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Background: Jawbone cavitations (JC) are hollow dead spaces in jawbones with dying or dead 

bone marrow. These areas are defined as fatty degenerative osteonecrosis of the jawbone or 

neuralgia-inducing cavitational osteonecrosis and may produce facial pain. These afflictions have 

been linked to the immune system and chronic illnesses. Surgical debridement of JC is reported 

to lead to an improvement in immunological complaints, such as rheumatic, allergic, and other 

inflammatory diseases (ID). Little is known about the underlying cause/effect relationship.

Objectives: JC bone samples were analyzed to assess the expression and quantification of 

immune modulators that can play a role in the pathogenesis of IDs. The study supports a potential 

mechanism where JC is a mediating link in IDs.

Materials and methods: Samples of fatty softened bone taken from JCs were extracted from 

31 patients. The specimens were analyzed by bead-based multiplex technology and tested for 

seven immune messengers.

Results: Regulated upon activation, normal T-cell expressed, and secreted (RANTES) and 

fibroblast growth factor (FGF)-2 were found at high levels in the JCs tested. Other cytokines 

could not be detected at excessive levels.

Discussion: The study confirms that JC is able to produce inflammatory messengers, primarily 

RANTES, and, secondarily, FGF-2. Both are implicated in many serious illnesses. The excessive 

levels of RANTES/FGF-2 in JC patients with amyotrophic lateral sclerosis, multiple sclerosis, 

rheumatoid arthritis, and breast cancer are compared to levels published in medical journals. 

Levels detected in JCs are higher than in the serum and cerebrospinal fluid of amyotrophic lateral 

sclerosis and multiple sclerosis patients and four-fold higher than in breast cancer tissue.

Conclusion: This study suggests that JC might serve as a fundamental cause of IDs, through 

RANTES/FGF-2 production. Thus, JC and implicated immune messengers represent an 

integrative aspect of IDs and serve as a possible cause. Removing JCs may be a key to reversing 

IDs. There is a need to raise awareness about JC throughout medicine and dentistry.

Keywords: RANTES/CCL5, fibroblast growth factor, FGF-2, bead-based Luminex analysis, 

osteolytic degenerated jaw bone, NICO, systemic signaling pathways

Background and aim of the study
Jawbone cavitations (JCs) are hollow dead spaces in the jawbone where the bone 

marrow is dying or dead. These fatty degenerative dead areas or cavitations may 

produce facial pain but they can also be present for years as an asymptomatic process. 

The term neuralgia-inducing cavitational osteonecrosis (NICO) has been defined 

by Bouquot et al1,2 as a hollow space produced by osteolysis. However, the possible 

systemic effects of NICO on the organism are not described by this nomenclature. 

JCs have long been believed to interfere with the immune system and have been 
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suspected to be a factor in many chronic illnesses. However, 

the status of messengers of immune activation in samples 

of degenerated jawbone tissue/NICO has not been widely 

assessed to date.3 Hidden immune messengers in abnormal 

jawbones could support a mediating link between NICO 

lesions and systemic disease (SD). The aim of this study is to 

verify the hypothesis that certain immune mediators present 

in NICO are important in SD. The study is patient centered, 

with samples and data obtained directly from patients from 

the corresponding author’s practice, but does not present case 

histories. The study supports an expanded immunological 

signaling network in the involvement of JCs.

Diagnostic problems of nICO 
lesions in the jawbone
The existence of NICO is largely neglected today in 

mainstream dentistry. The reason for this is that conventional 

X-ray techniques are limited in their ability to reveal the 

actual extent and location of JCs. To aid the practitioner 

in diagnosing the debilitating effects of bone marrow 

softening inside NICO lesions, a computer-assisted 

through-transmission alveolar ultrasound (TAU) device was 

developed.4 TAU precisely images and identifies cavitational 

porosity in the jawbone. Studies show that, in 84% of cases, 

NICO lesions in TAU images were more obvious and more 

readily identified than on radiographs of the same site. 

TAU imaging proved significantly superior to radiology 

for the detection of microscopically confirmed NICO. The 

efficiency and reliability of TAU in the diagnosis and imaging 

of NICO has been presented in numerous publications.4,5 

Because of these diagnostic difficulties, jawbone disease is 

underdiagnosed by dentists.

