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Ferritin promotes monocyte 
osteoclastogenic differentiation to aggravate 
alveolar bone resorption in periodontitis
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Abstract Background/purpose: Alveolar bone resorption in periodontitis critically impairs 

masticatory function and tooth stability, yet the mechanistic drivers linking immune dysregu-

lation to osteolytic pathology remain incompletely characterized. This study elucidates how 

ferritin-an inflammation responsive iron chaperone secreted by activated monocytes-

orchestrates monocyte-to-osteoclast differentiation to exacerbate bone destruction in peri-

odontitis.

Materials and methods: Using a multidisciplinary approach, we combined: Immunohistochem-

ical profiling of cluster of differentiation 68-positive (CD68 þ ) cells and cluster of differentia-

tion 4-positive (CD4 þ ) cells in human periodontal tissues (periodontitis vs. healthy controls); 

Murine experimental periodontitis induced by maxillary molar ligation (8-week model); 

In vitro mechanistic studies where THP-1 monocytes (human acute monocytic leukemia cell 

line) primed with Porphyromonas gingivalis lipopolysaccharide (P. gingivalis-LPS) were 

analyzed for ferritin/receptor activator of nuclear factor-κB ligand (RANKL) secretion, and 

RAW264.7 pre-osteoclasts (murine macrophage-like cell line) were treated with 

apoferritin � RANKL to assess proliferation, osteoclast differentiation, and osteolytic gene 

expression.

Results: Inflamed periodontal tissues exhibited elevated CD68 þ and CD4 þ immune cells, re-

flecting heightened inflammatory activity. P. gingivalis-LPS stimulation increased ferritin and 

RANKL secretion in THP-1 cells. Mice with experimental periodontitis showed increased oste-

oclast density at alveolar bone surfaces. Apoferritin synergized with RANKL to enhance 

RAW264.7 proliferation, multinucleation, and expression of matrix metallopeptidase 9 (MMP-
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9), cathepsin K (CTSK), and tartrate-resistant acid phosphatase (TRAP) in a dose-dependent 

manner.

Conclusion: Ferritin and RANKL synergistically promote monocyte osteoclastogenesis, driving 

alveolar bone resorption in periodontitis. Targeting ferritin signaling may offer therapeutic po-

tential to mitigate bone loss.

© 2026 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier 

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons. 

org/licenses/by-nc-nd/4.0/).

Introduction

Periodontitis, a chronic inflammatory disease affecting over 
50 % of adults worldwide, represents the primary cause of 
tooth loss through its characteristic progressive alveolar 
bone destruction. 1,2 While microbial dysbiosis initiates 
periodontal inflammation, emerging evidence underscores 
that maladaptive host immune responses-particularly 
monocyte/macrophage hyperactivity-constitute the crit-

ical driver of osteolytic pathology. 3—5 Despite advances in 
biofilm control strategies, many patients exhibit refractory 
bone loss, highlighting our incomplete understanding of the 
molecular mechanisms governing osteoclast hyperactivity. 6 

This knowledge gap urgently demands identification of 
novel therapeutic targets within the immune—osteoclast 
axis.

Our clinical observations reveal a striking correlation 
between circulating monocyte levels and radiographic bone 
loss severity. These circulating precursors, upon infiltrating 
periodontal tissues through C—C motif chemokine ligand 2 
(CCL2)-mediated chemotaxis, 7 undergo pathological dif-

ferentiation into bone-resorbing osteoclasts-multinucle-

ated TRAP þ cells capable of degrading a mass of 
mineralized matrix daily. 8,9

Monocytes and macrophages infiltrate inflamed peri-

odontal tissues, differentiating into osteoclasts under in-

flammatory cues. 10 Notably, the inflammatory milieu of 
infrabony pockets creates a self-perpetuating niche: im-

mune cells form cellular networks within granulation tis-
sue, while periodontal pathogens like Porphyromonas 
gingivalis (P. gingivalis) release virulence factors that hi-

jack iron metabolism pathways. 11

Central to this process is ferritin, the iron-sequestering 
protein paradoxically elevated in periodontal in-

flammations. 12,13 Our preliminary work demonstrated that 
P. gingivalis -derived lipopolysaccharide (LPS) promote the 
expression and secretion of ferritin in periodontal ligament 
cells. 14 Building on the established synergy between iron 
signaling and RANKL-mediated osteoclastogenesis, we pro-

pose a novel feedforward mechanism: monocytes-derived 
ferritin cooperates with RANKL to potentiate macrophages 
differentiation into hyperactive osteoclasts, thereby 
accelerating alveolar bone resorption. This study system-

atically investigates ferritin’s pleiotropic roles in peri-

odontal osteolysis through integrated clinical, murine, and 
in vitro models.

