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Background: The role of signaling pathways as part of the cell-cell communication within 
cancer progression becomes a crucial area. Chemokine RANTES (regulated upon activation, 
normal T-cell expressed and secreted), also known as the chemokine C-C motif ligand 5 
(CCL5) (R/C), is a protein on which cancer research focus due to its link with aggressive 
cancer development.
Objective: Research on fatty-degenerative osteonecrosis in jawbone (FDOJ) shows striking 
overexpression of R/C in these areas. Here we try to elucidate a potential link between 
jawbone-derived R/C and breast cancer (BC) and compare these findings by immunohisto-
chemical staining.
Methods: Thirty-nine FDOJ samples extracted from 39 BC patients and samples from 19 
healthy control were analyzed for R/C expression using bead-based Luminex® analysis. R/C 
levels from 5 BC patients were measured in serum before and after FDOJ surgery. Bone 
density, histology, R/C expression, and immunohistochemistry were analysed in 4 clinical 
case studies. The R/C staining of two FDOJ BC patients is compared with the immunohis-
tochemical staining of BC cell preparations.
Results: A high overexpression of R/C was seen in all FDOJ samples. R/C levels in serum 
were statistically downregulated after FDOJ surgery (p=0.0241).
Discussion: R/C induced “silent inflammation” in BC is widely discussed in scientific 
papers along with R/C triggering of different signaling pathways, which might be a key 
point in the development of BC.
Conclusion: Hypothesis that FDOJ may serve as a trigger of BC progression through R/C 
overexpression was set by the authors, who thus inspire clinicians to make aware of FDOJ 
throughout the dental and medical community in BC cases.
Keywords: chemokine RANTES/CCL5, osteonecrosis of the jawbone, breast cancer, bead- 
based Luminex® analysis, hyperactivated signaling pathways

Background
Oncology is making rapid progress – but not in all areas. Anomalies in genomic 
DNA trigger cancer – this has been the paradigm of researchers and oncologists 
for the last 50 years. However, the somatic mutation theory for carcinogenesis 
might be overestimated, because inflammation plays a more substantial role than 
previously thought. Research takes into account modern knowledge of cell to 
cell communication for a more plausible cancer hypothesis.1 Because cell-to-cell 
communication is vital for morphogenesis, cell differentiation, homeostasis, cell 
growth, and cellular interaction. With all its cross-talk among immunocompetent 
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cells within this immune computing network, signaling 
pathways are not fully understood. However, the signal-
ing pathways of the T cells released cytokines 
affect cancer progression through paracrine cell 
communication.2,3 Research on signaling pathways and 
cell communication will be an important area to advance 
and promote the fight against cancer.3 An overview 
shows the extensive studies that also attempt to explain 
metastasis in the context of complex and dynamic 
tumor microenvironment consisting of cells, blood ves-
sels, extracellular matrix (ECM), cytokines, and 
chemokines.4,5 In particular, inflammatory processes 
mediated by tumor microenvironment have been high-
lighted in BC progression.6 An example of a chemokine 
associated with aggressive BC is RANTES (regulated 
upon activation, normal T-cell expressed and secreted), 
also known as chemokine C-C motif ligand 5 (CCL5).7 

In particular, RANTES/CCL5 (R/C) mediates the migra-
tion and chemotaxis of cells, including memory 
T lymphocytes,8 monocytes,9 dendritic cells,10 eosino-
phils, basophils,11 and mast cells.12 The role of R/C 
in BC invasion has been extensively studied.13 

Elevated levels of R/C and its receptor CCR5 have 
been detected in more than 58% of basal BC 
patients.13 In addition to a role in BC progression, R/C 
expression has also been demonstrated in ovarian,13 

prostate,14 pancreatic cancers,15 and melanoma.16

“Silent Inflammation” in Jawbone: Clinical 
Features of Fatty-Degenerative 
Osteonecrosis Jawbone – Definition and 
Diagnostic Criteria
Traditional dentistry widely neglects the existence of 
fatty-degenerative osteonecrosis in the jawbone (FDOJ). 
Conventional X-ray techniques having limited ability to 
diagnose location and extension of FDOJ17 probably 
explains it. To aid the practitioner in diagnosing the 
debilitating effects of bone marrow softening in FDOJ 
lesions, a computer-assisted through-transmission alveo-
lar ultrasound (TAU) device has been conceived.18 

FDOJs are commonly underdiagnosed by dentists due 
to the difficulty of making a diagnosis when using con-
ventional methods. The softening in FDOJ bone marrow 
is so distinct that the marrow space can be sucked and 
spooned out. Hollow cavitations with fatty degenerated 
adipocytes have undergone dystrophic changes, present-
ing themselves clinically and macroscopically as fat 
lumps. Figure 1 illustrates a sample with a fatty modifi-
cation of the medullary jawbone in the left image. The 
vast extent of FDOJ lesions is documented in the right 
image using contrast medium X-ray. To better understand 
this bone marrow disorder, mainly defined by bone mar-
row edema and chronic nonsuppurative osteomyelitis, 
a typical micrograph of FDOJ lesions is presented in 
Figure 2.

