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ABSTRACT

Introduction: This explanatory pilot study presents a workflow to identify approved drugs, which could be repurposed for per-
iodontitis therapy using salivary proteomics combined with drug-target database screening.

Methods: Proteomic analyses of saliva using LC-MS/MS were conducted in two independent settings: a cohort (sub-study I,
N=187) and case-control (sub-study II, N=72). Statistical analyses were performed using both stringent and lenient criteria.
Under the stringent (lenient) criteria, proteins were considered potential targets if they showed a g-value <0.05 (<0.1) in the
cohort study and a p-value <0.05 together with an absolute fold change > 1.5 (1.3) in the case—control study. Four databases were
searched to assess whether these proteins are known targets of approved drugs.

Results: In the stringent (lenient) analysis one (26) proteins were associated with periodontitis in both studies, of which one
(nine) were reported drug targets and one (seven) of those were potential drug targets in periodontitis. Target screening in data-
bases identified 3/11 approved drugs, with eight of them having potential for repurposing for periodontal treatment. Several of
these drugs (e.g., HDAC inhibitors, sivelestat, compstatin derivatives, auranofin, artenimol and bortezomib) have already shown
efficacy in preclinical models of periodontal host modulation.

Conclusion: This exploratory pilot study provided insights into potential therapeutic targets and potential drugs for periodonti-
tis treatment. This workflow may help to identify approved drugs that could be repurposed for periodontal treatment.

1 | Introduction et al. 2024) and approximately one-third of permanent teeth in
industrialized countries are extracted due to periodontitis. It is
Periodontitis is one of the most common diseases worldwide. a chronic inflammatory disease, which is instigated by bacteria

Severe periodontitis affects over 1billion people globally, and characterized by destruction of the tooth-supporting appa-
with an age-standardized prevalence of 12.5% (Nascimento ratus including periodontal ligament and alveolar bone (Kinane
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et al. 2017). Even though bacteria are required, the resident dys-
biotic biofilm communities are insufficient to cause periodon-
titis (Hajishengallis et al. 2016). The inflammatory response
of the host to the microbial assault is primarily responsible for
the breakdown of periodontal tissue (Cekici et al. 2014; Zhang
et al. 2024).

Salivary proteins originate from both local and systemic
sources. Locally derived proteins are secreted predominantly by
the major and minor salivary glands, gingival crevicular fluid
(GCF) and oral epithelial cells. GCF, in particular, contains a
high concentration of immune-related proteins, inflammatory
mediators and tissue breakdown products that directly reflect
the host response to the subgingival biofilm. Systemically de-
rived proteins reach the saliva through passive diffusion or ac-
tive transport from the bloodstream into the salivary glands or
via the GCF. Their elevated levels in periodontitis likely reflect a
systemic acute-phase response, which may be amplified by local
periodontal inflammation. Mass spectrometry (MS)-based pro-
teomics is one method of quantifying these biomarkers, disen-
tangling etiologic pathways or identifying biomarkers (Hussein
and Kishen 2022). A systemic review of MS-based saliva pro-
teomics reported about 100 differentially abundant proteins be-
tween periodontitis-affected and healthy subjects, and notably
complement C3, neutrophil defensin, profilin-1 and S100-P were
consistently replicated (Hu and Leung 2023).

Most pharmacological targets are proteins, which are causal
in disease aetiology. After a pharmacological target has been
identified in drug discovery, a drug screening procedure can
help to identify appropriate therapeutic molecules (Hukerikar
et al. 2024). Since proteins from the crevicular fluid are also
present in saliva, saliva proteomics allows an unbiased approach
to search for pharmacological targets of periodontitis.

Drug repurposing seeks new therapeutic indications for exist-
ing drugs beyond their original medical purpose, accelerating
development timelines compared to traditional drug discovery
by leveraging established pharmacological knowledge bases
rather than de novo compound design, thereby facilitating the
introduction of new therapeutic options (Abdelsayed et al. 2022;
Pushpakom et al. 2019).

To date, periodontal therapy is mainly based on professional
mechanical plaque removal and scaling, but there is an ongoing
search for pharmacological therapy, modulating the local immu-
noinflammatory response. Research is attempting to identify po-
tential drug targets based on the key molecules involved in the
immune crosstalk of periodontitis (Ferra-Canellas and Garcia-
Sureda 2024). Previous drug discovery has been based on prior
etiological knowledge of drugs that act on known pathways. Many
of these have been investigated in mechanistic animal studies.

To our knowledge, only a few studies have been conducted to
unbiasedly search for potential drug targets for periodontal
therapy (Alayash et al. 2026). Unbiased salivary proteomics can
discover targets that can be screened in databases for their suit-
ability as potential drug targets for periodontal therapy (Deng
et al. 2025). First, we associated protein abundances with differ-
ent periodontal variables in a cohort study and performed a rep-
lication in a case—control study to increase robustness. Second,

only replicated proteins were searched in four databases as po-
tential drug targets to identify approved drugs. The overall aim
of our investigation was to present a workflow based on saliva
proteomics to search for repurposed drugs for the treatment of
periodontitis.

2 | Materials and Methods

Details on the Studies of Health in Pomerania (SHIP), periodon-
tal examinations, saliva sampling, LC-MS/MS analyses, covari-
ates and statistical analyses are provided in the Data S1.

