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Abstract 

Background: Peri-implantitis (PI) is a significant cause of dental implant failure and is characterized by 
inflammatory destruction of peri-implant tissues with progressive bone loss. Increasing evidence indicates 
that systemic conditions such as diabetes mellitus (DM), hypertension (HTN), and osteoporosis (OP) 
may exacerbate peri-implant inflammation by affecting immune regulation and bone metabolism. 
However, the molecular mechanisms linking these diseases to PI remain insufficiently understood. 
Methods: Peri-implant gingival tissues were collected from 50 patients treated at Kyungpook National 
University Dental Hospital and classified into healthy implant (HI) and PI groups. Exploratory RNA 
sequencing was performed to identify genes showing prominent expression changes between PI and HI 
tissues, followed by literature-informed candidate-gene selection and quantitative real-time PCR (RT-
qPCR) validation. 
Results: Transcriptomic analysis revealed distinct gene-expression patterns in PI tissues from patients 
with HTN, DM, or OP. Literature-informed prioritization identified nine HTN-related, fifteen DM-
related, and four OP-related candidate genes. RT-qPCR validation confirmed several expression changes 
identified in the exploratory RNA sequencing screening. Strikingly, additional comparison with 
systemically healthy PI patients further revealed significant differences in CASP4 in PI-DM tissues and 
RPL17 and FGFBP1 in PI-OP tissues. 
Conclusions: These findings identify distinct molecular alterations associated with PI in patients with 
HTN, DM, or OP and provide candidate genes for further investigation of the interplay between systemic 
health and peri-implant disease. 

Keywords: peri-implantitis; diabetes mellitus; hypertension; osteoporosis; rna sequencing; gene expression 

1. Introduction 
Dental implants are widely regarded as an 

effective and predictable treatment option for 
replacing missing teeth and restoring oral function [1, 
2]. However, peri-implantitis (PI) remains a significant 

biological complication that can lead to implant 
failure. PI is characterized by inflammatory 
destruction of peri-implant tissues accompanied by 
progressive loss of supporting bone, leading to 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2026, Vol. 23 

 
https://www.medsci.org 

3622 

functional and aesthetic compromise. Its pathogenesis 
is multifactorial, involving microbial biofilm 
accumulation, host immune responses, and genetic 
susceptibility [3, 4]. Although conventional 
therapeutic strategies such as mechanical debridement 
and antimicrobial interventions can alleviate clinical 
symptoms, recurrence and chronic inflammation are 
common [5]. These findings suggest that factors 
beyond local infection, including systemic conditions 
and transcriptomic alterations, significantly influence 
PI initiation and progression [6, 7]. 

Systemic conditions such as diabetes mellitus 
(DM), hypertension (HTN), and osteoporosis (OP) are 
increasingly recognized as potential modifiers for 
peri-implant health [8, 9]. DM is associated with 
impaired wound healing, enhanced inflammatory 
responses, and altered bone metabolism, which can 
compromise osseointegration and increase PI 
susceptibility [8]. HTN has been linked to 
microvascular dysfunction, potentially impairing 
tissue perfusion and delaying peri-implant healing 
[10]. OP disrupts bone remodeling and reduces bone 
density, predisposing peri-implant sites to enhanced 
bone resorption [9]. Although each of these conditions 
has been associated with adverse implant outcomes, 
the molecular mechanisms connecting systemic 
disease to PI remain insufficiently defined. Clarifying 
these mechanisms may explain interindividual 
differences in disease susceptibility. 

Advances in transcriptomic technologies, 
particularly RNA sequencing (RNA-seq), enable 
transcriptome-wide profiling of gene-expression 
changes and have been widely applied to characterize 
molecular alterations associated with pathological 
processes, including inflammatory diseases of oral 
tissues [11-13]. Analysis of peri-implant tissues may 
facilitate the identification of molecular alterations and 
candidate biomarkers associated with PI [14, 15]. 
Integrating transcriptomic data with clinical 
characteristics further enhances understanding of how 
systemic disorders modulate the local peri-implant 
tissue environment and immune response [16]. 
Previous transcriptomic studies have explored 
potential molecular links between PI and systemic 
diseases. For example, Yu et al. identified shared genes 
and signaling pathways associated with PI and type 2 
diabetes mellitus through integrative bioinformatics 
analysis of publicly available transcriptomic datasets 
[17]. However, direct transcriptomic profiling of peri-
implant tissues from patients with different systemic 
comorbidities, particularly hypertension and 
osteoporosis, remains limited. 

