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ABSTRACT 

Periodontitis is a chronic inflammatory disease due to dental bacteria, and the disease is 

highly prevalent worldwide. Both environmental factors and genetic variation are 

confounding factors. Characteristic for disease development is degradation of gingival 

tissue and resorption of the alveolar bone due to inflammation. The cells that are 

capable to resorb bone is named osteoclasts and those are recruited and activated by 

numerous cytokines. Cytokines are small signal proteins responsible for cell 

communication and cell recruitment. Cytokines with chemotactic capacity are called 

chemokines. Patients with periodontitis have increased levels of chemokine ligand 2 

(CCL2) and chemokine ligand 11 (CCL11) in serum. The aim of this study is to 

investigate whether CCL11 increases pre-osteoclast migration. Bone marrow was 

isolated from mouse long bones to achieve pre-osteoclasts for migration experiments. A 

migration plate, with membrane pore size 8-µm was used for the experiments. The cells 

were added on top of the membrane with the medium underneath. The cells were 

incubated at 37 °C, 5 % CO2 and the incubation time 5 hours. Migrated cells were fixed 

and stained for the osteoclast specific enzyme tartrate-resistant acid phosphatase 

(TRAP). Migrated cells were counted using a light microscope. The result showed that 

CCL11 had a statistical significant chemotactic effect on pre-osteoclasts and increase 

cell migration. By identification of chemokines, it might be possible to test chemokine 

antibodies to stop bone resorption in inflammatory bone destructive diseases as 

periodontitis.  

 

 

 

 

 

 

 

 

 

  



 

 3 

INTRODUCTION 

Periodontitis is a chronic inflammatory which is initiated by dental bacteria. Both 

genetic variation and environmental factors are involved in disease development (Laine 

et al., 2010). The secretion of gingival crevicular fluid (GCF) increase in periodontal 

disease, and contains glycoproteins and proteins that give the bacteria nutrition to grow 

(Marsh, 2003). When an imbalance between dental bacteria and the immune defence 

occur, dental bacteria cause an inflammation and cytokines are released and disease 

development starts (Yucel-Lindberg and Bage, 2013; Laine et al., 2010). Gram-negative 

bacterial contribute to an environmental shift which favours the gram-negative 

proteolytic bacteria to increase in number. Gram negative proteolytic bacteria´s consists 

of a component called lipopolysaccharides that is recognized by immune cells e.g. 

macrophages which release cytokines, chemokines, prostaglandins and proteolytic 

enzymes (Marsh, 2003).  

 

Gingivitis, inflammation in the gingiva, is a very common (90 % of the population) 

reversible form of periodontal disease. In some individual’s gingivitis precedes to 

periodontitis, inflicting jaw bone degradation and jeopardise of tooth retention. It is 

completely unknown why this happens in only some individuals but one hypothesis is 

that it is due to genetic influence on the immune inflammatory response (Yucel-

Lindberg and Bage, 2013; Swedish Council on Health Technology Assessment [SBU], 

2004; Schatzle et al., 2004). 

 

Osteoclasts are the only cell capable of resorbing bone (Morrison et al., 2014), and 

these cells are expressing the specific enzyme tartrate-resistant acid phosphatase 

(TRAP+). An osteoclast is a multinuclear cell differentiated from a hematopoietic stem 

cell in the bone marrow (Schett, 2011). Osteoclast progenitors can only form a 

multinucleated osteoclast at the bone surfaces (Souza and Lerner, 2013). How osteoclast 

progenitors migrate from the blood circulation and finally reach the bone surface is not 

entirely understood (Wright et al., 2005). Macrophages and dendritic cells in the 

immune system are intimately related to osteoclasts. These cells all originates from the 

monocytic cell lineage and cytokines and specific transcription factors control the 

differentiation pathways. Macrophages differentiate to osteoclast progenitors and by 

fusion become a mature osteoclast, with a minimum three nuclei (Souza and Lerner, 
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2013). Mononuclear osteoclast progenitors with receptor activator of NF- kB (RANK) 

requires receptor activator of NF- kB ligand (RANK-L), produced by 

osteoblasts/osteocytes to differentiate to a multinucleated cell and by fusion become a 

mature osteoclast (Schett, 2011). In periodontal disease lymphocytes also expresses 

