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Introduction: Osteoimmunology recognizes the relationship between bone cells and immune cells. Chronic osteoimmune dysregula-
tion is present in bone marrow defects of the jaw (BMDJ) as fatty-degenerative osteonecrosis (FDOJ). In comparison to samples from
healthy jaw bone, the cytokine analysis of samples of BMDJ/FDOJ from 128 patients showed downregulated TNF-o and IL-6
expression and the singular overexpression of the chemokine RANTES/CCLS.

Aim and Objectives: This paper raises the question of whether the osteoimmune defects due to incomplete wound healing in BMDJ/
FDOJ in 128 patients are related to dysregulation of the Th1/Th2 ratio and regulatory T cell (T-reg) expression in a control group of
197 BMDIJ/FDOJ patients, each presenting with BMDJ/FJOD and one of seven different immune disorders.

Material and Methods: In the control group, serum concentrations of the cytokines IFN-y and IL-4 were determined after stimulated
cytokine release and displayed as Th1/Th2 ratios.

Results: Data show a shift in Th2 in more than 80% (n = 167) of the control cohort of 197 chronically ill patients with concomitant
BMDJ/FDOJ. In these 167 subjects, the Th1/Th2 ratio was <6.1 demonstrating impaired immune regulation. Forty-seven subjects or
30% showed not only a shift in Th2 but also excessive T-reg overactivation with levels of >1.900 pg/mL, indicating strongly
downregulated immune activity.

Discussion: BMDJ/FDOJ is characterized by a lack of Th1 cytokines and an excessive expression of RANTES/CCLS and IL-1ra and,
thus, the inversion of an acute inflammatory cytokine pattern. In contrast, abdominal fat contains a very high proportion of regulatory
Thl cells and produces an inflammatory immune response through the high overexpression of TNF-o and IL-6. The lack of Thl
activation in BMDJ/FDOJ areas inhibits normal wound healing and supports the persistence of BMDJ/FDOJ.

Conclusion: Gicabinhi2erationcquircsigicatemconsiderationespeciallyawitinrespecttonwonndahealiiig following dental surgical
interventions, such as jaw surgery, implantation and augmentation, to avoid the emergence of the osteoimmune situation that is
characteristic of BMDIJ/FDOJ.

Keywords: osteoimmunology, T-cells, Th1/Th2 shift, jawbone, osteoclastogenesis, RANTES/CCLS

Introduction - The Evolving Field of Osteoimmunology

Bone is a dynamic organ with a balance between bone formation and bone resorption and there are complex interactions
between the immune and skeletal systems. Immune cells participate in the regulation of bone homeostasis and are key
regulators of wound healing and contribute to the early stages of angiogenesis.' Therefore, the term “osteoimmunology”
was coined to highlight the two-way communication between the bone and immune systems.” The immune system
controls bone formation, regulates bone resorption and acts as a key factor in bone homeostasis, and thus is involved in
bone synthesis.? Inversely, immune cell functions are influenced by the bone system.” It has been concluded that the bone
and immune systems are unified in a single entity: the osteoimmune system.’ Osteoimmunology is now a recognized
scientific field of study examining the relationship between bone cells and immune cells. In this interdisciplinary field,
bone destruction as observed in chronic inflammatory diseases has been found to be associated primarily with an
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imbalance between high levels of pro-osteoclastogenic cytokines (TNF-a, IL-17, and RANK-L), produced mainly by
Th17 cells, and decreased production of anti-osteoclastogenic factors (I1-10, IL-4, and IFN-y) by Thl and Th2 cells and
regulatory T cells (T-reg), leading to a dramatic increase in the differentiation of bone-resorbing osteoclasts as shown in
Figure 1.%7

Immune cells also play an important role in post-injury bone regeneration.® Bone healing after trauma requires an
initial inflammatory phase involving mainly innate immune cells that clear damaged tissue and initiate the formation of
scar tissue. In the following phase, this scar tissue is remodeled by osteoclasts to enable proper bone regeneration while
inflammation is downregulated.”® As such, the persistence of inflammation leads to impaired bone healing. In osteoim-
munological research, it is assumed that optimal bone preservation requires a balance between Th1l and Th2 cells, each
fulfilling distinct immunological roles (Figure 1, adapted from Yang et al, Int J Med Sci 2021).*