Materials and methods

Ethics statement

This study was approved by the Review Board and the Ethics 
Committee of Peking University Health Science Center 
(PKUSSIRB-2011007). All clinical specimens were obtained 
from patients who provided written informed consent to 
use their tissues for research purposes.

Sample collection

The study was approved by the Ethics Committee of Peking 
University Health Science Center. All clinical specimens 
were obtained from participants, who provided written 
informed consent to use their periodontal tissues for 
research purposes. A total of 10 participants diagnosed with 
periodontitis were recruited from the Department of Peri-

odontology, Peking University Hospital of Stomatology, 
China. All individuals were examined to determine their 
periodontal status. Periodontal examination included peri-

odontal probing depth and bleeding index using a Williams 
periodontal probe at six sites on each tooth. The tissue 
specimens were taken from patients with periodontitis who 
received tooth-extraction or periodontal tissue regenera-

tion. The harvested gingival tissues were fixed in 4 % 
paraformaldehyde for hematoxylin and eosin (H&E) staining 
or 2.5 % glutaraldehyde for ultrastructural analysis.

Immunohistochemical staining of human gingival 
samples

After deparaffinization of samples with xylene and rehy-

dration with ethanol, endogenous peroxidase was inacti-

vated by incubation with 3 % H 2 O 2 at room temperature for 
20 min. Antigen retrieval was achieved by trypsin digestion 
at 37 � C for 20 min. Then, the specimens were blocked with 
10 % normal goat serum at room temperature for 30 min and 
incubated with primary antibodies against CD68 and CD4 at

4 � C overnight. After washing three times with phosphate-

buffered saline, the locations of CD68 and CD4 were visu-

alized using an immunohistochemistry kit and a DAB 
detection kit (Zhongshan Golden Bridge Biotechnology, 
Beijing, China). Sections were finally mounted and images
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were captured on a light microscope (BX51/DP72, Olympus, 
Tokyo, Japan).

Transmission electron microscopy (TEM)

Samples were fixed with 2.5 % glutaraldehyde and post-

fixed in 1 % osmic acid, dehydrated with gradient alcohols, 
replaced with propylene oxide, and embedded in Epon 812. 
Ultrathin sections were stained with uranyl acetate and 
lead citrate and examined on a JEM-1400 electron 
microscope.

Cell culture

THP-1 cells and RAW264.7 cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco, Grand Island, NY, 
USA.) supplemented with 10 % fetal bovine serum (FBS) and

1 % penicillin and streptomycin. The cells were cultured in a 
humidified 5 % CO 2 atmosphere at 37 � C. RAW264.7 cells 
were seeded in plates (Corning, Rochester, NY, USA). THP-

1 cells were induced by medium with 0, 1, 2, and 4 μg/ml P. 
gingivalis-LPS (Ultrapure lipopolysaccharide from P. gingi-

valis, TLR4 ligand, InvivoGen, Toulouse, France) for 24 h. 
RAW264.7 cells were induced by medium with gradient 
increasing apoferritin (Sigma—Aldrich, St. Louis, MO, USA) 
containing 0 or 25 ng/mL RANKL (Peprotech, Rocky Hill, NJ, 
USA). The cells were cultured for different numbers of 
hours.

Enzyme-linked immunosorbent assay (ELISA)

THP-1 cells were treated with P. gingivalis-LPS for 24 h. The 
culture supernatant was collected, centrifuged, and stored 
at �80 � C. The concentrations of ferritin and RANKL 
secreted by THP-1 cells were measured using ELISA kits 
(Telenbiotech, Chongqing, China).

Experimental animals

The study protocol was approved by the Experimental An-

imal Welfare Ethics Branch of Peking University Biomedical 
Ethics Committee (Protocol LA2013-32). Male C57BL/6 mice 
(8—10 weeks old) were randomly divided into groups. In the 
periodontitis groups (n � 5), a 5/0 cotton ligature was 
placed around the gingival margin of the second molars and 
left for 7 days. And the mice in the control group under-

went sham operated without ligation. Mice were sacrificed

7 days later. Upper jaw samples were excised and fixed in
4 % paraformaldehyde (pH 7.4) overnight at room temper-

ature. Then the samples were demineralized in buffered 
20 % EDTA at 37 � C for 14 days, then embedded and cut on a 
microtome set at 5 μm. Some sections from each sample 
were stained with H&E and others were subjected to TRAP 
staining.