RANK-L and more osteoclasts are achieved (Nagasawa et al., 2000). Moreover, the 

presence of macrophage colony-stimulating factor (M-CSF) is required for cell survival 

(Schett, 2011). The differentiation pathway can be prevented by osteoprotegerin (OPG) 

secreted by osteoblastic cells. OPG interacts with RANK-L by preventing RANK from 

binding and limit osteoclast differentiation (Boyce et al., 2012). Macrophages, 

neutrophils and T lymphocytes can affect bone resorption indirect by producing more 

pro-inflammatory mediators, for example, pro-inflammatory cytokines, affecting the 

pathway expression of RANK-L (Hienz et al., 2015). 

 

Cytokines are small signal proteins, responsible for cell communication and recruitment 

of new immune cells. Interleukin-1 alpha (IL-1), IL-1, IL-6, tumor necrosis factor-

alpha (TNF-α) and other are pro-inflammatory signalling molecules, essential for the 

pathogenesis of periodontitis and contribute to increased osteoclast activation. Patients 

with periodontitis do have increased levels of cytokines in GCF (Yucel-Lindberg and 

Bage, 2013). 

 

Cytokines with chemotactic capacity are called chemokines and are approximately 6-12 

kDa (Votta et al., 2000). The function of chemokines is to attract and activate different 

types of leukocytes. This occurs in healthy conditions, but during inflammation, the 

chemokine levels increases and more leukocytes are recruited. There are approximately 

50 different chemokines and 15 receptors described in the literature (Molne and Wold, 

2007). Most of the chemokines have two or more names, a systematic name and a 

human ligand name (alternative name). Chemokines are divided into four families 

depending on structural and genetic variations. Most chemokines consist of four or 

more cysteine molecules. Depending on the position of cysteine in the N-terminus of 

the protein they are divided into the subfamilies (C, CC, CXC, CX3C) due to the 

systematic nomenclature. In the CC family, the two cysteine molecules are positioned 

nearest the N-terminal (Rollins, 1997). Another division of the chemokines are the two 

main groups, inflammatory chemokines and homeostatic chemokines. Inflammatory 
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chemokines are responsible for the recruitment of leukocytes due to inflammation or 

tissue damage, while the homeostatic chemokines are responsible for housekeeping 

such as leukocyte navigation within the secondary lymphoid organs, and during 

haematopoiesis in bone marrow and thymus (Deshmane et al., 2009).  

 

Patients with periodontitis have increased levels of chemokine ligand 2 (CCL2) and 

CCL11 in serum (Bostrom et al., 2015). Increased levels of chemokines e.g. IL-8, and 

CCL2 is present in the GCF (Yucel-Lindberg and Bage, 2013). CCL2 and chemokine 

receptor 2 (CCR2) are involved or induced in several diseases e.g. rheumatoid arthritis, 

allergic asthma, multiple sclerosis. CCL2 is believed to be one of the most important 

chemokine regulating the migration of monocytes/macrophages (Deshmane et al., 

2009). Previous studies have shown CCL2 to be a strong chemoattractant for 

mononuclear cells (Garcia-Zepeda et al., 1996). There is also evidence that CCL2 has a 

strong chemotactic effect on pre-osteoclast migration and enhanced to there fusion (Li 

et al., 2007). CCL2 is mainly produced from monocyte/macrophage and acts through 

CCR2, but other cells can produce CCL2 for example fibroblasts and endothelial cells 

(Deshmane et al., 2009).  

 

CCL11 acts through CCR3 and is directly chemotactic for eosinophils. CCL2 and 

CCL11 are very similar in its structure as they share 64 % identical amino acids. CCL11 

has lysine-lysine-lysine near the carboxyl terminus; this is unique for this CC 

chemokine (Garcia-Zepeda et al., 1996). 