2.1 | Study Design
2.1.1 | Sub-StudylI

In total, 187 nondiabetic participants (22-79years) were ran-
domly drawn from the first 1000 participants of the SHIP-
TREND-0 cohort for saliva proteome assessments (Murr
et al. 2017). Periodontal data were available for 180 participants.
This study demonstrated that cohorts of approximately 150-200
individuals were sufficient to detect moderate-to-strong associ-
ations between protein abundance and continuous parameters.

2.1.2 | Sub-StudyII

Periodontally healthy controls and periodontitis cases within the
35-44 and 55-64 age groups were selected primarily from SHIP-
START-2 and supplemented as necessary from SHIP-TREND-0.
Exclusion criteria included smoking, diabetes and having fewer
than 10 permanent teeth. Periodontally healthy controls were
defined as those having bleeding on probing (BOP) <30% and
maximum probing depth (PD) <3mm. Periodontitis cases were
defined using study-specific criteria, reflecting established SHIP
protocols, as individuals with BOP >10%, PD >5mm at >2
sites and PD >4 mm at >40% of teeth. These criteria predate the
2017/2018 classification system and were retained to ensure con-
sistency within the SHIP framework and comparability with ear-
lier proteomic analyses. Of the eligible controls and cases, 20 cases
and 20 age- and sex-matched controls in the 35-44 age group, and
20 cases and 20 age- and sex-matched controls in the 55-64 age
group were selected. As proteomics measurements were not fea-
sible for some samples, the final sample sizes were 20/17 for the
35-44 age group and 20/15 for the 55-64 age group, periodontitis
cases versus healthy controls, respectively. There was no overlap
of participants between sub-studies I and II. Group sizes of 20 per
disease status and age category were chosen to allow age- and sex-
matching, and to balance statistical power with feasibility con-
straints imposed by sample availability, financial limitations and
the labour-intensive nature of LC-MS/MS proteomic processing.

2.2 | Protein Selection and Drug Target Screening

For protein selection, we performed two different analyses, the
first analysis using stringent criteria and the second analysis
using lenient criteria. In the first analysis of the cohort study
(sub-study I), proteins were required to be associated with at

Journal of Clinical Periodontology, 2026

991



least two periodontal parameters (the percentage of sites with
BOP (%BOP), the percentage of sites with probing depth >4mm
(%PD4+), mean PD and the cumulative sum of all PD values)
at a false discovery rate-adjusted g-value <0.05. In the case-
control study (sub-study II), independent replication was de-
fined by p-value <0.05 and an absolute fold change (FC) >1.5
between periodontally healthy controls and periodontitis cases
within either the younger (35-44years) or the older age group
(55-64years). To be included in the second, lenient analyses, the
proteins had to fulfil the following requirements: (i) sub-study
I: q value <0.1 in the linear regression analysis for any of the
four periodontal variables, (ii) sub-study II: p value <0.05 and
abs(FC) > 1.3 in at least one age group.

The two sub-studies employed different proteomic platforms,
with raw data analysed separately using consistent workflows
and study-specific false discovery rates (FDR). Results were
merged only for replicated protein associations to limit platform-
specific bias, consistent with standard comparative proteomics
approaches (Aebersold and Mann 2016; Altelaar et al. 2013;
Merl-Pham et al. 2019). In sub-study I, protein identification
used a 1% protein-level FDR, while sub-study II applied a 4%
protein ion-level FDR, following default Progenesis QI settings
(v4.2; Nonlinear Dynamics, p. 51) and vendor-recommended
workflows (Waters Corporation 2017). Because FDR control dif-
fered in level and software framework, the nominal thresholds
are not directly comparable.

2.3 | Targets and Drug Banks

To identify druggable targets, protein targets were queried
across the Therapeutic Target Database (TTD), Open Targets
(OT) and DrugBank (DB). In addition, Perplexity was used to
systematically query the biomedical literature using disease-
and target-specific prompts (e.g., “Which drugs could be used for
anti-inflammatory diseases targeting protein XY?”). Retrieved
information was manually reviewed to ensure biological rele-
vance and contextual consistency. Identified drug-target associ-
ations were subsequently filtered according to therapeutic area
and biological plausibility. Only drugs targeting host-related
pathways were considered, whereas compounds affecting the
microbiome were excluded. The results from curated databases
and literature-based text mining were compiled to provide a
comprehensive overview of proteins linked to approved drugs.

3 | Results
3.1 | Sub-StudylI

Participant characteristics are provided in Table 1 and the
Data S1. Of 304 quantified proteins, 67 proteins were sig-
nificantly associated with at least one periodontal variable
(Figure 1). Applying the stringent criteria, three proteins were
significantly associated with at least two periodontal vari-
ables (Figure 2). A2MG was associated with two periodontal
variables (PD >4mm, cumPD); serpin B5 was associated with
three periodontal variables (%BOP, PD >4mm, cumPD); and
Alpha-1-antitrypsin (A1AT) was associated with all periodontal
variables (Table S1). Applying the lenient criteria, 67 proteins

were significantly associated with at least one of the periodontal
variables. Two proteins were only associated with BOP (THIO,
UBA1) or PD >4mm (CALR, AHNAK), respectively. All other
proteins were only associated with cumPD.

Functional enrichment analyses were performed to support bio-
logical interpretation rather than discovery, using g:Profiler for
function of molecules (GO terms) and involvement in biological
pathways (Reactome). Enrichment results consistently high-
lighted immune and neutrophil-related pathways and protease
activity (Figure S1 (left column each), Table S2).