Morphological definition 
of fatty degenerative osteolysis 
of the jawbone/nICO
Osteopathies of the bone and, in particular, of the jawbone 

are subject to different definitions and classifications. In 

the last few years, it has become increasingly apparent 

that intravascular coagulation plays a significant role in the 

pathogenesis of the osteonecrosis.6,7 Nevertheless, it is very 

difficult to define precise pathophysiology and cell biology 

of the osteonecrosis. The term osteonecrosis is used to 

describe a condition influenced by a wide range of factors 

and further research is required to fully understand the cell 

biology and to identify its cause.8 There is a clear difference 

between JC defined as NICO and the classical form of 

acute or chronic osteomyelitis. NICO is similar to silent 

inflammation or subclinical inflammation with typical signs 

of subliminal inflammation and painlessness.

The macroscopic features of the NICO bone samples 

we collected were similar in all 31 samples and, due to the 

softening of the spongy bone, the marrow space could be 

easily vacuumed and curetted. Degeneration of the cancellous 

bone extended in the mandibular areas as far as the canal of 

the inferior alveolar nerve. Bouquot et al describe NICO-

induced necrotic, softened, cancellous bone as follows: 

hollow cavitations with soft tissue that have undergone fatty 

dystrophic changes and delamination of the bony sheath of 

the inferior alveolar nerve.1,4 The extent of these lesions was 

documented in an earlier publication.9 Figures 1 and 2 show 

a sample with predominant fatty transformation of the 

jawbone.

Pathohistological definition 
of fatty degenerative osteolysis 
of the jawbone/nICO
Each of the NICO samples in the present study were examined 

histopathologically, and it was found that the trabeculae were 

thin with a loss of their bony interconnections. The fatty 

marrow showed mucoid degeneration with interstitial edema. 

These chronic degenerative changes were intermingled 

with foci of recent areactive adipocyte necrosis with 

granular dissolution of the cytoplasm. The amount of fat 

cells was consistently and strikingly increased. Typical 

signs of inflammation, especially of an inflammatory cell 

response, were absent. The fatty degenerative and osteolytic 

aspects occurred due to insufficient metabolic supply. 

Widened intertrabecular spaces often contained small 

necrotic bone fragments. Fatty microvesicles and pools of 

liquefied fat similar to oil cysts, with almost complete loss 

of adipocyte nuclei and residual fatty degenerated marrow, 

were also present. Marrow showed an accumulation of acid 

mucopolysaccharides that stained positive with Alcian blue 

(see figure 3). Small nerve fibers are a striking feature of most 

JC biopsies, and are situated in close contact with degenerated 

and necrotic fatty tissue.10

Materials and methods
Cohort of patients
We collected JC tissue samples from 31 patients. Inclusion 

criteria of the studied population were patients with systemic 

immunological or neurodegenerative diseases and local 

diagnosis of NICO in the jawbone. Patients taking any 

medications due to systemic complaints were not excluded 

from the study. We analyzed regulated upon activation, 
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normal T-cell expressed, and secreted (RANTES)/C-C motif 

chemokine 5 (CCL5) (hereafter referred to as RANTES) and 

fibroblast growth factor (FGF)-2 expression in NICO in these 

31 patients, and in serum (n = 14). The following symptoms 

were present in the 31 patients (multiple counts are due to 

overlapping symptoms): seven patients with nonspecific 

facial pain/trigeminal neuralgia; seven patients with joint 

aches or rheumatoid arthritis (RA); four patients with chronic 

fatigue syndrome; five patients with breast cancer (BC); 

three patients with autoimmune disease of the thyroid gland 

(Hashimoto’s thyroiditis); two patients with multiple sclerosis 

(MS); one patient with Parkinson’s disease; one patient with 

asthma; one patient with leukemia (cured); one patient with 

allergy/intolerance; and one patient with amyotrophic lateral 

sclerosis (ALS).

Inclusion criteria for the JC group were the medical 

indication for NICO surgery in these patients based on 

orthopantomogram X-rays (two-dimensional) and an 

additional cone beam X-ray (three-dimensional), and 

multiple and irregular remnants of lamina dura present in 

a subtle radiolucent background, leading to the suspicion 

of the presence of JC. The definite indication for NICO 

surgery is from the complementary evaluation of additional 

measurement of bone density by TAU. Demographic data of 

the 31 cases in the NICO cohort were average age (57.1 years, 

range 36–86 years) and sex (female:male 21:10).

Additionally, we collected tissue samples from the 

normal jawbones of three patients who gave their consent for 

bone specimen collection during implantation and analysis. 

Inclusion criteria for this cohort were no radiographic 

evidence of NICO and inconspicuous measurement of bone 

density by TAU. Patients showed no systemic health risks.