Figure 1 FDOJ sample of osteolytic degeneration of the bone marrow with fat (left image) and FDOJ cavity filled with contrast medium after curettage (right image) show 
the extent of the osteolytic process inside the bone marrow.
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Objectives
The here presented clinical research aims at clarifying 
whether the bone-resorbing processes of FDOJ, along with 
local and systemic functions of any conspicuous accompany-
ing R/C overexpression, might contribute to the epistemol-
ogy of BC in a cohort of 39 BC patients. Thus, this work 
presents the radiographic, histopathological, immunohisto-
chemical, and mediator-based conditions of the interactions 
between the well-known role of R/C in the propulsion of BC 
and disturbed bone remodeling in FDOJ.

Materials and Methods
Study Participants
As the data have been retrieved from patients undergoing 
standard dental surgery; no inclusion criteria have been set 
for this study beneath the chronic inflammatory process seen 
in patients’ jawbone. IMD-Berlin (Institute for Medical 
Diagnostics-Berlin) forensic accredited Institute DIN EN 
15,189/DIN EN 17,025 granted the approval. The study was 
performed in accordance with the Declaration of Helsinki. 
Signed informed consent was received from all the patients 
including healthy individuals. The author took FDOJ tissue 
samples from 39 female patients with BC. Due to their 

systemic disease, the drug intake of these patients was not 
disqualifying. Inclusion criteria were the local diagnosis of 
FDOJ. Medical indication in these patients for FDOJ surgery 
was provided by orthopantomogram (2D-OPG) and digital 
volume tomogram (3D-DVT). X-ray diagnostics was supple-
mented by measuring bone density using trans alveolar ultra-
sound diagnostics (TAU).17,18 The 39 patients included in 
the BC collection ranged between 51 and 78 years (mean 
age, 63.5 years). In a control group of 9 non-BC patients, 
healthy jawbone samples could be obtained as cores that are 
produced during standard dental implantation procedures. 
Inclusion criteria for this healthy control group were: No 
radiographic abnormalities in 2D and 3D OPG-DVT; neutral 
TAU measurements of bone density in the implantation area 
and absence of clinically manifest tumor. The use of bispho-
sphonate drugs was a key exclusion criterion for both groups. 
The 9 patients in the non-BC/non-FDOJ control group showed 
155.9 pg/mL for R/C in healthy medullary maxillary bone.19,21 

The demographic data were as follows: mean age, 49.8 years 
(range: 33–72 years).

FDOJ Samples for RANTES/CCL5 
Expression via Multiplex Examination
FDOJ samples obtained from lower and upper jaws were 
analyzed via R/C multiplex [IMD-Berlin Nicolaistrasse 
22, 12,247 Berlin, Germany] expression to clarify the 
possible link seen between the fatty cells and their 
expressed mediators. Patients undergoing surgery at the 
author’s clinic and with a suspicion of chronic inflamma-
tion in the jawbone provided the clinical material. 
Previously published studies19 have highlighted the up to 
35-fold overexpression of R/C chemokine in FDOJ areas; 
this proinflammatory chemokine being the only one that is 
overexpressed in these areas, we focused on our investiga-
tion solely on this one. The expression of CCL5 has been 
measured in 48 jaw bone samples of two different tissue 
types: 39 samples were from FDOJs extracted from BC 
patients, and 9 samples were taken out of healthy bone 
from non-BC patients. The BC cohort samples were typi-
cally obtained in wisdom (area #8) and retromolar (area 
#9) tooth areas. FDOJ samples (clinical example of this 
morphology shown in Figure 1) were extracted to 
a volume of up to 0.5 cm3 and stored in a sterile collection 
tube (Starstedt Micro-Tube Ref. 72.692.005) right after 
extraction. Tubes were sealed and kept at –20°C until 
shipment to the laboratory. Tissue samples are mechani-
cally processed upon arrival at the laboratory, taken up in 

Figure 2 Micrograph of a sample of FDOJ showing osteonecrosis and necrobiotic 
adipocyte degeneration. 
Notes: Bone marrow edema: small region of chronic ischemic damage indicated by 
loose fibrosis, dilated capillaries, necrotic adipocytes oil cyst (arrow), and mild 
plasmostasis. Figure reproduced from Lechner J, von Baehr V. RANTES and fibro-
blast growth factor 2 in jawbone cavitations: triggers for systemic disease? Int J Gen 
Med. 2013;6:277–290. Creative Commons Attribution - Non Commercial 
(unported, v3.0) License (https://creativecommons.org/licenses/by-nc/3.0/).19
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200 µL of protease buffer (Complete Mini Protease 
Inhibitor Cocktail, Roche, D), and homogenized. The 
homogenate was centrifuged for 15 minutes at 
13,400 rpm; the supernatant was removed and centrifuged 
for an additional 25 minutes at 13,400 rpm. Millipore 
Human Cytokine/Chemokine Panel I (MPXHCYTO-60K, 
Millipore GmbH, Schwalbach, D) is used, according to the 
manufacturer’s protocol, to determine R/C concentration 
from the supernatant of the tissue homogenate. Luminex 
200TM combined with xPotent© software (Luminex, 
Austin, TX, USA) is used to perform the results readout.

