17   n.d.   n.d.  0.002 ± 0.002     0.005 ± 0.002 
#
    n.d.   n.d. 
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Figure 1.  Cell cluster formation is increased in cultures from CD patients and is highest in cultures containing T cells. 
A + B. Representative micrographs of cell clusters formed after 7 days of culture in cultures of the negative fraction plus 
added T cells (Neg + T) from a healthy control and CD patient, respectively. Arrows depict cell clusters. Scale bar = 100 µm. 
C. Mean cell cluster area was higher in cultures from CD patients in comparison to healthy control cultures. Moreover, in CD 
cultures the presence of T cells increased cell cluster area, whereas presence of T cells in control cultures did not affect the 
formation of cell clusters. Data are depicted as mean ± SEM (n=6).   * p<0.05, ** p<0.01.

was labeled. These experiments revealed that cell clusters were heterogeneous and that nearly all 

clusters contained cells from the negative fraction and T cells (Fig. 2A and 2B). B cells generally

remained solitary. In those clusters containing B cells, B cells were present only at a low number 

per cluster. 

Cell cluster formation is LFA-1 mediated 

Leukocyte function-associated antigen-1 (LFA-1) is an integrin that coordinates interaction 

between monocytes and lymphocytes via its adhesion partner intercellular adhesion molecule-1 

(ICAM-1).20 To determine whether cell-cell contact through LFA-1 facilitated heterotypic cluster

formation, healthy control cells were cultured in the presence of an antibody against LFA-1. 

Representative fi gures of LFA-1 blocking experiments are shown in Figure 2C. In cultures with 

control IgG, cluster area did not differ from vehicle treated cultures (data not shown). Addition

of anti-LFA-1 decreased cluster formation by over 10-fold when compared to IgG control 

cultures, but the difference reached statistical signifi cance only in cultures where T cells were 

present (Fig. 2D). During subsequent culturing in the absence of anti-LFA-1, the inhibitory effect 

of anti-LFA-1 on cell cluster formation diminished. The presence of anti-LFA-1 during the fi rst 

week of culture affected the formation of TRACP+ MNCs after 3 weeks of culture in a similar way 

as the formation of cell clusters (Fig. 2E).

Spontaneous formation of TRACP+ MNCs is increased in CD cultures and 

exclusively observed in cultures with T cells

Spontaneous formation of TRACP+ MNCs (Fig. 3A and 3B) was observed exclusively in co-cultures 

containing the negative fraction and T cells (Fig. 3C; data on monocultures of B cells and T cells 

not shown). In CD cultures, but not in healthy control cultures, the formation of TRACP+ MNCs was 

statistically signifi cant higher in the presence of T cells in comparison to cultures without T cells. 

The addition of B cells to the negative fraction, alone or together with T cells, did not induce the 

formation of TRACP+ MNCs. An overall comparison of all culture conditions between controls and
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CD patients revealed over 10-fold higher numbers of TRACP+ MNCs in cultures from CD patients 

(p=0.0354). 

 Correlation analysis showed a strong positive correlation between the formation of TRACP+ 

MNCs after 3 weeks of culture and cell cluster formation analyzed at both week 1 and 2 of culture 

(r= 0.830, p<0.0001; and r=0.929, p<0.0001, respectively; Fig. 3D).  

 In parallel, cells from controls and patients were also cultured in the presence of M-CSF and 

RANKL. Here, in line with previous reports for other diseases, similar mean numbers of TRACP+
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Figure 2. Cell clusters are heterogeneous and formation can be inhibited by anti-LFA-1. A. Representative micrographs of 
a healthy control culture containing the negative fraction plus T cells plus B cells (Neg + B + T),in which in each case a single 
cell fraction is labeled with CFSE. Scale bar = 100 µm. B. Clusters are heterogeneous and contain cells from the negative 
fraction and T cells. The presence of B cells in cell clusters is relatively uncommon. Data are depicted as mean ± SEM (n=4). 
C. Representative micrographs of addition of an antibody against LFA-1 to a healthy control culture. Scale bar = 100 µm. 
D. Blocking of LFA-1α reduced cell cluster area, but only in cultures where T cells were present. Data are depicted as mean ± 
SEM (n=4). E. Blocking of LFA-1α tended to reduce the formation of TRACP+ MNCs. Data are depicted as median [25th – 75th 
quartile] and minimum and maximum value (n=4).   * p<0.05.
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Figure 3. Formation of TRACP+ MNCs is increased in cultures from CD patients and is exclusively 
observed in cultures containing T cells.  A + B. Representative micrographs of TRACP+ MNCs in cultures of the 
negative fraction plus added T cells (Neg + T) from a healthy control and CD patient, respectively. Osteoclasts are 
stained red (TRACP) and their nuclei are stained blue (DAPI). Arrowheads depict TRACP+ MNCs with 3-5 nuclei, double 
arrowheads depict TRACP+ MNCs with 6-10 nuclei. Scale bar = 50 µm.  C. Formation of TRACP+ MNCs was observed 
exclusively in cultures where T cells were present, and was higher in an overall comparison between cultures from 
CD patients (grey boxplots) and control cultures (white boxplots) (p=0.0354). Data are depicted as median [25th – 75th 
quartile] and minimum and maximum value (n=6).  D. Correlation analysis of all culture conditions from control and 
CD cultures combined showed a strong relation between mean cluster area and the number of TRACP+ MNCs formed.   
** p<0.01.
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MNCs were observed in control and CD cultures (267 [35 – 536] and 250 [89 – 391], respectively).

10,13,18 Thus, the increased osteoclastogenesis induced by T cells in the CD group could be attributed  

to their own osteoclastogenic cytokine production.  

Bone resorption

To confi rm the osteoclastic potential of the MNCs generated from peripheral blood of patients 

and controls, cells were cultured on dentin slices in both the presence and absence of M-CSF and 

RANKL. Similar to previous experience, very few TRACP+ MNCs formed under these conditions 

(data not shown).10,18 Limited bone resorption, as assessed with Coomassie brilliant blue staining 

of the pits and confi rmed with scanning electron microscopy (Fig 4A), was found in both control 

and CD cultures but only when M-CSF and RANKL were added. Similar to the PBMCs cultured 

without M-CSF and RANKL, no bone resorption was observed when the various combinations 

of cell fractions were cultured in the absence of these cytokines. Levels of CTx in conditioned 

culture media tended to be higher in CD cultures when compared to control cultures, however 

this difference did not reach statistical signifi cance (p=0.0787; Fig. 4B). 

BA

C D
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Increased IL-17 levels in culture supernatants are related to cluster formation 

and the formation of TRACP+ MNCs   

The above fi ndings show that co-culturing of the negative fraction and T cells induces the 

formation of cell clusters, and appears to be a prerequisite for the formation of TRACP+ MNCs.

To determine whether co-culturing infl uenced levels of cytokines that stimulate the formation of 

cell clusters and TRACP+ MNCs, cytokine levels were measured in conditioned media from the 

negative fraction, the T cell fraction, and from co-cultures of the negative fraction with T cells of 

both healthy control and CD cultures.  

              Negative fraction          Co-culture of Neg + T                   T cell fraction 

 Controls CD patients  Controls CD patients  Controls    CD patients 

IL-1α 3.0 [1.2 – 4.7]   5.5 [2.5 – 146] a  44 [12 – 86] b 26 [17 -111]  n.d. n.d. 

IL-1β 0.3 [0.1 – 1.2]  1.1 [0.1 – 66] a  1.7 [0.8 – 3.9] b 2.2 [0.9 -3.0]  n.d. n.d. 

IL-6 75 [27 – 149] 120 [69 – 1906]  67 [23 – 149] 99 [26 – 133]  n.d. n.d. 

IL-7 n.d. n.d.  1.5 [0.1 – 3.0] 0.5 [0.1 – 1.9]  n.d. n.d. 

IL-13 0.1 [0.1 – 0.6] 0.7 [0.1 – 27]  38 [10 – 58] b 39 [6 – 199]  0.3 [0.1 – 0.7] 1.6 [0.7 – 2.9] # 

IL-17 0.4 [0.2 – 2.7] 2.5 [0.1 – 9.4]  8.7 [4.3 – 29] b     42 [19 -56] a,b  0.2 [0.1 – 0.4] 0.7 [0.2 – 2.3] # 

TNF-α 14 [8 – 33] 30 [10 – 137]  102 [46 – 205] b 83 [47 – 183]  32 [17 – 47] 38 [31 – 47] 

IFN-γ 0.4 [0.1 – 3.6] 7.1 [0.1 – 303]  61 [4 – 3332] 33 [8 – 1397]  1.2 [0.6 – 5.3] 1.6 [0.8 – 7.1] 

MCP-1 > 2000 > 2000  > 2000 > 2000  10 [5 – 32] 10 [8 – 26] 

VEGF 17 [12 – 25] 33 [11 – 39]  15 [2 – 23] 15 [4 – 21]  4.2 [0.1 – 9.4] 0.1 [0.1 – 6.9] 

 

Table 4.  Cytokine levels in conditioned medium from healthy control and CD cultures

NOTE.  Data are expressed as median [25th – 75th quartile] in pg/ml (n=6).
Abbreviations:  Neg, Negative fraction;  T, T cell fraction;  n.d., not detectable.
a  Control  vs. CD  p<0.05
b  Neg  vs. Neg + T  p<0.05 
#  Con  vs. CD  p=0.0625

Figure 4. Formation of resorption pits on dentin slices and degradation products of collagen in culture. A. Representative 
micrograph of a resorption pit on the dentin surface after a culture period of 4 weeks in the presence of M-CSF and 
RANKL. Scale bar = 50 µm.  B. Levels of collagen degradation products (CTx) tended to be elevated in culture supernatants 
of CD cultures in  comparison to control cultures after 4 weeks of culture on dentin slices (n=7; p=0.0787).
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 Cytokine levels in conditioned medium obtained after 1 week of culture are shown in Table 4. 

In monocultures of the negative fraction, cytokine levels were generally higher in cultures from CD 

patients than in those of healthy controls. In healthy control cultures, co-culture of the negative 

fraction with T cells resulted in increased levels of IL-1α, IL-1β, IL-13, IL-17 and TNF-α compared to 

levels in monocultures. In contrast, in CD cultures only IL-17 levels were increased by co-culturing. 

Comparison between control and CD co-cultures revealed higher IL-17 levels in CD patient-derived 

culture supernatants.

 In culture supernatants obtained after 2 weeks of culture, hardly any detectable levels of the 

cytokines were observed (data not shown). Nevertheless, IL-17 and TNF-α levels persisted and

tended to be higher in CD co-cultures than in control co-cultures (IL-17: 6.2 [0.5 – 40] vs. 0.3 [0.1 – 4.1]

pg/ml, p=0.0625; and TNF-α: 4.8 [1.5 – 176] vs. 2.9 [0.1 – 9.4] pg/ml, p=0.0313).  

 Of all cytokines tested, correlation analysis with data obtained at week 1 of culture showed a 

positive correlation between cell cluster area and cytokine levels in conditioned medium only for 

IL-17 and VEGF (r=0.548, p=0.0005; and r=0.642, p<0.0001, respectively). Analysis of data obtained 

at week 2 of culture, showed cultures with the highest levels of  IL-6, IL-13, IL-17, TNF-α and IFN-γ 

in conditioned medium to present the highest cell cluster area as well as the highest number of 

TRACP+ MNCs in culture.

DISCUSSION

In the present study, we demonstrated that in the absence of the osteoclastogenesis inducing 

cytokines M-CSF and RANKL, the spontaneous formation of TRACP+ MNCs from peripheral blood 

precursor cells was increased in patients with quiescent CD when compared to cells obtained 

from healthy controls. We observed T cells to be critical for spontaneous osteoclastogenesis, as 

osteoclast formation was completely abolished in T cell depleted PBMC cultures of CD patients. 

Furthermore, our data suggest that B cells do not play a role in spontaneous osteoclastogenesis 

in CD patients. 

