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MINI ABSTRACT 

This study evaluates cytokines production in bone and bone marrow of patients with an osteoporotic 

fracture or with osteoarthritis by real time PCR, western blot and immunohistochemistry.  

We demonstrate that the cytokine pattern is shifted towards osteoclast activation and osteoblast 

inhibition in patients with osteoporotic fractures. 

 

ABSTRACT.  

Purpose: Fragility fractures are the resultant of low bone mass and poor bone architecture typical of 

osteoporosis. Cytokines involved in the control of bone cells maturation and function are produced by 

both bone itself and bone marrow cells, but the roles of these two sources in its control and the 

amounts they produce are not clear. This study compares their production in patients with an 

osteoporotic fracture and those with osteoarthritis. 

Methods: We evaluated 52 femoral heads from women subjected to hip-joint replacement surgery for 

femoral neck fractures due to low-energy trauma (37), or for osteoarthritis (15). Total RNA was 

extracted from both bone and bone marrow, and quantitative PCR was used to identify the receptor 

activator of nuclear factor kB Ligand (RANKL), osteoprotegerin (OPG), macrophage colony stimulating 

factor (M-CSF), transforming growth factor  (TGF), Dickoppf-1 (DKK-1) and sclerostin (SOST) 

expression. Immunohistochemistry and western blot were performed in order to quantify and localize 

in bone and bone marrow the cytokines.  

Results: We found an increase of RANKL/OPG ratio, M-CSF, SOST and DKK-1 in fractured patients, 

whereas TGF was increased in osteoarthritic bone. Bone marrow produced greater amounts of 

RANKL, M-CSF and TGF compared to bone, whereas the production of DKK-1 and SOST was 

greater in bone. 

Conclusions: We show that bone marrow cells produced the greater amount of pro-osteoclastogenic 

cytokines, whereas bone cells produced higher amount of osteoblasts inhibitors in patients with 

fragility fracture, thus the cytokine pattern is shifted towards osteoclast activation and osteoblast 
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inhibition in these patients. 

Keywords: RANKL/OPG; M-CSF; TGF; DKK-1; SOST, osteoporosis. 
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INTRODUCTION. 

Bone turnover is due to continuous and cyclic bone resorption followed by apposition owing to the 

coordinated actions of osteoclasts (OC, which destroy bone) and osteoblasts (OB, which form bone), 

orchestrated to some extent by osteocytes. In physiological conditions, these actions are balanced 

and resorption is offset by formation, whereas in pathological conditions or during senescence 

resorption exceeds formation. Fragility fractures are the resultant of low bone mass and poor bone 

architecture due to different pharmacological treatments or pathological conditions, such as 

glucocorticoid, [1], anti-hormonal treatments [2] and osteoporosis [3]. Osteoporotic fractures cause 

significant morbidity in the middle-age and elderly population: more than 2 million fragility fractures 

occur each year, almost 300,000 of them hip fractures associated with a threefold risk for future 

fractures, as well as a 15% to 33% mortality rate within the first year of fracture  [4]. In fragility 

fractures OC activity is up-regulated [5], mainly by the increase in pro-osteoclastogenic cytokines 

[6],[5, 7]. Cytokines involved in bone cells regulation are produced by both bone itself and bone 

marrow cells, but the roles of these two sources in pathological condition such as fragility fracture and 

the amounts they produce are not clear [6]. Those mostly involved in the control of OC differentiation 

and function are macrophage colony stimulating factor (M-CSF), receptor activator of nuclear factor kB 

ligand (RANKL) and osteoprotegerin (OPG) [7]. M-CSF induces the proliferation and differentiation of 

OC precursors, and increases the survival of mature OCs  [5, 8]; RANKL promotes the differentiation 

of OC precursors into mature multinucleated OCs, stimulates their bone resorption, and decreases 

their apoptosis [9]. 

OPG is the RANKL neutralizing soluble decoy receptor [10]. Imbalance between RANKL and OPG 

has been indicated as the pivotal mechanism responsible for bone loss in cases of estrogen deficiency 

[5, 9], inflammation [11-13] and cancer [14, 15].  