Sampling of nICO tissue
In the corresponding author’s Clinic for Integrative Dentistry, 

31 patients diagnosed with NICO had surgery on the 

affected area of the jaw after local anesthesia and folding of 

a mucoperiostal flap. The cortical layer was removed. All 31 

patients showed osteolytic spongial areas and degenerative 

fatty tissue, as described in the “Background” section of this 

paper. In all cases, surgery was performed on edentulous jaw 

areas in the range of former wisdom teeth and the adjacent 

retromolar areas; there were 15 JC cases in the upper jaw 

and 16 in the lower jaw.

Figure 1 nICO sample completely converted to fatty spongial marrow of the jawbone.
Abbreviation: nICO, neuralgia-inducing cavitational osteonecrosis.
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Measurement of RAnTES/FGF-2 
in nICO samples and serum
The necrotic tissue samples (n = 31; see Figures 1 and 2) with 

a volume up to 0.5 cm³ were stored in a dry, sterile, 2 mL 

collecting vial (Sarstedt AG and Co, Nümbrecht Germany), 

which was made air tight, and frozen at −20°C. In 14 of these 

patients, serum was taken intravenously directly before or 

concomitantly after NICO surgery with a heparinized 7.5 mL 

collection tube (Sarstedt) and immediately frozen.

Processing of necrotic tissue samples
In the laboratory, the samples were homogenized by 

mechanical force in 200 µL of cold protease inhibitor 

buffer (Complete Mini Protease Inhibitor Cocktail; Roche 

Diagnostics GmbH, Penzberg, Germany). The homogenate 

was centrifuged for 15 minutes at 13,400 rpm. Afterwards, 

the supernatant was collected and centrifuged for another 

25 minutes at 13,400 rpm.

Measurement of RAnTES/FGF-2
In the 31 supernatants of tissue homogenate, we measured 

RANTES, FGF-2, interleukin (IL)-1 receptor antagonist 

(ra), IL-6, IL-8, monocyte chemotactic protein-1 (MCP1), 

and tumor necrosis factor-alpha (TNF-α). In 14 patients in 

the NICO cohort, RANTES and FGF-2 were also analyzed 

in serum. Measurement was performed using the Human 

Cytokine/Chemokine Panel I (MPXHCYTO-60K; Merck 

KGaA, Darmstadt, Germany) according to the manufacturer’s 

instructions and analyzed using the Luminex® 200™ with 

xPonent® Software (Luminex Co, Austin, TX, USA). 

For measurement of RANTES in serum, samples were 

prediluted 1:100 in sample buffer according to manufacturer’s 

instructions (see Figure 4).

Results
The results of the analysis of the seven cytokines in the 

NICO cohort (n = 31) are shown in Figure 3 (note the high 

amounts of IL1-ra, RANTES, and FGF-2). IL1-ra showed 

a median of 834.10 with a standard deviation of 1742.241 

and percentile 25 of 60.80. RANTES showed a median of 

3810.9 with a standard deviation of 2566.9 and percentile 25 

of 2085.4. FGF-2 showed a median of 499.8 with a standard 

deviation of 383.5 and percentile 25 of 177.9. There was a 

correlation between FGF-2 and RANTES in NICO tissue 

Figure 2 Microscopic view of nICO sample completely converted to fatty spongial marrow of the jawbone.
Abbreviation: nICO, neuralgia-inducing cavitational osteonecrosis.
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Figure 3 Pathohistological structure of typical nICO tissue.
Abbreviation: nICO, neuralgia-inducing cavitational osteonecrosis.

(P , 0.01; Spearman-Rho correlation coefficient 0.607), 

but not between other mediators.

The results of the three samples of normal jawbone 

were as follows (pg/mL): IL1-ra, 227.4, 92.5, and 863.7; 

RANTES, 217.8, 322.6, and 3.5; FGF-2, 14.4, 35.5, and 

5.6, respectively. Values for healthy patients and normal 

jawbones were not available for comparison in the literature. 

Figure 3 shows the mean values comparing the expression of 

the seven cytokines in these controls with NICO patients.

Concentration and distribution 
of RAnTES in nICO tissue and serum
RAnTES in nICO tissue assigned to clinical disease
Although the mean value of RANTES in NICO tissue was 

strongly elevated, the individual values of the 31 NICO samples 

are also of note as they allow the interpretation of the pathogenic 

significance of RANTES with reference to their concomitant 

clinical conditions. Figure 6 shows the RANTES levels of 

the 31 NICO patients according to their clinical diseases and 

problems. Comparison of matched serum and NICO samples 

from individual patients indicated a nonsignificant trend towards 

higher levels of RANTES in NICO. Correlation coefficients 

of RANTES tissue levels to serum levels was −0.130, and not 

significant (data not shown).