3.2 | Sub-Study II

Participant characteristics are provided in Table 1 and the Data S1.
Of 1298 quantified proteins, several proteins, like A2MG, A1AT,
PRTN3, HBB, HBA and ABRAL, showed significantly higher lev-
els in periodontitis cases in both age groups, while other proteins
such as TGM1, SHAN3 and ARP2 exhibited reduced abundance
(Table S3; Figure 3A). For some proteins (e.g., A1AT, neutrophil
elastase [ELNE]), levels differed significantly across disease and
age groups (Figure 3B,D). By contrast, the differences related to
periodontitis were rather similar for A2MG in both age groups
(Figure 3C). Applying the stringent criteria, 68 and 149 differed
significantly between periodontally healthy controls and peri-
odontitis cases in the younger and the older age group, respectively
(Figure 2). Applying the lenient criteria, 110 and 190 proteins
differed significantly between periodontally healthy controls
and periodontitis cases in the younger and the older age group,
respectively.

Enrichment analyses of proteins differentially abundant between
periodontitis cases and healthy controls identified functional
patterns largely consistent with those observed in sub-study I
(Figure 4; Figure S1; Table S2), despite differences in study design
and age stratification. Enriched GO:BP terms reflected sustained
immune activation and stress responses, including pathways
linked to neutrophil function, oxidative-stress regulation and
cellular detoxification. GO:MF categories related to antioxidant
activity and proteolysis further emphasized the involvement of
redox balance and tissue remodelling. REAC pathway analy-
sis confirmed enrichment of immune system-related pathways
across both age groups, with minor variations in pathway prom-
inence, supporting biological convergence between case-control
status and continuous measures of periodontal parameters.

3.3 | Protein Selection for Drug Target Screening

Applying the more stringent criteria only A1AT was consis-
tently associated with periodontitis across both sub-studies. The
joint evaluation of the two sub-studies according to the lenient
criteria yielded 26 proteins (Figure 2; Table 2). While supraba-
sin (SBSN) demonstrated a negative association with periodon-
titis, the remaining proteins exhibited a positive association. For
15 proteins (A1AT, A2MG, CAP7, H4, HBB, PRTN3, GDIR2,
ACTN4, PERM, LDHB, MMP8, PRDX35, PDIA3, ELNE, SBSN)
the direction of association remained consistent across all peri-
odontal variables of sub-study I and within both age groups of
sub-study II.
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FIGURE1 | Sub-studyI: Manhattan plot of q values (—log10 transformed) for 304 quantified proteins, out of which 67 were significantly (q values
<0.1) associated with at least one of the periodontal variables. Proteins (N=67) identified as potential drug target are highlighted in yellow and im-
portant target proteins (see section below) are labelled with their Uniprot entry names. BOP, bleeding on probing; PD, probing depth.

Analysing the reduced set of 26 proteins resembled the en-
richment terms described above (Figure 4B; Table S4). In both
analyses, the highest specificity was found for immune system
related categories (PGRP1, ELNE, FIBA, CAP7, PRTN3, LEG3,
CAPG) followed by hydrogen peroxide catabolic process/cel-
lular oxidant detoxification (PERM, PRDX4, PRDX5, SPB10,
HBB, A1AT).

3.4 | Drug Discovery

We found the following potential drugs for the A1AT target:
alpha-1-proteinase inhibitor, bortezomib and erdosteine. For the
lenient analysis out of the 26 proteins, nine have already been
reported as drug targets (ACTN4, LDHB, H4, ELNE, A2MG,
PRDXS5, VIME, A1AT, HBB), seven of which are drug targets for
periodontitis (excluding ACTN4 and HBB) (Figure 2; Table 3).
These are targets of 11 approved drugs (stiripentol, HDACI,
sivelestat, ravulizumab, derivatives of compstatin, auranofin,
artenimol, alpha-1-proteinase inhibitor, bortezomib, erdosteine
and iron dextran). Eight of these drugs (excluding stiripentol,
erdosteine and iron dextran) exhibit anti-inflammatory prop-
erties. Six of these compounds (HDACI, sivelestat, derivative
of compstatin, auranofin, artenimol, bortezomib) have already
shown efficacy in periodontal host modulation in preclinical
animal studies, while for a compstatin derivative efficacy was
demonstrated in a Phase 2 clinical trial in humans.

4 | Discussion
Our exploratory pilot study successfully identified one drugga-

ble target in the stringent analysis and nine druggable targets
in the lenient analysis with approved compounds with potential

relevance for periodontitis therapy. Given the exploratory nature
of the study and the limited sample size, both stringent and le-
nient statistical thresholds were applied to avoid the premature
exclusion of potentially relevant targets.

Based on the well-established collection with Salivette, saliva
was obtained reproducible in terms of mucosal protein content
and microbial protein depletion. The use of different proteomic
technologies provides a form of cross-platform validation, as
only proteins reproducibly associated with periodontal status
across independent analytical settings were retained. This de-
sign minimizes platform-specific biases and strengthens con-
fidence in replicated protein associations. The much higher
number of proteins quantified in saliva samples of sub-study II
shows the potential of the more modern data-independent ac-
quisition (LC-MSF) method in comparison with the MS results
obtained in sub-study I by data-dependent acquisition.