 

Aim of the study 

The aim of this study is to investigate whether CCL11 increases pre-osteoclast 

migration. The sub aim is to investigate if the number of counted pre-osteoclasts 

corroborates between different operators. To our knowledge, there is no previous 

studies that have investigated this before. 
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MATERIALS AND METHODS  

Isolating bone marrow to achieve pre-osteoclasts 

For each experiment bone marrow was isolated from a single CSA mouse (male), 5-10 

weeks old. Tibia and femur were used to isolate whole bone marrow. A sterilized petri 

dish with phosphate buffered saline (PBS) was used to clean the bone from muscles, 

connective tissues, and other soft tissues. The cleaned bones were moved into a new petri 

dish with PBS, then scraped clear from other cell types before transferred to a third petri 

dish filled with 15 ml complete medium=α-mem (Gibco) supplemented with 10 % FBS, 

Glutamax and a mix of Streptomycin, Penicillin, and Gentamycin. The cartilage in the 

ends was cut off; an injection needle was used to rinse the bone marrow from the bone. 

The medium with bone marrow was transferred to a Falcon tube and centrifuge 5 min, 

1000 rpm before lysis of erythrocytes with 9 ml cold sterilized water. 10X PBS was added 

to neutralize pH and ion strength before centrifuge 5 min, 1000 rpm and later re-

suspended in 12 ml complete medium and M-CSF (30 ng/ml). The cells were placed in 

two 60 cm2 culturing dishes (Corning Suspension Culture Dish) for 48 h, 37 °C, 5 % CO2. 

Only primary cells differentiated to adherent macrophages adhere to the dish. Non-

adherent cells were discarded, and adherent macrophages were loosened with PBS 

containing 0.02 % ethylene diamine tetra acetate (EDTA) for 5 min of incubation before 

pelleted. 

Migration assay 

Loosened bone marrow macrophages (BMMs) were pelleted and re-suspended in 2 ml 

completed medium containing (M-CSF 30 ng/ml and RANK-L 4 ng/ml). Two 60 cm2 

culture dish (Nunc) were then used. 1 ml was added to each dish for approximately 5 

min before addition of 6 ml complete medium. Incubation time 48 h, 37 °C, 5 % CO2 to 

achieve osteoclast precursor cells. On the final day, day four of incubation after 

isolating bone marrow the non-adherent cells were discarded using a pipette, before 

washing the dish with PBS. Complete medium was added to the dish, and the adherent 

cells were loosened using a cell scraper before pelleted and re-suspended. The cells 

were quantified in a light microscope using A-boxes. Four A-boxes were quantified, 

and a mean value was used. Counting and diluting of cells to achieve a cell 

concentration of 150 000 c/ml usable for the migration experiments. 
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One ChemoTx 96 plate, membrane pore size 8-µm (Neuroprobe) were used for the 

migration experiment. Suspension with complete medium containing M-CSF (30 ng/ml) 

were used as a negative control group. As a positive control, complete medium with 

both M-CSF (30 ng/ml) and chemoattractant CCL2 (100 ng/ml) were used. The test 

groups consist of complete medium with both M-CSF (30 ng/ml) and chemoattractant 

CCL11 in different concentrations (100 ng/ml, 1000 ng/ml). The suspensions were 

added to the bottom wells, capacity 300 µl/well. The membrane (pore size 8-µm) was 

placed on top before added 50 µl cell suspension (7500 cells) as a droplet. Incubation 

time 5 h, 37 °C, 5 % CO2. After incubation, excess cells were mechanically removed 

from the applied side using a rubber-tipped cell scraper and paper (facial tissue), before 

the underside of the membrane were fixed and stained with TRAP. The migrated 

TRAP-positive cells were identified as pre-osteoclasts; they were counted under a light 

microscope independently by two operators. The counting was blinded. 

 

Ethical considerations 

A committee of ethics at Umea University at the Department of Odontology has approved 

the study. It is important to compare the benefits against the suffering in animal 

experiments. If there would have been alternative methods for this type of research they 

would have been used. The animals used for these experiments were treated by the current 

rules and standards. 