Wnts proteins (a family of secreted lipid-modified proteins that bind to a receptor complex: reviewed in 

Macsai et al. [16]) play an essential role in OB biology,  canonical Wnt signaling is a critical 

determinant in maintaining bone mass, indeed, loss or gain of function mutations in its receptor leads 



 

 6 

to the osteoporosis-pseudoglioma syndrome [17] or the hereditary high bone mass trait [18], 

respectively. Several molecules serve as antagonists of Wnt signaling. The two most studied - 

Dickkopf 1 (DKK-1) and sclerostin (SOST) [16] are thought to be involved in the pathogenesis of 

arthritis [19, 20], glucocorticoid induced osteoporosis [21, 22] and disuse osteoporosis [23].  

TGF plays a complex role in the regulation of bone turnover. It has wide-ranging effects and may be 

of substantial importance in the growing skeleton by contributing to the coupling between OB and OC 

[24], as well as in fracture healing [25-27]. It is produced by bone marrow cells, OBs and stromal cells. 

Both in vitro and in vivo studies have shown that TGF either stimulates or represses OB and OC 

proliferation or formation, depending on the cell types and culture conditions used.  

Here we demonstrate that in fragility fracture the bone marrow is the main source of cytokines active 

in the regulation of osteoclastogenesis , whereas the Wnts pathway inhibitors are primarily expressed 

by bone cells. We also demonstrate that both cytokines that enhance OC activity and those that 

reduce OB activity are up-regulated in fractured with respect to osteoarthritis (OA) patients. 

 

METHODS. 

The study was approved by the "Clinical Study Review Committee" of the Hospital San Giovanni 

Battista of Torino, and all the patients signed an informed consent statement prior to recruitment.  

Fifty-two femoral heads were obtained during hip-joint replacement surgery indicated for femoral neck 

fractures due to low-energy trauma (37 women), or for OA (15 women). None were on calcium and 

vitamin D, thyroid hormones, corticosteroids, estrogen, bisphosphonates, strontium ranelate, 

parathyroid hormone, or raloxifene. Secondary osteoporosis was ruled out by reference to the medical 

history, and by physical examination and blood tests.  

Risk factors for osteoporosis and previous bone density test were evaluated by a questionnaire [28]. 

When bone density test was available OA patients were included in the study only if the test results in 

the normal range (>-1.5 SD according to the WHO criteria [29]).  

Sample preparation. 
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The femoral heads were immediately processed. Bone was minced manually and washed with PBS 

and trypsin to remove bone marrow cells. Bone marrow red blood cells were lysed and the remaining 

cells were frozen at -80°C until RNA extraction. 

Bone fragments were treated with RNAlater (Ambion, Huntingdon, UK) to preserve RNA from 

degradation, than decalcified in EDTA for a week. They were then homogenized with a homogenator 

(Ultra-Turrax T8 IKA Werke GMBH & CO. KG, Staufen, Germany) in TRIzol reagent (Ambion), and 

frozen at -20°C until RNA extraction. 

Real time RT-PCR. 

Total RNA was isolated by using TRIzol reagent, chloroform extraction, and subsequent isopropanol 

precipitation according to the manufacturer’s protocol, and purified with the RecoverAll Total Nucleic 

Acid Isolation Kit (Ambion). 1 µg was converted up to single-stranded cDNA with the High-Capacity 

cDNA Reverse Transcription Kit (Applied Biosystems, Warrington, UK). cDNA was stored at -20 °C 

until use. was the housekeeping control. Quantitative RT-PCR (RQ-PCR) analysis was performed and 

by the iCycler iQ™ system (Bio Rad, Hercules, CA, USA). TaqMan probes were designed using 

Primer Express v2.0 software and synthesized by Applied Biosystems. The sequences of the probes 

and primers are listed in the on-line supplemental table. The expression of β-Actin was utilized to 

normalize RT-PCR data. All the probes were labelled at the 5′ end with 6-carboxy fluorescein (FAM) 

and the 3′ end with 6-carboxy-tetrametil rhodamine (TAMRA). Reactions for gene quantification were 

performed in a 25 µl final volume with 2 µl of sample cDNA, 1× iQ Supermix (Bio Rad, Hercules, CA, 

USA), 0,3 µM of each primer and 0,4 µM of the probes. PCR primers were the same used for gene 

cloning. The amplification conditions for quantization were: 95°C for 15 minutes, 50 cycles at 95°C for 

15 seconds, 58°C for 1 minute. 