TRAP staining

After 3 days in culture, RAW264.7 cells were washed with 
37 � C phosphate-buffered saline. Paraformaldehyde (4 %) 
was used to fix cells at 37 � C for 20 min. Then the cells were

stained for TRAP activity (Sigma—Aldrich No. 387, St. Louis, 
MO, USA) at 37 � C for 1 h avoiding light. MiliQ water at 37 � C 
was used to wash cells. Nuclei were counterstained with 
hematoxylin. The coverslips were placed on glass slides. 
Cellular Images were captured on a microscope with a 
digital camera (BX51/DP72, Olympus, Tokyo, Japan). The 
TRAP-positive multinucleated cells were quantified in 10 
visual fields chosen at random from different areas of each 
coverslip.

RNA extraction and real-time polymerase chain 
reaction (RT-PCR) analysis

Total RNA was extracted from treated RAW264.7 cells using 
TRIzol (Invitrogen, Carlsbad, CA, USA). Then, RNA was used 
for cDNA synthesis with a reverse transcription system 
(Toyobo, Osaka, Japan). The synthetic cDNA was mixed with 
power SYBR green PCR master mix (Roche, Indianapolis, IN, 
USA) and gene-specific primers. Real-time PCR was per-

formed using a 7500 real-time PCR detection system (Applied 
Biosystems, Foster City, CA, USA). The amplification condi-

tions consisted of an initial 10 min denaturation step at 
95 � C, followed by 40 cycles of denaturation at 95 � C for 15 s, 
annealing at 60 � C for 60 s, and elongation at 72 � C for 30 s. 
The relative expression levels of targets were assessed using 
the comparative 2 ΔΔCt method. The primers were synthe-

sized by Sangon Biotech (Shanghai, China) as follows: 5 0 - 
ATGGGGAAGGTGAAGGTCG-3’ (forward primer) and 5 0 - 
GGGGTCATTGATGGCAACAAT-3’ (reverse primer) for the 
mouse glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
gene, 5 0 -AAAGACCTGAAAACCTCCAAC-3’ (forward primer) 
and 5 0 -GACTGCTTCTCTCCCATCATC-3’ (reverse primer) for 
the mouse MMP-9 gene, 5 0 - GGCCAGTGTGGTTCCTGTTGG-3’ 
(forward primer) and 5 0 -CCGCCTCCACAGCCATAATTCTC-3’ 
(reverse primer) for the mouse CTSK gene, 5 0 -CAA-

GAACTTGCGACCATTGTTA-3’ (forward primer) and 5 0 -ATC-

CATAGTGAAACCGCAAGTA-3’ (reverse primer) for the mouse 
TRAP gene.

Statistical analysis

Statistical analyses were applied using SPSS 26.0 and 
GraphPad Prism 9 software. Results are presented as the 
mean � standard error of the mean (SEM) using Student’s t-
test for paired comparisons and one-way analysis of vari-

ance (ANOVA) for testing multiple groups. A value of 
P < 0.05 was considered statistically significant.

Results

Monocyte-derived macrophages dominate 
inflammatory infiltrates in periodontitis

Histopathological analysis revealed striking contrasts be-

tween healthy and periodontitis-affected gingival tissues. 
In healthy controls, subepithelial connective tissue 
demonstrated well-organized collagen bundles with mini-

mal cellular infiltration. Conversely, periodontitis speci-

mens exhibited extensive inflammatory remodeling 
characterized by dense aggregates of leukocytes displacing
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collagen matrix and proliferative vasculature with dilated 
lumens (Fig. 1A). Immunophenotyping identified CD68 þ 

immune cells exhibited a diffuse infiltration pattern, and 
CD4 þ immune cells were clustered in perivascular regions 
(Fig. 1B and C). Notably, macrophage density positively 
correlated with radiographic bone loss severity, supporting 
their central role in osteolytic pathogenesis. These findings 
establish inflamed gingiva as a reservoir of osteoclast pre-

cursors, though the precise differentiation signals within 
this niche remain to be elucidated.