At the interface between bone and the immune system, T cells are activated during inflammation and secrete various
cytokines, which, in turn, are indispensable for the activation of resorption-driving osteoclasts, a process known as
osteoclastogenesis.” The field of osteoimmunology is mainly concerned with Th17 and T-reg, less with Thl, and very
little with Th2 cells. In fact, Thl and Th2 have been described as anti-osteoclastogenic T cells, although both are
inflammatory T cells, however, engaged in different immune responses.® Accordingly, bone destruction occurs when
proinflammatory factors become prevalent and there is a preponderance of the Thl cytokine TNF-a. In contrast, IFN-y
and IL-4 inhibit osteoclastogenesis. Of these three cytokines, only TNF-a promotes osteoclastogenesis. Indeed, both
TNF-a and IL-1 are major drivers of inflammation and osteoclastogenesis and appear to be crucial in the first stage of
healing.* IFN-y is also expressed during healing and has been reported to inhibit osteoclastogenesis and promote bone
formation. However, the exact role of IFN-y in bone healing remains unclear.® IL-4 and IL-10 both inhibit bone
resorption and are anti-inflammatory cytokines involved in the transition between the inflammatory phase and the
regeneration phase.*’ Thus, the balance between these five cytokines is a key parameter, the control of which is

a major therapeutic target in bone healing and regeneration.®
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Figure | Control of bone cells by immune cells through cytokine-mediated differentiation of Th1/Th2 cells (see red circle).

Notes: The enlarged detail from this image shows the Th1/Th2 balance, which plays a crucial role within the cytokine network of the bone remodelling cycle and the
osteoimmune interaction. Undifferentiated naive T cells secrete specific cytokines after antigenic stimulus that polarize into Thl or Th2 cells. The red circle emphasizes the
primary cell control by Th1/Th-2 osteoimmune balance on the osteoclast. Adapted from Yang N, Liu Y. The Role of the Immune Microenvironment in Bone Regeneration.
Int. J. Med. Sci. 2021;18:3697-3707 (https://creativecommons.org/licenses/by/4.0/).*

In this research, we elucidate the role of the Thl to Th2 balance in bone regeneration from the perspective of wound
healing, with the aim of providing further prior insights into the immune mechanisms involved in the bone regeneration
process and a new therapeutic target for improving the outcome for the treatment of bone injuries.

Local Osteoimmunology of the Jaw

As with any initial research in a new field, it is now up to clinicians to translate the findings from this research into
a better understanding of the osteoimmune process and, where possible, new treatment approaches. Problems in wound
healing in the jawbone arise when the homeostatic mechanism of bone resorption and formation is disturbed.

Morphology of Bone Marrow Defects of the Jaw

The death of local bone marrow cells due to chronic stimulation resulting from unfavourable factors such as
inflammation of the jawbone may lead to chronic osteoimmune dysregulation. In previous publications, we defined
the chronic inflammatory process that occurs in bone marrow defects of the jaw (BMDIJ) as fatty-degenerative
osteonecrosis of the jaw (FDOJ) which is associated with the chronic overexpression of the proinflammatory cytokine
RANTES/CCL5.'%!" BMDJ/FDOJ is also primarily defined in the literature as “bone marrow edema”'*'? or silent or
subclinical inflammation without the typical signs of acute inflammation. Figure 2 shows a tissue sample obtained
during surgery to excise a bone marrow defect in the jaw. In earlier publications, we described the pathologically

altered morphology of such areas.'*'>
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Figure 2 Areas of BMD)/FDO).
Notes: The left panel shows a hollow cavity in areas 38-39 following curettage of a softened, spongy bone marrow defect of the jaw (BMD]). The right panel shows a clump
of fatty-degenerated bone marrow with the typical yellowish coloring characteristic of fatty transformation (FDO)).