Therefore, this study aimed to explore gene-
expression alterations in PI tissues from patients with 
DM, HTN, or OP and to identify candidate genes 

potentially associated with the interplay between 
systemic conditions and PI. Exploratory 
transcriptomic screening was followed by literature-
informed candidate-gene prioritization and RT-qPCR 
validation using independent biological samples. 

2. Materials and Methods 
2.1. Ethical statement 

The study protocol was reviewed and approved 
by the Ethics Committee of Kyungpook National 
University Dental Hospital (Approval Nos.: KNUDH-
2022-07-02-00, KNUDH-2024-04-05-00, and KNUDH-
2025-05-05-00). All participants provided written 
informed consent prior to enrollment. 

2.2. Patients and clinical evaluation 
A total of 50 patients were enrolled, comprising 

10 individuals with healthy implants (HI) and 40 
patients diagnosed with PI. The PI cohort was divided 
into four subgroups—PI, PI with DM (PI-DM), PI with 
HTN (PI-HTN), and PI with OP (PI-OP)—each 
comprising 10 patients, regardless of sex. The median 
age of the study population was 66.0 years 
(interquartile range [IQR], 58.5–70.0 years). All 
participants underwent implant placement or PI 
treatment at Kyungpook National University Dental 
Hospital. 

Comprehensive medical histories and clinical 
background data were obtained from all participants 
following informed consent to ensure accurate 
classification. Based on systemic disease status and 
peri-implant condition, participants were categorized 
into five groups: HI, PI, PI-DM, PI-HTN, and PI-OP. 
Patients in the HI group had healthy implants and no 
documented systemic diseases based on their medical 
histories and clinical records. DM, HTN, and OP were 
identified based on documented diagnoses in the 
patients’ medical records and ongoing disease-specific 
treatment. Detailed classification criteria, sample sizes, 
age distributions, and baseline characteristics are 
summarized in Table S1. 

The transcriptomic screening and quantitative 
real-time PCR (RT-qPCR) validation were performed 
at different analytical levels. For the exploratory RNA-
seq analysis, RNA samples from three individuals 
within each group were pooled in equal amounts 
before library preparation, resulting in one pooled 
RNA-seq library per group. For subsequent RT-qPCR 
validation, gene expression was evaluated using 
independent biological samples from 10 patients in 
each group. 

2.3. Library preparation and sequencing 
Total RNA was extracted from peri-implant 
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gingival tissues using a commercial RNA isolation kit 
(catalog number TS200-001; Tri-Solution, Bio Science 
Technology, Daegu, Republic of Korea). RNA purity 
was assessed spectrophotometrically, with 260/280 
ratios of approximately 2.0 considered acceptable. For 
the pooled RNA samples used for RNA-seq, RNA 
integrity was additionally assessed using TapeStation 
analysis before library preparation, and RNA integrity 
number equivalent (RINe) values were recorded as 
part of the RNA quality-control procedure. The RINe 
values of the pooled RNA-seq samples ranged from 
3.9 to 8.9. 

For exploratory transcriptomic screening, RNA 
obtained from three individual participants within 
each group was pooled in equal amounts before 
library preparation, generating one pooled RNA-seq 
sample for each of the HI, PI-DM, PI-HTN, and PI-OP 
groups. The pooled RNA samples were processed by 
eBiogen Inc. (Seoul, Republic of Korea) for library 
preparation and sequencing. 

RNA-seq data processing and exploratory 
expression profiling were performed using ExDEGA 
software (eBiogen Inc.). Expression data were 
normalized using trimmed mean of M-values (TMM) 
and counts per million (CPM) normalization. Genes 
showing prominent expression changes between each 
PI subgroup and the HI group were ranked according 
to fold-change magnitude and used for exploratory 
candidate-gene screening and visualization. 