 A novel and intriguing pathogenic fi nding in this study is that osteoclast formation was preceded

by the formation of cell clusters in cultures containing osteoclast precursor cells. Although cell 

fusion is known as a common process in osteoclastogenesis, we are the fi rst to report formation 

of heterotypic clusters in cultures of peripheral blood cells in vitro. Here, we showed cell cluster 

formation to be increased in cultures from CD patients. Moreover, cluster formation was induced 

by the presence of T cells, but exclusively in CD cultures. These data suggest a functional difference

between T cells from CD patients and T cells from healthy controls. Formation of cell clusters 

followed by the formation of multinucleated giant cells has been previously observed in cultures 

of blood cells obtained from HIV patients.21 The cell cluster formation reported by Kazazi et al. 

was mediated by interactions of the cell adhesion molecules LFA-1 and ICAM-1. Interestingly, 

interactions between LFA-1 and ICAM-1 are thought to be involved in osteoclastogenesis as 

well.22,23 In the current study, we showed that heterotypic cluster formation was strongly reduced in 

cultures in which LFA-1 was blocked. Similarly, the presence of anti-LFA-1 during the fi rst week of 
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culture tended to decrease the formation of TRACP+ MNCs after 3 weeks of culture. 

 The increased formation of cell clusters and the spontaneous osteoclastogenesis in quiescent 

CD patients appeared not to be the result of an altered composition of peripheral blood. Therefore, 

differences in the activity rather than in the number of blood cells from CD patients is likely to have 

caused the increased cluster formation and osteoclast formation. 

 Analysis of basal RNA expression levels in the different PBMC cell fractions from quiescent CD 

patients and healthy controls revealed potentially higher IL-6 expression in B- and T-cell depleted 

PBMCs from CD patients. Moreover, T cells from CD patients tended to have increased expression 

levels of IL-6 and IL-17. The elevated expression levels of these pro-infl ammatory cytokines refl ect 

a higher activation state of particularly T cells from CD patients, even when clinically quiescent. 

This might have triggered a partial differentiation of osteoclast precursor cells from CD patients 

already in the circulation, and may explain the increased capability of peripheral blood cells from 

CD patients to spontaneously form osteoclasts. 

 A fi nding relevant for a possible mechanistic insight in the difference in the formation of 

TRACP+ MNCs between clinically quiescent CD patients and controls, is the elevated production of 

cytokines in vitro. Unstimulated B- and T-cell depleted PBMC cultures from CD patients produced 

increased levels of IL-1α and IL-1β. In addition, monocultures of T cells from CD patients showed 

increased levels of IL-13 and IL-17. This is in line with our RNA expression data, as well as with 

previous studies on cytokine production by peripheral blood cells of IBD patients,11,12,24 and is 

consistent with a higher activation level of peripheral blood cells from CD patients. Co-culturing of 

B- and T- cell depleted PBMC cultures with T cells resulted in induced IL-17 levels when compared to 

monocultures, a phenomenon most pronounced in CD cultures. Prolonged culturing of peripheral

blood cells in the absence of exogenous cytokines resulted in low or undetectable cytokine levels 

in cultures from healthy controls. However, some cultures from CD patients still produced IL-6,

IL-17 and TNF-α. Strikingly, the highest numbers of osteoclasts were observed in those cultures 

with the highest levels of these cytokines present, which underlines the importance of these 

pro-infl ammatory cytokines in osteoclast formation in CD patients. Besides, these fi ndings fi t in 

with the alleged association between an increased pro-infl ammatory potential and induced bone 

loss in these patients, and provide support for the benefi cial effects of anti-TNF-α therapy on bone 

mineral density in CD patients. 

 Our data suggest a particular role for IL-17 in osteoclastogenesis in CD patients; T cells from CD 

patients had elevated basal expression levels of IL-17, cultures from CD patients secreted higher 

levels of IL-17, and levels of IL-17 were related to both cluster formation and the formation of 

TRACP+ MNCs. Recently, Th17 cells have been identifi ed as an osteoclastogenic Th cell subset that 

links T cell activation and bone resorption.25 An IL-17-dependent pathway for dendritic cell fusion 

leading to the formation of giant cells expressing TRACP has been reported in Langerhans cell 

histiocytosis patients.26 Moreover, IL-17 has been shown to induce osteoclastogenesis from 

peripheral blood cells of rheumatoid arthritis patients.27,28 Therefore, IL-17 seems to have an 

important role in infl ammation-mediated osteoclast formation.  

 We are aware that some of the outcomes in this study might be limited due to the small 

number of patients studied and the high individual variability within the patient group. This 



Osteoclast formation in CD

5

| 81

variability, observed throughout many parameters in this study, is typical for patients with 

(quiescent) CD as these patients by defi nition are part of a heterogeneous population. None-

theless, even with the presented sample size, we observed substantial differences in the process of 

osteoclastogenesis and the role of T cells. The increased formation of osteoclasts in this population

of quiescent CD patients refl ects a disease-specifi c alteration, since drug use was excluded. 

Therefore, our results provide new insight in the mechanism for CD-associated bone loss.  

 In conclusion, spontaneous osteoclastogenesis is increased in patients with quiescent CD 

through elevated activation levels of peripheral blood cells. T cells from CD patients induced a 

LFA-1 mediated formation of large cell clusters which preceded the formation of TRACP+ MNCs. 

Our fi ndings suggest heterotypic interactions between osteoclast precursors and T cells to be a 

decisive step in osteoclast formation in CD.    
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Chapter 6

ABSTRACT

Background & Aims | Low bone density is a common complication in patients with Crohn’s 

disease (CD). We assessed the effect of risedronate on bone structure and remodeling at the tissue 

level in a well-defi ned CD population. 

Methods | Transiliac bone biopsies were obtained from 16 quiescent CD patients with osteopenia.

Histomorphometric analysis was performed at baseline and after 2 years of treatment with 

placebo (n=9) or risedronate 35 mg/week (n=7). All patients received calcium plus vitamin D 

supplementation during the intervention period.

Results | Bone volume remained unchanged over the 2-year follow-up period in both the 

placebo and risedronate group. Trabecular thickness increased in risedronate-treated patients 

(median change +13%, p=0.011). Bone remodeling was markedly reduced in the risedronate 

group, as refl ected by a decreased adjusted apposition rate (median change -45%, p=0.010) and 

an increased mineralization lag time (median change +110%, p=0.010). A moderate reduction

in bone remodeling was observed in the placebo group, as refl ected by a decreased mineral 

apposition rate (median change -12%, p=0.037).

Conclusion | In quiescent CD patients with osteopenia, bone mass was preserved by both 

risedronate treatment and calcium and vitamin D supplementation. Bone structure improved in 

risedronate-treated patients. The positive effects on bone, in particular in the risedronate group, 

were the result of a reduced bone remodeling. These data suggest that risedronate is effective in 

treating bone loss in quiescent CD patients with a mild bone mass defi cit. 
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INTRODUCTION

Bone loss is one of the extra-intestinal manifestations of infl ammatory bowel disease (IBD). 

Patients with IBD, in particular patients with Crohn’s disease (CD), have an increased prevalence 

of osteopenia and osteoporosis when compared to healthy individuals.1,2 The pathogenesis of 

bone loss associated with IBD is believed to be a multifactorial process involving factors like 

malnutrition, malabsorption, calcium and vitamin D defi ciency, corticosteroid treatment, and 

the infl ammatory process itself.3-5 Bone loss, a state of lowered bone mineral density (BMD), is 

the result of changes in the balanced process of bone resorption by osteoclasts and subsequent 

bone formation by osteoblasts, called bone remodeling. A negative bone remodeling balance, 

in which bone resorption exceeds bone formation, is for example caused by glucocorticoids and 

pro-infl ammatory cytokines.6-9 

 Attempts to prevent bone loss or to restore bone mass in IBD patients primarily rely on 

the modifi cation of osteoporosis risk factors, such as calcium and vitamin D supplementation, 

hormone defi ciency correction, and suppression of the infl ammatory process (e.g. anti-TNF-α

therapy).10 Based on the observations that resorption is signifi cantly enhanced in patients with 

IBD, targeted treatment to inhibit osteoclast function could be a choice of treatment as well. 

Bisphosphonates, synthetic analogs of pyrophosphate, are the most effective inhibitors of bone 

resorption and are currently used as the treatment of choice in osteoporosis. Bisphosphonates are 

capable to impair osteoclast recruitment and differentiation, and stimulate their apoptosis.11 Recent

fi ndings suggest that bisphosphonates may also indirectly suppress bone resorption through their 

action on osteoblasts, and osteocytes, which could represent another target for these drugs.11

 Bisphosphonates have been shown to reduce and prevent bone loss in the spine and 

proximal femur of patients with both glucocorticoid-induced and post-menopausal osteoporosis;

in subgroup analyses, the bisphosphonates etidronate, alendronate and risedronate were also 

shown to reduce the risk of vertebral fracture.12-14 There are only a limited number of studies on 

the effectiveness of bisphosphonates in IBD patients. From these studies, bisphosphonates were 

observed to prevent bone loss or even to improve bone mass in IBD patients.15-19 However, most 

studies were conducted in patients who received glucocorticoids or who were post-menopausal, 

as such showing a high resemblance to generally studied osteoporosis populations. In addition,

in some studies the infl uence of disease type (CD or UC), disease activity (active or remission), 

and vitamin D status were not taken into account. And lastly, the primary outcome of these 

studies was either change in bone mineral density or incidence of fractures. Knowledge on the 

effect of bisphosphonate treatment on bone micro-architecture in IBD is lacking. In the current 

study a randomized, placebo-controlled trial was conducted to assess bone micro-architecture 

and bone remodeling in a well-defi ned population of CD patients after treatment with calcium and 

vitamin D alone or in combination with risedronate.
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PATIENTS AND METHODS

Patients    

Between September 2004 and June 2007, 131 patients with quiescent CD were recruited from 

outpatient clinics from all eight university hospitals and one referral hospital in The Netherlands 

(Crohn and Bone study). From these patients, 27 consented to undergo a bone biopsy at baseline 

and 18 consented to undergo a second biopsy at follow-up. Patients were diagnosed with CD 

using clinical, endoscopic, histological and radiological criteria according to Lennard-Jones.20 At 

baseline all patients, aged 18 to 60 years, were in remission (Crohn’s Disease Activity Index (CDAI) 

< 150), and had a lumbar spine and/or femoral neck bone density with a T-score of -1 to -2.5 SD 

(osteopenia). Exclusion criteria were current or recent bisphosphonate or corticosteroid treatment 

(respectively <1 year and <3 months prior to inclusion), hormone replacement therapy, metabolic 

bone diseases, vitamin D defi ciency (defi ned as serum levels of 25-hydroxyvitamin D
3
 less than 

25 nmol/L), and pregnancy or breast feeding. The study was approved by the Institutional Review 

Board at each participating medical center. All patients gave written informed consent.

Study treatment

Using a computer-generated randomization list, all patients were randomly assigned into two 

treatment groups. One group received risedronate (Actonel®) at a dose of 35 mg/week, the other 

a placebo tablet (both one tablet weekly, PO in the morning) for 24 months. Both groups received 

a supplement containing calcium (1000 mg, CalciChew®) plus vitamin D (400 IU, Devaron®) daily 

at nighttime and not together with the study drug. This precaution is necessary, since risedronate 

absorption is compromised by simultaneous calcium intake.

Outcome measures

Biochemistry

Biochemical measurements in serum at baseline and 2-year follow-up included calcium, 

25-hydroxyvitamin D
3
 (25(OH)D), C-reactive protein (CRP), total alkaline phosphatase (ALP) (for 

details on these assays see Oostlander et al.2), C-terminal collagen crosslinks (CTx; immunoassay, 

Roche Diagnostics), and N-terminal propeptide of type I collagen (P1NP; radioimmunoassay, Orion 

Diagnostica, Espoo, Finland). The intra- and interassay coeffi cient of variation of the CTx assay were 

1.7% and 4.7% respectively, and of the P1NP assay 4% and 8% respectively. 

Bone histomorphometry

Transiliac bone biopsies were obtained at baseline and 2-year follow-up as described previously.2

Five micrometer thick undecalcifi ed sections were cut with a Polycut 2500 S microtome (Reichert-

Jung, Nussloch, Germany). Goldner’s trichrome stain was performed to distinguish between 

calcifi ed bone and non-calcifi ed matrix (osteoid). Tartrate-resistant acid phosphatase (TRAP) 

stain was performed to visualize osteoclasts. Unstained sections were used for fl uorescence 

microscopy to measure tetracycline labels. Histomorphometry was performed as described 
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previously,2 and according to the ASBMR nomenclature.21 The following parameters were 

measured: cortical thickness, trabecular bone volume, trabecular bone surface, trabecular 

thickness, osteoid surface, osteoid thickness, osteoclast number, osteoclast surface and 

labeled (mineralizing) surface. The following parameters were calculated: trabecular number, 

trabecular separation, osteoid volume, mineral apposition rate, bone formation rate, adjusted 

apposition rate and mineralization lag time. All measurements were performed by one investigator.