Monocytes-derived ferritin potentiates RANKL 
signaling under inflammatory stimulation

The pathogenesis of vertical alveolar bone resorption in 
periodontitis involves coordinated interactions between 
microbial virulence factors and host immune cells. Mecha-

nistically, exposure of THP-1 cells to P. gingivalis-LPS 
(0—4 μg/mL, 24 h) triggered dose-dependent secretion of 
both ferritin and RANKL (P < 0.01 vs. untreated controls;

Fig. 2A and B). This synergistic induction suggests a coor-

dinated mechanism whereby pathogen-associated molecu-

lar patterns (PAMPs) simultaneously activate iron storage 
and osteoclastogenic pathways. While RANKL’s role in pro-

moting osteoclast precursor fusion is well-established, 15 

our findings unveil ferritin as a novel inflammatory medi-

ator in this process. The co-secretion pattern implies that 
ferritin may modulate RANKL signaling potentially via redox 
regulation or enhancing osteoclast precursor iron bioavail-

ability for metabolic activation. 16

Apoferritin and RANKL synergistically drive 
osteoclast precursor expansion

To dissect the interplay between ferritin and RANKL in 
osteoclastogenesis, we quantified their combinatorial ef-

fects on RAW264.7 pre-osteoclast proliferation. Cells 
(8 � 10 4 /mL) were treated with escalating apoferritin doses 
(0—10 μg/mL) alongside a fixed RANKL concentration 
(25 ng/mL), mimicking the inflammatory milieu of

Figure 1 Inflammatory gingival tissues have a large number of infiltrating mononuclear macrophages. (A) Hematoxylin and eosin 

staining. The connective tissue of inflamed gingiva is rich in inflammatory cells and red blood cells, and staining for CD68 (B) and 

CD4 (C). The distribution range of mononuclear macrophages in inflammatory gingival tissue is consistent with that of inflammatory 

cells.

Figure 2 P. gingivalis-LPS induces ferritin and RANKL production in THP-1 cells. THP-1 cells are stimulated with different con-

centrations of P. gingivalis-LPS for 24 h. The protein levels of ferritin (A) and RANKL (B) from cultured supernatants are assessed by

ELISA. The experiments were repeated at least three times. Results are presented at the mean � SEM. ****P < 0.0001 versus

untreated cells. P. gingivalis-LPS, Porphyromonas gingivalis lipopolysaccharide; RANKL, receptor activator of nuclear factor-κB

ligand.
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Figure 3 The synergistic effect of extracellular ferritin and RANKL promotes the proliferation of RAW264.7 cells. (A) After the 

cells are inoculated on 96-well plates, Cell Counting Kit-8 (CCK-8) assays are used to verify the results at 48 h. (B, C) IncuCyte is 

used for real-time analysis of the cell polymerization. 10 μg/mL apoferritin and RANKL have a synergistic effect, which significantly 

improves the proliferation of RAW264.7 cells. **P < 0.01, ***P < 0.001 versus controls. RANKL, receptor activator of nuclear factor-

κB ligand.
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periodontitis. The CCK-8 results showed that a high con-

centration of apoferritin significantly promoted the prolif-

eration of RAW264.7 cells (Fig. 3A). RAW264.7 cells were 
divided into the following experimental groups: Apoferritin 
0 μg/mL þ RANKL 25 ng/mL, Apoferritin 0.1 μg/ 
mL þ RANKL 25 ng/mL, Apoferritin 1 μg/mL þ RANKL 25 ng/ 
mL, and Apoferritin 10 μg/mL þ RANKL 25 ng/mL. Inter-

estingly, when the concentration of apoferritin was 
increased to 1 μg/mL and 10 μg/mL, the proliferation of 
RAW264.7 cells was significantly improved, and the synergic 
effect of medium—high apoferritin and RANKL significantly 
improved the proliferation of RAW264.7 cells. Cells were 
also monitored in real time using IncuCyte ZOOM® (Fig. 3B 
and C). When the periodontal pathogenic factors lead to 
the simultaneous increase of RANKL and ferritin in peri-

odontal tissues, the proliferation of mononuclear macro-

phages is significantly improved.