Literature search 

Articles were found through the database PubMed. Following MeSH terms were used: 

Periodontitis, Chronical Inflammation, Cytokines, Chemokines, Chemokine CCL11, 

Chemokines CC, Eotaxin, MCP-1, CCL2, Osteoclasts, bone, macrophage. The Mesh 

terms were used alone or/and combined. PubMed was also used by free search; 

periodontitis, chemokines, eotaxin, CCL11, mcp-1, osteoclast, osteoclastogenesis 

inhibitory factors, ccl2. Additional sources were articles from the mentor and textbooks 

in inflammation. 
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Data handling and statistical analysis 

The collected data were compiled for the experiments. Comparisons were made 

between the negative/positive control group and the test groups. Means and standard 

deviation (SD) were calculated. Differences between the groups of quantified cells were 

analysed using an unpaired t-test as a statistic method. The significant level was defined 

as p <0.05. The correlation between different operators counting cells was made using a 

paired t-test, the significant level defined as p <0.05. Data analyse were performed in 

Microsoft Excel Mac version 15.13.3 (150815). 

 

 

RESULTS 

Bone marrow monocytes from flushed bone marrow were grown for two days with M-

CSF before the cells were put in different culture wells for differentiation towards 

macrophages or osteoclasts. Monocytes/macrophages require RANK-L to differentiate 

to a mature osteoclast. Figure 1 illustrates the differentiation of macrophages (A-D) and 

osteoclasts (E-H) day one to four of culture. The pre-osteoclasts used for migration 

experiments is illustrated in figure 1, image F.  

 

Addition of 100 ng/ml CCL11 caused a two-fold significant increase of pre-osteoclasts 

migration, compared to the control group containing medium with only M-CSF. 

Addition of 1000 ng/ml CCL11 caused a three-fold pre-osteoclast migrating cells 

compare to the negative control group containing medium with M-CSF (Table 1). In the 

experiments, it was more than twice the number of migrated pre-osteoclasts in the 

positive control group containing CCL2 (100 ng/ml) compared to the negative control 

group only containing M-CSF (Table 1).  

 

To test if the number of counted migrated pre-osteoclasts corroborates between different 

persons we had two persons counting pre-osteoclasts in the same experiment. There was 

no significant difference in the number of counted cells between the two operators, 

demonstrating that the results did not diverge dependent of operator (Table 2). A 

correlation between the numbers of cells counted in different membranes was made and 

is shown in figure 2.  
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DISCUSSION 

 

In periodontal disease, cytokines are released and increase the osteoclastogenesis 

(Yucel-Lindberg and Bage, 2013). It is not entirely understood how pre-osteoclasts in 

the blood circulation reach the bone surfaces, (Wright et al., 2005) but most likely 

different chemokines are involved. In this study we show that CCL11 increase pre-

osteoclast migration and that the method used is reliable between different operators 

counting cells.  

 

There is evidence that other chemokines have a chemotactic effect on pre-osteoclast 

migration (Votta et al., 2000; Wright et al., 2005). Stromal cell derived factor-1 (SDF-

1) is also known as CXCL12 is a member of the chemokine family. It acts through 

chemokine receptor type 4 (CXCR4) present on osteoclast progenitors and mature 

osteoclasts. CXCL12 is expressed by osteoblasts, stromal cells, and endothelial cells. In 

vitro chemotaxis assays have shown that CXCL12 is chemotactic for human osteoclast 

progenitors and also contributed to their fusion (Wright et al., 2005). 

 

Others who have studied CCL chemokines with similar methods have also seen effects 

of chemokines, which indicate that they have an effect of cell migration. There is 

evidence that CCL2 has an effect on pre-osteoclast migration (Li et. al., 2007), and 

CCL11 is chemotactic for eosinophils (Garcia-Zepeda et al., 1996). Most interestingly, 

it is also shown that individuals with periodontitis do have increased serum levels of 

CCL11 and CCL2 (Bostrom et al., 2015). Since CCL2 and CCL11 are similar in their 

structure, it is not surprising that CCL11 also has an effect on pre-osteoclast migration 

as shown by this study. Other chemokines similar to CCL2 and CCL11 may also effect 

migration of pre-osteoclasts. 