Immunohistochemistry. 

To confirm the RQ-PCR data, immunohistochemistry for the analysed molecules was performed on 

paraffin sections from five femoral heads. The following antibodies were used: anti-RANKL mouse 

mAb (AbCam, Cambridge, UK), anti-MCSF rabbit mAb (AbCam), anti-SOST rabbit polyclonal Ab 



 

 8 

(AbCam), anti-TGF mouse mAb (AbCam), anti-OPG mouse mAb (Santa Cruz Biotechnology, Inc, 

Santa Cruz, CA), and anti-DKK-1 mouse mAb (Abnova, Taipei, Taiwan). 

Sections were stained with the primary Abs according to the manufacturer’s protocol, and incubated 

overnight at 4°C in a humidified atmosphere. Reactivity of antibody was detected by ABC method 

(Santa Cruz). Sections were counterstained with Mayer's hematoxylin for 5-10 seconds, transferred in 

tap water, dehydrated, cleared in xylene and mounted. 

 

Western blot 

Contemporary to RNA extraction protein extraction were performed, briefly TRIzol supernatant was 

washed in isopropanol and ethanol to separate proteins, the pellet was frozen at -80°C until 

measurement was done. In order to quantify the immunohistochemistry data on protein expression we 

carried on a western blot analyses on 10 patients and 10 controls. Briefly 50 g of protein were loaded 

onto each lane, and proteins were resolved by 12% SDS-PAGE. The separated proteins were 

transferred onto Immobilon-P membranes (Millipore Corp.) by electroblotting overnight. Membranes 

were incubated in the presence of anti-RANKL mouse mAb (AbCam, Cambridge, UK), or anti-MCSF 

rabbit mAb (AbCam), or anti-SOST rabbit polyclonal Ab (AbCam), or anti-TGF mouse mAb (AbCam), 

or anti-OPG mouse mAb (Santa Cruz Biotechnology, Inc, Santa Cruz, CA), or anti-DKK-1 mouse mAb 

(Abnova, Taipei, Taiwan) at 1:1000 dilution and 5% milk powder for 60 min. The membranes were 

washed and incubated in proper secondary antibody at 1:4000 in 5% milk powder for 60 min, washed, 

and the intensity of the bands enhanced using chemiluminescence mediated by horseradish 

peroxidase catalysis of luminol (Amersham) followed by exposure to Kodak Biomax-Ml film (Eastman 

Kodak Co.). Protein concentration was determined by spectrophotometric method (Bio-Rad).  

Equal protein loading was confirmed by measuring total actin. The bands were quantified using 

scanning laser densitometry. 
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Statistics. 

Fractured and OA patients baseline characteristics were compared by means of one way ANOVA or 

chi square test after Yates correction for non continuous variables. The normal distribution of 

measured parameter was determined with Kurtosis. Since none of the genes analyzed were normally 

distributed, fractured and OA patients were compared by means of the Mann-Whitney U test after 

weight for age, proteins were normally distributed, hence fractured and OA patients were compared by 

means of unpaired T-test. Age and gene expression were correlated by means of Spearman’s test. 

Genes measured in bone and bone marrow were compared by means of Wilcoxon ’s test. The SPSS 

17.0 software package was used to process the data with p<0.05 as the significance cut-off. 
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RESULTS. 

Patients. 

Correct classification of fractured patients as osteoporotic and of OA patients as non osteoporotic was 

ensured by previous bone density test in a majority of subject (79%), also the higher prevalence of 

previous fragility fracture in fractured patients confirm the correct patient’s classification (27% vs 13%, 

p=0.026). 