Collection and Processing of BMDJ)/FDOJ Samples
The 128 BMDJ/FDOJ patients recruited to this study ranged in age from 36 to 73 years (median age 54). The female-to-male
ratio was 86:42. The inclusion criteria were as follows: a proven diagnosis of BMDJ/FDQJ, as determined by two-dimensional
orthopantomogram (2D-OPG) and three-dimensional digital volume tomography (3D-DVT) and additional trans-alveolar
ultrasonography (TAU). Only the prior use of specific bone treatments served as exclusion criteria. Due to the presence of
“silent inflammation”, the 128 patients enrolled in this study underwent removal of the abnormal BDJ/FDOJ areas as part of
a routine operation. To shed light on the correlation between BMDJ/FDOJ, neuroinflammation, and neurodegeneration, these
conspicuously altered medullar parts of the jawbone (BMDJ/FDOJ) were subjected to a postoperative cytokine analysis. We
compared the values of seven cytokines in this group with the same cytokine pattern observed for 19 samples of healthy
jawbones that were obtained from patients (age range: 33—72 years; average age, 51.4 years; female: male gender ratio, 10:9).
The normal R/C level in healthy, medullary and maxillary spongy bones is 149.9 pg/mL.'*"'*

RANTES/CCLS5 expression in BMDJ/FDOJ samples was analyzed using Human Cytokine/Chemokine Panel
I (MPXHCYTO-60K; Millipore GmbH, Hesse, Germany) according to the manufacturer’s instructions using
Luminex® 200™ and xPonent® software (Luminex Co, Austin, TX, USA). Concentrations were calculated according
to a standard curve generated for the specific target and were expressed as pg/mL. When the concentrations were below
the detection threshold, they were assumed to be 3.2 pg/mL.

Cytokine Expression in BMDJ/FDOJ

Drawing on our clinical experience with the notable fatty degenerative morphology of BMDJ/FDOJ, the authors had
tissue samples that were readily excised from such defects examined for cytokine expression. The results of a panel of 27
cytokines measured in samples obtained from five patients showed the overexpression of both interleukin-1 receptor
antagonist (IL-1ra) and the proinflammatory chemokine RANTES/CCLS. In contrast, TNF-a expression — which was
expected to be high — showed vanishingly low values (Figure 3).'?

This pilot study prompted us to further investigate 128 additional BMDJ/FDOJ samples with a reduced cytokine
panel consisting of FGF-2, IL-1ra, IL-8, IL-6, IL-10, MCP-1, TNF-a and RANTES/CCLS5 (Table 1 and Figure 4).°

The clinical BMDJ/FDOJ samples were provided by patients undergoing surgical treatment at the authors’ clinic.
Each patient expressed an interest in determining whether chronic inflammation was present in the jawbone and, if so,
associated with a pre-existing chronic immune disorder or systemic disease. It is clinically remarkable that, with the
exception of cases of atypical facial pain and trigeminal neuralgia, BMDJ/FDOIJ does not elicit a pain response in most
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Figure 3 Multiplex analysis (in pg/mL) of 27 cytokines in five BMDJ/FDOJ samples showing the singular overexpression of IL-Ira and RANTES/CCL5 with values

extrapolated beyond the range of the multiplex device.
Notes: These results provided the initial impetus to further investigate the cytokine production in samples of BMDJ/FDOJ.I3

patients. The absence of a painful inflammatory response may be explained by the decreased expression of TNF-a and II-
6, with TNF-a expression reduced by one-third and I1-6 expression reduced by one-tenth compared to the expression
levels found in 19 samples of healthy bone marrow. Thus, the levels of these acute inflammatory mediators appear to be
generally insufficient to drive acute and painful inflammation in most cases of BMDJ/FDOJ."

Wound healing in bone begins with an inflammatory response, which is the normal response of vascularized
living tissue to trauma.’ The consistent lack of proinflammatory cytokines in the fatty degenerative BMDJ/FDOJ
samples is an indicator of impaired wound healing.”’14 This is so since inflammation is considered to be a useful
mechanism in the early phase of bone healing. When the inflammatory response is prolonged, however, the
beneficial effects are reversed and the process becomes detrimental.'’ Fibrosis, for example, which is induced by
the release of inflammatory cytokines from leukocytes, is one of the consequences of long-term inflammation. In
the jaw bone samples that were investigated, the downregulation of angiogenic cytokines also results in the lack
of angiogenesis, which is responsible for ischemia and hypoxia in the BMDJ/FDOJ areas concerned.’'”

