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Background and Objective: Periodontitis is a chronic inflammatory disease caused by dental plaque accumulation, leading to 
damage of periodontal tissues and potential tooth loss. Understanding the mechanisms of periodontitis, particularly the role of hypoxia 
in inflammation, is critical for identifying novel therapeutic strategies. This study investigated the effects of the prolyl hydroxylase 
(PHD) inhibitor DMOG on pro-inflammatory cytokine expression in human periodontal ligament stem cells (hPDLSCs) and examined 
the involvement of the HIF-1α/YAP signaling path ay in modulating inflammation.
Materials and Methods: hPDLSCs were cultured and treated with lipopolysaccharide (LPS) to induce inflammation, followed by 
DMOG treatment. Cell proliferation was assessed using the CCK-8 assay, while ELISA and RT-qPCR evaluated the expression levels 
of HIF-1α, IL-1β, TNF-α, and YAP. YAP expression was knocked down using siRNA transfection to examine its effects on 
inflammatory cytokines.
Results: DMOG significantly increased HIF-1α expression while reducing IL-1β and TNF-α levels in LPS-treated hPDLSCs. 
0.1 mmol/L DMOG inhibited cell proliferation after 72 hours (P < 0.001). ELISA results showed that HIF-1α concentrations in the 
LPS + DMOG group were significantly higher than in the LPS group (P < 0.01), while IL-1β and TNF-α levels were significantly 
reduced (P < 0.01). RT-qPCR confirmed these trends, showing reduced mRNA levels of IL-1β and TNF-α and increased YAP 
expression in the LPS + DMOG group (P < 0.0001). YAP knockdown via siRNA transfection reversed these effects, increasing IL-1β 
and TNF-α levels (P < 0.01) while significantly reducing HIF-1α expression (P < 0.05).
Conclusion: This study demonstrated that DMOG reduces inflammatory cytokine expression in hPDLSCs by stabilizing HIF-1α and 
activating the YAP signaling pathway. These findings provide a mechanistic basis for targeting the HIF-1α/YAP axis to control 
periodontal inflammation and support the potential of PHD inhibitors as therapeutic agents for periodontitis.
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Introduction
Periodontitis is a chronic, multifactorial inflammatory disease induced by dental plaque accumulation, primarily affecting 
the gingiva, alveolar bone, cementum, and periodontal ligament. If left untreated, it can eventually lead to tooth mobility, 
displacement, and even tooth loss, making it one of the leading causes of tooth loss in adults worldwide.1 Beyond its 
local effects on the periodontium, periodontitis may also influence systemic health through direct bacterial infection, 
dissemination of bacterial products into the bloodstream, and host immune responses.2,3 Epidemiological studies have 
demonstrated an association between severe periodontitis and at least 43 systemic diseases. Furthermore, as global 
populations age and life expectancy increases, the burden of periodontal disease is expected to rise significantly. 
Therefore, understanding the mechanisms underlying periodontitis and identifying effective and safe therapeutic 
approaches are urgent clinical challenges.
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In recent years, the relationship between hypoxia and inflammation has been extensively studied in various chronic 
diseases. Hypoxia is not only a consequence of inflammation but also exacerbates the inflammatory response, leading to 
further tissue damage.4,5 Periodontitis is similarly characterized by hypoxia, where the inflamed periodontal tissues 
experience a state of ischemia and oxygen deficiency due to increased metabolic activity and disrupted microcirculation, 
thereby worsening disease progression.6 Hypoxia-inducible factor (HIF), a key transcription factor in the body’s 
adaptation to low oxygen environments, plays a critical role in regulating gene expression under hypoxic conditions 
and modulating inflammatory responses.7 Prolyl hydroxylase (PHD), a rate-limiting enzyme in the degradation of HIF, 
controls HIF stabilization and is a pivotal target in regulating inflammation. PHD inhibitors have shown anti- 
inflammatory potential in various inflammatory diseases by stabilizing HIF-1α.8–11 However, the specific role of the 
PHD/HIF axis in periodontitis remains unclear.