Concentration and distribution 
of FGF-2 in nICO tissue and serum
FGF-2 in nICO tissue assigned to clinical disease
The results of FGF-2 in the 31 NICO tissue samples reveal 

an average value of 536.01 pg/mL. Figure 7 shows FGF-2 

tissue levels of the NICO cohort according to their clinical 

diseases and problems. FGF-2 levels were also assessed in 

a subset of serum samples (n = 14). Comparison of matched 

serum and NICO samples from individual patients indicated 

a nonsignificant trend towards higher levels of FGF-2 in 

NICO patients relative to controls. Serum levels of FGF-2 in 

the 14 NICO patients were an average of 84.29 pg/mL, with 

a median of 27.72 and a standard deviation of 157.65, and 

percentile 25 of 15.70; there was no significant correlation 

between FGF-2 in NICO and serum (data not shown).

Discussion
We are aware that three samples of normal jawbone is a small 

sample size. This limitation notwithstanding, the aim of this 
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Seven cytokines in NICO in comparision with normal jawbone (pg/mL)
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Figure 5 Distribution of seven cytokines in nICO (n = 31) and in normal jawbone (n = 3) (values in pg/mL).
Abbreviations: FGF-2, fibroblast growth factor 2; IL, interleukin; MCP-1, monocyte chemotactic protein 1; NICO, neuralgia-inducing cavitational osteonecrosis; ra, receptor 
antagonist; RAnTES, regulated upon activation normal T-cell expressed and secreted/chemokine ligand 5; TnF, tumor necrosis factor.
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Figure 4 Bead-based processing of nICO samples.

study was to obtain an initial insight as to whether cytokine 

levels in NICO are conspicuous.

NICO is a chronic, insidious, and subtle process. This 

is supported by the fact that typical acute proinflammatory 

cytokines, such as TNF-α and IL-6, were not increased. 

The absence of acute inflammation denotes that the 

proliferation of chronic immunological processes is under the 

guidance of RANTES/FGF-2. In contrast to RANTES and 

FGF-2, IL1-ra acts as a strong anti-inflammatory mediator 

by blocking signal transduction at the IL1 receptor level.11 
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Due to the anti-inflammatory effects of IL1-ra, we did not 

find common signs of inflammation in NICO. The most 

striking discovery of the present study is that high levels of 

RANTES and FGF-2 were found in 30 of the 31 NICO tissues 

investigated (see Figure 6). Correlations between levels 

of  RANTES and FGF-2 in NICO tissue were statistically 

significant. The high levels of RANTES/FGF-2 in NICO 

patients indicate that NICO can be described as a derailed 

metabolic pattern, causing similar and mutually reinforcing 

pathogenic signaling pathways in other organs. The immune 

system seems to be activated in response to danger signals, 

which evoke various innate molecular pathways that 

culminate in inflammatory cytokine production and possible 

activation of the adaptive immune system. This integrative 

aspect requires us to take a closer look at RANTES and 

FGF-2 and their role in diseases.
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Figure 6 RAnTES in nICO tissue with cohort assigned to diseases.
Abbreviations: ALS, amyotrophic lateral sclerosis; CFS, chronic fatigue syndrome; MaCa, breast cancer; MS, multiple sclerosis; neuro-Deg, neurodegenerative disease; nICO, 
neuralgia-inducing cavitational osteonecrosis; RAnTES, regulated upon activation, normal T-cell expressed, and secreted/chemokine ligand 5; Rheuma, rheumatoid arthritis.
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Characteristics of RAnTES
RANTES belongs to the family of chemotactic cytokines 

known as chemokines. RANTES is produced by circulating 

T-cells and plays an active role in recruiting leukocytes to 

inflammatory sites. Studies have demonstrated that RANTES 

is implicated in many serious illnesses: the chemotactic 

activities of RANTES route T-cells, dendritic cells, eosinophils, 

NK cells, mast cells, and basophils to sites of inflammation and 

infection.12 However, RANTES can have detrimental effects 

via the recruitment of immune cells that enhance inflammatory 

processes, such as in arthritis, atopic dermatitis, nephritis, 

colitis, and other disorders.13 RANTES targets the central 

nervous system and promotes MS and Parkinson’s disease. 