Aim and Objectives
The loss of bone mass, as seen in osteoporosis and rheumatoid arthritis, is generally associated with the pattern of

inflammatory mediators shown in Figure 4. The unexpected cytokine pattern that we previously measured in areas of
impaired bone in samples of BMDJ/FDOJ raises the question of whether such dysregulated local inflammatory patterns

Table | Results of 128 BMDJ/FDOJ Samples Multiplex Analysis for Seven Cytokine
Panel Consisting of FGF-2, IL-1ra, IL-8, IL-6, IL-10, MCP-1, TNF-o. and RANTES/CCL5

FGF-2 | IL-lra | IL-6 | IL-8 | MCP-1 | TNFa | RANTES
MV FDOJ (n=128) | 781,5 731 55 3,5 121,1 5.2 5.188
Norm (n=19) 27,6 195,5 101,0 | 7,5 20,3 I 149,9
StDev 1717,1 | £979,6 | 11,5 | +489 | £1188 | £10,I | +3.004,7
Biologics: Targets and Therapy 2024:18 https: 151
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Figure 4 Cytoine expression in BMDJ/FDO) samples for a seven cytokine panel.

Notes: Columns in red (MV) show the mean value of the respective cytokine for 128 BMD)/FDO]J samples; columns in blue (Norm) show the mean value of each cytokine
for 19 healthy jaw bone samples. In summary, the distribution of results of the multiplex analysis of 128 BMDJ/FDO) samples shows marked singular overexpression of
RANTES/CCLS5, mild overexpression of IL-1ra and downregulation of TNF-a and IL-6 expression.

and cytokine expression are associated with a systemic Th1/Th2 imbalance, as discussed in Introduction — The Evolving
Field of Osteoimmunology. Is the predominant driver for BMDJ/FDOJ the impaired activation of immune cells, or rather,
the impaired differentiation of osteoblastic cells?

Determination of Systemic Thl/Th2 Balance

In order to place the highly specific local BMDIJ/FDOJ cytokine profile (see Local Osteoimmunology of the Jaw) in
a systemic immunological context, we examined the Th1/Th2 profile in the serum of a second cohort of BMDJ/FDOJ
patients. The selected cohort also presented with a concomitant chronic systemic inflammatory disorder, which provided
insight into the systemic immunological regulation, ie immunocompetence, of this patient group.

Methods of Cytokine Analysis to Determine Th1/Th2 Ratios

For clarification, we used reliable laboratory testing procedures to perform cytokine analysis (IMD-Berlin). Serum
concentrations of the cytokines IFN-y and IL-4 were determined after stimulated cytokine release. For this purpose,
heparinised blood from the patient was mixed for 24 hours with the nonspecific stimulants concanavalin A (ConA;
Sigma-Aldrich Chemie GmbH) and staphylococcal enterotoxin B (SEB; Sigma-Aldrich Chemie GmbH). Subsequently,
the cytokines released into the cell culture supernatant were determined using a multiplex assay (MILLIPLEX MAP®
Human Cytokine/Chemokine Magnetic Bead Panel; Merck-Millipore) and the Luminex 200™Analyzer.

Th1/Th2 Ratio and T-Reg Expression Level of the Study Cohort

To shift the focus from solely jaw bone metabolism to systemic immune regulation, we studied a cohort of 197 patients
with chronic immune disorders (CID). The conditions were classified into the following categories: allergies (including
food allergies, chronic rhinitis, and compromised immune system; n = 29); atypical facial and trigeminal pain (n = 47);
neurodegenerative diseases (including migraine, tinnitus, multiple sclerosis, and amyotrophic lateral sclerosis; n = 57);
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tumors (breast, prostate, pancreatic, and colon cancers; n = 16); rheumatism (fibromyalgia and Lyme disease; n = 51);
chronic fatigue syndrome (n = 56); and parasympathetic disorders (ie, disorders related to blood pressure, dizziness, and
anxiety; n = 49). The mean age of patients was 54.05 years (range: 23—75 years). The female-to-male ratio was 89:225.

All of the patients in the selected cohort were diagnosed with BMDJ/FDOJ in one or more regions of the jaw using
2D and 3D radiography. Bone marrow defects such as BMDJ/FDOJ are difficult to detect in radiographs and there has
thus been little research investigating this condition.'®!” Radiologically suspected BMDJ/FDOJ was also confirmed with
a radiation-free measurement of bone density using a newly introduced trans-alveolar ultrasound (TAU) device.'®!?

The present study was conducted as a retrospective case—control study and classified as such by the forensically accredited
Institute for Medical Diagnostics, Nikolaistr. 22, D-12247 Berlin (IMD-Berlin), according to DIN EN 15198/DIN EN 17025.
All patients provided their written informed consent (as outlined in the PLOS consent form) to participate and for the
publication of their anonymized case details. This study was conducted in accordance with the Declaration of Helsinki.