Accordingtothestringentanalysis, only A1AT was consistently
associated with periodontitis. A1AT modifies periodontal tis-
sue destruction via regulation of neutrophil serine proteases
and inflammatory mediators (Lechowicz et al. 2020). The 26
proteins found in the lenient analysis (Table 2; Figure 2) are
highly consistent with the known pathogenesis of periodonti-
tis, as the majority of the overlapping proteins have previously
been implicated in periodontal inflammation or host-response
mechanisms. Functional analysis revealed enrichment in
pathways associated with defence response, immune system,
neutrophil and platelet degranulation—processes that align
well with established mechanisms of periodontal inflamma-
tion (Figure S1).

Some of the 26 proteins are well studied (e.g., myeloperoxidase
[MPO], neutrophil elastase) with respect to periodontitis, while

994

Journal of Clinical Periodontology, 2026



sub-study | sub-study I
304 proteins 1298 proteins
I I I
1 I 1
1 1 1
Fmm=¥o-- '-___J____I'-___:____l
: 3 proteins | 67 proteins I 35-44years ! 55-64years || 35-44years 55-64 years
| Qvalue<005 I q value < 0.1 : 68 proteins I: 149 proteins 1| 110 proteins 190 proteins
associated with at 1| associated with at I p <0.05 and |l p <0.05 and 1 p <0.05 and p <0.05and
| least 2 parameters || least 1 parameter | IFCI>15 :I IFC1>15 I IFCI1>1.3 IFCI1>1.3
ataiais bl = = = Sl SIS ST = a--=-
1 1 1
| 1
1 1 1
! 1 1
T R R T
1
1
1
1
1
_______ o, ; _
. overlap: 1 protein : overlap: 26 proteins
_______ q=——————
1
. .
. drug target screening
1
_——_—ve .
T T
! : targets for approved drugs:
; ! 9 proteins
protein: |! A1AT 1| A2MG H4 HBB ACTN4 LDHB PRDX5 ELNE VIME
1 1
drug: |! Alpha-1- | Ravulizumab HDACI Iron no stiripentol Auranofin Sivelestat Artenimol
I Proteinase-! Dextran approved
! Inhibitor 1 drug found
: Bortezomib! Compstatin
I
: Erdosteine:
e e = I Efficacy confirmed through animal studies
FIGURE2 | Flowchart summarizing the lenient (solid lines) and stringent (dashed lines) analytical pipelines applied to sub-study I (304 proteins)

and sub-study II (1298 proteins) for drug-target identification. The lenient analysis identified nine targets of approved drugs, while the stringent

analysis highlighted A1AT as the only consistently replicated protein.

others remain unexplored and may be false positives (ACTN4,
transketolase, etc.) (Bostanci et al. 2018; Hu and Leung 2023).
Seven out of the nine druggable proteins are involved in in-
flammation, oxidative-stress response or bone health. Locally
derived proteins in our dataset include ELNE, MPO and S100
calcium-binding proteins (S100-A8, S100-A9), all of which are
released from neutrophil granules into periodontal pockets
during active inflammation. Systemically derived proteins in-
clude A1AT, alpha-2-macroglobulin (A2MG) and complement
component C3, which are synthesized mainly in the liver but
can also be detected in saliva. Whether this distinction is rel-
evant for assessing their therapeutic potential in periodontitis
remains open to discussion. The nine druggable targets among
these 26 proteins are summarized in Table 3. Those proteins
have prominent functions in the detoxification/production of re-
active oxygen species (PRDX5), thereby supporting the defense
against microbial infection (Kang et al. 2005; Rhee et al. 2012).
On the other hand, neutrophil elastase (ELNE) reflects the im-
mune and stress response characteristic of periodontal inflam-
mation, which contributes to periodontal tissue destruction
(Hiyoshi et al. 2022; Vitkov et al. 2017). Altogether, these protein
signatures converge on central biological processes such as cell
migration, metabolic regulation, protease/antiprotease balance,
chromatin remodelling, oxidative-stress response and immune

defense, each of which contributes to periodontal tissue break-
down and repair.

Drug screening relied on established databases, as inherent to
drug repurposing. Novelty of our workflow lies in linking un-
biased salivary proteomic signatures to pharmacologically ac-
tionable targets in periodontitis. The only significant protein of
the stringent analysis was A1AT, which is a target for bortezo-
mib, an approved proteasome inhibitor, which acts indirectly
on A1AT by inhibiting proteasomal degradation pathways in-
volved in the turnover of misfolded proteins (Goldberg 2012;
Lechowicz et al. 2020). It prevents alveolar bone loss and inhib-
its osteoclast differentiation by interfering with RANKL- and
LPS-dependent signalling in a mouse model (Jiang et al. 2017;
Kim, Kang, et al. 2015).