Fractured patients were significantly older than OA ones (839, vs 7410, p=0.000), hence a 

correction for age was carried on in the subsequent analyses.  

Body mass index, post menopausal period, calcium intake, smoking and familiar history of fragility 

fractures were recorded as risk factors for osteoporosis [28] , among these only familiar history of 

fragility fractures was more frequent in fractured than in OA patients (24% vs 7%, p=0.002).  

 

Cytokines and aging. 

Age was weakly correlated with RANKL expression in bone marrow. (R=0.38, p=0.009).This result is  

in keeping with the well-known effect of aging on bone loss due to a progressive increase in osteoclast 

formation and activity [5, 9].   

Pro-osteoclastogenic cytokines are elevated in fractured patients. 

The data in Figure 1 A show that RANKL/OPG is significantly higher in the bone marrow of fractured 

as opposed to OA patients, whereas it is not significantly different in bone (Fig.1B). Figures 1C and D 

show that both RANKL and OPG are higher in the bone marrow of fractured patients, whereas in bone 

this difference is not significant (data not shown). RANKL/OPG was calculated as the ratio between 

RANKL and OPG expression.  

To determine whether RANKL is mainly produced by bone marrow or bone, we compared these two 

sources in the same patient. Fig. 2A shows that more is produced by bone marrow. The 

immunohistochemistry findings are in keeping with the production of RANKL by both bone and bone 

marrow (Fig.2 B).  
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OPG was equally expressed by bone and bone marrow (Fig.2C & D). 

M-CSF is a key molecule in OC formation, even if this does not occur in the absence of RANKL. Its 

expression in bone was not significantly different in fractured and OA patients (Fig.3 C), in bone 

marrow we found an albeit non significant higher expression of M-CSF in fractured than in OA patients 

(Fig. 3D). The major expression of M-CSF was found in bone marrow (Fig. 3 A & B). 

Anti-osteoblastogenic cytokines are elevated in fractured patients. 

Expression of DKK-1, albeit low, was higher in the fractured patients, both in bone (Fig. 4A) and in 

bone marrow (Fig.4B), while its production by bone cells was greater (Fig.4 C & D). 

Production of SOST was similar in both sets of patients (data not shown), and greater in bone (Fig.5 A 

& B).  

Bone production of TGF is higher in OA than in fractured patients. 

The role of TGF in controlling bone turnover is not completely clear. According to literature bone 

marrow cells were the main source of TGF (Fig.6 A & B) with no significant difference between the 

two sets of patients (data not shown), whereas its production by bone was slightly (about 1.5%) 

greater in the OA set (Fig.6 C). 

Protein expression. 

The western blot confirms the data obtained by RQ-PCR on the higher expression of RANKL, OPG, 

and DKK-1 in fractured than in OA patients, and on the higher expression of TGF in OA ones 

(Supplemental material). Moreover M-CSF and SOST proteins are significantly higher in fractured 

than in OA patients; this is in keeping with a bone wasting cytokines profile in patients with fragility 

fracture as respect to patients with OA. 
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DISCUSSION. 

Decreased bone mass and increased fragility are the hallmarks of osteoporosis, and cause a 

significant morbidity in the affected population. In fragility fractures OC activity is up-regulated [5], 

mainly by the increase in pro-osteoclastogenic cytokines [5, 7], but the role of bone marrow and bone 

in the production of these cytokines is not completely clear. 

This study investigates the production of cytokines involved in the control of bone cells in fragility 

fracture and OA patients. We assessed bone and bone marrow cytokines production and investigate 

their function in regulating bone cells. Since we could not obtain hip samples from normal individuals, 

we cannot compare our results with those in a completely normal skeleton, but we used OA patients, 

previously controlled for the absence of osteoporosis.  We observed a positive correlation between 

bone marrow RANKL and age, this datum confirms previous literature on the role of RANKL in the 

age-related bone loss [9, 30].  