The study presented here is patient-centered; the samples and data were obtained in the course of routine clinical
practice and retrospectively evaluated. Institutional approval was not required for publication of this manuscript. The
severity of the clinical pictures presented in the study cohort necessitated further insight into the immunological
regulation of each patient group and the associated dynamics. We sought to examine the immunological status of each
group. Accordingly, we sought to examine this by analyzing T-helper cells and determining the Th1/Th2 balance.
Figure 5 shows the distribution of disease patterns in this patient cohort in number (n) and percentage (%). The mean age
of the patients was 54.05 years (range: 23—75 years). The female-to-male ratio was 89:225.

Results

The Th1/Th2 cytokine profile was determined by first ascertaining the IFN-y/IL-4 ratio and T-reg profile (I1-10). The
Th1/Th2 and T-reg cytokine profiles, represented by the release of IFN-y, IL-4 and IL-10, respectively, may help to
clarify the regulation of systemic inflammation in these patients. The following analyses were conducted and provided

the results presented below.** >

70

60
60 56 57
50 47 46
40
30
2° B Percent
w J 8 2
0
N\ 0 N N %
& & S <® & & @
N 2 > D > ¥
g Vo & o &
«’5’
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Figure 5 Distribution of disorders for 197 patients with CID.

Notes Allergies (including food allergies, chronic rhinitis, and compromised immune system; n = 30); chronic fatigue syndrome (n = 56); neurodegenerative diseases (including
migraine, tinnitus, multiple sclerosis, and amyotrophic lateral sclerosis; n = 57); rheumatism (fibromyalgia and Lyme disease; n = 60); atypical facial and trigeminal pain (n = 47);
tumors (breast, prostate, pancreatic, and colon cancers; n = |6); and parasympathetic disorders (ie, disorders related to blood pressure, dizziness, and anxiety; n = 46).
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Statistical Analysis

The quantitative data of the new research were analyzed using descriptive statistics, which were calculated using IBM
SPSS, version 19 (IBM Corporation, Armonk, NY, USA). The median, the arithmetic mean value, and the data
distribution were calculated. Differences between cohorts were computed with Student’s ¢-test or Spearman’s rho. The
two-sided unpaired #-test was used to determine differences within groups, whereas Spearman’s coefficient was used to
analyze correlations among the results of the cytokine profile analyses. The significance level was set at P<0.05.

Th1/Th2 Ratio

The normal reference range for the Th1 (IFN-y pg/mL)/Th2 (IL-4 pg/mL) ratio is 6.1 to 21 (Figure 6). Among the cohort of
197 patients with CID and BMDIJ/FDO, 167 had an IFN-y expression level below this range (2.09 + 1.61 pg/mL). Only 27
patients had IFN-y levels of approximately normal value (9.36 £2.71 pg/mL), while three had significantly higher IFN-y
levels (23.98 £ 2.57 pg/mL). These results demonstrate that the majority of patients had a low Th1/Th2 response.

Th1/Th2 Ratio Compared to T-Reg Expression

The normal reference range of T-reg is 760 to 1900 pg/mL. From the cohort of 197 patients with CID and BMDJ/FDOJ,
one group with an underexpression of Thl cytokines and corresponding underexpression of T-reg comprised 55 patients.
This group of patients had a Th1/Th2 ratio with a mean value (MV) of 1.57 (£1.52) and an associated underexpressed
T-reg with a mean value (MV) of 481.11 (£214.48) pg/mL. From the same cohort of 197 patients, a second group with an
underexpression of Thl cytokines and corresponding overexpression of T-reg comprised 47 patients. This group had
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Figure 6 Diagram showing each of the three Th1/Th2 ratio groups: Th1/Th2 ratio above 21, Th1/Th2 ratio normal reference range 6.l to 21 and Th1/Th2 ratio below 6.1.
Notes: These results demonstrate that the majority of patients had a low Th1/Th2 response.
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Figure 7 Diagram of the two patient groups with a low Th1/Th2 ratio and corresponding IL-10 (T-reg) underexpression of 480 pg/mL and IL-10 (T-reg) overexpression of
2.400 pg/mL out of the normal reference range of IL-10 (T-reg) of 760 to 1900 pg/mL.

a Th1/Th2 ratio with a mean value (MV) of 2.19 (+1.77) and an associated overexpressed T-reg with a mean value (MV)
of 2527.28 (£790.28) pg/mL (Figure 7).