Laboratory Analysis of RANTES/CCL5 in 
Serum
Serum values were collected from all participants as 
a parameter to evaluate the effect of jawbone surgery in 
FDOJ areas. Serum R/C (S-R/C) levels were measured 
twice: first (T0) before FDOJ surgery and second 4 weeks 
(T1) after FDOJ surgery. Serum was taken intravenously in all 
patients using 7.5 mL collection tube with heparin (Sarstedt). 
The same procedure was done four weeks after FDOJ surgery. 
Measurement of S-R/C in serum was performed as described 
under point 3.2. For measurement of R/C in serum, 
a predilution 1:100 of the samples in sample buffer according 
to the manufacturer’s instructions was performed. Examining 
Institute for Medical Diagnostics, Nikolaistr. 22, D-12,247 
Berlin performed the analysis (inspected by DAKKS 
[Deutsche Akkreditierungsstelle GmbH; accredited to DIN 
EN ISO/IEC 17,025:2005 and DIN EN ISO 15,189:2007])

Histological Description of the 
Fatty-Degenerative Change in the 
Jawbone
Every FDOJ bone sample was examined under light 
microscopy with standardized Hemalaun and Eosin stain.

Immunohistochemistry of RANTES/CCL5 
Expression in FDOJ
After oven drying, dewaxing, and peroxidase blocking (1% 
H2O2), 5 μm sections of poly-L-lysine-coated slides were used 
for immunohistochemistry analysis. Authors replaced primary 
antisera with normal rabbit serum to test immunostaining 
specificity. No additional pre-treatment procedures for antigen 
retrieval were done. The immunoreactions were performed 
using antibody and staining protocol as follows: Anti- 
RANTES/CCL5 (polyclonal; Abcam; dilution 1:500; retrieval 
CC1 68‘; incubation, Benchmark Ultra; chromogen, Ultra 

View Red). Immunoreaction was considered when visible 
red precipitation was observed. As shown in 
Immunohistochemistry studies, R/C-positive cells are very 
rarely, if ever, seen in normal adult tissues. In contrast, in 
inflamed areas, the R/C expression is significantly increased. 
Further, R/C-positive cells are often highly expressed in some 
tumors, fetal tissues, and megakaryocytes. A broader expres-
sion of R/C than previously thought seems to exist in several 
physiological processes.20 Selected polyclonal anti-RANTES 
antibodies are here used for immunohistological staining of 
FDOJ tissue selections in two BC patients [Schulz, T. Institut 
für Pathologie, Klinikum Bayreuth GmbH, Preuschwitzer Str. 
101, 95,445 Bayreuth. Germany]. To our knowledge, we are 
the first to visualize and quantify R/C overexpression in the 
jawbone using immunohistochemistry.21 This is shown in 
Immunohistochemistry and Staining of RANTES/CCL5 
Expression in the Jawbone in Two Breast Cancer Patients by 
two clinical cases of FDOJ from BC patients.

Immunohistochemistry of RANTES/CCL5 
Expression in Breast Cancer
To compare the intensity of R/C expression in BC-associated 
adipocytes with the staining intensity of areas affected by 
FDOJ, we stained two histological BC preparations for 
immunohistochemical analysis. This is shown in 
Immunohistochemistry and Staining of Breast Cancer 
Preparations by two clinical cases with BC.

Statistical Analyses
Descriptive statistical analyses of the measurements of the 
FDOJ and control groups were performed. Assessment of 
whether non-parametric or parametric testing would be 
more appropriate for the analysis was performed through 
analysis of data distribution, means, and medians. 
Student’s t-test or Spearman’s Rho was used to determine 
the differences between cohorts. A P value of <0.05 was 
set for significance.

Results and Case Studies
Multiplex Analysis of 39 FDOJ Samples in 
Breast Cancer Cases –RANTES/CCL5 
Expression When Compared to the 
Healthy Jawbone
The multiplex analysis from the BC-FDOJ cohort samples 
(n = 39) showed remarkable overexpression (Figure 3): R/C 
showed a median of 3971 pg/mL (SD ± 2836). Nine healthy 
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jaw bone samples showed an R/C expression of 155.9 pg/ 
mL (SD ± 128) in the multiplex analysis. Comparative 
values from the literature were not available. Striking is 
the strong dispersion of FDOJ-R/C values in the BC cohort; 
nevertheless, all are clearly above the median of the control 
cohort of 155.9 pg/mL. Three samples achieve an R/C 
expression of >10,000 pg/mL, which exceeds the maximum 
measurement range of the current multiplex analyzer. 
Impressive is the approximately 26-fold overexpression of 
chemokine R/C from FDOJ samples of the 39 BC patients. 
(R/C-values 155.9 mg/mL of healthy jawbone were set to 
150 pg/mL.)