Statistical analysis

Results are expressed as mean ± standard deviation (SD). Baseline and follow-up measurements

within the treatment groups were compared using a non-parametric two-tailed paired t test 

(Wilcoxson signed rank test). Differences in the percentage change after two years of treatment

between the two treatment groups were tested with a non-parametric two-tailed t test for 

independent samples (Mann-Whitney signed rank test). Correlations between histomorphometric 

parameters and biochemical indices were assessed using Spearman’s rank correlation coeffi cient. 

All statistical analyses were performed using SPSS software (version 16.0). A p-value of < 0.05 was 

considered statistically signifi cant.

RESULTS

Patient characteristics

Of the 18 patients with a biopsy at follow-up, 16 patients had evaluable biopsies at both baseline 

and 2-year follow-up. The baseline characteristics of these patients are listed in Table 1. There were 

no differences between the treatment groups with regard to these characteristics. 

Bone histomorphometry        

Histological evaluation of all post-treatment biopsies revealed no pathological fi ndings in either 

the placebo or risedronate group. A mild mineralization defi cit was observed in one biopsy of a 

placebo-treated patient, in whom osteoid thickness was already slightly high at baseline.  

 Histomorphometric data in the placebo and risedronate group obtained at baseline and 

after two years of follow-up are summarized in Table 2. Bone structural parameters were largely 

unchanged after 2 years of follow-up in both treatment groups (Fig. 1A). Only in risedronate-

treated CD patients trabecular thickness showed a signifi cant increase from baseline (median 

change of +13%, p=0.011; Fig. 1B). With respect to bone remodeling, decreases from baseline 

values were observed for almost all bone formation parameters in risedronate-treated patients: 

mineralizing surface (median change of -39%, p=0.067), mineral apposition rate (median change 

of -16%, p=0.063; Fig. 1C), bone formation rate (median change of -57%, p=0.053; Fig. 1D), and 

adjusted apposition rate (median change of -45%, p=0.010; Fig. 1E). A statistically signifi cant 

increase from baseline values was seen for mineralization lag time (median change of +110%, 

p=0.010; Fig. 1F). In placebo-treated patients a statistically signifi cant decrease from baseline values 

was observed for mineral apposition rate (median change of -12%, p=0.037; Fig. 1C). A tendency
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towards a decrease from baseline values was seen for adjusted apposition rate (median change of 

-46%, p=0.054; Fig. 1E). Resorption parameters did not show statistically signifi cant changes from 

baseline in either treatment group. Based on the percentage change, none of the histomorphometric

parameters differed statistically signifi cant between placebo-treated and risedronate-treated CD 

patients.  

Bone markers and bone mineral density

CTx levels after 2 years of follow-up decreased in the risedronate group (median [IQR]: 281 

[129 – 605] at baseline vs. 122 [61 – 469] at follow-up, p=0.046), whereas these levels remained 

unchanged in the placebo group (median [IQR]: 193 [133 – 433] at baseline vs. 223 [110 – 304] 

at follow-up, p=0.500). On the contrary, ALP levels after 2 years of follow-up tended to decrease 

in placebo-treated patients (median [IQR]: 67 [58 – 92] at baseline vs. 56 [44 – 75] at follow-up, 

p=0.058), but remained unchanged in risedronate-treated patients (median [IQR]: 71 [54 – 98] at 

baseline vs. 57 [54 – 115] at follow-up, p=0.600). Levels of markers of bone turnover showed no 

statistical differences between the placebo and risedronate group.  

 

 Placebo 
(n = 9) 

Risedronate 
(n = 7) 

Male / female  (n) 4 / 5 4 / 3 

Age  (years) 38 ± 11              41 ± 13 

BMI  (kg/m
2
)                 22 ± 3              23 ± 2 

Disease activity   

    CDAI  (total) 
              103 ± 66 
                 (0 – 194) 

             67 ± 45 
             (6 – 133) 

    CRP (mg/L) 
6.2 ± 5.8 

                 (1 – 15) 
            4.9 ± 5.6 
              (1 – 17) 

Location of disease 
Large intestine / small intestine / both 

 2 / 4 / 3 3 / 0 / 4 

Bowel resection, yes / no (n) 7 / 2 2 / 5 

Disease duration  (years) 16 ± 13              14 ± 9 

Age at diagnosis  (years) 22 ± 10              27 ± 9 

Medication use   

     5-ASA derivatives 1 - 

     Immunosuppressives   

          Azathioprine 4 2 
          6-Mercaptopurine 1 1 
          Methotrexate 1 - 

     Biologicals 1 - 
      No medication 1 4 
              

25(OH)D  (nmol/L) 70 ± 33 64 ± 16 

Calcium  (mmol/L) 2.31 ± 0.09  2.39 ± 0.08 

ALP  (U/L) 70 ± 18               80 ± 32 

   
BMD lumbar spine  (g/cm

2
)  1.00 ± 0.14                 0.93 ± 0.12 

     T-score  (SD)             -1.08 ± 0.91          -1.49 ± 1.06 

     Z-score  (SD)             -0.95 ± 0.86          -1.13 ± 1.34 

BMD total hip  (g/cm
2
)  0.81 ± 0.06  0.80 ± 0.10 

     T-score  (SD)             -1.39 ± 0.46          -1.31 ± 0.84 

     Z-score  (SD)             -1.26 ± 0.25          -0.98 ± 0.78 

Table 1.  Patient characteristics

NOTE. Data represent mean ± SD; in the case of CDAI and CRP, ranges are shown in parentheses.
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 Bone density in the lumbar spine improved signifi cantly after 2 years of follow-up in placebo-

treated CD patients (median change of +2.8%; p=0.037). In risedronate-treated CD patients, bone 

density at the lumbar spine tended to increase though this difference did not reach statistical 

signifi cance (median change of +3.2%; p=0.161).  Changes in bone density at the hip did not 

reach statistical signifi cance in either treatment group (median change of +2.0%; p=0.125, and 

+2.1%; p=0.472, in placebo and risedronate-treated patients respectively). Bone density after 

2 years of follow-up showed no statistically signifi cant differences between the placebo and 

risedronate group.    

Correlation analysis

CTx levels correlated inversely with cortical thickness (r=-0.499, p=0.013) and vitamin D levels 

(r=-0.458, p=0.032) A tendency towards an inverse correlation was observed for both BMD and 

T-score at the lumbar spine (r=-0.390, p=0.060; and r=-0.397, p=0.055; respectively). ALP levels

correlated positively with osteoid volume, thickness and surface, as well as with mineralizing 

surface and bone formation rate (r=0.512, p=0.003; r=0.369, p=0.038; r=0.440, p=0.012; r=0.367, 

p=0.039; and r=0.366, p=0.039; respectively). ALP levels also showed a positive correlation with 

disease duration (r=0.481, p=0.005). An inverse correlation was observed between ALP levels and 

T-score at the lumbar spine (r=-0.391, p=0.027). 

 Bone volume measured by histomorphometry correlated nicely with BMD and T-score at the 

hip (r=0.529, p=0.002; and r=0.592, p<0.001; respectively). BMD and T-score at the hip showed an 

inverse correlation with disease duration (r=-0.466, p=0.007; and r=-0.738, p<0.001; respectively). 
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NOTE.  Data represent mean ± SD.
a  Signifi cantly different from baseline (p<0.05).

Table 2.  Histomorphometric parameters at baseline and after 2 years of treatment with either placebo or risedronate

 
Abbreviation (unit) 

                   Placebo (n = 9) Risedronate (n = 7) 

 baseline           follow-up baseline     follow-up 

Structural parameters      

  Cortical thickness Ct.Th (µm) 1111  ±  291       1198  ±  273          881  ±  356           810  ±  396 

  Bone volume BV/TV (%) 18.7  ±  5.9        20.2  ±  4.2         17.9  ±  4.5          18.1  ±  6.1 

  Trabecular thickness Tb.Th (µm) 116.8  ±  24.5      131.6  ±  21.0         99.8  ±  24.5          13.0  ±  22.5 a 

  Trabecular number Tb.N (/mm)   1.74  ±  0.49        1.67  ±  0.26         1.91  ±  0.37          1.69  ±  0.42 

  Trabecular separation Tb.Sp (µm)  497.5  ± 162.8      478.3  ± 103.8       442.0  ±  103.4        507.2  ±  148.9 

Formation parameters      

  Osteoid volume OV/BV (%)   3.3  ±  3.2          3.9  ±  5.6           3.8  ±  3.0            4.4  ±  3.3 

  Osteoid surface OS/BS (%)         12.7  ±  5.9        13.1  ±  4.5         15.8  ±  10.1          16.3  ±  9.0 

  Osteoid thickness O.Th (µm)   8.5  ±  2.0          8.1  ±  2.1           7.5  ±  1.4            8.1  ±  1.7 

  Mineralizing surface MS/BS (%)         10.3  ±  7.8          7.0  ±  3.8         12.7  ±  10.1            5.7  ±  2.9  

  Mineral apposition rate MAR (µm/d)   0.68  ±  0.12        0.58  ±  0.07 a         0.67  ±  0.10          0.59  ±  0.12  

  Bone formation rate BFR/BS (µm
3
/µm

2
/d)   0.077  ±  0.061      0.043  ±  0.028       0.090  ±  0.077        0.036  ±  0.023 

  Adjusted apposition rate Aj.Ar (µm/d)   0.55  ±  0.37        0.32  ±  0.14          0.57  ±  0.37          0.24  ±  0.19 a 

  Mineralization lag time Mlt (d)   23.5  ±  15.0        28.8  ±  8.9         20.3  ±  14.2          45.2  ±  24.5 a 

Resorption parameters      

  Osteoclast number N.Oc/TA (/mm
2
)   0.47  ±  0.35        0.33  ±  0.42         0.36  ±  0.32          0.61  ±  0.51 

  Osteoclast surface Oc.S/BS (%)   0.86  ±  0.75        0.30  ±  0.40         0.75  ±  0.78          0.59  ±  0.64 
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DISCUSSION

In this study, bone micro-architecture and bone remodeling were investigated in transiliac bone 

biopsies obtained from patients with quiescent CD with osteopenia after treatment with calcium

and vitamin D alone or in combination with risedronate. In short, our results indicated that bone 

volume remained constant over time with risedronate treatment as well as with calcium and 

vitamin D supplementation alone. Trabecular thickness increased signifi cantly only in risedronate-

treated patients. The positive effects on bone, in particular in the risedronate group, were the result 
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Figure 1. Histomorphometric measurements on bone structure and remodeling in placebo-treated and risedronate-treated 
patients with CD.  A. After 2 years of follow-up bone volume (BV/TV) is unaffected in either patient group. B. Trabecular 
thickness (Tb.Th) is increased in CD patients treated with risedronate at 2-year follow-up. C. Mineral apposition rate (MAR) 
is decreased in placebo-treated CD patients after 2 years of follow-up. D. Bone formation rate (BFR) is decreased in 
risedronate-treated CD patients at 2-year follow-up. E. Adjusted apposition rate (Aj.Ar) is decreased in both placebo-treated 
and risedronate-treated CD patients after 2 years of follow-up. F. Mineralization lag time (Mlt) is increased in risedronate-
treated CD patients at 2-year follow-up.   * p<0.05 compared to baseline.



Effect of risedronate in osteopenic CD patients

6

of a reduction in bone remodeling.

 Over the 2-year follow-up period, bone volume was preserved in both placebo-treated and 

risedronate-treated patients. Whereas bone micro-architecture remained unchanged in the 

placebo group, a signifi cant increase in trabecular thickness was observed in the risedronate group. 

The trabecular thickening indicates an improvement in trabecular bone structure after risedronate 

treatment. In line with this fi nding, BMD measurements of the lumbar spine, a site rich in trabecular 

bone, revealed an increase in bone mass from baseline in risedronate-treated patients. Although 

BMD at the lumbar spine increased similarly in placebo-treated patients in this cohort, the overall 

trial population, consisting of 123 quiescent CD patients with osteopenia, showed risedronate to 

be more effective in improving lumbar spine density than placebo.22 At the hip, a site containing 

predominantly cortical bone, BMD measurements in both the current study cohort and the overall 

trial population revealed bone mass to remain stable over the 2-year follow-up period in both 

treatment groups, which also is in agreement with our histomorphometric fi ndings.