There are no studies that directly link ACTN4 to periodonti-
tis, while LDHB plays a crucial role in energy metabolism and
cellular balance (Brisson et al. 2016; Liang et al. 2016) and
has been associated with periodontal disease (Ali et al. 2018;
De La Pena et al. 2007). Together with A2MG and A1AT,
LDHB reflects a functional cluster related to metabolic reg-
ulation and the protease/antiprotease balance characteristic
of chronic inflammatory states (Ali et al. 2018; Vandooren
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| (A) Sub-study II: Volcano plots show the differential level of up and downregulated 1298 proteins in the two age groups. Upregulated

proteins appear on the right and downregulated on the left side. The x-axis represents the fold change in protein abundance between the periodon-

tally healthy and the diseased case group. The y-axis represents the statistical significance of the change as the negative logarithm of the p-value. In

this graph, all proteins with a p value <0.05 and FC>11.3I are coloured in red and blue, and potential drug targets are shown in green colour and
labelled with their Uniport entry name. (B-D) Boxplots showing the logl0 intensity distribution of selected proteins (A1AT, A2MG, ELNE) across
periodontally healthy controls (h) and periodontitis cases (p) in younger (35-44years) and older (55-64years) age groups.

and Itoh 2021). Stiripentol, which acts on LDHB, is primarily
known for its anti-convulsant properties and does not have
anti-inflammatory effects (DrugBank 2025). No study has
been published in relation to periodontitis so far. Extracellular
histone H4 plays a key role in inflammation by inducing
cell death and activating immune responses (Lechowicz
et al. 2020). It exacerbates inflammatory diseases, includ-
ing periodontitis, by promoting Thl7-driven inflammation
and bone loss (Jiang et al. 2017; Kim, Kang, et al. 2015). Its
upregulation also implies epigenetic modulation through
histone acetylation or methylation, which can influence the
transcriptional response to bacterial and inflammatory stim-
uli (Hu and Fan 2025; Laberge et al. 2023). Histone deacety-
lase inhibitors (HDACI) such as vorinostat and Panobinostat
(Perplexity 2025), already approved for cancer treatment, may
have potential in periodontitis therapy by modulating inflam-
mation and bone resorption (Cantley et al. 2017).

Neutrophil elastase (ELNE), a serine protease, primarily found
in neutrophils, is released during inflammation and contributes
to periodontitis by degrading extracellular matrix proteins and
playing a role in NET formation (Hiyoshi et al. 2022; Vitkov
et al. 2017). The enrichment of ELNE in our dataset corresponds
to its established role in proteolytic tissue damage during peri-
odontitis (Hiyoshi et al. 2022). Several inhibitors have been devel-
oped to regulate ELNE activity, including endogenous inhibitors

such as al-proteinase inhibitors and synthetic inhibitors such as
sivelestat. Sivelestat is clinically used in the treatment of acute
lung injury and acute respiratory distress syndrome, where ex-
cessive neutrophil elastase activity contributes to tissue damage
(Aikawa et al. 2011). In Addition, an in vitro study showed that
sivelestat mitigated the release of ELNE from neutrophils stimu-
lated with periopathogenic bacteria (Hiyoshi et al. 2019).

A2MG regulates inflammation and immune responses by in-
hibiting proteases and binding cytokines (Cuellar et al. 2016).
It shares similarities with complement factors C3 and C4 in
protease scavenging (Vandooren and Itoh 2021). The comple-
ment system provides multiple targets for pharmacological
intervention, with C3 being particularly important. A comp-
statin derivative blocks C3 activity, preventing activation of the
complement cascade and inflammation (Lamers et al. 2022;
Zhang et al. 2026). Ravulizumab is a humanized monoclonal
antibody that blocks C5 activation (Kulasekararaj et al. 2019).
Locally applied Compstatin AMY-101, an inhibitor of the com-
plement component C3, appears to be a promising candidate
drug for the adjunctive local treatment of human periodontitis
(Hasturk et al. 2021).

PRDXS5 and related antioxidant enzymes highlight oxidative-
stress pathways and redox regulation-major components of
chronic periodontal inflammation (Kang et al. 2005; Rhee
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FIGURE4 | Results of protein enrichment analyses for interpretation of protein sets regarding biological processes (GO:BP), molecular functions
(GO:MF) and involvement in pathways (Reactome (REAC)). (A) Results of study II stratified by age group. Data were selected from the TOP50 cate-
gories (FDR <0.05) revealed in g:Profiler analyses. (B) Results of enrichment analyses of the overlap found across both sub-studies (n =26 proteins).
Terms presented by the same set of proteins are clustered. The size of each dot is proportional to the number of proteins associated with a given term,
while the dot colour represents the significance of the enrichment, shown as the negative log-transformed p-value.

et al. 2012). This reinforces the view that oxidative stress and
antioxidant defence represent pivotal, druggable processes in
periodontitis (Ramya et al. 2024). Auranofin modulates cellular
redox homeostasis via thiol- and thioredoxin-dependent path-
ways, thereby indirectly affecting peroxiredoxin-related antioxi-
dant mechanisms (Roder and Thomson 2015). It reduced alveolar
bone loss in a rat model of periodontitis (Valerio et al. 2019).

VIME, an intermediate filament protein in mesenchymal cells,
is present in periodontal fibroblasts (Naruishi 2022). The pres-
ence and upregulation of VIME and ACTN4 suggest enrichment
in pathways related to cell adhesion, migration and cytoskele-
ton organization—key processes in inflammation, wound heal-
ing and tissue remodelling (Guo et al. 2013; Shindo et al. 2023).
Artenimol (dihydroartemisinin) has been shown to interact with

vimentin and to modulate cytoskeleton-associated and metabolic
processes, contributing to oxidative-stress-mediated effects (Roy
et al. 2020). No data are currently available regarding its role in
periodontitis.