Monocyte-macrophage fusion generates osteoclast 
precursors in periodontal granulation tissue

Ultrastructural analysis of infrabony granulation tissue from 
periodontitis patients revealed a dynamic three-phase 
maturation cascade driving osteoclast precursor formation 
(Fig. 4). Phase I-monocyte recruitment (Fig. 4A and B): 
circulating monocytes infiltrating through dilated

capillaries exhibited activated phenotypes - enlarged 
nuclei, mitochondrial proliferation, and expanded rough 
endoplasmic reticulum (ER) networks indicating metabolic 
preparation for differentiation. Phase II-fusion initiation 
(Fig. 4C and D): adjacent macrophages engaged in mem-

brane blebbing and pseudopod interdigitation, contacting 
cells showing partial organelle mixing. Phase III-functional 
maturation (Fig. 4E and F): emerging multinucleated gi-

ants contained more than 3 nuclei with active nucleoli, 
developing ruffled borders, and lysosomal density higher 
than mononuclear cells, demonstrating functional special-

ization for bone resorption. These ultrastructural features 
corroborate our in vitro findings that ferritin-RANKL 
signaling enhances cells fusion.

Apoferritin promotes the differentiation of 
RAW264.7 cells

To explore the impact of ferritin on osteoclast differenti-

ation, RAW264.7 cells were treated with apoferritin 
(0—10 μg/mL) in the presence or absence of RANKL (25 ng/ 
mL) for 5 days. TRAP staining results showed that the 
combination of 10 μg/mL apoferritin and RANKL signifi-

cantly increased the number of TRAP-positive multinucle-

ated cells compared to RANKL alone. Notably, 10 μg/mL 
apoferritin alone also induced a substantial number of

Figure 4 Osteoclast precursor maturation in periodontal granulation tissue. (A, B) Phase I: recruited monocytes near capillary 

with abundant mitochondria and expanded ER. (C, D) Phase II: macrophages undergoing fusion with membrane blebs and shared 

cytoplasm. (E, F) Phase III: mature multinucleated cell with lysosomes and vesicular trafficking systems. ER, endoplasmic 

reticulum.
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osteoclasts, exceeding the effect of RANKL alone (Fig. 5). 
These findings suggest ferritin activates both RANKL-

dependent and iron-mediated non-canonical pathways, 
potentially through HIF-1α/IRP2 signaling and ROS-driven 
NFATc1 activation, offering new therapeutic targets for 
RANKL-refractory periodontitis bone loss. 17,18

Distribution of osteoclasts in periodontal tissues of 
mice with experimental periodontitis

In a murine model of ligature-induced periodontitis, TRAP 
staining highlighted distinct differences in osteoclast dis-

tribution between healthy and diseased tissues. In control 
mice, the periodontal tissues exhibited intact junctional 
epithelium and well-organized collagen fibers, with mini-

mal osteoclast activity indicative of normal bone remod-

eling (Fig. 6A and B). Conversely, in mice subjected to 7-day 
ligation, pathological changes were evident: loss of

epithelial integrity, collagen matrix degradation, and 
active alveolar bone resorption. Notably, the density of 
osteoclasts increased significantly along the resorption 
lacunae (Fig. 6C and D). These spatial patterns confirm that 
the ferritin-mediated osteoclast activation observed 
in vitro extends to inflammatory bone loss in vivo, rein-

forcing the role of ferritin in periodontitis progression.

Ferritin-RANKL synergy upregulates osteolytic gene 
networks

Quantitative RT-PCR analysis demonstrated that apoferritin 
(0—10 μg/mL) dose-dependently enhanced RANKL-

mediated transcription of osteolytic genes in 
RAW264.7 cells (Fig. 7). Co-stimulation with 10 μg/mL 
apoferritin and 25 ng/mL RANKL resulted in the highest 
expression levels of osteoclast-related genes. Specifically, 
MMP-9, CTSK, and TRAP mRNA levels were significantly

Figure 5 Ferritin synergizes with and acts independently of RANKL to drive osteoclast differentiation. (A) Representative TRAP-

stained osteoclasts. (B) Quantification of TRAP þ multinucleated (�3 nuclei) cells/field. Mean � SEM; *P < 0.05, **P < 0.01, 

***P < 0.001, ****P < 0.0001 versus untreated cells. TRAP, tartrate-resistant acid phosphatase.
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upregulated compared to the control group. Notably, 
10 μg/mL apoferritin alone also induced a substantial in-

crease in MMP-9 and TRAP expression, exceeding the levels 
observed with RANKL alone. This transcriptional activation 
correlates with enhanced osteoclast function, as MMP-9 is 
involved in collagen matrix degradation, while CTSK and 
TRAP are key mediators of mineral dissolution. These 
findings highlight the synergistic effect of ferritin and 
RANKL in promoting osteoclastogenesis and bone 
resorption.