In parallel, the Hippo-YAP signaling pathway has been implicated in the regulation of cell growth, differentiation, and 
inflammatory responses.12,13 YAP interacts with classical inflammatory signaling pathways such as NF-κB and JNK, 
playing a critical role in controlling cell proliferation, differentiation, and inflammation.14,15 Studies have suggested that 
YAP modulates inflammation in a variety of inflammatory diseases by suppressing the expression of inflammatory 
cytokines. Nevertheless, the exact role of YAP in periodontitis and its potential interaction with HIF remain to be fully 
elucidated.16

Therefore, this study aims to investigate the effects of the PHD inhibitor DMOG on pro-inflammatory cytokine 
expression in human periodontal ligament stem cells (hPDLSCs) under lipopolysaccharide (LPS)-induced inflammatory 
conditions. Given the critical role of hypoxia in exacerbating periodontal inflammation, we hypothesize that DMOG can 
stabilize HIF-1α and modulate inflammatory responses via the HIF-1α/YAP signaling pathway. This research seeks to 
elucidate the interactions between HIF-1α and YAP in inflammation regulation, providing a basis for targeting this 
pathway as a therapeutic strategy. Ultimately, we aim to determine whether DMOG and other PHD inhibitors hold 
potential as novel treatments for periodontitis by reducing inflammation and promoting tissue regeneration.

Materials and Methods
Cell Culture and Passage
Human periodontal ligament stem cells (hPDLSCs) (iCell; Shanghai, China) were cultured at a density of 1 × 10^4 cells 
per well in DMEM (Thermo Fisher Scientific; USA) supplemented with 10% FBS, under conditions of 37 °C and 5% 
CO2. For all experiments, cells were used between passages 3 and 5 (P3-P5) to ensure consistency and avoid potential 
effects of senescence or dedifferentiation. Cells that showed abnormal morphology, contamination, or poor viability were 
excluded from further experiments.

CCK-8 Assay
To evaluate the effects of LPS and DMOG on cell proliferation, hPDLSCs in the logarithmic growth phase were seeded 
at a density of 1 × 10^4 cells per well in three 96-well plates. After 24 hours, the medium was replaced, and the cells 
were divided into the following groups: Control, LPS (100 ng/mL), LPS + DMOG (100 ng/mL LPS + 0.1 mmol/L 
DMOG), and DMOG (0.1 mmol/L). Each experimental group included six technical replicates (wells) to minimize 
random error and ensure the accuracy and reliability of the data. The cells were then cultured for 24, 48, and 72 hours, 
followed by the addition of 10 μL of CCK-8 solution to each well, and further incubation for 2 hours at 37 °C. The 
absorbance at 450 nm was measured using a microplate reader SpectraMax M2 (Molecular Devices; USA).

ELISA
To assess the impact of DMOG on the expression of HIF-1α, IL-1β, TNF-α, and YAP, hPDLSCs were seeded at 5 × 10^4 
cells per well, and the medium was changed according to the Control, LPS, and LPS + DMOG groups, with three 
replicates for each group. After 24 and 72 hours of culture, the supernatants were collected and analyzed using Human 
TNF-α ELISA Kit and Human IL-1β ELISA Kit (Abbkine; Wuhan, China). Absorbance values were measured at 450 
nm, and standard curve data were used for linear regression to calculate the concentrations of IL-1β and TNF-α in the 
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samples. Following a similar protocol, cells were lysed and centrifuged to obtain supernatants for protein concentration 
measurement using a BCA protein assay kit (Abbkine; Wuhan, China). Absorbance was measured at 562 nm to create 
a standard curve and determine sample concentrations, which were diluted to a fixed concentration with PBS. Human 
HIF-1α ELISA Kit and Human YAP1 ELISA Kit were purchased from Mlbio (Shanghai, China). Pre-coated ELISA 
microplates for YAP and HIF-1α (HIF-1α, YAP: Mlbio, China) were then used according to the instructions, and 
absorbance at 450 nm was measured to calculate the protein concentrations of HIF-1α and YAP.