Our data show that bone marrow cells are mainly responsible for the production of osteoclastogenic 

cytokines (M-CSF and RANKL), whereas OB inhibitors (DKK-1 and SOST) are mainly produced by 

bone cells. This finding is in keeping with the close relationship between bone and bone marrow in the 

regulation of bone cells.  

We observed a substantial increase in both RANKL and OPG, as well as in the RANKL/OPG ratio in 

the bone marrow of fractured compared to OA patients, as reported by Eghbali-Fatourechi et al. [9] for 

the early post-menopause, whereas this parameter was similar in the bone of both sets of patients, 

showing the minor role of bone in producing these cytokines. The increase in OPG may be interpreted 

as an attempt to inhibit RANKL, and as a sign of increased bone turnover [7, 31]. Thus our data 

corroborate the hypothesis that bone marrow cells are the main drivers of OC formation and activity at 

list in patients with fragility fracture.  

The M-CSF expression in bone was low and not different among fractured and OA patients, whereas 

in bone marrow it was increased in fractured patients. These results mirror the M-CSF activity, mainly 

active in bone marrow, where it is produced and promotes the survival and proliferation of osteoclast 
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precursors [32]. Moreover, the higher expression in fractured than in OA patients is according to 

previously published data, which showed a pro-osteoclastogenic cytokine profile in fragility fractures 

[5, 6].  

This pro-osteoclastogenic cytokine profile was accompanied by an increase in the Wnt pathway 

inhibitors DKK-1 and SOST, which reduce OB activity in fractured patients. This finding corroborates 

Velasco et al.'s observation of down-regulation of the Wnt pathway in osteoporotic as opposed to OA 

patients [33]. Thus our data, according to Velasco et al. [33], suggests that osteoporotic fractures 

might be regarded not only as a disease caused by an increased OC activity, but also depending on 

an OB activity reduction. This hypothesis might open perspectives for new osteoporosis treatments 

(further PTH) addressed to increase or stimulate OB activity instead of acting only on the inhibition of 

OC activity.  

There was a small increase in the bone TGF production of our OA patients, whereas bone marrow 

TGF was not different in the two groups, it has been demonstrated that OA chondrocytes produce 

more TGF (reviewed in [34]), and that this increase may be regarded as an important pathogenetic 

moment of OA. The small TGF increase in the bone sample from OA patients in our cohort may be 

due to a condrocytes contamination of bone samples.  

The main limit of this study is the patients’ selection as some patients do not have bone density test 

performed and serum vitamin D level was not measured, anyway the majority of our subjects had a 

previous bone densitometry and the incidence of previous fragility fracture confirmed our patients’ 

classification. As regards vitamin D level it is well known that hypovitaminosis D is highly prevalent 

among elderly even in the absence of fracture [35, 36], hence it is reasonable to hypothesize an equal 

low level of vitamin D amongst fractured and OA patients.  

An other limit of the study is the use of bone from OA patients and not of healthy control, it is well 

known that OA subjects could not be considered as pure controls as their condition is associated with 

cytokines unbalance [37].  

In summary we demonstrated that bone and bone marrow display a cytokine pattern shifted towards 
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OC activation and OB inhibition in patients with fragility fractures. In particular, bone marrow cells 

contribute strongly in the regulation of osteoclastogenesis and in the increase of Wnts pathway 

inhibitors production by bone from fragility fracture patients. 
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FIGURE LEGENDS. 

Figure 1. RANKL/OPG is higher in fractured patients. 

A. Box and whisker plot represents RANKL/OPG measured in bone marrow in fractured 

compared to OA patients. The p value indicated was calculated with the Mann-Whitney U test 

after correction for age  

B. As in A: RANKL/OPG measured in bone.  

C. As in A: RANKL measured in bone marrow. 

D. As in A: OPG measured in bone marrow. 

Each Box represents the 25th to 75th percentiles. Lines outside the boxes represent the minimum and 

maximum values. Lines inside the boxes represent the medians calculated for all the data set.  
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Figure 2. Bone marrow produces more RANKL than bone. 

A. Box and whisker plot represents RANKL measured in bone marrow and in bone of all the 

samples. The p value indicated was calculated by means of Wilcoxon’s test. 