Clinical Cases of 2 Breast Cancer Patients – 
Comparison of X-Ray Diagnostics, R/C 
Expression, and Light Microscopy
All FDOJ cases share common features with inconspicu-
ous, two-dimensional (2D) X-ray diagnostics. In contrast, 
they exhibited a positive diagnosis for FDOJ based on 
Trans Alveolar Ultrasonography (TAU) and demonstrated 
noticeable softening of fatty-degenerative changes in 
medullary morphology. TAU represents a radiation-free 
measurement of bone density, indicating highly significant 
jawbone marrow defects and osteolysis.

Case Study #1
History: 2012 breast cancer (left side); 2015 recurrent 
breast cancer (left side). Histological diagnosis and assess-
ment area 38/39 (Figure 4): Adipose tissue with caliber 
fluctuations of adipocytes with only discrete myxoid swel-
ling; small lymph cell aggregates; no relevant inflamma-
tion. Figure 5 displays FDOJ sample taken from area 38/ 
39 and multiplex analysis of R/C overexpression.

Case Study #2
History: 2016 recurrent Breast cancer (left side), first 
surgery 2015. Histological diagnosis and assessment area 
17/18: Marrow spaces with fatty tissue, increasingly pro-
liferated capillaries in peripheral areas, low interstitial 
fibrosis, fibrillar degeneration. No inflammatory cells. 
Figure 6 displays inconspicuous area 17/18 in X-ray, 
FDOJ sample taken from area 17/18 and multiplex analy-
sis of R/C overexpression in area 17/18.

Immunohistochemistry and Staining of 
RANTES/CCL5 Expression in the 
Jawbone in Two Breast Cancer Patients
Since our osteoimmunological investigation aims at exam-
ining the systemic interactions of R/C overexpression in 

Figure 3 R/C expression distribution of 39 FDOJ samples from BC patients compared to healthy jawbone samples (n=9). 
Notes: Blue spots show individual R/C expression; green bar shows R/C expression in the healthy jawbone (155.9 pg/mL); red bar shows the median value of R/C 
expression in 39 BC samples (3.971 pg/mL).
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areas affected by FDOJ, we performed an immunohisto-
chemical analysis of R/C expression in two FDOJ tissues 
originating from BC patients in figures 7 and 8.

Case Study #1: 51 Years Old Female
Clinical Diagnosis and Symptoms: Breast Cancer 
Histological diagnosis and assessment: Marrow tissue 
extracted from jawbone area 18/19 with exclusively fatty 
marrow are presented in sections with necrobiotic changes, 

small and loose fibrosis, and scant inflammatory round-cell 
infiltrates (Figure 7). These findings are suggestive of FDOJ.

Case Study #2: 63 Years Old Female
Clinical Diagnosis and Symptoms: Breast Cancer 
Histological diagnosis and assessment: Jawbone/medullary 
tissue area 18/19 with normal blood-forming marrow, 
which is also associated with veritable cancellous bone 
particles. In particular, the material present here indicates 

Figure 4 Left panel: 2D X-ray diagnostics of area 38. Right panel: Documentation of the expanse of FDOJ in retromolar area 38/39 using a contrast agent after FDOJ 
surgery.

Figure 5 Left image: Morphology of FDOJ sample taken from area 38/39; spongy bone is completely replaced by soft lump of fat. Head of a ceramic drill with 0.6mm 
diameter shows the extent of FDOJ in the bone. Right image: R/C expression (Multiplex) of this FDOJ sample is 3.075 pg/mL (norm =155.9 pg/mL).
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no degenerative bone marrow changes (Figure 8). There is 
no indication of malignancy.

Immunohistochemistry and Staining of 
Breast Cancer Preparations
Numerous studies in the literature have shown how R/C 
contributes to the development and progression 
of BC.22–24 To compare, we also performed an immuno-
histochemical analysis of R/C expression in BC tissues 
with the same antibodies as those in areas affected by 
FDOJ. The tumor cell clusters were stained, although 
relatively weakly. Between tumor cells, single cells with 
intense staining were evident. These cells are not mature 
adipocytes; instead, there are many other cell types present 
in adipose tissue (see The Role of Adipocytes and 
RANTES/CCL5 in Tumor Growth and Proliferation), 
including stem cells, fibroblasts, endothelial cells, macro-
phages, and adipocyte progenitor cells (pre-adipocytes). 
Thus, many cells are strongly stained in fatty, tissue-rich 
connective tissues surrounding the epithelial tumor cells, 
indicative of R/C-positive cells. Figures 9 and 10 show the 
results of BC staining.2

RANTES/CCL5 in FDOJ Samples versus 
Serum Samples
As it is the goal of FDOJ surgery to remove the fatty 
tissues in FDOJ areas, hence removing the source of R/C 
overexpression, the authors checked the R/C levels in 
serum (S-R/C). In five BC patients, multiple measure-
ments of R/C in serum after two (n = 4) or three (n = 1) 
FDOJ operations were always performed at intervals of at 
least 4 and a maximum of 6 weeks. The result is shown in 
Table 1 as a percentage of the Reduction of S-R/C level in 
five BC patients after surgery. Again, there is a statically 
relevant correlation (P value = 0.0241) (Figure 11). In 
summary, we found a positive impact of FDOJ surgery 
on S-R/C level.