 Several bone remodeling parameters were markedly reduced at 2-year follow-up in CD 

patients treated with risedronate. In CD patients receiving placebo, bone remodeling decreased 

to some extent as well. No other studies exist in which bone remodeling at the tissue level has 

been examined in IBD patients. However, our data confi rm a study using a rat model of IBD in 

which a marked suppression of bone formation after treatment with pamidronate was reported.23

Moreover, our fi ndings are in agreement with studies in osteoporosis patients showing a 

decreased bone turnover after risedronate treatment using either histomorphometric analysis or 

measurements of biochemical markers of bone turnover.24-26 One study on the effect of risedronate 

on levels of bone markers in post-menopausal IBD patients reported decreased levels of osteocalcin

and deoxypyridinoline in risedronate-treated patients and increased levels of these markers in 

calcium plus vitamin D-treated patients.19 Our data showed decreased CTx levels and unchanged 

ALP levels after risedronate treatment and decreased levels of ALP and unchanged CTx levels 

after treatment with calcium and vitamin D. Although the latter fi nding is in contradiction with the 

study in post-menopausal IBD patients mentioned before,19 our fi ndings are in line with several 

other studies reporting calcium plus vitamin D supplementation to have either no effect on bone 

turnover or to rather decrease it.27-30 

 Histomorphometric indices for bone resorption did not change from baseline in biopsies of 

both risedronate-treated and placebo-treated patients. Although the parameters examined in this 

study are limited, several other studies on bone histomorphometric evaluation of bisphosphonate

treatment also did not reveal an effect on resorption parameters.24,31,32 As such, histo-

morphometric analysis of bone resorption parameters seems not very adequate to study the effect 

of bisphosphonates on bone metabolism. Therefore, the use of bone formation parameters is 

more accurate in refl ecting the state of bone metabolism.

 Examination of relationships between biochemical markers and histomorphometric or bone 

density measures revealed an inverse correlation between both ALP and CTx levels and bone 

density at the lumbar spine. From literature, reduced CTx levels have been reported to have a 

benefi cial effect on vertebral fracture risk reduction.33 Therefore, the observed decrease in CTx 

levels in combination with the improved lumbar spine density after risedronate treatment suggests 
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osteopenic CD patients treated with risedronate might be at lower risk of vertebral deformities 

and fractures. This hypothesis is in line with studies on fracture risk assessment after risedronate 

treatment in both osteopenic and osteoporotic postmenopausal patients, either with or without

IBD.19,34-36 In addition, not only bone mass but micro-architectural changes as well have been 

implicated to contribute to the reduction of fracture risk achieved by antiresorptive therapies.37 

Based on the inverse correlation between CTx and cortical thickness as well as the increased 

trabecular thickness after risedronate treatment observed in this study, one might speculate on a 

possibly protective effect of risedronate on hip fractures in osteopenic CD patients as well. 

 In conclusion, supplementation with calcium and vitamin D alone or in combination with 

risedronate in quiescent CD patients with osteopenia preserved bone mass over a follow-up 

period of 2 years. In addition, risedronate improved trabecular structure. The positive effects on 

bone, in particular in the risedronate group, were the result of a reduced bone remodeling. In 

view of the observed effects of risedronate on bone structure and bone turnover, risedronate is 

being suffi ciently absorbed by the mucosa of patients with CD. Taken together these fi ndings 

indicate that risedronate is effective in treating bone loss in quiescent CD patients with a mild bone 

mass defi cit. 
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This thesis focuses on the effect of infl ammation on bone tissue. In Chapter 1 the characteristics

and pathogenesis of infl ammatory bowel disease (IBD) and osteoporosis are introduced. IBD 

comprises primarily two disorders: Crohn’s disease (CD) and ulcerative colitis (UC). Although IBD 

primarily involves a chronic infl ammation of the bowel, multiple other organ systems may be 

affected, including the bones and joints. Osteopenia and osteoporosis are diseases characterized 

by bone loss, and are relatively common in IBD patients. Factors contributing to bone loss in IBD 

patients include malabsorption and vitamin D defi ciency, disturbances of calcium homeostasis, 

sex hormone defi ciency, low body mass index, and drug use, e.g. glucocorticosteroid use. The 

importance of the infl ammatory process itself in IBD-associated bone loss has gradually become 

evident since the emergence of the scientifi c fi eld of osteoimmunology. Currently more and more 

complex networks of cytokine interactions are thought to be involved in the pathogenesis of bone 

loss in IBD. This concept of bone loss in IBD has mainly been achieved through the use of animal 

models, or relies on extrapolation from data on the pathogenesis of other infl ammation-induced 

bone diseases. 

This thesis addresses the etiopathogenesis of bone loss in patients with IBD, in particular with 

CD, from an interdisciplinary perspective. The objectives of this thesis are (1) to explore bone 

metabolism in patients with IBD at the tissue level, and (2) to explore bone metabolism in patients 

with IBD at the cellular level. In this chapter the main fi ndings of this thesis are summarized and 

discussed. Subsequently, fi ndings at the tissue level and cellular level are integrated. In the light of 

future directions, at the end of this chapter recommendations for further research are presented, 

including speculations on new treatment modalities for IBD-associated bone loss. 

Bone metabolism in IBD patients at the tissue level

Summary | Chapter 2 describes a histomorphometric study in which bone mass and structure,

bone formation, bone resorption and osteocyte apoptosis were assessed in transiliac bone 

biopsies obtained from patients with CD in a quiescent state of disease activity. In comparison 

to data from age and sex-matched healthy controls, quiescent CD patients showed a reduction in 

trabecular bone mass that was characterized by thinning of trabeculae. The extent of bone loss was 

more severe in male CD patients than in female patients, and additionally characterized by loss of 

trabeculae. The CD-associated bone loss was shown to be caused by a reduced bone formation. 

Osteoclast number and surface seemed to be low in comparison to data obtained from literature,

and as such suggested a reduced resorption as well. Osteocyte density and apoptosis were 

normal, but the percentage of empty lacunae was increased in CD patients. As empty lacunae mark 

sites where osteocytes have died previously, a possible causative factor for the observed reduction

in bone remodeling was suggested to be a decreased osteocyte viability in the patients’ past. 

In Chapter 6 a randomized, placebo-controlled trial is described. Bone micro-architecture and 

bone remodeling were assessed in a population of quiescent CD patients with osteopenia after 

treatment with risedronate, a potent inhibitor of bone resorption, or placebo. Both groups received 

in addition calcium and vitamin D supplementation. Bone volume remained unchanged over 
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the 2-year follow-up period in bone biopsies of both the risedronate and placebo group. Bone 

structure improved in risedronate-treated CD patients, as refl ected by an increase in trabecular

thickness. Bone remodeling showed a marked reduction by risedronate treatment and was 

moderately reduced by calcium and vitamin D supplementation alone. In view of the observed 

effects of risedronate on bone structure and bone turnover, risedronate is being suffi ciently 

absorbed by the mucosa of patients with CD. Taken together these fi ndings indicate that 

risedronate is effective in treating bone loss in quiescent CD patients with a mild bone mass defi cit.

Discussion | Extensive research on bone loss in IBD patients during the last decades showed that 

patients with a more severe disease course, glucocorticoid treatment, and/or a postmenopausal 

status are at increased risk of developing osteoporosis. The histomorphometric study described 

in Chapter 2 revealed low bone mass in CD patients in a quiescent state of disease. Interestingly, 

a high variability between patients was observed. CD patients by defi nition are part of a hetero-

geneous population differing with respect to location of the disease in the infl ammatory tract, the 

number and severity of relapses in the past, time since the last exacerbation, and medication use, 

amongst many other variables. All these factors together defi ne the net effect of the disease on 

bone health. Unfortunately, in this study we were not able to defi ne the specifi c clinical factor(s) 

that accounted for the observed interpatient variability. However, in the population described in 

Chapter 6, patients with baseline vitamin D insuffi ciency (25(OH)D levels of 25-50 nmol/L) seemed 

to have a decreased lumbar spine BMD after 2 years of follow-up, whereas patients with suffi cient 

vitamin D levels at baseline showed an increase in lumbar spine BMD. As such, our data suggest

that specifi c subsets of patients exist that are more prone to bone disease than others. It 

is conceivable that specifi c combinations of CD-related factors, possibly other factors than 

currently known, predispose to bone loss. Therefore, additional research is warranted to identify 

such factors.

Besides ‘between-patient’ variation, a ‘between-gender’ variation was observed. Bone of male 

CD patients was more severely affected than that of female patients (Chapter 2). The tendency

towards a longer disease duration in men might refl ect a higher number of relapses in the 

past. Consequently, medication to treat the disease, e.g. corticosteroids, could have negatively 

infl uenced bone metabolism in men for a longer period of time compared to the women in this 

cohort. Another explanation for the observed difference might be a poor compliance in male 

patients. IBD patients in remission have been reported to show a high non-adherence to therapy, 

with a possibly higher non-adherence in men.1 This would imply that bone of male CD patients has 

been exposed more to the negative infl uences of infl ammation than female patients.

The observed bone loss in quiescent CD patients was shown to be associated with a state of 

low bone turnover, as indicated by a reduced bone formation (Chapter 2). Bone loss in for example

post-menopausal osteoporosis and hyperparathyroidism is known to be due to an increased 

bone turnover. Therefore, our data implicate a difference in bone turnover between infl ammation-

induced bone loss and the more traditional forms of osteoporosis. From this perspective, one 

could wonder whether traditional osteoporosis therapies should be the choice of treatment in 
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infl ammation-induced bone loss. In Chapter 6, risedronate, an effective treatment modality 

in amongst others post-menopausal osteoporosis, was shown to prevent bone loss but not to 

increase bone mass in the hip of quiescent CD patients with osteopenia. Possibly, other or 

concomitant therapies are needed when improvement of bone mass in infl ammation-induced 

bone loss is intended. In relation to the observed reduced bone formation, a self-evident 

possibility is the use of anabolic therapies which directly stimulate bone formation. In Chapter 2

osteocyte apoptosis was observed to positively correlate with IBD disease activity and in 

Chapter 6 disease duration was shown to inversely correlate with hip BMD. Moreover, from 

literature a relationship between infl ammation and bone loss is becoming more evident.2-5 

Therefore, modulation of infl ammatory cytokines involved in IBD pathogenesis is another 

promising treatment option to control IBD-associated bone loss.

  

Bone metabolism in IBD patients at the cellular level

Osteoblasts

Summary | Infl ammatory factors are known to affect numerous characteristics of osteoblasts. 

Thus, bone loss in IBD patients might be the result of a disease-related change in the osteoblast 

phenotype and/or be caused by the numerous infl ammatory mediators present in the circulation. 

In Chapter 3 functional characteristics of bone cells from quiescent CD patients were studied 

in vitro. Bone cells from CD patients showed a reduced growth potential and an impeded 

maturation in comparison to bone cells from healthy controls. The overall responsiveness of bone 

cells from CD patients to infl ammatory cytokines, known to be involved in active disease, was 

largely unchanged. Therefore, disease-specifi c, phenotypic alterations in CD patient-derived bone 

cells seem to provide a new insight in the understanding of CD-associated bone loss. In addition, 

the unaffected sensitivity to infl ammatory cytokines suggests that bone cells from CD patients 

remain susceptible to elevated levels of circulating infl ammatory cytokines during periods of 

active CD. Therefore, the effect of serum from IBD patients on bone cells was studied in Chapter 4. 

Serum from approximately one-third of CD and UC patients, both in quiescent and active state of 

disease, decreased bone cell proliferation by up to 30% in comparison to bone cell proliferation 

in the presence of a healthy control (HC) serum pool. Serum from male IBD patients more often 

reduced bone cell proliferation than serum from female IBD patients. In order to elucidate the 

infl ammatory factors involved in the reduction of bone cell proliferation, the cytokine/chemokine 

profi le of sera was determined. From the 174 infl ammatory factors tested, sera from IBD patients 

showed altered levels of IL-8, ICAM-1, Axl and IL-13 in comparison to the HC serum pool. However, 

these proteins could not be related to the observed inhibitory effect of IBD patients’ serum on 

bone cell proliferation. Specifi cally studying the differential protein expression in relation to the 

reduction in proliferation revealed a potential role for CC-chemokines and hormones, in particular 

for MCP-1 (CCL2) and possibly sex hormones.