When targeting mast cells, RANTES is involved in allergies, 

alopecia, and thyroid disorders.14 Proinflammatory chemokines 

such as RANTES also act on neurons, and RANTES is also 

involved in diseases of the central nervous system.15 The 

influence of RANTES on astrocytes is a further association 

of RANTES and the central nervous system.16 RANTES is 

also excreted by human melanoma cells and has been shown 

to accelerate tumor growth in a murine disease model.17 In 

Hodgkin’s disease, malignant Reed–Sternberg cells produce 

RANTES, which provokes chemotactic migration of mast 

cells into the tumor tissue. Hodgkin’s lymphoma cell lines 

also express RANTES in vivo.18

Fatty tissue and adipocytes in nICO create RAnTES
Why were strikingly high RANTES levels found in our 

analysis of NICO? Fatty tissue in general is seen today as an 

active part of the endocrine and immune systems. Our data 

render a discussion about the RANTES secretion by NICO 

fatty tissue necessary, as reduced blood flow and capillary 

density followed by ischemia can lead to a hypoxic situation.19 

The diameter of adipocytes in obesity exceeds the range 

of diffusion of O
2
 inside tissues (approximately 120 nm), 

and this alone can induce local hypoxia. Adipocytes are 

triggers of silent inflammation: it is well known that fat cells 

release inflammatory cytokines.20 In our histological NICO 

findings, necrobiotic modified adipocytes were regularly 

found. Interestingly, a remarkable difference in the cytokine 

patterns of body fat and NICO exists. For instance, while in 

obesity increased levels of TNF-α and IL-6 play important 

roles with regard to systemic effects, these mediators did 

not show up in NICO samples. The existence of high levels 

of RANTES in NICO is confirmed by a recent study on 

macrophages and RANTES in fatty tissue, as macrophages 

are not the only inflammatory cells that are found in the 

adipose tissue of obese patients. Recently, T-lymphocytes 

were also detected in the adipose tissue in obese patients and 

in mouse models of obesity.21 T-lymphocytes are also attracted 

by chemokines.22 Huber et al found increased expression of 

RANTES in fatty tissue in obese patients.23 Therefore, the 

immune effects elicited by fatty tissue and our understanding 

of NICO adipose tissue (see Figures 1 and 2) is an issue and 

will be further illuminated in this discussion.

Comparison of RAnTES expression in nICO 
to RAnTES expression in pathological body tissues
As the role of RANTES as a key mediator in SD is well 

known in medical science, the following interesting ques-

tion arises: how high are tissue levels of RANTES in 

malignancies and what data are available in literature? Niwa 

measured the RANTES content in primary malignancies.24 

Increased RANTES levels were found in all breast and cer-

vical tumors examined. In 12 BC tissue samples, RANTES 

expression was 1.032 ± 120 pg/mLg and in cervical collar 

tumors it was 984 ± 115 pg/mLg.24 Comparable high levels 

of RANTES expression have been found to be produced by 

BC cells (797.6 ± 3.96 pg/mL).25 In RA, synovial fluid in 

infected joints of 15 patients revealed RANTES levels of 

414 pg/mL, compared to the average of a healthy control 

cohort of ten patients, which was 59 pg/mL.26 In tissue 

samples of cultured endometrial tissue 24 hours after 

stimulation with TNF-α at a concentration of 100 ng/mL, 

RANTES levels increased to 1950 pg/mL (P , 0.0001).27 

Figure 8 compares the mean RANTES levels in our cohort 

of NICO patients (n = 31; 3009.5 pg/mL) with RANTES 

levels of patients with BC, cervical carcinomas, RA, and 

endometriosis. It is obvious that NICO areas contain 

three-fold higher levels of destructive RANTES signaling 

compared to degenerative or chronic inflammatory tissue 

samples found in corresponding papers.24–27 If RANTES 

plays an important role in malignancies, then RANTES 

levels in NICO should also be included in pathogenic con-

siderations and therapeutic objectives.

Characteristics of FGF-2
Growth factors are key regulators of proliferative and 

migratory events and FGFs play a role in wound repair,28 

which is characterized by both cellular proliferation 

and migration. FGFs and their receptors drive crucial 

developmental signaling pathways, which are responsible 

for many functions, including cell proliferation, survival, 

and migration.29 As such, they are susceptible to being 

hijacked by cancer cells and have been shown to have 

oncogenic roles in many cancers.30,31 Understanding 
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more about context-specific FGF signaling is a key area 

of study.32 As FGF-2 is also produced by adipocytes and 

affects bone metabolism, the characteristic fatty portions 

of NICO with high contents of adipocytes is a presumable 

source of FGF-2.