Summary of Results
The analysis of the Th1/Th2 ratio and T-reg profile of the patient cohort with BMDJ/FDOJ is shown in Figure 8
compared to the normal values for the Th1/Th2 ratio and normal range of T-reg.

Our studies and data show a shift in the Th1/Th2 balance towards a Th2 response that is associated with inflammation-
induced immune depletion in more than 80% (n = 167) of the total cohort of 197 patients with CID and concomitant BMDJ/
FDOI. In these 167 subjects, the Th1/Th2 ratio was <6.1 with a T-reg expression of <1900, demonstrating impaired immune
regulation with suspected chronic inflammation. In addition, 47 subjects or 30% of the patient cohort showed not only
a shift in Th2 but also excessive T-reg with values of >1900, indicating the downregulation of immune activity.

Discussion
Is Low TNF-athe Link Between Downregulation of the Th1/Th2 Ratio and

Inflammation of the Jaw?

According to our data, about 80% of the patient cohort with chronic immune disorders (CID) showed downregulation of
the Thl cytokine response and upregulation of the Th2 response, as well as concomitant marked chronic BMDJ/FDOJ,
which may contribute to the severity of CID. Since each subject in the cohort of 197 CID patients presented with
clinically verified BMDIJ/FDOJ, the question arises as to the nature of the relationship between the local Th2 shift that
occurs in BMDJ/FDOJ and the systemic Th2 shift that was observed in this study?
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Figure 8 Analysis of the Th1/Th2 ratio and T-reg profile of 197 CID patients with clinically defined BMD)/FDO)J as compared to normal values for the Th1/Th2 ratio and
normal range of T-reg.

Notes: The graph presents the results for four groups of patients, ie, the Th1/Th2 ratio (upper bar) and number of patients (lower bar) for each group: Group I, yellow
(high Th1/Th2 ratio); group 2, green (balanced Th|/Th2 ratio); group 3, red (low Th1/Th2 ratio); and, group 4, orange (MV of the Th1/Th2 ratio of the total patient cohort).
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Figure 9 Comparison of the cytokine analyses of 128 BMDJ/FDO]J samples.

Notes: *Upper range of standard deviation STDEV. The blue arrows mark the Th2 cytokine overexpression (IL-Ira and RANTES/CCLS5), while the red arrows mark the
Thl cytokine underexpression (IL-6 and TNF-a). In summary, 128 BMDJ/FDOJ samples exhibit a clear deficit of proinflammatory factors. Inset: Graphic representation of
the ThI/Th2 imbalance associated with anti-inflammatory activity in BMD)/FDO).

When the cytokine pattern detected in 128 BMDJ/FDOJ samples, as shown in Figure 4, is examined for proin-
flammatory and anti-inflammatory factors, we find a clear deficit of proinflammatory factors. Figure 9 shows the local
Th1/Th2 imbalance present in chronic BMDJ/FDOJ.
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In BMDJ/FDOJ samples examined postoperatively, we demonstrated, using scientifically recorded data, that TNF-a
and, especially, IL-6 - which is typically active in the transition from innate immunity to mechanisms of acquired
immunity during inflammatory processes - show significantly reduced expression in the cytokine pattern associated with
BMDIJ/FDOJ. On average, TNF-a is downregulated to one-third and IL-6 to one-tenth of the levels found in healthy
cancellous bone. This feature of BMDJ/FDOJ'? appears to impede an appropriate inflammatory defense response. At the
same time, the lack of acute medullary tissue reaction may lead to the non-painful, cryptic symptomatology of BMDJ/
FDOJ. This contrasts with the singular overexpression of the proinflammatory chemokine RANTES/CCLS5 found in
BMDIJ/FDOJ, without the development of the classic markers of inflammation.

The absence of typical inflammatory patterns is also characteristic of Th2 upregulation and Th1 downregulation. The
7-cytokine profile of 128 BMDJ/FDOJ samples shows comparable cytokine patterns to those seen in the systemic
downregulation of Th2 responses found in the CID cohort: on average, TNF-a is downregulated to one-third, and IL-6 to
one-tenth, of the expression found in healthy jaw bone. In our studies, there was a 3.5-fold overexpression of IL-1ra in
BMDIJ/FDOJ areas and enhanced local Th2 upregulation (see Figure 10).