Discussion | Cellular dysfunction of osteoblasts, e.g. changes in the level of proliferation and 
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differentiation, alterations in their response to vitamin D and several cytokines, as well as changes

in the production of cytokines in vitro, has been described primarily in osteoblasts obtained 

from patients with osteoporosis.6,7 In the study described in Chapter 3, alterations in osteoblast 

characteristics were shown in CD patient-derived bone cells as well. This fi nding suggests that 

aberrations in bone cell phenotype related to CD pathogenesis might be involved in the bone loss 

frequently observed in CD patients.

Not only an unfavorable bone cell phenotype, but also a negative infl uence of IBD patients’ se-

rum on bone metabolism seemed to be a causative factor in IBD-associated bone loss (Chapter 4).

Prolonged exposure to IBD patients serum had a more detrimental effect on bone cells than 

short term exposure. The effect of serum seemed to be independent of disease type (CD vs. UC) 

and disease activity (active or quiescent). Bone cells from IBD patients are therefore likely to be 

exposed to the observed negative infl uences of serum during a vast part of their lifespan. 

Similar to the studies at the bone tissue level, both a high ‘between-patient’ and ‘between-

gender’ variability were observed with respect to the deleterious effect of patients’ serum on bone 

cell metabolism. Seeking for factors responsible for this variability is like looking for a needle in 

a haystack. The use of a semi-quantitative screening of serum content showed that the variation

could be attributed to differences in serum levels of CC-chemokines, hormones, and possibly 

cell adhesion molecules. Recently, several CC-chemokines have been shown to modulate bone 

cell metabolism. For example, CCR1-/- mice show osteopenia due to impaired osteoblast and 

osteoclast function, and CCR2-/- mice have high bone mass owing to a decrease in number, size 

and function of osteoclasts.8,9 Additionally, CCL20 has been shown to play an important role in 

the bone tissue of RA patients by infl uencing both osteoblasts and osteoclasts, whereas CCL3 

has been shown to be involved in myeloma-induced bone loss through inhibition of osteoblast 

function.10,11 It is therefore conceivable that CC-chemokines also play a role in IBD-associated 

bone loss. In addition, bone metabolism is under constant regulation of many hormonal factors

of which the most widely known are steroid hormones, e.g. estrogen and progesterone, and 

calciotropic hormones, e.g. vitamin D and calcitonin. As many hormones are also involved in 

modulation of the immune response, their role in the pathogenesis of IBD and its associated bone 

loss is likely to be an ongoing and important research topic. Lastly, bone metabolism is known to 

be regulated by cell-cell and cell-matrix interactions among bone cells, as such implicating a role 

for integrins and other adhesion molecules. The best characterized adhesion molecule in bone cell 

metabolism is intercellular adhesion molecule-1 (ICAM-1). Defective bone formation in myeloma 

patients has amongst others been ascribed to involvement of ICAM-1,12 and polymorphisms of 

ICAM-1 have been found to be associated with RA as well as with CD.13,14 Therefore, ICAM-1 may 

be of importance in infl ammation-induced bone loss.

The effect of IBD patients’ serum on bone cell differentiation could not be studied in our 

experiments as a consequence of limitations in the study design. Other studies showed an 

inhibitory effect of CD patients’ serum on the differentiation of primary rat osteoblasts.15-17 

However, differences in species hamper a direct extrapolation to the human situation and therefore 

necessitates additional research using human bone cells.
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Osteoclasts

Summary | Infl ammatory factors are known to affect the formation and activity of osteoclasts. 

Therefore, increased osteoclast formation could, at least in part, be responsible for the bone loss 

associated with IBD. In Chapter 5 osteoclastogenesis from peripheral blood of quiescent CD 

patients was evaluated. Moreover, the role of lymphocytes and infl ammatory cytokines in this 

process was determined. Peripheral blood precursor cells, when cultured in the absence of the 

osteoclastogenic cytokines M-CSF en RANKL, showed an increased osteoclast formation in 

patients with quiescent CD when compared to healthy controls. T cells were observed to be 

critical for the spontaneous osteoclastogenesis, as osteoclast formation was completely abolished 

in T cell depleted peripheral blood cultures. T cells from CD patients showed higher basal RNA 

expression levels of the infl ammatory cytokines IL-6 and IL-17. Moreover, T cells of CD patients 

produced higher levels of IL-13 and IL-17 in vitro. Taken together these fi ndings suggest a higher 

activation level of T cells from CD patients in comparison to T cells from healthy controls. A novel 

pathogenic fi nding was that osteoclast formation was preceded by the formation of cell clusters 

in cultures where osteoclast precursor cells were present. Cluster formation was induced by the 

presence of T cells, but exclusively in CD cultures. Cluster formation showed a strong positive

relation with osteoclast formation, and as such suggests heterotypic interactions between 

osteoclast precursor cells and T cells to precede osteoclast formation. Both cluster formation and 

osteoclast formation were related to IL-17 levels in vitro, proposing a potentially important role for 

IL-17 in osteoclastogenesis in CD patients, and as such in CD-associated bone loss. 

Discussion | Osteoclastogenesis has been studied in many bone diseases with evoked osteoclast

activity. Formation of osteoclasts from PBMCs of patients with rheumatic diseases, osteoporosis,

periodontitis, chronic liver disease with osteopenia, and osteolytic cancers has been shown 

to be increased when cultured in the absence of the osteoclastogenic factors M-CSF and 

RANKL (reviewed by de Vries et al.18). Based on the study presented in Chapter 5, increased 

osteoclastogenesis might play a role in CD-associated bone loss as well, even in patients with 

quiescent state of disease. 

An intriguing fi nding was that clustering of osteoclast precursors with T cells seemed to 

be a potentially decisive step in the formation of osteoclasts. Cell clustering was shown to be 

mediated by LFA-1, an integrin that coordinates interactions between monocytes and lymphocytes 

via its adhesion partner intercellular adhesion molecule-1 (ICAM-1). From both in vitro studies 

and an animal study, LFA-1 and its adhesion molecules have been implicated to play a role in 

osteoclastogenesis in a very early stage of development.19-21 Therefore, interference with LFA-1 or 

its adhesion molecules might be an important target to prevent osteoclast formation.  

An increased activity of T cells, rather than a change in number, was observed to mediate both 

cluster formation and osteoclast formation. Besides the traditional pro-infl ammatory cytokines 

IL-6 and TNF-α, IL-17 was shown to be involved in these processes. IL-17 is a cytokine produced 

by a recently recognized new T helper (Th) cell subset, Th17 cells. IL-17 levels have been reported 

to be increased in both the intestinal mucosa and serum of IBD patients.22 Therefore, IL-17 is 
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recognized to be implicated in the pathogenesis of IBD. Our fi ndings add to this with a potential 

role for IL-17 in the bone loss associated with IBD as well.

Although differences in the number of peripheral blood cells were not observed between CD 

patients and healthy controls, this could be due to the use of the relatively general classifi cation 

to analyze blood cell composition. In view of the fi ndings concerning IL-17, the use of a more 

discriminating classifi cation, i.e. determining the number of Th17 cells, could have resulted in a 

different outcome. Elaborating on this, elevated numbers of circulating Th17 cells in IBD patients, 

as already reported in literature,23 could be an additional explanation for the observed increase 

in osteoclast formation in these patients. Therefore, further research using distinct subsets of 

T cells in the experimental set up might be of help to fi ne-tune which specifi c T cells are involved 

in osteoclastogenesis.

Fitting the pieces together

Integrating the fi ndings at the tissue level and those at the cellular level reveals a rather lucid 

view on the mechanism through which bone metabolism may be affected in IBD patients (Fig. 1). 

The observed reduced bone mass in CD patients is caused, at least in part, by a lowered bone 

formation as shown at the tissue level. At the cellular level, CD patient-derived osteoblasts 

showed a reduced ability to proliferate, which may indicate a decreased number of these cells 

in vivo. In addition, osteoblasts obtained from bone biopsies of CD patients showed an impeded 

maturation, which may refl ect a disturbed functioning of these cells in vivo. Therefore, both 

aberrations in number and function of osteoblasts appear to account for the reduced bone 

formation seen at the tissue level.

The observed changes in osteoblast characteristics may be the result of (sub)clinical 

infl ammation. At the tissue level, osteocyte apoptosis was shown to correlate positively with IBD 

disease activity. Moreover, a possible inverse relation was observed between disease duration 

and the bone formation marker ALP. Lastly, it was speculated that the number and/or severity of 

relapses in the patients’ past might correlate inversely with bone formation. At the cellular 

level, cytokines known to be involved in CD pathogenesis caused amongst others an inhibition 

of osteoblast maturation. In addition, IBD patients’ serum containing a cocktail of infl ammatory 

mediators inhibited osteoblast proliferation. As one may assume that disease activity and disease 

duration are related to the presence of infl ammatory mediators, these fi ndings together suggest 

that the reduced bone formation observed at the tissue level is caused by deleterious effects of 

infl ammation on osteoblast characteristics. 

Besides a reduced bone formation, a normal or slightly reduced bone resorption was observed 

at the tissue level. At the cellular level, osteoclast formation from peripheral blood precursor cells 

was increased in CD patients. This suggests that osteoclast precursor cells are primed, i.e. triggered 

to partially differentiate, in the circulation already. However, these fi ndings did not correlate with 

the in vivo levels of the bone resorption marker CTx. In addition, these fi ndings did not fi t in with 

the fi ndings at the tissue level. However, the patients included in the osteoclast study (Chapter 5) 
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Figure 1. Mechanism through which bone metabolism may be affected by IBD.  In IBD, both environmental factors and 

host factors activate the intestinal immune system resulting in increased levels of infl ammatory mediators in both the 

intestine and the circulation. These infl ammatory mediators generally inhibit the number and function of osteoblasts 

and stimulate the number, and possibly function, of osteoclasts. The result is a decreased bone formation and possibly 

increased bone resorption (at least during active state of disease). Consequently, the net effect of IBD on the skeletal 

system is a reduced bone mass.

Abbreviations used: Obl, osteoblast; Ocl, osteoclast, Ocy, osteocyte; TC, T cell; BC, B cell; DC, dendritic cell; MΦ, macrophage.



Chapter 7

106 |

differed largely from the patients included in the histomorphometry study (Chapter 2). In addition, 

the apparent discrepancy between the fi ndings at the cellular and tissue level might be due to 

the fact that osteoclast precursor cells require further local differentiation (priming) in order to 

actually resorb bone. Possibly, the required microenvironment to activate osteoclasts is present 

only during active disease, whereby only then the partially triggered osteoclast precursors are able 

to become an active osteoclast. In that case, osteoclast resorption is high during active disease 

and normalizes in quiescent state of disease (or even decreases when taking into account coupling 

with bone formation).

Elevated concentrations of several osteoclastogenic cytokines were produced by both 

osteoclast precursor cells and T cells of patients with CD. Interestingly, levels of these cytokines 

correlated with osteoclast formation, pinpointing towards an important role for (T cell-mediated)

infl ammation in osteoclastogenesis. The studies at the tissue level described in this thesis 

were not designed to answer the role of infl ammation in bone resorption and as such in bone 

metabolism. However, animal studies previously highlighted the crucial role of TNF-α and IL-1 in 

bone resorption in vivo.24,25 

At the cellular level, osteoclast formation was preceded by formation of cell clusters. The cell 

clustering process was found to be mediated by heterotypic cell-cell interactions, which suggests 

that a direct crosstalk between osteoclast precursors and T cells may play a pivotal role in the early 

phase of osteoclast formation. In vivo, the critical role of T cells in bone loss has been proven by 

the fact that T cell defi cient mice show a diminished infection-induced bone loss and are protected 

from estrogen-related bone loss.26,27 Although these fi ndings were implicated to be the result of a 

disturbed osteoclastic bone resorption, no information is available on the role of a direct crosstalk 

between osteoclasts and T cells in this process in vivo. 