FGF-2 and its role in malignancies
The above background information on FGF-2 and data from 

NICO samples suggest focusing on FGF-2 in a short overview. 

Participation of FGF-2 is implicated in many diseases.33 For 

instance, findings suggest that prostatic FGF-2 activity may 

promote tumor progression and support the hypothesis that 

FGF-2 plays a significant role in prostate cancer progression 

in vivo.34 FGF-2 is highly expressed in late-stage prostate 

cancer and may promote angiogenesis, allowing tumors to 

grow and metastasize.35,36 The ability to produce FGF-2 may 

stimulate angiogenesis, allowing the cells to metastasize.37,38 

Patients with colorectal cancer have elevated FGF-2 levels in 

their serum and plasma compared to cancer-free controls.39 

The highest levels of serum FGF-2 were detected in patients 

with tumor metastasis and this was associated with reduced 

patient survival.39 These findings demonstrate that FGF-2 

expression levels in colorectal39 cancer are correlated with 

cancer progression, metastasis, prognosis, and patient 

survival.40 Le Page et al report that FGF-2 levels are elevated 

in the serum of patients with ovarian cancer compared to 

cancer-free individuals and in tumor tissue compared to non-

tumorous tissue.41 Also, patients with gastric carcinoma have 

significantly higher levels of FGF-2 in their serum compared 

to cancer-free patients.42

Comparison of FGF-2 expression in nICO with 
FGF-2 expression in pathological body tissue
As FGF-2 expression is enhanced in NICO, we decided 

to profile FGF-2 across other pathological tissues. Our 

comparative data f indings from the literature are as 

follows:

•	 Giri et al43 directly analyzed biopsies from prostate 

cancers and uninvolved prostatic peripheral zone tissue 

by enzyme-linked immunosorbent assay. For FGF-2, 

a total of 31 cancer and eleven normal peripheral zone 

extracts were analyzed and two-thirds of the cancers 

had higher FGF-2 concentrations than the highest 

uninvolved tissue; some cases had extremely high levels 

of FGF-2 (.400 ng/g tissue). The mean concentration 

of FGF-2 in the prostate cancer samples was markedly 

increased relative to control tissue, with a mean FGF-2 

concentration of 271 ng/g wet weight of tissue versus 

110 ng/g wet weight for uninvolved peripheral zone.

•	 Dabrosin45 measured extracellular levels of FGF-2 in 

normal breast tissue in vivo at 14.0 pg/mL using 

microdialysis in eleven premenopausal and f ive 

postmenopausal women. There was no signif icant 

difference between the levels in premenopausal woman 

and postmenopausal women (P = 0.66). This data is 

included in Figure 9.

•	 Relf et al44 detected FGF-2 protein in every BC tumor. 

FGF-2 was also assessed by enzyme linked immunosorbent 

assay and expression was higher in tumors relative to 

normal breast tissues in cancer patients (median, 346 pg/mL 
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cytosol; range, 54–1323 pg/mL; versus controls: median, 

149 pg/mL; range, 32–509 pg/mL; P = 0.01).

•	 Smith et al46 detected basic FGF in all 149 tumor cytosols 

and 21 nontumor cytosols analyzed in their study. In 

the tumor cytosols the FGF-2 levels ranged between 

27–12,662 pg/mg, with a median of 441 pg/mg of 

protein. In the nontumor cytosols (n = 14) taken from a 

site away from the tumor, the FGF-2 levels ranged from 

32–509 pg/mg, with a median of 149 pg/mg of protein. 

These results show that malignant breast lesions contain 

significantly higher levels of FGF-2 compared to normal 

tissue, implying an involvement of FGF-2 in breast 

carcinogenesis.

The distribution of mean levels of the FGF-2 tissue of the 

cohorts and controls quoted from the above literature from 

two studies of BC, cancer, prostate carcinoma, and MS and 

from two nonaffected healthy controls of breast and prostate 

are all below the averages of the NICO cohort (n = 31) that 

had an expression average of 536 pg/mL. Also, sampled 

NICO areas contain more FGF-2 signaling compared to 

cerebrospinal fluid (CSF) samples from MS patients or in 

carcinoma tissue in BC or prostate cancer.