Because the three individual RNA samples 
within each group were pooled before library 
preparation, only one RNA-seq library was available 
per group. Therefore, the RNA-seq dataset did not 
contain independent biological replicates at the 
sequencing-library level, precluding reliable 
estimation of within-group biological dispersion and 
formal replicate-based differential-expression testing 
with multiple-testing correction. Accordingly, the 
RNA-seq results were interpreted as exploratory 
expression changes rather than statistically significant 
differentially expressed genes. Candidate genes 
identified through this exploratory transcriptomic 
screening were subsequently evaluated by RT-qPCR 
using independent biological samples. 

2.4. RT-qPCR analysis 
For the individual RNA samples used for RT-

qPCR validation, RNA concentration and 
spectrophotometric purity were assessed prior to 
reverse transcription. Total RNA was reverse-
transcribed into complementary DNA (cDNA) using 
the PrimeScript™ First Strand cDNA Synthesis Kit 
(Cat. No. 6110; Takara Bio Inc., Kyoto, Japan) with 
oligo-dT primers. Quantitative PCR (qPCR) was 
performed in 20-μL reaction volumes containing 8 μL 

of diluted cDNA, 10 μL of Power SYBR® Green PCR 
Master Mix (Cat. No. 4367659; Applied Biosystems, 
Thermo Fisher Scientific Inc., Waltham, 
Massachusetts, United States), and 1 μL each of gene-
specific forward and reverse primers. β-actin (ACTB) 
was used as the endogenous reference gene for 
normalization. Primer sequences for ACTB and all 
target genes are provided in Table S2. All RT-qPCR 
assays were performed under identical amplification 
conditions. Post-amplification melting-curve analysis 
was conducted to assess product specificity, and only 
reactions showing specific amplification were 
included in the analysis. For each sample, ΔCt was 
calculated as Ct(target gene) − Ct(β-actin), and relative 
expression was calculated as 2^−ΔCt. The resulting 
values were then normalized to the mean 2^−ΔCt 
value of the HI control group, which was set to 1, and 
expression levels in the PI groups were expressed 
relative to the HI group. 

2.5. Statistical analysis 
Statistical analyses of clinical variables and RT-

qPCR validation data were performed using 
GraphPad Prism 9 (GraphPad Software, San Diego, 
CA, USA). For RT-qPCR analysis, each patient was 
treated as an independent biological replicate (n = 10 
per group), and the mean of technical replicates was 
used as the patient-level value. Normality was 
assessed using the Shapiro–Wilk test, with Q–Q plots 
used for graphical assessment of data distribution 
(Figure S1). Normally distributed data with equal 
variances were analyzed using ordinary one-way 
ANOVA followed by Tukey’s multiple-comparisons 
test, whereas data with unequal variances were 
analyzed using Welch’s ANOVA followed by 
Dunnett’s T3 test. Non-normally distributed data were 
analyzed using the Kruskal–Wallis test followed by 
Dunn’s multiple-comparisons test. All tests were two-
sided, and adjusted p values < 0.05 were considered 
statistically significant. The exploratory RNA-seq 
screening was not subjected to inferential statistical 
testing because only one pooled sequencing library 
was available per group. 

3. Results 
3.1 Exploratory transcriptomic profiling of PI 
under systemic disease conditions 

To explore gene expression alterations associated 
with PI in patients with different systemic conditions, 
RNA-seq was used as an exploratory transcriptomic 
screening approach. For each group, RNA from three 
individual tissue samples was pooled before 
sequencing, resulting in one pooled RNA-seq library 
per group. Expression profiles of the PI-HTN, PI-DM, 
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and PI-OP groups were separately compared with that 
of the HI group. Heatmaps were generated using 
ExDEGA to visualize the top 30 genes showing the 
largest expression changes based on fold change 
magnitude in each comparison (Figure 1). The 
normalized expression values underlying the three 
heatmaps are provided in Table S3. The three PI 
subgroups showed different patterns of gene 
expression changes relative to the HI group, providing 
candidate genes for subsequent investigation. 