To assess the systemic efficacy of the local surgical 
procedure in the jawbone, we measured R/C expression in 
serum samples of 16 BC patients >12 months after FDOJ 
surgery. The calculation of Spearman correlation coeffi-
cient between R/C in FDOJ and R/C in serum gives – due 
to the small number of cases – a weak positive correlation 
which is not significant according to the p-value of 0.259 
(Figure 12).

Figure 6 Left upper image: 2D X-ray of area 17/18. Left lower image: Morphology of FDOJ in area 17/18; yellowish fat fills the medullary space instead of trabecular bone. 
Right image: R/C expression (Multiplex) of 2.610 pg/mL (norm =155.9 pg/mL).
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Discussion
Authors describe the possible pathologic function of R/C 
overexpression in the jawbone and their possible rele-
vance as tumorigenic agents in BC cases based on 
in vivo pharmacological data and identify a hitherto 
neglected area of fat beyond obesity: Fatty-degenerative 
altered areas in jawbone medullary space. These areas are 
to be found in mandibular and maxillary edentulous areas 
of former tooth extractions or wisdom tooth surgeries. 
Interestingly, the pathohistological findings in each case 
presented did not show any inflammation or inflammatory 
cells. The authors’ hypothesis guides the focus from an 
inflammatory theory of tumorigenesis to a derailed sig-
naling pathways aspect, primarily through R/C overex-
pression in fatty-degenerated areas of jawbone marrow. 
Numerous publications on adipocytes that function as 
“cancer-associated adipocytes” by means of adipocyte- 
generated R/C and their contribution to tumor regenera-
tion and growth are found in the literature.22–24 Further, 
R/C expression from hematopoietic stem cells (HSCs) 

correlates with advanced human BC.25 R/C expression 
may indicate a continuous, yet undetectable, malignant 
process.26 In recent years, mesenchymal stem cells 
(MSCs) derived R/C has been shown to contribute to 
the motility, invasion, and metastasis of cancer cells.27,28 

Given this context, it seems worthwhile and necessary – 
while further investigating patients affected by immune 
system disorders and tumors – to present the multilayered 
picture of a possible association between clinically incon-
spicuous findings in the preoperative X-ray, intraoperative 
osteolysis of the jawbone, and concomitant R/C overex-
pression in areas affected by FDOJ and to clarify contra-
dictory histological findings. Interestingly, a search for 
“Breast cancer CCL5” in PubMed shows 190 scientific 
papers published since 1997. In contrast, “Jawbone 
CCL5” brings up only 13 results, all from the correspond-
ing author and coauthors. This proves the widespread 
medical knowledge on the importance of R/C in breast 
cancer and possible trigger between FDOJ and BC. Vice 
versa, it highlights the ignorance of R/C in dentistry. 

Figure 7 Left panel: 2D X-ray of area 18/19 showing –118 HU bone density. Middle panel: Immunohistochemistry with strong red staining of adipocytogenic R/C 
overexpression. Right panel: R/C expression (Multiplex) of 2.500 pg/mL (norm =155.9 pg/mL).
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A short review on the role of R/C in the pathogenesis 
of BC and the possible link to FDOJ is proposed.

Adipose Tissue and RANTES/CCL5 in 
Obesity, in Breast Cancer, and in FDOJ
In obesity, adipocytes are profoundly impacted, not only in 
size and number but also as secretory bodies. Hence, 
studying the effect of fat cells on disease progression is 
of major interest in medicine, especially for the treatment 
of obese patients.32 While the mechanism linking obesity 
and cancer development has not been demonstrated to 
date, overweight breast cancer patients often suffer more 
aggressive tumors at diagnosis, faster disease, and higher 
mortality rate. It has been shown that Adipose tissues are 
mediators of chronic inflammation30,31 and induce a shift 
in secreted cytokines from anti-inflammatory to proinflam-
matory/proangiogenic profile, linking R/C to adipocyte 
tumorigenesis.29

R/C levels were measured by Niwa et al in primary 
malignancies and were found to be increased in all breast 
tumor samples. R/C level of 1.032±120 pg/mg in BC 

tissues was reported.23 Comparable high levels (797.6 
±3.96 pg/mL) were found by Eichbaum and al.33 R/C 
expression has been shown to be significantly higher (p: 
0.023) in adipose tissue of obese (1.750±120 pg/mL; 
n=40) versus lean people (1.240±180 pg/mL; n=17).35

Higher R/C levels in obese people’s adipose tissue,34 

along with a raise of the same chemokine in presently 
observed BC connective adipose tissue (Figure 13) 
and BC tissue,32,33 lead the authors to the role that R/C 
FDOJ could have on breast cancer development, and the 
listing of FDOJ as therapeutic objective as well as in 
pathogenic considerations.