 

CCL13 is a CC chemokine, chemoattractant for monocytes and basophils. CCL13 is 

involved in other inflammatory diseases like rheumatoid arthritis, carotid 

atherosclerosis, asthma and renal inflammation. The protein shares 62 % identical 

amino acids with CCL2, 61 % identical amino acids with CCL7, 59 % identical amino 

acids with CCL11. There is evidence that patients with chronic periodontitis have 

increased levels of chemokines CCL2, CCL7 and CCL13 in GCF and serum (Kumari 

et. al. 2014). 
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An osteoclast chemotaxis study has shown that CCL23, CCL5 and CCL4 are 

chemotactic for human osteoclast precursors. In that study, CCL2 was not shown to 

have an effect on pre-osteoclast migration. It is contradictory to the study made by (Li 

et al., 2007). However, they used primary human osteoclast precursors isolated from 

osteoclastoma tumors instead of pre-osteoclasts from mice. The study was performed 

using either a 48 well format micro-Boyden chambers (Neuroprobe, Cabin John, MD) 

or the 96 well-format ChemoTx plates (Neuroprobe) (Votta et al., 2000) that we used in 

this study. 

 

The number of migrated cells in our study varied between different experiments, even 

though an equal quantity of cells were placed on top of each membrane, the same 

concentration of chemoattractants were used and time of incubation were the same. We 

believed some pre-osteoclasts may become too large to be able to migrate through the 

pores in the membrane. The results in an other study did not alter using both pore size 

8-µm and 20-µm, which indicates that the pre-osteoclasts did not become too large to 

migrate through pore size 8-µm (Votta et al., 2000). 

 

According to previous migration studies, time of incubation varied between 4-6 h (Votta 

et al., 2000). In the present study, we first tried different migration time span with the 

aim to find the shortest migration time because this would make the experiments less 

time consuming. When we used 3-4 h migration time, there were fewer migrated cells 

in all wells compared to a longer time of incubation. Using migration time 6 h, there 

was no difference in the outcome against a 5 h migration time. Based on these results 

(data not shown) we chosen 5 h migration time.  

 

In the present study CCL11 had a statistic significant effect on pre-osteoclast migration. 

Periodontal disease is multifactorial, and CCL11 may be involved in the complex 

pathogenesis of periodontitis, but further studies are needed. By identification of 

chemokines important for pre-osteoclast migration, it might be possible to test 

chemokine antibodies to stop bone resorption in inflammatory bone destructive diseases 

as periodontitis. 
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TABLES 

Table 1. Description of quantified data with 5 h migration time. Control group (M-CSF 

(30 ng/ml). In all test groups M-CSF (30 ng/ml) was included. The experiment was 

repeated two times.  

Group                n a     Mean          SD           p-value b 

Control                                             8       61.75         41.6                                          

CCL2, 100 ng/ml                             8       178            121            0.022 

CCL11, 100 ng/ml                           3       139             54             0.0307 

CCL11, 1000 ng/ml                         8       196             79             0.00080 

a = number of wells 

b = p-value for unpaired t-test. Statistic significance was defined as p < 0.05 
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Table 2. Correlation between the two independent operators quantifying cells. 

Group                n a           Mean          SD          p-value b 

Operator 1, E.K           26            217,7          113           

Operator, 2 J.L            26            199,4           110          0.07 

a = number of quantified filters. 

b = p-value for paired t-test. Statistic significance was defined as p < 0.05 
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FIGURES 

    

    

    

    

Figure 1. Bone marrow from mouse long bones differentiated towards the macrophage 

linages by M-CSF (30 ng/ml) stimulation for two days before the macrophages were 

seeded in culture wells. The pictures illustrate macrophage differentiation (A-D= 

culture day 1-4) stimulated by M-CSF (30 ng/ml) and osteoclast differentiation (E-H= 

culture day 1-4) stimulated with M-CSF (30 ng/ml) and RANK-L (4 ng/ml).  
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Figure 2. Correlation quantified cells 

The figure shows the correlation on two independent counters quantifying pre-

osteoclasts. On x-axis is countered filters. On y-axes is quantified cells on each filer.  
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