To prioritize candidate genes for subsequent 
validation, a literature-informed selection strategy 
was applied to genes showing prominent expression 
changes in the exploratory RNA-seq screening. Genes 
were considered candidates when they had previously 
reported relevance to the corresponding systemic 
condition or related biological processes (HTN, DM, or 
OP). Nine candidate genes with previously reported 
relevance to hypertension, blood-pressure regulation, 
vascular biology, or related metabolic processes were 
identified (PDK2, DUSP5, LCN2, NR4A2, NUCB2, 
FFAR2, ABTB2, PLXNC1, and PDK1; Table 1). For DM, 
fifteen candidate genes with reported associations 
were identified (RCN1, SDF4, OSTC, LAMC1, EIF2S1, 
SLCO2B1, PFKP, MS4A6A, LAMTOR2, HCK, GLB1, 
E2F3, DRAM1, CASP4, and CCL8; Table 2). Four 
candidate genes with reported associations with OP 
were identified (CLEC3B, RPL17, TEAD3, and FGFBP1; 
Table 3). 

 

Table 1. Candidate genes prioritized from the PI-HTN RNA-seq 
screening based on literature-supported relevance to 
hypertension or related biological processes. 

Gene Associated risk or condition References 
PDK2 Vascular smooth muscle metabolic remodeling and 

proliferative vascular disease 
[41] 

DUSP5 Hypertension-associated renal vascular injury [42] 
LCN2 Essential hypertension and blood-pressure regulation [28, 29] 
NR4A2 Atherosclerosis [43] 
NUCB2 HTN [44, 45] 
FFAR2 HTN [46] 
ABTB2 Bronchial asthma and arterial HTN [47] 
PLXNC1 HTN [48] 
PDK1 Vascular endothelial metabolic reprogramming and 

inflammation 
[30] 

Abbreviations: HTN, hypertension 

 

3.2. Validation of systemic disease-associated 
genes by RT-qPCR 

Based on RNA-seq results, linear fold-change 
values were converted to log₂ fold-change (log₂FC) 
values and used to identify genes with the most 
pronounced expression differences (Table 4). From 
these literature-supported candidate-gene lists, genes 
showing the most prominent expression changes were 

selected for RT-qPCR validation in each systemic 
disease subgroup. Specifically, three HTN-associated 
genes (LCN2, PDK1, and NUCB2), three DM-
associated genes (MS4A6A, LAMC1, and CASP4), and 
four OP-associated genes (CLEC3B, RPL17, FGFBP1, 
and TEAD3) were examined using RT-qPCR. 
Moreover, to further distinguish gene-expression 
changes associated with systemic conditions from 
those related to peri-implant inflammation alone, we 
additionally included samples from systemically 
healthy patients with PI for comparison. 

 

Table 2. Candidate genes prioritized from the PI-DM RNA-seq 
screening based on literature-supported relevance to diabetes or 
related biological processes. 

Gene Associated risk or condition References 
RCN1 Endoplasmic reticulum stress and diabetic foot [49] 
SDF4 Diabetic foot [50] 
OSTC Type 1 diabetes-associated transcriptional alteration [51] 
LAMC1 Diabetic kidney disease [34, 35] 
EIF2S1 Type 2 DM [17] 
SLCO2B1 Diabetic kidney disease-associated expression 

alteration 
[52] 

PFKP Diabetic kidney disease [53] 
MS4A6A Nonalcoholic fatty liver disease, periodontitis, and 

type 2 DM 
[33] 

LAMTOR2 Diabetic kidney disease [54] 
HCK Diabetic nephropathy-associated 

immune/inflammatory processes 
[55, 56] 

GLB1 Type 2 DM [57] 
E2F3 Diabetic kidney disease [58] 
DRAM1 Glucose-responsive autophagy/apoptosis regulation [59] 
CASP4 Diabetic kidney disease [60] 
CCL8 Diabetes-related inflammation [61, 62] 

Abbreviations: DM, diabetes mellitus 

 

Table 3. Candidate genes prioritized from the PI-OP RNA-seq 
screening based on literature-supported relevance to 
osteoporosis or related biological processes. 