Upregulation of IL1-Ra and Th2 Shift

Every immune response is regulated by pro- and anti-inflammatory cytokines. The key proinflammatory cytokines IL-1
and TNF-oare the main signaling agents and activators of the Thl response. These cytokines are released by tissue
macrophages when exposed to an inflammatory stimulus (such as bacteria, fungi, autoantigens, and other foreign
substances). The main proinflammatory effects of IL-1 and TNF-a are stimulation of T and B cells and macrophages,
activation of the vascular endothelium, and induction of the acute-phase response.

In the case of IL-1, these proinflammatory effects are mediated by binding to the IL-1 receptor. The IL-1 receptor
antagonist (IL-1ra), which is also released by macrophages following a time delay, functions as a competitive inhibitor of
IL-1 through binding to the IL-1 receptor thereby hindering further IL-1 signaling]. Thus, IL-1ra, which is highly
elevated in the cytokine profile of BMDJ/FDOJ, is the antagonistic, anti-inflammatory counterpart of IL-1. In BMDJ/

Dysregulationin
BMDJ/FDOJ

IL-ra:
Induces TH2
up-regulation

TNFa/ll-6:
Chronic down —
regulation of
inflammatory
activity

&

- ko R i
T S

Figure 10 In addition to the systemic immune imbalance found in the study cohort (see Figure 8), there was also a local Th2 shift and corresponding low IFN-y in BMD)/
FDQO]J areas.

Notes: Dysregulation in BMDJ/FDO] is defined by chronic downregulation of inflammatory activity, ie, low expression of TNF-a and IL-6, and induction of Th2 upregulation,
ie, high expression of IL-ra.
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FDOJ, therefore, Th2 upregulation is further amplified locally. If the release of IL-1ra increases at the same time, there is
no further induction of inflammation with increased Thl activity.

Upregulation of IL-4 (Th2) and RANTES/CCLS5 Overexpression

Studies found in the literature demonstrate a strong reciprocal relationship between RANTES/CCLS5 and the upregulation
of IL-4. One study, for example, determined that

RANTES increased IL-4 production in the presence of IL-4, whereas it suppressed IL-4 production in the absence of IL-4. The
enhancing effect of RANTES/CCLS5 was positively correlated with the donors’ plasma IgE levels.

The authors of the study concluded that “RANTES may induce IgE synthesis by increasing IL-4 production in
individuals predisposed to high IgE responses”.>® This link between RANTES/CCL5 and both IgE synthesis and
BMDIJ/FDOJ suggests an association that remains unclear.

Systemic Consequences of Local RANTES/CCL5 Overexpression in BMD)/FDO)]

What is the interaction between the RANTES/CCLS signaling pathway and systemic immune dysregulation in the
BMDIJ/FDOJ cohort presenting with seven distinct clinical pictures of CID?

To test our working hypothesis, our team conducted a brief review of PubMed indexed publications for “RANTES
CCL5 AND Allergy” and obtained 582 results. An excerpt from one of these publications, for example, stated: “Patients
with chronic spontaneous urticaria (CSU) had significantly higher levels of CCL5/RANTES in comparison”.>* Under
“RANTES CCL5 AND Trigeminal Pain”, 14 papers were found and one of these, for example, stated: “High chemokine
levels may stimulate trigeminal nerve activation”.> The search “RANTES CCL5 AND Neurodegenerative Diseases”
yielded 54 hits, including a publication stating: “The results of the meta-analysis showed higher peripheral concentrations
of IL-6, tumor necrosis factor, IL-1p, IL-2, IL-10, C-reactive protein, and RANTES in patients with Parkinson’s
Disease”.?*?’ “RANTES CCL5 AND Tumors” yielded 1758 hits, including a paper with the following statement:
“CCRS5 and the CCLS5 ligand have been detected in hematologic malignancies, lymphomas, and a large number of solid
tumors”.**?’ “RANTES CCL5 AND Rheumatoid Arthritis” yielded 10 results and one of these papers stated: “The
present study suggests that there are molecular mechanisms underlying the development of RA, such as CCL5. CCL5
may have a negative impact on the development of RA”.>° “RANTES and CFS” (chronic fatigue syndrome/neuroin-
flammation) yielded 94 hits, including one publication stating: “The protein levels of the chemokine CCL5/RANTES
were remarkably increased in the astrocytes of injured rat spinal cord”.>' Finally, “RANTES CCL5 AND Blood Pressure/
Anxiety” provided 51 results of which one paper stated: “The chemokines CCL2 and CCL5 have long been associated
with hypertension as they strongly influence diapedesis. Data suggest differential, context-specific effects of these
chemokines on blood pressure”.*?