All the above mentioned data strongly confi rm the role of the infl ammatory process and 

its sequelae in bone (cell) metabolism. Combining the fi ndings from the Chapters 3, 4 and 5, 

reveals which specifi c infl ammatory factors are of potential importance in the regulation of bone 

metabolism in vitro. In summary, IL-1 and IL-10 affect osteoblast proliferation and function in both 

the physiological (healthy controls) and pathophysiological (CD patients) situation. IL-6 and TNF-α 

seem to interfere with osteoblast characteristics only in CD patients, although this fi nding was less 

consistent. The cytokines IL-1, IL-6, IL-13, IL-17, INF-γ and TNF-α as well as the adhesion molecules 

LFA-1 and ICAM-1 play a role in osteoclast formation. The inhibitory effect of IBD patient serum on 

osteoblast proliferation is related to levels of MCP-1, and possibly to hormones and cell adhesion 

molecules. Serum from IBD patients contains altered levels of IL-8, IL-13, ICAM-1 and Axl. Although 

these cytokines did not correlate to the effect of serum on bone cell proliferation, these factors still 

may turn out to be of relevance in the regulation of bone (cell) metabolism. 
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Future directions

In the paragraph ‘Fitting the pieces together’ several assumptions have been made. Additional

research is required to confi rm and further elaborate the suggested pathophysiological 

mechanism of IBD-associated bone loss.   

The studies described in this thesis aimed to use a clinically well-defi ned study population. 

However, already in this experimental setting a high variability between patients was observed. 

Therefore, it would be interesting to repeat and extend the performed studies using an even more 

delineated population in which the patient heterogeneity is taken into account. Including patients 

with accurately recorded differences in for example disease activity, disease duration, gender, 

vitamin D status, blood cell composition, and severity of bone loss might help to identify subsets 

of patients at risk for osteoporosis. 

An intriguing and enigmatic fi nding in this thesis was that male IBD patients seem to be at 

greater risk for bone loss than female patients. As a gender difference may point to the potential 

importance of sex hormones, the role of estrogen and testosterone in IBD-associated bone loss 

should be investigated.

Besides cytokines, our fi ndings suggest chemokines as well to be of importance in the 

regulation of bone metabolism in IBD patients. Recent research has demonstrated a role for several

chemokines in bone cell metabolism (in vitro studies),10,28-30 as well as in the development of 

osteoporosis and bone lesions in multiple myeloma (studies in animals and humans).8,9,31,32 

Therefore, elucidating the role of chemokines, possibly in particular CC-chemokines, in 

IBD-associated bone loss is an interesting topic for further investigation.

Vitamin D status showed an inverse relation to CTx levels and seemed to relate positively to 

lumbar spine BMD. In addition, vitamin D status was observed to relate inversely to CRP levels 

and as such to disease activity, a fi nding also reported in literature very recently.33 These fi ndings, 

in combination with the high prevalence of vitamin D defi ciency in IBD patients, highlight the 

importance of vitamin D, and based on literature possibly its receptor as well,34-37 in both 

bone cell metabolism and IBD pathogenesis. Therefore, the role of vitamin D and its receptor 

(polymorphisms) in IBD-associated bone loss might currently be underestimated, and as such 

warrants further research.

The role of the osteocyte in bone metabolism in IBD patients has gained only limited attention 

in this thesis. At the tissue level, osteocyte apoptosis was observed to relate positively with disease 

activity and bone loss in quiescent CD patients seemed to be caused by a decreased osteocyte 

viability in the patients’ past. Therefore, more detailed research on osteocyte characteristics in 

relation to IBD-associated bone loss would be of value.

New therapeutic insights

Possibilities for new therapeutic strategies have been touched on already in the previous 

paragraphs. An overview of the most promising ones is given below.
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In relation to the observed reduced bone formation in CD patients in this thesis, a self-

evident treatment option for IBD-associated bone loss is the use of anabolic therapies, such 

as recombinant human parathyroid hormone and growth factors. The last years, the role of the 

Wnt-signalling pathway in bone mass regulation has become more and more evident. Therefore, a 

novel therapeutic anabolic approach might be, amongst others, targeting sclerostin.

This thesis highlights the role of cytokines in bone metabolism in IBD patients. Besides the 

widely known factors like IL-1, IL-6 and TNF-α, a particular role for IL-17 is implicated. Anti-IL-17 

has been shown to be effective in inhibiting osteoclast formation in various diseases associated 

with bone loss. Therefore, therapies aimed at blocking the IL-17 pathway may be benefi cial to 

prevent bone loss in IBD patients as well. 

The observed role for chemokines in the regulation of bone mass suggests that therapies 

targeted at this group of proteins may be of potential use in the fi ght against IBD-associated 

bone loss.
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Dit proefschrift besteedt aandacht aan het effect van een chronische ontsteking op botweefsel.

In hoofdstuk 1 worden de karakteristieken en pathogenese van infl ammatoir darmlijden 

(infl ammatory bowel disease, IBD) en botontkalking (osteoporose) geïntroduceerd. IBD betreft 

een groep ontstekingsziekten die gekenmerkt wordt door een chronische, ongecontroleerde 

ontsteking van het darmweefsel. IBD bestaat hoofdzakelijk uit twee aandoeningen: de ziekte van 

Crohn (Crohn’s disease, CD) en Colitis Ulcerosa (ulcerative colitis, UC). Hoewel IBD voornamelijk 

een aandoening is van de darmen, kunnen ook andere organen aangedaan zijn, zoals bijvoorbeeld 

de botten en gewrichten. Osteoporose en osteopenie zijn twee ziektebeelden die gekenmerkt

worden door botverlies en komen relatief vaak voor in patiënten met IBD. Factoren die ten 

grondslag liggen aan botverlies in IBD patiënten zijn onder andere het slecht opnemen van 

essentiële voedingsstoffen (malabsorptie), vitamine D tekort, verstoringen van het calcium 

metabolisme, een tekort aan sekshormonen, een lage body mass index (BMI) en het gebruik 

van medicijnen die een negatieve invloed hebben op het skelet (bv. corticosteroïden). Sinds het 

ontstaan van een nieuw vakgebied, de osteo-immunologie (osteo=bot, immunologie=de leer van 

het afweersysteem), is duidelijk geworden dat ook het ontstekingsproces in IBD een belangrijke

rol speelt in het ontstaan van botverlies in IBD patiënten. Steeds meer en ingewikkeldere 

interacties tussen ontstekingsfactoren (cytokines) lijken betrokken te zijn in de pathogenese van 

IBD-geassocieerd botverlies. Kennis met betrekking tot botverlies in IBD patiënten is voornamelijk 

verkregen met behulp van het gebruik van diermodellen, of berust op extrapolaties van gegevens 

uit studies naar andere ontstekings-gerelateerde botziekten. Daarom is in dit proefschrift vanuit

een zo breed mogelijk perspectief onderzoek gedaan naar de pathogenese van botverlies in 

patiënten met IBD, in het bijzonder in patiënten met de ziekte van Crohn. De eerste doelstelling

van dit proefschrift was om het botmetabolisme van IBD patiënten op weefsel niveau te 

bestuderen. De tweede doelstelling was om het botmetabolisme van IBD patiënten op cel niveau 

te bestuderen.

 Hoofdstuk 2 beschrijft een histomorfometrische studie waarin botmassa en structuur, 

botaanmaak, botafbraak en osteocyt apoptose zijn bepaald in trans-iliacale botbiopten verkregen

van patiënten met de ziekte van Crohn in een rustige fase van hun ziekte. In vergelijking met 

data van leeftijd en geslacht gematchte gezonde controles vertoonden Crohn patiënten een 

verlaagde trabeculaire botmassa, die gekenmerkt werd door dunnere trabekels. De mate van 

botverlies was ernstiger in mannelijke Crohn patiënten dan in vrouwelijke patiënten, en werd 

bovendien gekenmerkt door verlies van hele trabekels. Het botverlies geassocieerd met de 

ziekte van Crohn bleek te worden veroorzaakt door een afname in de botaanmaak. Het aantal 

osteoclasten (botafbrekende cellen) en het oppervlak bedekt met deze cellen leek verlaagd in 

vergelijking tot de literatuur, en suggereerde daarmee tevens een afname in de botafbraak. Het 

aantal osteocyten (coördinerende botcellen) en hun mate van celdood was normaal, echter het 

percentage lege lacunes was verhoogd in Crohn patiënten. Lege lacunes zijn plekken in het bot 

waar voorheen osteocyten hebben gezeten en is daarmee een maat voor osteocyt apoptose 

in het verleden.  Daarom werd geopperd, dat de gevonden afname in bot remodellering (een 

gebalanceerd proces van botafbraak en botaanmaak) werd veroorzaakt door een verlaagde 

osteocyt viabiliteit in het verleden van de patiënten.
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Het gevonden botverlies in Crohn patiënten zou het gevolg kunnen zijn van ziektegerelateerde 

veranderingen in bepaalde eigenschappen (fenotype) van de osteoblast, een cel verantwoordelijk

voor de botaanmaak. Daarom zijn in hoofdstuk 3 verscheidene functionele kenmerken van 

botcellen van rustige Crohn patiënten bestudeerd. Deze celkweek studies toonden aan dat 

botcellen van Crohn patiënten een verminderd vermogen tot groeien hebben en dat zij een 

verstoorde ontwikkeling (maturatie) hebben ten opzichte van botcellen van gezonde controles. 

Botcellen van Crohn patiënten bleken een grotendeels onveranderde reactie te hebben op 

infl ammatoire cytokines, waarvan bekend is dat zij betrokken zijn bij de actieve fase van IBD. 

Daarom lijken ziekte-specifi eke, fenotypische veranderingen in botcellen verkregen van Crohn 

patiënten een nieuw inzicht te bieden in het begrip van CD-geassocieerd botverlies. Bovendien 

suggereert de onveranderde gevoeligheid voor infl ammatoire cytokines, dat botcellen van Crohn 

patiënten ontvankelijk blijven voor verhoogde spiegels van circulerende infl ammatoire cytokines, 

die vrijkomen tijdens periodes van ontstekingsactiviteit in Crohn.

 Niet alleen een aangedane osteoblast zelf, maar ook indirecte effecten van ontsteking op de 

osteoblast kunnen een oorzaak zijn voor het gevonden botverlies in Crohn patiënten. Daarom is in 

hoofdstuk 4 het effect van serum van IBD patiënten op botcellen bestudeerd. In vergelijking tot 

gepoold serum van gezonde controles, had serum van ongeveer een derde van de Crohn en Colitis 

patiënten, zowel in rustige als actieve fase van hun ziekte, een remmend effect op de proliferatie 

van botcellen. Serum van mannelijke patiënten remde de botcel proliferatie vaker dan serum van 

vrouwelijke IBD patiënten. Om te onderzoeken welke infl ammatoire factoren betrokken zijn bij de 

reductie van botcel proliferatie, is het cytokine/chemokine profi el van serum onderzocht. Van de 

174 geteste infl ammatoire factoren, waren de spiegels van IL-8, ICAM-1, Axl en IL-13 veranderd

in serum van IBD patiënten vergeleken met dat van de gezonde controle serum pool. Echter, 

deze eiwitten konden niet gelinkt worden aan het gevonden remmend effect van patiënten 

serum op de botcel proliferatie. Specifi eke bestudering van de serum cytokine spiegels in relatie 

tot de gevonden remming in cel proliferatie toonde een mogelijke rol aan voor CC-chemokines 

en hormonen, in het bijzonder voor MCP-1 (CCL2) en eventueel sekshormonen.

 Infl ammatoire factoren beïnvloeden niet alleen de groei en functie van osteoblasten, 

maar ook de vorming en activiteit van osteoclasten. Als gevolg zou een verhoogde osteoclast 

vorming verantwoordelijk kunnen zijn voor het botverlies geassocieerd met IBD. In hoofdstuk 5

is de vorming van osteoclasten uit perifeer bloed van rustige Crohn patiënten bestudeerd. 

Bovendien is de rol van lymfocyten (bloedcellen betrokken bij ontstekingsprocessen) en 

infl ammatoire cytokines in dit proces onderzocht. Wanneer gekweekt werd zonder de osteoclast 

vorming stimulerende cytokines M-CSF en RANKL bleken voorlopercellen uit perifeer bloed van 

Crohn patiënten meer osteoclasten te vormen dan voorlopercellen van gezonde controles. In dit 

proces van spontane osteoclast vorming bleken T cellen van cruciaal belang. In kweken waarin 

geen T cellen aanwezig waren werd namelijk in het geheel geen osteoclast vorming waargenomen. 