B. Micrograph displays immunohistochemistry for RANKL. Arrows indicate positive osteocytes, 

arrowheads indicate positive bone marrow cells (magnification x60). 

C. As in A:  OPG measured in bone marrow and bone of all the samples.  

D. Micrograph displays immunohistochemistry for OPG. Arrows indicate positive osteocytes; 

arrowheads indicate positive bone marrow cells (magnification x60). 

Each Box represents the 25th to 75th percentiles. Lines outside the boxes represent the minimum and 

maximum values. Lines inside the boxes represent the medians calculated for all the data set.  
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Figure 3. Bone marrow produces more M-CSF than bone. 

A. Box and whisker plot represents M-CSF measured in bone marrow and in bone of all the 

samples. The p value indicated was calculated by means of Wilcoxon’s test. 

B. Micrograph displays immunohistochemistry for M-CSF. Arrows indicate positive osteocytes, 

arrowheads indicate positive bone marrow cells (magnification x60). 

Each Box represents the 25th to 75th percentiles. Lines outside the boxes represent the minimum and 

maximum values. Lines inside the boxes represent the medians calculated for all the data set.  
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Figure 4. DKK-1 production in bone and bone marrow from fractured and OA patients. 

A. Box and whisker plot represents DKK-1 measured in bone in fractured as respect to OA 

patients. The p value indicated was calculated by means of Mann-Whitney U test after 

correction for age  

B. As in A:  DKK-1 measured in bone marrow.  

C. Box and whisker plot represents DKK-1 measured in bone marrow and bone of all the 

samples. The p value indicated was calculated by means of Wilcoxon’s test. 

D. Micrograph displays immunohistochemistry for DKK-1. Arrows indicate positive osteocytes, 

arrowheads indicate positive bone marrow cells (magnification x60). 

Each Box represents the 25th to 75th percentiles. Lines outside the boxes represent the minimum and 

maximum values. Lines inside the boxes represent the medians calculated for all the data set.  
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Figure 5. Bone produces more SOST than bone marrow. 

A. Box and whisker plot represents SOST measured in bone marrow and in bone of all the 

samples. The p value indicated was calculated by means of Wilcoxon’s test. 

B. Micrograph displays immunohistochemistry for SOST. Arrows indicate positive osteocytes; 

arrowheads indicate positive bone marrow cells (magnification x60). 

Each Box represents the 25th to 75th percentiles. Lines outside the boxes represent the minimum and 

maximum values. Lines inside the boxes represent the medians calculated for all the data set.  
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Figure 6. TGF production in bone and bone marrow from fractured and OA patients. 

A. Box and whisker plot represents TGF measured in bone marrow and in bone of all the 

samples. The p value indicated was calculated by means of Wilcoxon’s test. 

B. Micrograph displays immunohistochemistry for TGF. Arrows indicate positive osteocytes, 

arrowheads indicate positive bone marrow cells (magnification x60). 

C. Box and whisker plot represents TGF measured in bone in fractured as compared to OA 

patients. The p value indicated was calculated by means of the Mann-Whitney U test after 

correction for age. 

Each Box represents the 25th to 75th percentiles. Lines outside the boxes represent the minimum and 

maximum values. Lines inside the boxes represent the medians calculated for all the data set.  
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Supplemental figure. Proteins expression in bone and bone marrow from fractured and OA patients. 

A Western blot analyses displays of RANKL, TGF, M-CSF, SOST, OPG and DKK-1 expression in 

samples from fractured (lanes 1 to 5) and OA (lanes 6 to 10). Actin was used as control. The shown 

blot was obtained in bone marrow samples. 

B. Graph represents the expression of measured cytokines in fractured and OA patients’ bone 

marrow. Bars represent mean and SD expressed as optical density (O.D). * is a p value = 0.000 and 

was calculated by means of Student’s T test. 

C. As in B cytokines measured in bone, * is a p value = 0.001 

D. As in B cytokines measured in bone compared to those measured in bone marrow, ° is a p value = 

0.03. 

 