Role of RAnTES and FGF-2 from 
NICO in three specific malignancies
Data presented in this study support the hypothesis of 

inflammation inducing NICO sites in jawbones, promoting 

the pathogenesis of different IDs/SDs by immune mediator 

expression. The present findings implicate NICO-derived 

RANTES/FGF-2 as a building block for ID/SD. The initial 

question regarding the role of RANTES and FGF-2 in NICO 

areas can be elucidated when evaluated in the context of 

patients with BC or those with RA or neurodegenerative 

diseases.

RAnTES and FGF-2 and their roles in breast cancer
RANTES has also been associated with the induction or 

promotion of cancer.47 Development of BC is reliant on the 

potential ability of RANTES to act directly on the tumor 

cells and to promote tumor progression.48 RANTES levels 

were markedly elevated in the primary tumor and metastatic 

lesions from all patients with BC or cervical cancer. This 

study suggests an as yet undefined but important role for 

RANTES in carcinogenesis.49 RANTES was significantly 

increased in BC cases with no metastasis and it was also 

highly significantly increased in metastatic patients compared 

to controls.50 RANTES may also be involved in the formation 

of BC metastasis: stem cells transform individual tumor cells 

into metastasizing cells using transmitters like RANTES.51 

This increased propensity towards metastasis is reversible  

and dependent on RANTES signaling.52 Karnoub et al53 

suggest that those stem cells with the aid of messengers 

transmute tumor cells into metastasizing cells and therefore 

conclude that RANTES stimulates metastasis. BC cells 

stimulate de novo secretion of RANTES from mesenchymal 

stem cells, which then acts in a paracrine fashion on cancer 

cells to enhance their motility, invasion, and metastasis.53

FGF-2 is an angiogenic and mitogenic factor in BC. 

Smith et al reported FGF-2 levels more than ten-fold higher 

in tumor cytosols compared to adjacent normal breast tis-

sue.45 In vitro experiments have shown that BC cells contain 

FGF-2 and FGF-2 can accelerate or restrain the growth of BC 

cells.53 These results provide evidence for a possible role of 

FGF-2 in the activation of neovascularization in inflammatory 

BC. Figure 10 compares RANTES and FGF-2 levels derived 

from NICO samples in five BC patients to levels found in 

literature for corresponding BC cohorts: RANTES expression 

inside NICO in each of the five BC patients is much higher 

than levels found in BC tissue itself. Likewise, FGF-2 levels 

derived from NICO in each of the five BC patients are com-

parable to levels reported in the literature.46,54 The presented 

NICO analysis lends support to the possible involvement of 

specific immunoreactive patterns of RANTES/FGF-2 expres-

sion in JC using the above-cited pivotal effects of RANTES/

FGF-2 in BC as evidence.

RAnTES and FGF-2 and their role 
in rheumatoid arthritis
RANTES is secreted by the inner synovia into synovial 

fluid and is involved in a progressive inflammatory process 

in RA. By expressing RANTES, synovial fibroblasts may 

participate in the ongoing inflammatory process in RA.55,56 

RA is characterized by recruitment of leukocytes from the 

vasculature into inflamed synovial tissue and synovial fluid, 

which depends, in part, upon the continued maintenance 

of chemotactic stimuli like RANTES.57 The selective 

chemoattractant and activation effects of chemokines on 

leucocytes identify them as potentially ideal candidates for 

mediating selective inflammatory processes in RA.58 There 

is increasing evidence suggesting a role for RANTES in the 

pathogenesis of RA.59 For instance, RANTES was found to 

be a key molecule in the pathogenesis of all onset cohorts 

of juvenile RA.60 Figure 11 compares RANTES/FGF-2 

expression in NICO areas in four RA patients with levels 

of corresponding controls. It is evident that RANTES levels 

in each of the four NICO RA cases exceeded RANTES 
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expression found directly in the synovial fluid of RA patients. 

FGF-2 expression in each of the four NICO RA cases is much 

higher when compared to levels from normal uninvolved 

peripheral-zone extracts taken from prostate cancer and BC 

tissue.

RAnTES and FGF-2 and their role 
in neurodegenerative diseases
The authors’ initial hypothesis – that certain immune 

mediators derived from NICO can play a role in relevant 

immunoreactivity – is corroborated by other research. 