T cellen van Crohn patiënten hadden een hoger basaal expressie niveau van de infl ammatoire 

cytokines IL-6 en IL-17. Bovendien produceerden T cellen van Crohn patiënten meer IL-13 en IL-17 

in de kweek. Deze bevindingen tezamen suggereren een hoger activatie niveau van T cellen van 

Crohn patiënten dan van T cellen van gezonde controles. Een nieuwe bevinding in deze studie 
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was dat osteoclast vorming vooraf werd gegaan door de vorming van cel clusters in die kweken 

waar osteoclast voorlopercellen aanwezig waren. Cluster vorming werd geïnduceerd door de 

aanwezigheid van T cellen, echter uitsluitend in kweken van Crohn patiënten. Cluster vorming 

was sterk gecorreleerd met osteoclast vorming, wat er op lijkt te duiden dat interacties tussen 

osteoclast voorlopercellen en T cellen voorafgaan aan de vorming van osteoclasten. Zowel 

cluster vorming als osteoclast vorming waren gerelateerd aan de hoeveelheid IL-17 die in de kweek 

aanwezig was. Dit wijst op een mogelijk belangrijke rol voor IL-17 in osteoclast vorming in Crohn 

patiënten en als zodanig in CD-geassocieerd botverlies.

 Geïntrigeerd door de bevindingen uit hoofdstuk 2 en 5, is in hoofdstuk 6 het effect van 

risedronaat, een effectieve remmer van botafbraak, op de bot structuur en remodellering in rustige 

Crohn patiënten bestudeerd. Gedurende 2 jaar werden patiënten behandeld met ofwel risedronaat 

ofwel placebo (beiden in combinatie met calcium en vitamine D supplementatie), waarna de 

bot micro-architectuur en bot remodellering werden bepaald. Na 2 jaar bleek het botvolume 

van patiënten in zowel de risedronaat groep als in de placebo groep stabiel gebleven. De bot 

structuur, dat wil zeggen trabekeldikte, verbeterde alleen in risedronaat-behandelde patiënten. 

De bot remodellering werd aanzienlijk verlaagd door risedronaat behandeling en slechts matig 

verlaagd door calcium en vitamine D supplementatie. Deze bevindingen lijken er op te duiden dat 

risedronaat effectief is in het voorkomen van verder botverlies in rustige Crohn patiënten met een 

milde botaandoening.

 In hoofdstuk 7 zijn alle bevindingen uit dit proefschrift samengevat en gecombineerd tot 

een werkingsmechanisme van botverlies in IBD patiënten (zie voor een fi guur pagina 105). Het 

botverlies in IBD patiënten wordt veroorzaakt door een verminderde botvorming, welke het 

resultaat is van afwijkingen in zowel het aantal als de functie van osteoblasten. De afwijkingen

in de osteoblast van IBD patiënten lijken het gevolg te zijn van (sub)klinische ontstekingsprocessen. 

Ontstekingsfactoren spelen tevens een belangrijke rol in de vorming en functie van osteoclasten. 

De vorming van osteoclasten uit voorlopercellen in het bloed is verhoogd in IBD patiënten, en 

blijkt het resultaat van geactiveerde T cellen. Hoewel de functie van osteoclasten in IBD patiënten 

in de rustige fase van hun ziekte onveranderd lijkt, is het mogelijk dat tijdens de actieve fase van 

hun ziekte de daadwerkelijke afbraak van bot wél verhoogd is. Vervolgonderzoek is nodig om dit 

verder uit te zoeken. Daarnaast is voortzetting van dit onderzoek gewenst om de betrokkenheid 

van factoren en processen, die niet in dit proefschrift aan bod zijn gekomen, te bestuderen en 

daarmee het werkingsmechanisme van botverlies in IBD patiënten te completeren.
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Section 1:  List of abbreviations

25(OH)D  25-hydroxyvitamin D
3

ALP  alkaline phosphatase

Axl  receptor tyrosine kinase

BMD  bone mineral density

CD  Crohn’s disease

CDAI  Crohn’s Disease Activity Index

CRP  C-reactive protein

CTx  C-terminal collagen crosslinks

DXA  dual-energy X-ray absorptiometry

ELISA  enzyme-linked immunosorbent assay

E-Selectin  endothelial leukocyte adhesion molecule

ESR  erythrocyte sedimentation rate

FDR  false discovery rate

GRO   growth-related oncogene, CXCL1

HC  healthy control

IBD  infl ammatory bowel disease

ICAM-1  inter-cellular adhesion molecule 1

IFN  interferon

IGF  insulin-like growth factor

IL  interleukin

IQR  interquartile range

LFA-1  leukocyte function-associated antigen 1

LIF   leukemia inhibitory factor

MCP-1  monocyte chemotactic protein 1, CCL2

M-CSF  macrophage colony-stimulating factor

MMP   matrix metalloproteinase

MNC  multinucleated cell

Obl  osteoblast

OC  osteocalcin

Ocl  osteoclast

OPG  osteoprotegerin

P1NP  procollagen type 1 amino-terminal propeptide

PBMC  peripheral blood mononuclear cell

PCR  polymerase chain reaction

RA  rheumatoid arthritis

RANK(L)  receptor activator of NF-κB (ligand) 

(m)RNA  (messenger) ribonucleic acid

SD  standard deviation

SEM  standard error of the mean

T/C  treatment-over-control

TGF  transforming growth factor

Th  T helper cell

TNF  tumor necrosis factor

TRA(C)P  tartrate-resistant acid phosphatase

TRAIL R3  TNF-related apoptosis-inducing ligand receptor 3

UC  ulcerative colitis 
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Section 2:  Bone histomorphometry

Histomorphometric analysis of bone biopsies enables direct examination of bone structure and 

bone remodeling. Bone biopsies are usually obtained from the iliac crest (Fig. 1A). A transiliac

crest bone biopsy contains two cortices connected by trabeculae (Fig. 1B). In order to perform

measurements on sections of bone biopsies, staining of the tissue is required in most instances.

For example, to distinguish between newly formed unmineralized matrix (osteoid) and 

mineralized bone, sections are stained with Goldner’s trichrome (Fig. 1C). In order to visualize 

osteoclasts, sections are stained with tartrate-resistent acid phosphatase (Fig. 1D). Also some 

sections are left unstained. These are used to visualize tetracycline labels, as patients receive 

tetracycline before they undergo the bone biopsy. Tetracycline is an antibiotic which is 

incorporated into mineralizing bone and can be detected by its fl uorescence (Fig. 1E).

Histologic sections are two-dimensional and as such enable four types of primary measurements: 

area, length, distance, and number. Using specifi c formulas these parameters can be extrapolated

to three-dimensional measures, like volume and thickness. Histomorphometry can be performed

Figure 1. Iliac crest bone biopsy. A. Place were the biopsy is taken. B. Section of a bone biopsy. Bone is depicted in 

green/blue. The outer shell of the biopsy consists of cortical bone which encloses a trabecular network. C. Goldner’s 

trichrome stain shows mineralized bone (B) in green/blue and osteoid (arrowheads) in red/orange. Trabeculae are 

surrounded by the marrow cavity (M) containing hematopoietic cells and fat cells. D. Tartrate-resistent acid phosphatase 

stain shows multinucleated osteoclasts in red (arrowheads). E. Tetracycline labels (arrowheads) appear yellow under 

fl uorescent light.
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manually, semi-automatically and automatically, using a variety of software. In the studies 

described in Chapter 2 and 6, automatic measurements using NIS-Elements AR 2.10 (Nikon GmbH) 

were used to measure bone volume and structure. The use of this new method is schematically 

shown in Figure 2. 

Measurements of osteoid and tetracycline labels were performed semi-automatically using Osteo-

measure (Osteometrics, Atlanta, USA). The use of this long-time used method is depicted in Figure 3.

Figure 2. Histomor-

phometric analysis 

using NIS Elements. 

A. Tracing the edges 

of bone in order to cut 

out the marrow cavity 

from the section. 

B. Section without 

marrow in which mea-

surements can be 

performed. 

C. Start of the actual 

measurement: Selec-

ting the color of the 

region of interest, in 

this case bone. 

D. Within the region

of interest the software 

calculates whatever 

parameter is selected, 

like area, length or 

width.

Figure 3. Histomorphometric analysis using Osteomeasure.  A. The Osteomeasure system consisting of a microscope 

equipped with a CCD-camera, a digitizing tablet and a computer with the appropriate software. B. Tracing the region of 

interest, in this case osteoid, using the digitizing tablet. C. The calculated outcome of parameters regarding the region of 

interest, like osteoid thickness.



Chapter 9

Section 3:  Bone cell culture

Human bone was obtained from transiliac crest bone biopsies in case of CD patients (Fig. 4A) and 

from superfl uous trabecular bone fragments of the anterior iliac crest of healthy controls who 

underwent maxillofacial surgery. The bone specimens were minced into small fragments (Fig. 4B) 

and transferred into a culture fl ask. Within a few days, cell outgrowth from the bone fragments 

became visible (Fig. 4C).

The cells grown out of the bone specimens were characterized for their bone cell phenotype. 

Bone cells produce alkaline phosphatase which is an enzyme that has a role in the minerali-

zation of bone. Therefore, presence of alkaline phosphatase activity is usually part of the 

characterization of the bone cell phenotype (Fig. 5A). Another characteristic of bone cells is 

the ability to produce a mineralized matrix, which can be visualized using a von Kossa staining 

(Fig. 5B). The cells used in the experiments described in this thesis (at least those of healthy 

controls) showed both these characteristics. As such, these cells could be used to study bone cell 

metabolism at the cellular level.

Figure 4.  Processing of a bone biopsy for use in bone cell culture. A. Transiliac crest biopsy obtained with a Bordier ’s 

trephine resulting in a cylindrical sample of bone. B. Minced bone fragments ready for culture. C. Already within a few 

days of culture cells grew out of the fragments.

Figure 5.  Bone cell characteristics of primary human healthy control bone cells. A. Alkaline phosphatase staining 

showing bone cells positive for ALP activity in blue. B. Von Kossa staining showing calcium phosphate deposits (black) 

in the extracellular matrix.
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Section 4:  Grouping of proteins on protein array (Chapter 4)

Anti-inflammatory CD14 FGF-9 IL-18 BPalpha

IL-1ra E-Selectin GCSF IL-18 Rbeta

sTNF RI ICAM-1 HGF IL-21 R

sTNF RII ICAM-2 IGFBP-3

ICAM-3 IGFBP-6 IL-6 family cytokines

C-chemokines L-Selectin IGF-I SR IL-6

Fractalkine PECAM-1 IGF-II IL-11

Lymphotactin Siglec-5 LIF Cardiotrophin-1

VE-Cadherin M-CSF LIF

CC-chemokines M-CSF R Oncostatin M 

CCL-28 Enzymes MIF

CK beta 8-1 Angiogenin MSP-alpha TGF-β superfamily cytokines

CTACK Axl NGF R TGF-beta 1

Eotaxin Dtk NT-3 TGF-beta 3

Eotaxin-2 ErbB3 NT-4 (neurotrophin) Activin A

Eotaxin-3 MMP-1 Oncostatin M Endoglin

HCC-4 MMP-9 PDGF AA

I-309 MMP-13 PDGF-AB TNF family cytokines

MCP-1 Tie-1 PDGF Ralpha DR6 (TNFRSF21)

MCP-2 Tie-2 PDGF Rbeta Fas Ligand

MCP-3 TIMP-1 PIGF Fas/TNFRSF6

MCP-4 TIMP-2 SCF GITR-Ligand

MDC TIMP-4 SCF R GITR

MIP-1-delta uPAR TGF-alpha LIGHT

MIP-1alpha TGF-beta 1 Osteoprotegerin 

MIP-1beta Growth factors TGF beta2 TNF-alpha 

MIP-3-alpha BDNF TGF-beta 3 TNF-beta

MIP-3beta BMP-4 VEGF TRAIL R3

MPIF-1 BMP-6 VEGF-D TRAIL R4

PARC CNTF VEGF R2

RANTES EGF VEGF R3 Th1 cytokines

TARC FGF-6 IL-1alpha

TECK FGF-7 Hormones IL-1beta

Flt-3 Ligand Acrp30 (adiponectin) IL-2

CXC-chemokines GDNF AgRP IL-12 p40

BLC GM-CSF Leptin IL-12 p70

CXCL- 16 IGFBP-1 Leptin R IL-15

ENA-78 IGFBP-2 Prolactin IL-16

GCP-2 IGFBP-4 Thrombopoietin IL-17

GRO IGF-I IFN-gamma

GRO-alpha IL-7 IL receptor / binding TNF-alpha 

IL-8 PDGF-BB IL-1 RI TNF-beta

I-TAC Angiopoietin-2 IL-1 R II

IP-10 Amphiregulin IL-1 R4/ST2 Th2 cytokines

MIG bFGF IL-2 Rapha IL-3

NAP-2 b-NGF IL-2 Ralpha IL-4

SDF-1 BTC IL-2 Rbeta IL-5

SDF-1beta BMP-5 IL-2 Rgamma IL-6

BMP-7 IL-5 Ralpha IL-9

Cell adhesion Cardiotrophin-1 IL-6 R IL-10

ALCAM EGF-R IL-10 Rbeta IL-13

B7-1(CD80) FGF-4 IL-13 Ralpha2
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Section 5:  Primers used for quantitative PCR (Chapter 5)