Gene Associated risk or condition References 
CLEC3B Inhibition of osteoclast differentiation and bone 

resorption 
[38] 

RPL17 OP and COVID-19 [63] 
TEAD3 Promotion of osteoclast differentiation [40] 
FGFBP1 Altered bone mineral density [39] 

Abbreviations: OP, osteoporosis; COVID-19, coronavirus disease 2019 

 
As shown in Figure 2, RT-qPCR analysis 

generally showed expression patterns directionally 
consistent with the exploratory RNA-seq screening. In 
the PI-HTN subgroup, expression of LCN2, PDK1, and 
NUCB2 was significantly increased relative to HI 
controls. Although the mean NUCB2 expression was 
numerically higher in the PI-HTN group than in the 
systemically healthy PI group (8.98 versus 8.05), the 
difference was not statistically significant. Similarly, 
MS4A6A, LAMC1, and CASP4 were substantially 
upregulated in PI-DM tissues. In the PI-OP subgroup, 
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CLEC3B expression was significantly elevated, 
whereas RPL17 and FGFBP1 were significantly 
downregulated compared with HI tissues. However, 
CLEC3B expression was not higher in the PI-OP group 
than in the systemically healthy PI group (3.47 versus 
3.97), and the difference was not statistically 
significant. TEAD3 showed a downward trend, but the 
difference was not statistically significant. 
Importantly, comparison with the systemically 
healthy PI group showed that CASP4 expression was 
significantly higher in PI-DM tissues than in PI tissues. 
In the OP-associated analysis, RPL17 and FGFBP1 also 
showed significant differences between PI-OP and 
systemically healthy PI tissues. These validation 
results confirm the RNA-seq–derived expression 
patterns and suggest that dysregulation of systemic 
disease–associated genes may contribute to increased 
susceptibility to PI in patients with DM or OP. 

4. Discussion 
PI remains a challenging biological complication 

in implant dentistry, jeopardizing long-term implant 
stability and patient quality of life. It is characterized 
by progressive inflammatory destruction of peri-
implant soft tissues and supporting bone, frequently 
leading to discomfort, functional impairment, and 
eventual implant loss [4, 18]. Although bacterial 
biofilm is widely recognized as the primary etiological 
factor, increasing evidence suggests that host-related 
factors—particularly systemic diseases—considerably 
influence individual susceptibility and disease 
severity [19, 20]. Therefore, elucidating the biological 
mechanisms linking systemic health and peri-implant 
inflammation is essential for improving risk 
stratification, early diagnosis, and targeted 
intervention strategies [21]. 

 
 

 
Figure 1. Exploratory RNA-seq profiling of gene expression changes in PI associated with systemic conditions. Heatmaps show the top 30 genes exhibiting the 
largest expression changes based on fold-change magnitude in (a) PI-HTN versus HI, (b) PI-DM versus HI, and (c) PI-OP versus HI. Raw read counts were normalized using the 
trimmed mean of M-values (TMM) method, converted to counts per million (CPM), and log2-transformed for visualization. Blue and red indicate lower and higher normalized 
expression levels, respectively. All three heatmaps were visualized using the same color scale (0–15) based on log₂-transformed normalized expression values to permit direct 
visual comparison across disease groups. Hierarchical clustering was not applied; genes were displayed according to the magnitude of their expression changes in each 
comparison. For each group, RNA from three individual tissue samples was pooled before library preparation, resulting in one pooled RNA-seq library per group. Therefore, 
the heatmaps represent pooled group-level expression profiles and were used for exploratory visualization and candidate-gene screening rather than evaluation of inter-patient 
variability. Abbreviations: HI, healthy implant; HTN, hypertension; DM, diabetes mellitus; OP, osteoporosis. 
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Table 4. Log₂ fold changes of candidate genes prioritized in the PI-HTN, PI-DM, and PI-OP RNA-seq comparisons. 

 
Abbreviations: HTN, hypertension; PI, peri-implantitis; HI, healthy implants; DM, diabetes mellitus; OP, osteoporosis; RT-qPCR, reverse transcription–polymerase chain 
reaction. 