The Role of Adipocytes and RANTES/ 
CCL5 in Tumor Growth and Proliferation
The discussion on BC patients presented in Case Study #1: 
51 Years Old Female and Case Study #2: 63 Years Old 
Female established that adipocytes in FDOJ may constitute 
part of the pathogenetic linkage between cytokine and che-
mokine expression in other adipose tissues. BC aggressive-
ness is promoted by adipocytes secreted proinflammatory 

Figure 8 Left panel: 2D X-ray of area 18/19. Middle panel: Immunohistochemistry without signs of R/C overexpression. Right panel: atypical R/C expression (Multiplex) of 
1.548 pg/mL (norm =155.9 pg/mL).
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cytokines, such as R/C, which has been linked to 
aggressive BC23 in more than 58% of BC patients.12 

While many scientific studies have shown the connection 
between fat cells and tumor growth,35 by the author the 

overexpression of R/C in BC patients in vivo fat cells was 
detected through multiplex examinations and thus were able 
to derive a hypothetical interaction between local sources of 
FDOJ and organ-specific adipocyte characteristics.36 Our 
assumption is based on the fact that both the FDOJ bone 
marrow and diseased mammary gland have a pathologically 
altered, adipocyte-rich environment. The level of agreement 
between R/C expression in the staining of FDOJ and BC 
preparations described in Clinical Cases of 2 Breast Cancer 
Patients – Comparison of X-Ray Diagnostics, R/C 
Expression, and Light Microscopy–RANTES/CCL5 in 
FDOJ Samples versus Serum Samplesreveals these poten-
tial relationships. R/C was not found to be extremely over-
expressed at area 18/19 in case 10 with a density of 548 pg/ 
mL; however, this does not refute our hypothesis. Instead, 
this finding represents the final phase of more vital, dec-
ades-long R/C activity on tumor-associated adipocytes 
in BC.

Under adipogenic conditions, bone marrow-derived 
monocytic progenitor cells differentiated into adipocytes 
contributing to the tumor microenvironment, BC growth 
and metastasis,38–40 often linked to R/C29 being currently 
seen as a potential target for treatment and/or prevention 
of BC metastases.41 New evidence indicates that adipo-
cytes, referred to as “cancer-associated adipocytes” 
(CAA),35 leaking lipids in the form of free fatty acids are 
important to cancer cells for their energy production,41,42 

while chemokines – such as R/C – and adipokines affect 
tumor growth, metastasis, and chemoresistance in a variety 
of cancers.37 CAAs are able to provide increased levels of 
proinflammatory cytokines38 such as R/C which signifi-
cantly increases the risk of disease progression23,42 and 
poor prognosis,24 proteases,39 and extracellular matrix 
components40 for cancer cells, thereby accelerating tumor 
progression. CAAs may also accumulate oil droplets that 
contain triglycerides (see Background: Morphology of 

Figure 9 Duct-invasive breast carcinoma with R/C-positive tumor cell nests 
(arrows). The staining is not as strong as in the FDOJ samples.

Figure 10 Breast cancer and associated connective adipose tissue. There are also 
distinct R/C-stained cells, while the breast cancer epithelial tracts show only mild-to 
-moderate, non-specific background staining.

Table 1 Reduction of R/C in Serum After FDOJ Surgery in 
Five BC Patients

Patient 
Ref.

CCL5 
Serum 
Value 1 
(ng/mL)

CCL5 
Serum 
Value 2 
(ng/mL)

CCL5 
Serum 
Value 3 
(ng/mL)

Months 
Between 
Surgeries

CCL5 
Serum 
Red. 
(%)

1 59.2 30.8 – 4 −48

2 120.2 87.5 – 6 −27.2

3 79 33 61.7 12 −58.2

4 33 32.7 – 0.8 −0.9

5 76.2 25.3 – 1 −66.8
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FDOJ). Tumor-derived R/C is detected in many clinical 
samples of breast cancer; higher plasma R/C levels are 
found in patients suffering from advanced malignancy 
when compared to those under remission.