HBB has been linked to periodontitis in several studies
(Thaweboon et al. 2010; Torres et al. 2024), particularly in the
context of inflammation and oxidative stress (Torres et al. 2024).
Its increased abundance in our study may therefore indicate mi-
crovascular injury, a hallmark of chronic inflammation (Ansari
Moghadam et al. 2022). Iron dextran, an approved iron replace-
ment therapy used for the treatment of iron deficiency anaemia,
was identified in the database screening due to its functional
association with haemoglobin metabolism rather than a direct
pharmacological targeting of HBB. However, further research
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TABLE 2 | Overview of the proteins identified in (i) sub-study I with a q value of less than 0.1 (bold) and (ii) sub-study II with an absolute fold
change of more than 1.3 and a p value of <0.05 (bold).

Sub-study I, f coefficients N=180

Sub-study II abs(FC)
values N=72

Cumulative 35-44years 55-64years
Entry name Protein name %BOP PD>4mm Mean PD PD (N=17/20) (N=15/20)
ACTN4 Alpha-actinin-4 0.175 0.013 0.095 0.007 1.24 1.47
CAP7 Azurocidin 0.341 0.022 0.279 0.006 1.95 1.36
LDHB L-lactate 0.063 0.018 0.172 0.006 1.05 1.92
dehydrogenase B chain
H4 Histone H4 0.529 0.021 0.056 0.005 2.20 2.22
PRTN3 Myeloblastin 0.545 0.020 0.121 0.005 2.36 2.55
PERM Myeloperoxidase 0.140 0.019 0.168 0.005 1.06 2.21
MMP8 Neutrophil collagenase 0.194 0.027 0.271 0.005 1.19 2.31
PGRP1 Peptidoglycan 0.186 0.019 0.212 0.005 -1.01 2.30
recognition protein 1
PDIA3 Protein disulfide- 0.138 0.014 0.127 0.005 1.17 1.58
isomerase A3
GDIR2 Rho GDP-dissociation 0.025 0.020 0.186 0.005 1.78 2.01
inhibitor 2
ELNE Neutrophil elastase 0.286 0.009 0.028 0.004 3.55 1.27
A2MG Alpha-2-macroglobulin ~ 0.280 0.018 0.213 0.003 1.67 1.79
PRDXS5 Peroxiredoxin-5, 0.168 0.008 0.058 0.003 1.09 1.36
mitochondrial
VIME Vimentin 0.033 0.009 0.127 0.003 -1.04 1.52
Al1AT Alpha-1-antitrypsin 0.242 0.011 0.137 0.002 1.46 1.88
FIBA Fibrinogen alpha chain = —0.229 0.008 0.053 0.002 -1.21 1.38
HBB Haemoglobin 0.289 0.009 0.095 0.002 3.03 3.94
subunit beta
CAPG Macrophage- —0.056 0.010 0.112 0.002 1.24 1.44
capping protein
TKT Transketolase 0.186 0.006 —-0.003 0.002 1.47 2.18
VTDB Vitamin D- 0.150 0.003 —0.001 0.002 -1.10 1.62
binding protein
LEG3 Galectin-3 0.092 0.001 —-0.011 0.001 1.23 1.31
SPB10 Serpin B10 —0.01 —0.003 -0.013 —0.001 1.13 1.84
PRDX4 Peroxiredoxin-4 0.003 —0.009 —0.160 —0.002 -1.04 2.55
ROA2 Heterogeneous nuclear 0.110 —0.001 —0.002 —0.002 1.05 1.49
ribonucleoproteins
A2/B1
RPE Ribulose-phosphate —0.335 —0.018 —-0.176 —0.003 n.a. 2.57
3-epimerase
SBSN Suprabasin —-0.194 —-0.022 -0.114 —0.004 —-1.47 —-2.27

Note: For sub-study I, coefficients from linear regression models are shown (8 with 95% confidence interval per 1 standard deviation increase of the periodontal
variable). For sub-study II, absolute fold change (FC) values are presented. We have underlined the proteins for which we identified drug targets. This table lists
proteins in descending order based on the 8 coefficient for cumulative PD.

Abbreviations: BOP, bleeding on probing; FC, fold change; PD, probing depth.