Sarchielli et al61 found elevated FGF-2 levels in the CSF of 

MS patients. In recent years, a role has been recognized for 

FGF-2 in the pathogenesis of demyelination and the failure 

of remyelination in experimental models of MS. Findings 

support the implication of FGF-2 in the pathogenesis 

of MS. FGF-2 levels in the CSF of MS patients were 

significantly higher than controls (P , 0.001 and P , 0.05, 

respectively).61–63 The highest levels were detected in MS 

patients during relapse.61 Other study cohorts found serum 

FGF-2 levels (mean 5.8 pg/mL) significantly increased 

within conventional MS patients (MS2 serum/MS2 controls 

in Figure 12) compared to a control cohort of 20 patients 

(mean 3.7 pg/mL; P = 0.0291).62 Johansson et al realized 

from increased levels in serum and in CSF from patients with 

ALS patients that FGF-2 is involved in the pathophysiological 

chain of this disease. FGF-2 was detected in CSF in eleven 

of 15 ALS patients (range 0.52–5.8 ng/mL) but in none of 

the ten controls (P , 0.001).63 Comparison of these levels 

with the FGF-2 levels from NICO of two MS patients and 

one ALS patient is a significant contribution to a mediator-

based approach of systemic interference.

Summary of discussion
NICO: a local site of chronic inflammation 
in the jawbone
JCs and NICO areas tend to disperse and not heal 

without surgical curettage. The hitherto misjudged actual 

existence of NICO seems to be proven by the following 

aspects: (1) NICO is characterized morphologically and 

macroscopically by fatty degenerative softening and 

osteolysis of the jawbone; (2) NICO is characterized 
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on histopathological and microscopic examination by 

resolution and propagation of adipocytes, a jelly-like 

substance inside the resolution, metabolic disturbance, and 

total lack of typical leukocytic inflammation; (3) NICO is 

characterized biochemically by significantly higher levels of 

the proinflammatory chemokine RANTES and growth factor 

FGF-2 in 30 of 31 samples compared to normal jawbones; 

(4) NICO is characterized biochemically by the absence of 

acute cytokines such as TNF-α and IL-6. This explains the 

painless and cryptic nature of NICO, which make its clinical 

acceptance in the daily practice difficult. Items 1 to 4 in the 

list above indicate that NICO areas are not normal; rather, 

they are pathological states of the jawbone.

nICO: a systemic pathogenically relevant 
phenomenon
Presented data and submitted contexts suggest that existing 

NICO areas in the jawbone can act as a significant pathogenic 

potential to the overall system: (1) adipocytes and the 

necrotic parts of fat cells are considered by many studies 

as immunologically active substances; (2) the average 

RANTES levels in 31 NICO samples is about three-fold as 

high as RANTES in BC tissue, in tissue cultures of cervix 

carcinomas and endometriosis, and extractions of rheumatic 

synovial liquid; (3) the average FGF-2 levels in 31 NICO 

samples are about two-fold as high as FGF-2 in prostate 

cancer tissue, in tissue of bronchial asthma, BC tissue, and 

in CSF from MS patients.

Limitations of the current study
Significance of the study lies in the relatively high number 

of NICO samples (n = 31) and the significant overexpression 

of RANTES/FGF-2 in NICO sites. RANTES and FGF-2 

levels inside NICO are significantly higher than tissue lev-

els in certain malignancies. Limitations of the study lie in 

the multicausality and on the different syndromes that do 

not allow any evaluation of the clinical efficacy of NICO 

surgery.

Conclusion
Chronic inflammatory strain appears to be an important 

issue for integrative medicine. Although it is unknown to 

what extent increased expression of RANTES/FGF-2 in 

JC contributes to immune-mediated diseases, the above 

results provide evidence for the possible interaction between 

RANTES/FGF-2 signaling derived from NICO sites 

interacting with other organs. The hypothesis presented 

herein is based on the pathogenic aspects of NICO; 

corresponding individual setup provided, a permanent 

increase in RANTES/FGF-2 expression in NICO sites could 

exert negative impact in terms of joint inflammation or 

inflammatory signaling in the central nervous system and 

breast tissue. A comprehensive understanding of the complex 

networks outlined in this paper will require further research 

into the fundamental properties of cytokines and interleukins. 

The results submitted by the authors are therefore of a 

preliminary nature, but nevertheless provide a rationale 

for deregulated RANTES/FGF-2 expression within NICO 

having a causal role in a variety of ID/SD. The challenge 

posed by these discoveries is the need to raise awareness of 

JC through the medical and dental community. In order to 

clarify reliable causative backgrounds, this research can only 

highlight the need for a large multi-center prospective study 

with clearly defined cohorts.
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