Newly discovered adipocyte populations are derived 
from bone marrow-derived circulating progenitor 
cells.43–45 The contribution of HSC-derived adipocytes 
(HSC-Ad) on tumor progression may be established by 
secreting HSC-Ad growth factors and adipokines, which 

include R/C, that regulate the migration of cancer cells 
differently.35 Consistent with this finding, the R/C over-
expression we observed in FDOJ areas in affected BC 
patients provides the same picture.46 Thus, HSC-Ads are 
likely to play a crucial role in lipid metabolism progres-
sion and may also pose a greater risk in obesity-related 
gynecological cancer in women.47

The objective of reducing R/C signaling thus follows 
the same objective as FDOJ remediation. Specifically, 
from the over 200 peptide growth factors and cytokines 
that were tested, the secretion of interleukin IL-6, IL-8, 
interferon gamma-induced protein (IP)-10, CCL2, and R/C 
demonstrated a synergistic increase in breast adipocyte co- 
cultures. Immature adipocytes are elevated and act as 
proinflammatory mediators in adipose tissue. They express 
higher levels of basal cytokines, and these are increased 
via co-culture to significantly higher levels than in cancer 
cells.49 Increased IL-8, IL-6, CCL2, and R/C in 
primary BC are each correlated with an advanced stage, 
poor differentiation, and poor treatment outcomes, while 
elevated circulating cytokines are associated with a poorer 
prognosis.22,50 We recently outlined the relationship 
between these factors and the development and progres-
sion of FDOJ.51

Three groups of adipocytes contribute to tumor 
development through different signaling pathways: 

Figure 11 Comparison of pre-FDOJ surgery R/C serum levels with serum levels post-FDOJ surgery in 5 BC patients.

Figure 12 Distribution of R/C in FDOJ (pg/mL) and in serum (ng/mL) in 16 breast 
cancer patients. Green area shows range of FDOJ R/C expression correlated to R/ 
C expression in serum in healthy female cohort.
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(a) visceral adipocytes from body fat that deliver tumor 
necrosis factor (TNF)-a signals to MSCs and (b) to 
tumor-associated adipocytes in the tumor microenviron-
ment. These deliver tumor-derived stem cells (TDSCs) 
for R/C expression and tumor development. (c) 

Adipocyte signaling does not arise from FDOJ via the 
usual TNF-a signaling but rather via R/C overexpres-
sion. HSCs are converted to a myeloid derailment phe-
notype via autocrine and paracrine R/C interactions, 
thus contributing to tumor development (Figure 14).

Figure 13 Comparison of R/C expression in adipose tissue of healthy lean or obese people, in BC tissues (all data from literature) and in FDOJ in 39 BC patients.

Figure 14 Adipocytes and systemic diseases: Three groups of adipocytes contribute to tumor development via different signaling pathways. 
Abbreviations: HSC, hematopoietic stem cell; MDSC, mesenchymal derived stem cell; TDSC, tumor-derived stem cell.
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High Serum Levels of RANTES/CCL5 
Serve as an Indicator in Tumorigenesis and 
Perpetuate Angiogenesis in the Tumor
Further research shows the potential use of chemokine R/C as 
a marker for progressive disease in BC. Evaluation of S-R/C 
expression could be used to identify patients with poor BC 
prognosis24 as poor cancer outcome is linked with high cyto-
kine serum levels.52 R/C is associated with chronic inflam-
mation and may play a direct role in angiogenesis55,56 and in 
the progression of some tumors may be due to R/C-mediated 
leukocyte recruitment and activation.53,54 Tumors are known 
to build blood vessels to promote growth and potential metas-
tasis pathways.54 Tumors expressing low levels of R/C 
showed a decrease in growth rate in vivo. Conversely, tumors 
expressing high levels of R/C induce a decreased T cell 
response and upregulated matrix metalloproteinase 9 tran-
scripts, which contribute to angiogenesis.56 R/C is secreted 
by aging fibroblasts, induces the proliferation of prostate 
epithelial cells, and the expression of genes associated with 
angiogenesis.57 These findings are important for the authors’ 
hypothetical approach that by eliminating the R/C signals 
originating from hidden FDOJ areas, tumor angiogenesis 
could be reduced. Thus, FDOJ surgery could potentially 
help in treating cancer and reducing metastases.

Adipocytes in Tumor and in 
Fatty-Degenerated Jawbone Marrow are
Sources of RANTES/CCL5 Expression
Literature provides evidence that adipocytes located close to 
invasive cancer cells, referred to as cancer-associated adipo-
cytes (CAAs),58 are essential for breast tumor development/ 
progression. Mesenchymal stem cells (MSCs) are multipo-
tent progenitor cells that are required for the regeneration of 
tissues such as cartilage, bone, adipose tissues, and muscle.59 

These cells are mainly found in the bone marrow. When BC 
cells were co-cultured with MSC in vitro, it was found that 
the latter cells produce R/C.28 The secretion of MSC-derived 
R/C is driven by a positive-feedback loop. Namely, R/C and 
hypoxia stimulate BC cells to secrete colony-stimulating 
factor 1 (CSF1), which in turn promotes the increased pro-
duction of R/C from MSCs.60

RANTES/CCL5 and Breast Cancer 
Metastasis
Metastatic lesions are significantly more difficult to treat 
and are usually a leading cause of death: 10–15% of BC 
patients with metastases die within three years of their 

first diagnosis64 with a life-long risk of developing 
metastases.65

Chemokines such as R/C provide survival signals for 
malignant cells because their functional chemokine recep-
tors can contribute to the metastatic activity.61 In a study 
where BC cells were made to overexpress R/C, it was 
found that the chemokine enhanced metastasis by increas-
ing the motility and extravasation of cancer cells from the 
blood to a distant site in the body.62 R/C, which is mainly 
produced by MSCs, along with epidermal growth factor63 

promotes metastasis by triggering matrix metalloprotei-
nases (MMP) production and improving cancer cell moti-
lity through a complex network of interacting factors and 
positive feedback loops. Obese patients present adipose 
tissue made of inflammatory cytokines and mediators 
secreting cells, prone at promoting cancer invasion and 
creating a metastasic environment.58,59