998

Journal of Clinical Periodontology, 2026



(senunuo))
SQUIY034D
K1oyeuwrurejur-oxd
(6T0OT ‘T® 32 OLIJ[BA) S90NPaI pue (UOHJBANIE asejonpal uorjewwe[JuI Jo uonensay (TerIpuoyOOITW
SJUSPOI UI SSO] dU0q SpLIyIe ao-IN “8'9) skemyged UIXOPAIOIY) SISB)SOaWOY auog ‘G-UIXOPAIIX0Id])
€ Teuoporrad ssaxdng proyewrnayy KIoyewrwue[ur syqryup syadie], urjourIny £90UQJop JUBPIXONUY sxXa¥dd
(1207 "Te 19 YIniseH) uoneIouadop
suewWNY Ul UOIJRWWIR[JUL B[NORIA uorjeuIwe[Jul asuodsal sunwiwil J9peoiq Ay}
[eyuoporiad oruoIyd SUNSIXd I90Ue Jsealrg parerpaw-justoiduod (uerdooejendad) 03 aInqrnuod Ly, sdiysuoneral
-a1d syqryur (unesduwod sewoyduwA] Suronpas1 ‘gD urejoad (€0D) €D uneisdwoo jo KIBUOTIN[OAD pUE [RINIONI)S
1 SOAIJBALISP) TOT-AWY urSpoH-uoN jusuredwod s)qryuy jusursdwo) SOAIIBALIS(T 9IBYS SD/ED PUR HINTY
erINuIqodouraey ‘uorjoojur 1o Ainfur
[euInoou onssny 03 Surpuodsar ut
[ewisAxoreq uonewWIwe[Jul (sD) Qu0)IsAdY ‘surajoid pagewrep
‘eondo pajerpaw-juawa[durod umoxd 6D JO [eAOWRY ‘UOHB[NPOW (urnqorSoIoew
1 SHIPAWOINAN uronpai ‘) snqryur jusuedwo) qewnzinaey Qunww] ‘UONIqIYuI 9se)0IJ z-eyd[v) OINZV
(6TOT 'T® 30 TYSOATH) A1981ns ENAN I E)
SUBIIWOI-UIAJIAWOUTIOR Areuouwrndorpied [rydoxnau
1910eqnedai8sv jo a1ed uewny jo uonRWWE[JUI J[UOIYD 0} (aseiserd
UIX03103NI[ AY) SIqIyur aaneradolsod ‘suonoayul unuaadid 1031qIY Ul sped[ uorssaidxa pajen3aisLq [tydoxinaN)
€ JRISO[QAIS OIIIA UT Knfur Sung Aq uoneWWRFUT 2ONPIY QAT}OQ[S JRISI[AIS uone[ndar sunurwy ANTH
$309JJ0 A10jeTUIUIR[IUL
-IJUB ST}I[0D pue SHLIY}IE
JO S[opOW JUSPOI Ul osuodsai ssans
PoMOYS 1BISOULIOA uoneWWE[JUl pue asuodsax
(L10Z 'Te 3@ AopueD) SQUO3SIY JO sdnoi3 (yesourqoued sunwwi] ‘uore[n3aI Suan
SJUSPOI UI SSO] U0q ewofAw S[dNINA  uonEB[A3d0k SuIseaIour 1£30® ‘J8ISOULIOA) ‘Apiqess pue aredar YNQ
% reyuoporrad ssaxddng sewoydwA] 1[99 I, ‘uorye[A1908ap S}00[g SOAOWINY I0)1qIyUl IDVAH uoneziuedio URBWOIYD (¥H) ¥H Qu0ISTH
"$109JJ0 AI0jRUIUIR[FUT
-[JUE JBJ[O INOYIIM Lyanoe J0USJOp JUBPIXONUY
JUBS[NAUOD-TJUE QwAzud SISB}SOdWOY (a
ue AJrrewrtad S)IqIyur 9500N[H ‘dour[Rq XOPAY aseuadoIpAysp
¢ Ksdoridg 2I0NqIUUI gHA'T JHAT [oyuadiing uononpoid AS1sug 91e108[-T) IHA'T
Snip uoneISw pue AIow [[9D (p-utunoe-eydv)
pasoidde oN ‘uoryezIue3Io [81[S03LD PNILOV
¢92IN0S  UON}ES[ISIAUI [RJUOPOLIdJ JseasIq wistueyddw Sniq 1981e) Snaq Snaqg urajoad yo uradjoIg

uornjouny [edrSo[01sAYJ

paseq sem $3951.) JO UOI09[as YL, “SnIp Y3 JO 309J39 [edrdojoorurreyd 9y} Se [[om S ‘pasn ST InIp ay) YoIym I0J SaSeISIp dA130adsa1 o) pue s3nip [enjusjod ‘sjogdre) urejoid oyl Jo uoneridwo) |

‘Kxardiog pue yuegdniq ‘syodie, uadQ ‘eseqere( 1981e], onnadelrat ], 9y L, :soseqejep SUImof[o] oY) Jo YdIeds & uo

€ HT1dVL

999

Journal of Clinical Periodontology, 2026



(senunuo))
UOI}O® PIJRoRIITNW
sey ‘A[309211p surojoxd
o13199ds 39318)
JOU S0P {SISBISIP
Aemare ur $309JJ9
spIyouoIg K1ojeWIwIe[yUI-NIUE
asBASIp pIIW puE JUBPIXONUE
Kreuowr nd m o1 AJ0onN Iv1daD)
9AT}ONIISqO uorouny 1 osejse[o
1 oruoIyD ILVIV Surejure|y oneaIoueq aursisopig
‘uondiosal sauoq
20npal pue AJAOR
JSB[0091S0 JIqIYUl
ued pue sentadoid
KI0yewWWIR[JUI-)UR SBY
1] "uonIqIyuI swoseajoxd
y3noIy3 LV IV I jorIRUI
(ST07 'TB 19 ‘Suey] surejoid papjoysrwt 1SS4d
‘wry ‘£10¢ ‘Te 39 Suerr) JO uone[NWINIOR pue LVIV
uonoNIISIp auoq reyuoporrad  ewoRAwW o[dnnjNy  seousnyyul Ing ‘surjoxd (1SS¥d)
S)IQIYUI qIUI0Za310q sewoyduwA] SS¥d 10 LYV 19818) uddoursdAn
1 ‘S[opoW JUIPOI U] 1199 SpUB A Apoa11p Jou ssoq oruone) qruiozayiog
Kouaroryop sonssn uny ut u01399301d 9NSSL, JUSWAOW
ursdAnnue uonewWwe[jur Jo (IVNIJI4S) J03qIyur 91K00ydur4] jo uone[n3oy
T-eydiv UOI}ONPAI pU. ISBISL[D uisdAnnue aseurajoxd ‘uonoe A1ojewWwRJul (urlsdnnuy
€71 ‘ewosAydwyg [rydomnau jo uonIqryup -T-eydry -T-eydyy -PUY ‘UOnIqIYUuI 9s89101d 1-eydiv) LVIV
(9102 'Te 32 nOYZ)
sassao01d uondiosal pue
uoljewLIO] dU0q Y3oq
Sunadie) syuspor ug asuodsal sunww]
(S10T T8 32 ‘10UD ‘3urreay punop
‘wry) AIojewwe[Jul-nue "SSOJ Quoq Jsurede surajord uore[n3ar [erPYIopuy
‘er1930€q oryyedojuoporrad s309301d ‘5393183 JO Ie[ny[ed Suruonisod sqpuedio
o1 isurede Ky1anoe Ioquinu 931e] ® 0) SNOLIBA ‘uonjerdrw pue Aymowt (upuauwIIA)
€ [BIQOIOTWIUE OI)IA U] BLIR[RIN SpuIq ‘[eLIE[EWNUY syadie], [owru Iy 19D {29In30N1)S TRIAYS0ILD ANIA
222IN0S  UOTIESIISOAUI [BJUOPOLIdJ 9seasIq wisTueyddwW Snaq 1081e) Snaq Snaqg urajoad jo urajoxg