Gene Sequence 5’ →  3’ 
Amplicon Length 

(bp) 
Ensemble Gene ID 

PBGD 
F:  TgCAgTTTgAAATCATTgCTATgTC  
R:  AACAggCTTTTCTCTCCAATCTTAgA 

84 ENSG00000113721 

CD3 
F:  AAggTACTTTggCCCAgTCAATC 
R:  TTTggCTTCTgCATCACAAgTC 

100 ENSG00000160654 

CD14 
F:  ggTTCggAAgACTTATCgACCAT 
R:  TCATCgTCCAgCTCACAAggT 

109 ENSG00000170458 

CD19 
F:  TgTgACTTTggCTTATCTgATCTTCT 
R:  TCAgTCATTCgCTTTCTTTTCCT 

101 ENSG00000177455 

CD56 
F:  CATCCACCTCAAAgTCTTTgCA 
R:  CggAggCTTCACAggTAAgAgT 

100 ENSG00000149294 

RANK 
F:  CCTggACCAACTgTACCTTCCT 
R:  ACCgCATCggATTTCTCTgT 

67 ENSG00000141655 

RANKL 
F:  CATCCCATCTggTTCCCATAA 
R:  gCCCAACCCCgATCATg 

60 ENSG00000120659 

OPG 
F:  CTgCgCgCTCgTgTTTC 
R:  ACAgCTgATgAgAggTTTCTTCgT 

100 ENSG00000164761 

M-CSF 
F:  CCgAggAggTgTCggAgTAC 
R:  AATTTggCACgAggTCTCCAT 

100 ENSG00000184371 

c-FMS 
F:  CCCTCATgTCCgAgCTgAA 
R:  AggTCgCCATAgCAACAgTACTC 

126 ENSG00000113721 

ICAM-1 
F:  TgAgCAATgTgCAAgAAgATAgC 
R:  CCCgTTCTggAgTCCAgTACA 

104 ENSG00000090339 

LFA-1 
F:  gAgCTggTgggAgAgATCgA 
R:  gAggCgTTgCTgCCATAgA 

106 ENSG00000005844 

TNF-α 
F:  CCCAgggACCTCTCTCTAATCA 
R:  gCTTgAgggTTTgCTACAACATg 

103 ENSG00000111956 

TNF-R1 
F:  ACCTCTCCTgCCAggAgAAAC 
R:  CTTTTCTTACAgTTACTACAggAgACACA 

100 ENSG00000067182 

TNF-R2 
F:  TAATAATAggAgTggTgAACTgTgTCATC 
R:  CCTTATCggCAggCAAgTgA 

101 ENSG00000028137 

IFN-γ 
F:  TgCATCgTTTTgggTTCTCTT 
R:  gCTACATCTgAATgACCTgCATTAA 

100 ENSG00000111537 

TGF-β 
F:  CACCCgCgTgCTAATggT 
R:  CTCggAgCTCTgATgTgTTgAA 

100 ENSG00000105329 

IL-1β 
F:  CTTTgAAgCTgATggCCCTAAA 
R:  AgTggTggTCggAgATTCgT 

100 ENSG00000125538 

IL-4 
F:  CCTggCgggCTTGAATT 
R:  TTgAATATTTCTCTCTCATgATCgTCTT 

100 ENSG00000113520 

IL-6 
F:  ggCACTggCAgAAAACAACC 
R:  ggCAAgTCTCCTCATTgAATCC 

85 ENSG00000136244 

IL-7 
F:  ACCATgTTCCATgTTTCTTTTAggTAT 
R:  CTTTACCTTCAATATCACAATCAgATGA 

100 ENSG00000104432 

IL-13 
F:  ACAgCCCTCAgggAgCTCAT 
R:  gCTgTCAggTTgATgCTCCAT 

100 ENSG00000169194 

IL-17 
F:  TCCTgggAAgACCTCATTgg 
R:  AATTTgggCATCCTggATTTC 

100 ENSG00000112115 
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Een promotie-traject is als een zoektocht (quest): in eerste instantie vraag je je af waar te 

beginnen... Eenmaal onderweg stuit je op subtiele aanwijzingen en spannende uitdagingen, maar 

ook op dilemma’s en soms zelfs barre omstandigheden. Af en toe komt het in je op om op te 

geven. Waar doe je het ook alweer voor? Maar dan weet je het weer: je wilt je doel bereiken! Je zet 

door. Het ultieme doel bereiken wordt vergemakkelijkt wanneer je je zoektocht niet alleen uitvoert. 

Daarom wil ik dan ook iedereen bedanken die aan mijn ‘zoektocht’ heeft bijgedragen.

Mijn promotor prof.dr. P. Lips en co-promotor dr. N. Bravenboer. Beste Paul en Nathalie, bedankt 

dat jullie in mij de AIO zagen die jullie zochten voor dit project. Paul, bedankt voor je klinische 

en kritische input. Ik heb met name veel geleerd van jouw inzicht in de wondere wereld van de 

histomorfometrie. Nathalie, of ik nu hulp nodig had op inhoudelijk vlak of bij je langs kwam met 

mijn up’s en down’s, je deur stond altijd voor mij open. Bedankt daarvoor.

Vanwege het multidisciplinaire karakter van mijn promotie-onderzoek, zat ik in de bijzondere 

situatie om nóg een promotor en twee extra co-promotoren te hebben. Promotor prof.dr. J. 

Klein Nulend, beste Jenneke, bedankt dat je me de kneepjes van het schrijven van hoogwaardige 

wetenschappelijke publicaties hebt bijgebracht. Co-promotor prof.dr. W.F. Lems, beste Willem, 

het project is weliswaar niet geworden wat het had moeten zijn, maar jouw verruimende blik 

heeft desalniettemin bijgedragen aan het onderzoek. Bedankt daarvoor. Co-promotor dr. A.A. van 

Bodegraven, beste Ad, door een wending in mijn promotie-traject ben jij betrokken geraakt bij 

mijn onderzoek. Bedankt dat je vol enthousiasme hebt meegedacht en meegeschreven. Je hebt 

het onderzoek beslist naar een hoger niveau weten te tillen.

Geachte leden van de leescommissie, dr. N.A.T. Hamdy, dr. B. Oldenburg, dr. M. Karperien, 

prof.dr. C.D. Dijkstra, prof.dr. V. Everts, prof.dr. J.C. Netelenbos, en dr. A.C. Heijboer, hartelijk dank 

voor het lezen en beoordelen van mijn proefschrift. Geachte prof.dr. M.A. Blankenstein, beste Rien,  

erg jammer dat je in verband met afwezigheid geen zitting kunt nemen in de commissie. Jarenlang 

heb je belangrijke input geleverd tijdens onze maandelijkse overleggen, hartelijk dank daarvoor.

De hoofdstukken in dit proefschrift zouden niet tot stand zijn gekomen zonder een aantal 

essentiële bijdrages uit diverse hoeken. Allereerst wil ik alle IBD-patiënten bedanken voor het 

ondergaan van een botbiopsie en/of het afstaan van bloed. Tevens wil ik de MDL-artsen, die de 

patiënten van de Crohn and Bone trial hebben geïncludeerd, bedanken. Verder bedank ik alle 

vrijwilligers, o.a. vanuit de Endocrinologie (Endo) research, Endo diagnostiek, Dermatologie 

(Derma), Orale Celbiologie (OCB), en zelfs mijn vriendenkring, dat ze zich hebben laten

lekprikken voor het goede doel. Veel dank ben ik ook verschuldigd aan de afdeling Mondziekten 

en Kaakchirurgie, in het bijzonder Bert Schulten. Hartelijk dank dat ik vrijwel maandelijks op gezond

controle botmateriaal kon rekenen. Niets zou gelopen zijn zoals het zou moeten zonder de 

bijdrages van de research nurses. Ans en Nicolette (Endo), bedankt dat jullie alles met betrekking 

tot de Crohn and Bone trial in goede banen hebben weten te leiden. Esmé (MDL), bedankt voor al 

het regelwerk dat je hebt verricht bij het includeren van patiënten en het verzamelen van patiënten-
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materiaal. En tot slot, alle mensen van de Endo diagnostiek en KC diagnostiek voor de vele 

bepalingen die de afgelopen jaren uitgevoerd moesten worden. In het bijzonder wil ik Jeany 

en Josien bedanken voor de tijd en energie die zij hierin hebben gestoken.

Mijn collega’s van de Endo hebben vele directe en indirecte bijdrages geleverd aan mijn 

promotie-onderzoek. Paulien, bedankt dat je je vol overgave en precisie op de histologie

hebt gestort. Huib, bedankt voor al het moleculaire werk en het overnemen van de 

celkweek wanneer ik afwezig was. Christianne en Floor, bedankt dat jullie mij in het begin op 

weg hebben geholpen. Jullie waren voor mij een voorbeeld. Karen, voor mijn gevoel pas net 

gestart, maar ook jij bent al een heel eind. Ik hoop dat ik jou een beetje op weg heb kunnen 

helpen. Succes tijdens jouw ‘zoektocht’. Evelien, als studente heb jij geweldig werk afgeleverd door 

alle dynamische histomorfometrie metingen te verrichten. Dorine, niet echt van de Endo, maar zo 

voelt het stiekem toch een beetje... Bedankt voor de gezellige gesprekken, jouw luisterend oor en 

goede raad tijdens al onze uurtjes in de kweek.

Door het delen van het lab en een andere gezamenlijke factor heb ik er halverwege mijn 

promotie-traject veel collega’s bij gekregen. Derma, jullie zijn een gezellig team. Bedankt voor 

de paas- en kerst-lunches, de vele borrels, en niet te vergeten, de Olympische Spelen-, WK- en 

Tour-poules! Krista en Kim, AIO-lotgenoten en reisgenootjes, jullie hebben beide trajecten een 

stuk aangenamer gemaakt. Bedankt daarvoor. Sander, leuk dat je altijd ff kwam buurten als ik 

weer urenlang in het microscoop-hok doorbracht. Sue, Grace, Melanie, Chantal, Lenie, Judith, 

Shakun en alle nieuwkomelingen die het Derma-team zijn komen versterken, bedankt voor jullie 

belangstelling en het feit dat ik altijd even stoom kon komen afblazen. Christianne, voorheen 

Endo-collega en nu Derma-collega, fi jn dat ik ook het laatste jaar weer met alles bij je terecht kon.    

Collega’s van de OCB. Cor en Jolanda, bedankt dat jullie zo ontzettend veel tijd hebben gestoken 

in de fl uid fl ow experimenten. Helaas hebben ze dit proefschrift niet gehaald, maar dat maakt ze 

zeker niet minder gewaardeerd. 

Collega’s van de Experimentele Parodontologie / OCB, wat ben ik blij dat er nog op de valreep 

een samenwerkingsverband van de grond is gekomen. Vincent, je hebt jaren lopen roepen dat ik 

toch echt ook eens naar de osteoclast moest kijken. Bedankt dat je zo bent blijven aandringen, 

het is een prachtig stuk werk geworden. Teun, bedankt voor al je goede ‘gut-feelings’, het vele 

hand-en-span werk en je geweldige bijdrage aan het schrijven van het manuscript! Ton, bedankt 

voor al het mee-denken, mee-rekenen en mee-pipetteren, maar bovenal voor de relativerende en 

altijd positieve noot!

Naast de grotere samenwerkingen waren er ook kortere interacties met verschillende afdelingen. 

First of all, I would like to thank prof.dr. Juliet Compston and Linda Skingle from the department 

of Medicine, University of Cambridge, Great Britain for providing the control material and data 

regarding the histomorphometry paper. Ik ben ook dank verschuldigd aan de afdeling Inwendige 
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Finish each day and be done with it.
You have done what you could.

Ralph Waldo Emerson