Summary and Outlook
The search for new diagnosis or prognosis targets or 
design of new therapeutic strategies is of great interest 
for cancer patients. Deciphering the molecular and cellular 
mechanisms between adipocytes and cancer cells is, there-
fore, of particular interest. Our understanding of the rela-
tionship between bone marrow metabolic disorders, cancer 
risk and/or poor patient outcomes would hence be of 
importance. As the metastatic properties of BC cells 
mediated by R/C are only transiently upregulated and the 
metastatic phenotype is reversible,28 consequently, it could 
be challenging to detect the transient expression of mole-
cules and phenotypes – like FDOJ-R/C overexpression – 
that propagate BC.25,60,65 As in essence, R/C is 
a potentially useful target for the prevention of BC cancer 
metastases66,67 and as the metastatic phenotype might be 
reversible,28 the author’s surgical elimination of continu-
ous FDOJ-R/C signaling input could be a therapeutic 
option to avoid metastatic outcomes. Individual genetic 
susceptibility provided a permanently increased expression 
of R/C in FDOJ sites that could exert inflammatory signal-
ing in breast tissue. Vice versa, the drainage of the source 
could limit inflammatory signaling. The author’s research 
focuses on R/C signaling pathways deriving from FDOJ 
areas. These pathways might initiate processes of cancer 
development and progression. Therefore, the authors’ 
hypothesis follows the goal of FDOJ surgery to remove 
the fatty tissues in the jawbone, hence removing the source 
of R/C. The more researchers understand how tumors 
exploit signaling cascades, the more creatively dentists 
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can target and intercept tumor growth, possibly in combi-
nation with FDOJ surgery.

Limitations of the Study
The size of the sample used in this cross-sectional study is 
very small, which is one of the major limitations of this 
study. The duration of FDOJ, underlying diseases, the use 
of drugs along with their dosage, as well as concomitant 
treatments, and multimorbidity are also limiting factors. 
By way of example, blood tests could only be performed 
once for each participant and at different times. However, 
two phenomena similar to those presented in breast cancer 
have been highlighted: R/C overexpression and fatty 
degeneration of the jawbone (FDOJ – aseptic osteolysis). 
The results presented contribute to broaden the under-
standing of aseptic osteolysis of the jawbone by linking 
it to the epistemology of breast cancer, even if not provid-
ing sufficient evidence of causality and necessitating 
further investigations to clearly link FDOJ with breast 
cancer evolution or poor patient outcome.

Conclusion – The Immune System – 
Bone Interactions in the New Field 
of “Maxillo–Mandibular 
Osteoimmunology”
The current paper presents a compelling hypothesis on the 
role that tumorogenetic adipose tissues located in the jawbone 
may play due to their R/C expression. Authors could identify 
R/C, a chemokine that plays a key factor role within the area 
of “maxillo–mandibular osteoimmunology” in a cohort of 
39 BC patients with FDOJ and has identified it as such in 
a new field of research in several papers.19,36,46,68,69 

Osteoimmunology is an emerging field of research that stu-
dies the interactions between the immune and skeletal sys-
tems. Common R/C expression in FDOJ and BC tissues may 
be visualized with immunohistochemical staining. Authors 
have highlighted that R/C is a particularly influential chemo-
kine which expression regulates immune cell communication 
as well as bone cell regulation. It is also of major importance 
in the health of the skeleton. By presenting R/C expression 
data in the jawbone medulla, the authors wish to help to 
develop a new understanding of bone marrow, hematopoietic, 
and immune system mode of actions. R/C overexpression in 
FDOJ may be identified as a mechanism that proceeds in 
different immunological phases.21 R/C directly influences the 
decisions of stem cells, which result in the chronic and 
negative manipulation of hematopoiesis.48,59,60 This sheds 

new light on the role of fat cells in BC progression and 
could contribute to the development of new, more effective 
therapies, especially for the treatment of cancer patients with 
existing FDOJ. Collectively, the described findings open new 
insights underlying increased BC propensity in individuals 
with chronic FDOJ derived overexpression of R/C. The 
author’s findings underline and suggest that approaches tar-
geting the “FDOJ adipocyte R/C – cancer cell cross-talk” 
may help reduce cancer cell growth and cancer cell metastasis 
under an integrative aspect. Greater attention must be paid by 
medicine and dentistry to the hidden phenomenon of FDOJ 
and its associated signals for the benefit of patients who have 
breast cancer. The complete elucidation of complex interac-
tions underlying these processes undoubtedly requires further 
research.
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