uorjouny [edr3o101sAyJ

(ponunuo)) | €HATAVL

Journal of Clinical Periodontology, 2026

1000



3,4

Periodontal investigation Source?

Disease

Drug mechanism
Haemoglobin and
Erythropoiesis:
Transferrin delivers iron
to the bone marrow,
where it is incorporated
into haemoglobin
during red blood
cell production. This

Drug target

Drug
Iron dextran

Physiological function
of protein
Oxygen binding and transport

(Continued)

I
Protein
HBB
(Haemoglobin
subunit beta)

TABLE 3

helps restore normal

RBC levels in iron-
deficient patients (iron

dextran promotes both

inflammation and bone

resorption rather than

preventing them!)

21: Therapeutic Target Database; 2: Open Targets Platform; 3: Drug bank; 4: Perplexity.

revealed that iron overloaded with iron dextran likely led to el-
evated oxidative stress in bone tissue of mice (Tsay et al. 2010).

The observation that only a subset of identified proteins is linked
to approved drugs is consistent with established drug repurposing
studies, where druggable targets typically represent a minority of
biologically relevant candidates due to pharmacological and struc-
tural constraints rather than methodological limitations (Dudley
et al. 2011; Pushpakom et al. 2019). Large-scale analyses of the
human druggable genome suggest that approximately one-fifth of
protein-coding genes are considered druggable (Finan et al. 2017).

Even though repurposed drugs have limited safety issues and side
effects are tolerable within intended use, the potential side effects
of periodontitis treatment could be too great. Besides, when used
in the oral cavity as local agents, drug development faces differ-
ent hurdles depending on the treatment phase of periodontitis.
All identified drugs are administered systemically, but for use in
prevention or for local treatment of teeth with a poor periodon-
tal prognosis, toothpastes, mouthwashes or slow release devices
are the treatment of choice. Toothpaste and mouthwash, however,
have limited efficacy as drug delivery systems due to short contact
time and poor tissue penetration (Szulc et al. 2018).

Limitations include small sample sizes, heterogeneous pro-
teomic workflows and limited sensitivity for low-abundance
salivary proteins. We deliberately applied lenient thresholds to
avoid premature exclusion of relevant targets but may have in-
creased false negatives. The heterogeneity of periodontitis vari-
ables may limit comparability but also supports cross-validation
of signals across differing aspects of periodontal inflammation.

We cannot exclude that ACTN4 is a false positive among the 9
target proteins. The pilot study is exploratory and does not estab-
lish causality. However, experimental animal studies targeting
H4, ELNE, VIME and PRDXS5 demonstrated reduced periodon-
tal inflammation and bone loss, supporting a causal contribution
of these proteins to periodontal disease mechanisms (Table 3;
Cantley et al. 2017; Hasturk et al. 2021; Hiyoshi et al. 2019; Jiang
et al. 2017; Kim, Choi, et al. 2015; Kim, Kang, et al. 2015; Valerio
et al. 2019; Zhou et al. 2016). Finally, the pipeline did not capture
classical targets such as COX enzymes, consistent with its proof-
of-concept nature rather than comprehensive pathway cover-
age. The aim was not to map known mechanisms but rather to
demonstrate a proof-of-concept pipeline for drug discovery in
periodontitis using unbiased proteomics. Candidate drugs dif-
fer substantially in feasibility and safety; therefore, future work
should prioritize agents suitable for local delivery.

5 | Conclusion

The strength of our work lies in its innovative approach to iden-
tify therapeutic targets for periodontitis by combining untar-
geted proteomics with drug database screening. Our exploratory
pilot study is the first to use salivary proteomics not for bio-
marker discovery but to identify drug repurposing candidates
for periodontal therapy. By analysing two independent sub-
studies, we identified 26 key proteins, among which nine may
serve as potential drug targets, with seven specifically linked to
inflammatory regulation. Our study serves as a proof-of-concept
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supporting this workflow by identifying eleven approved drugs,
eight of which have potential for periodontal therapy. Despite
limitations (e.g., sample size, periodontitis case definition,
causal validation), it highlights proteomics-based drug discov-
ery as a promising strategy in periodontology.
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