 
Systemic conditions such as HTN, DM, and OP 

profoundly affect immune regulation, microvascular 
function, and bone metabolism, all of which are central 
to peri-implant tissue homeostasis [6, 21]. HTN is 
associated with vascular dysfunction and heightened 
oxidative stress, potentially impairing peri-implant 
soft tissue healing [22, 23]. DM promotes 
hyperinflammatory responses, alters neutrophil 
function, impedes collagen maturation, and disrupts 
osteoblast–osteoclast balance, thereby increasing 
susceptibility to peri-implant bone loss [8, 24, 25]. OP, 
characterized by reduced bone density and accelerated 
bone remodeling, compromises the structural support 
required for implant stability [26, 27]. Despite these 
established clinical associations, the molecular 
mechanisms linking systemic disorders to PI 
susceptibility remain incompletely defined. The 
present transcriptomic analysis offers mechanistic 
insight by identifying systemic disease–associated 
gene signatures within PI tissues. 

In the PI-HTN subgroup (Figure 2), LCN2, PDK1, 
and NUCB2 were significantly upregulated relative to 
HI tissues. Although gene expression was numerically 
higher in the PI-HTN group than in the systemically 
healthy PI group, the difference was not statistically 
significant. Therefore, the increase in gene expression 
cannot be specifically attributed to HTN and may 
instead reflect PI-associated alterations. LCN2 
(lipocalin-2) has been associated with vascular 
endothelial function and blood pressure regulation in 
patients with hypertension [28, 29]. Its upregulation in 
PI-HTN tissues may reflect inflammatory or vascular 
alterations, although its specific role in PI remains to 
be established. PDK1, a key metabolic regulator, has 
been implicated in vascular endothelial metabolic 

reprogramming and inflammation [30], suggesting 
that altered local metabolism may contribute to the 
inflammatory environment in PI-HTN tissues. NUCB2 
(nesfatin-1 precursor) participates in blood pressure 
regulation and inflammatory signaling [31, 32]. 
Collectively, these findings suggest that altered 
inflammatory, metabolic, and vascular processes may 
contribute to the molecular characteristics observed in 
PI tissues. 

In the DM subgroup, MS4A6A, LAMC1, and 
CASP4 displayed significant upregulation in PI 
tissues. MS4A6A has been implicated in chronic 
inflammatory states and macrophage dysregulation, 
both of which are prominent features of diabetic 
tissues [33]. LAMC1, a component of the extracellular 
matrix, has been implicated in diabetic retinopathy 
and hyperglycemia-associated endothelial alterations 
[34, 35]. Its upregulation in PI-DM tissues may be 
associated with changes in extracellular matrix 
organization and local tissue responses under diabetic 
conditions. CASP4, a central regulator of noncanonical 
inflammasome activation, mediates pyroptosis and 
chronic inflammatory signaling in metabolic disorders 
[36, 37]. Notably, the additional comparison with 
systemically healthy PI patients showed that CASP4 
expression was significantly higher in the PI-DM 
group. Because both groups had PI but differed in DM 
status, this finding suggests that the increase in CASP4 
expression may not be attributable to PI alone and may 
be associated with the presence of DM. These 
expression patterns suggest that altered inflammatory 
responses and tissue-remodeling processes may 
contribute to the molecular characteristics of PI in 
patients with DM. 
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Figure 2. Validation of systemic disease–associated candidate genes in PI using quantitative RT-qPCR. (a) Expression of selected HTN-associated candidate genes 
in HI, systemically healthy PI, and PI-HTN tissues. (b) Expression of selected DM-associated candidate genes in HI, systemically healthy PI, and PI-DM tissues. (c) Expression of 
selected OP-associated candidate genes in HI, systemically healthy PI, and PI-OP tissues. Candidate genes were prioritized from the exploratory RNA-seq screening based on 
prominent expression changes and previously reported associations with the corresponding systemic conditions. Data are presented as box-and-whisker plots, with the center 
line indicating the median, the box representing the interquartile range (25th–75th percentiles), and the whiskers extending from the minimum to the maximum value. Each 
data point represents an independent biological sample (n = 10 per group). Relative mRNA levels were normalized to ACTB and are presented relative to the mean value of 
the HI control group, which was set to 1. Data were analysed using the statistical tests described in the Methods. Adjusted P values are indicated as *p < 0.05, ** p < 0.01, and 
*** p < 0.001. Abbreviations: HTN, hypertension; PI, peri-implantitis; HI, healthy implants; DM, diabetes mellitus; OP, osteoporosis; RT-qPCR, reverse transcription–
polymerase chain reaction.  