Discussion

Our study unveils a previously unrecognized axis of peri-

odontal bone destruction, wherein monocytes-derived 
ferritin synergizes with RANKL to drive pathologic osteo-

clastogenesis. Three key discoveries emerge: (1) P. gingi-

valis-LPS triggers ferritin/RANKL co-secretion from 
monocytes, establishing a pro-osteolytic niche; (2) Ferritin 
independently activates osteoclast differentiation; (3) The 
ferritin-RANKL synergy amplifies bone-resorptive genes 
(MMP9, CTSK, TRAP). These mechanisms collectively 
explain the clinical correlation between elevated crevicular 
ferritin levels and rapid alveolar bone loss in perio-

dontitis. 19—21 This iron-centric paradigm challenges tradi-

tional views of periodontal bone remodeling.

The periodontal microenvironment exhibits a dynamic 
cellular shift during disease progression. While neutrophils 
dominate early inflammation, 22 our research analysis 
revealed CD68 þ and CD4 þ immune cells constitute most of 
infiltrating cells in chronic lesions (Fig. 1). This aligns with 
single-cell RNA sequencing data showing expanded mono-

cyte/lymphocyte clusters in periodontitis. 23

Ferritin, an iron-binding protein, is ubiquitous and highly 
conserved. 14,24,25 It is an acute-phase reactant, and is 
elevated in chronic infection and inflammation. 26,27 Previ-

ous studies have shown that ferritin is upregulated in 
periodontitis and promotes inflammatory cytokine expres-

sion in human periodontal ligament cells through the 
transferrin receptor via the ERK/P38 pathway. 28 In this 
research, we found that at pathologically elevated con-

centrations observed in severe periodontitis, ferritin alone 
induces MMP9 and TRAP expression. This dual functionality 
enables ferritin to serve as a molecular bridge between 
microbial challenge and bone resorption. By integrating 
microbial (LPS) and metabolic (iron) cues, ferritin emerges 
as a master regulator of pathologic osteoclastogenesis.

Bone mass loss is regulated by the RANK-RANKL-OPG 
system, which is a major regulator of osteoclast differen-

tiation, activation, and survival. 29,30 Monocytes from the 
blood or bone marrow of alveolar bone migrate into 
inflamed periodontal sites, fuse into multinuclear giant 
cells, and differentiate into osteoclasts under the stimu-

lation of pathogenic periodontal bacteria, leading to alve-

olar bone loss. Ferritin promotes the osteoclastic 
differentiation of mononuclear macrophages when stimu-

lated by periodontal pathogens as a molecular mediator. 
Ferritin and RANKL have a synergistic effect to significantly 
improve the proliferation and osteoclastic differentiation 
of RAW264.7 cells, as well as the expression levels of the 
intracellular osteoclast-related genes MMP9, CTSK, and 
TRAP, which may be involved in local alveolar bone 
resorption.

However, this study has limitations. First, the exclusive 
use of P. gingivalis-LPS in vitro overlooks potential contri-

butions of other periodontal pathogens or polymicrobial 
interactions to ferritin modulation. Second, while THP-1

Figure 6 Pathological osteoclast expansion in experimental periodontitis. (A, B) In the healthy control group, periodontal tissues 

show minimal inflammatory cell infiltration and normal bone remodeling, with only a few osteoclasts (TRAP red) present. (C, D) 

After 7 days of experimental periodontitis ligation, dense infiltration of inflammatory cells occupies the connective tissue, and a 

large number of osteoclasts (TRAP red) are observed on the alveolar bone surface in the inflammatory infiltrated area. Scale bars: 

100 μm (A, C) or 20 μm (B, D). TRAP, tartrate-resistant acid phosphatase.
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and RAW264.7 cells are established models, their trans-

formed nature may not fully replicate primary monocyte/ 
macrophage behavior in chronic inflammation. Neverthe-

less, by elucidating ferritin’s dual role as inflammatory 
mediator and osteoclastogen, we redefine periodontal bone 
loss as a maladaptive iron signaling disorder. Therapeutic 
disruption of the ferritin-RANKL axis-through localized 
deferoxamine delivery or anti-ferritin biologics-represents 
a precision medicine approach to preserve alveolar archi-

tecture. Collectively, this work shifts the therapeutic focus 
from microbial eradication to host iron metabolism modu-

lation, opening new avenues for periodontitis management.
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