These indications of the inflammatory role of RANTES/CCLS in chronic immune disorders and the demonstrated
overexpression of RANTES/CCLS5 in BMDJ/FDOJ suggest associations that remain hitherto unrecognized in mainstream
dentistry and medicine. It may also be worthwhile to further consider the presence of adipose tissue in BMDJ/FDOJ that
is not present in other inflammatory diseases (eg, arthritis). Research indicates that this tissue may affect immune
regulation as adipocytes are known to produce cytokines (adipokines) that modulate the immune response. In particular,
adipose tissue is known to contain a high proportion of T-reg.'' BMDJ/FDOJ is a chronic osteoimmune disorder that may
be considered an additional burden, further contributing to the progression of many immune and inflammatory diseases.*

Surgical Implications in Dental Practice

The extremely low local TNF-a and IL-6 cytokine expression found in BMDJ/FDOJ impairs the normal healing process
by inhibiting an acute inflammatory response that would prevent the development of fatty degenerative morphology. In
the context of BMDJ/FDOJ resection, it is essential to determine the patient’s immunological status in advance in order
to define the conditions for successful patient-oriented surgical outcomes. In the preceding section, we discussed the
importance of the Th2 shift to the systemic response to inflammation. However, the question remains as to the extent to
which BMDJ/FDOJ may be the cause or consequence of such an immunological imbalance.
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Summary

The data presented in our study cohort show that the majority of CID patients exhibit Thl downregulation and a Th2
shift. The data also indicate that beyond the osteoimmune interactions previously presented in the medical literature,” %>
there appears to be a dysregulated cytokine pattern in BMDJ/FDOJ that almost completely inverts the classic panel of
proinflammatory cytokines associated with Thl activation.

In the jawbone, this inversion of an acute inflammatory cytokine pattern leads to BMDJ/FDOIJ which is characterized
by a lack of Thl cytokines and, particularly, by the excessive overexpression of the proinflammatory chemokine
RANTES/CCLS and, to a lesser extent, IL-1ra.

To date, the cytokine pattern associated with BMDIJ/FDOJ, ie, that inverts the classic inflammatory cytokine pattern,
has not been found in any other organ fat and appears to be reserved for those degenerated jaw bone areas. In contrast,
abdominal fat, for example, contains a very high proportion of regulatory Thl cells and is capable of producing many
cytokines that modulate the immune response through the high overexpression of TNF-o and IL-6. The lack of Thl
activation in BMDJ/FDOJ areas inhibits the normal healing of these pathologic changes in cancellous bone marrow and
leads to the corresponding cryptic and clinically asymptomatic chronicity of the clinical picture. In the literature, the
resulting chronic RANTES/CCLS overexpression has also been linked to wide-ranging symptoms common to the group
of chronic immune disorders of the patients in our study cohort”.?”* The extent to which the issues discussed here
concerning osteoimmunology and BMDJ/FDOJ relate to the interactions of RANK/RANKL, OPG and RANTES/CCLS
requires further investigation.

Conclusion

While the new interdisciplinary field of osteoimmunology presents broadly consistent accounts of the associated
processes between bone cells and immune cells,* these do not appear to apply to the jawbone in a surprisingly large
number of clinical cases. The unique nature of the osteoimmune situation in BMDJ/FDQJ, as described above (see Local
Osteoimmunology of the Jaw), requires greater consideration of the systemic immune response especially with respect to
dental surgical interventions such as jaw surgery, implantation and augmentation to avoid the induction of the
dysregulated Th2 response that is characteristic of BMDJ/FDOJ. Indeed, the hitherto unrecognized cause of many failed
dental interventions may be linked to this specific osteoimmune state. Further clinical elucidation of the interaction of the
local osteoimmune balance with systemic T-cell activation is necessary to provide a clear scientific statement and
appropriate therapeutic advice.
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