 
Distinct transcriptomic alterations were also 

observed in the OP subgroup. CLEC3B, which encodes 
tetranectin (TNA), has been reported to inhibit 
osteoclast differentiation and bone resorption [38]. 
However, CLEC3B expression was not higher in the PI-
OP group than in the systemically healthy PI group, 
suggesting that its increased expression may reflect PI-
associated alterations rather than an OP-specific effect. 

Conversely, RPL17 and FGFBP1 were downregulated 
in PI-OP tissues. FGFBP1 modulates fibroblast growth 
factor signaling with known implications in bone 
density maintenance, and its reduced expression may 
compromise local osteogenic potential [39]. TEAD3 
has been reported to promote osteoclast differentiation 
through activation of NFATC1 [40]. However, the 
observed difference in TEAD3 expression was not 
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statistically significant, and further studies with larger 
sample sizes are needed to confirm this expression 
pattern. Importantly, comparison with systemically 
healthy PI patients revealed significant differences in 
RPL17 and FGFBP1 expression in the PI-OP group. 
Because both groups had PI, these differences suggest 
that the expression patterns of RPL17 and FGFBP1 
may be associated with the presence of OP rather than 
reflecting PI alone. These findings are consistent with 
a potential link between altered skeletal metabolism in 
OP and increased peri-implant bone vulnerability. 

Finally, several limitations of this study should 
be acknowledged. Although several candidate genes 
showed directional expression differences, most did 
not reach statistical significance when PI patients with 
systemic diseases were compared with systemically 
healthy PI patients. The relatively small sample size of 
each systemic disease subgroup may have limited the 
generalizability of our findings and reduced the 
statistical power to detect subtle molecular differences. 
In addition, detailed clinical information regarding 
glycemic control, including HbA1c levels, blood 
pressure control, and antihypertensive drug classes, as 
well as bone mineral density T-scores and 
antiresorptive medication use, was not consistently 
available for all participants. Consequently, stratified 
analyses according to disease severity, systemic 
disease control, or medication use could not be 
performed. These clinical factors may influence tissue 
homeostasis, inflammatory responses, bone 
metabolism, and local gene expression and should 
therefore be considered potential confounders. Future 
studies incorporating standardized clinical 
measurements and detailed medication histories are 
needed to determine their independent contributions 
to the gene-expression patterns observed in peri-
implant tissues. Although the inclusion of systemically 
healthy PI patients helped distinguish gene-
expression changes potentially associated with 
systemic conditions from those related to PI alone, HI 
tissue samples from individuals with DM, HTN, or OP 
were not available. Therefore, the independent effects 
of systemic diseases and their potential interactions 
with PI could not be fully disentangled. Future studies 
involving larger, age-matched cohorts and 
multivariable analyses are needed to determine 
whether these candidate genes are independently 
associated with systemic disease-related susceptibility 
to PI. 

5. Conclusion 
This study identified distinct gene-expression 

profiles in PI tissues from patients with HTN, DM, and 
OP and highlighted candidate genes potentially 
linking systemic conditions to the local molecular 

environment of PI. RNA-seq screening followed by 
RT-qPCR validation demonstrated consistent 
alterations in selected candidate genes, while 
additional comparisons with systemically healthy PI 
patients further revealed significant differences in 
CASP4 in the PI-DM group and RPL17 and FGFBP1 in 
the PI-OP group. These findings provide preliminary 
evidence that selected molecular alterations, 
particularly CASP4 in PI-DM and RPL17 and FGFBP1 
in PI-OP, may be associated with systemic 
comorbidities beyond changes related to PI alone. 
Overall, our findings provide new molecular insights 
into the interplay between systemic health and PI and 
identify candidate molecular markers for further 
investigation of disease susceptibility and 
individualized risk assessment. 
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