RT-PCR
To evaluate the effects of DMOG on the expression of HIF-1α, IL-1β, TNF-α, and YAP mRNA, hPDLSCs were seeded 
at 1 × 10^5 cells per well, and the medium was changed according to the Control, LPS, and LPS + DMOG groups, with 
three replicates for each group. Total RNA was extracted using the AG RNAex Pro RNA extraction kit after 24 and 
72 hours of culture. The concentration and purity of the RNA were assessed, and cDNA was synthesized via reverse 
transcription. PCR reaction mixtures were prepared, and the PCR program was set as follows: initial denaturation at 95 
°C for 30 seconds; denaturation at 95 °C for 5 seconds; annealing at 60 °C for 30 seconds, repeated for 40 cycles. After 
the reaction, amplification and melt curves were analyzed, and GAPDH was used as the internal control. The relative 
expression levels of IL-1β, TNF-α, YAP, and HIF-1α mRNA were calculated using the 2^-ΔΔCt method.

Primers:
GAPDH-F: 5’-TGACATCAAGAAGGTGGTGAAGCAG-3’
GAPDH-R: 5’-GTGTCGCTGTTGAAGTCAGAGGAG-3’
IL-1β-F: 5’-GGACAGGATATGGAGCAACAAGTGG-3’
IL-1β-R: 5’-TCATCTTTCAACACGCAGGACAGG-3’
TNF-α-F: 5’-AGCCCTGGTATGAGCCCATCTATC-3’
TNF-α-R: 5’-TCCCAAAGTAGACCTGCCCAGAC-3’
YAP-F: 5’-CAGAACCGTTTCCCAGACTACCTTG-3’
YAP-R: 5’-GCAGACTTGGCATCAGCTCCTC-3’
HIF-1α-F: 5’-CCATTAGAAAGCAGTTCCGCAAGC-3’
HIF-1α-R: 5’-GTGGTAGTGGTGGCATTAGCAGTAG-3’

Knockdown of YAP in hPDLSCs
YAP expression in hPDLSCs was knocked down via transfection to examine its effects on HIF-1α, IL-1β, and TNF-α 
expression. hPDLSCs were seeded at 1.8 × 10^5 cells per well, and when the cell confluence reached 70%-80%, lipid- 
based transfection reagents were used to introduce varying concentrations of siRNA. After 24 hours, transfection 
efficiency was evaluated using a fluorescence inverted microscope (DmiB manual, Leica, Germany), and the concentra-
tion of siRNA with the highest transfection efficiency was selected for further experiments. Following a second round of 
transfection, three experimental groups were established with different siRNA sequences (YAP-siRNA#1, YAP- 
siRNA#2, YAP-siRNA#3), along with a blank control group (without transfection reagents and siRNA), a negative 
control siRNA group (NC group), and a transfection reagent control group. After 48–72 hours of culture, RT-qPCR was 
used to assess the knockdown efficiency of YAP, and the siRNA group with the most significant knockdown effect was 
selected for subsequent experimental operations. The protein expression of YAP post-transfection was also evaluated. 
Finally, IL-1β, TNF-α, and HIF-1α protein levels were measured 72–96 hours after successful transfection.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism (version 9.0, GraphPad Software, San Diego, CA, USA). Data 
were expressed as mean±standard deviation (SD) unless otherwise specified. Comparisons between two groups were 
conducted using an unpaired two-tailed Student’s t-test. For comparisons among multiple groups, one-way analysis of 
variance (ANOVA) was performed, followed by Tukey’s post-hoc test for pairwise comparisons. Normality of data 
distribution was assessed using the Shapiro–Wilk test, and homogeneity of variances was evaluated with Levene’s test. 
For data that did not meet normality or variance homogeneity assumptions, non-parametric tests (Mann–Whitney U-test 
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or Kruskal–Wallis test) were applied. A p-value of < 0.05 was considered statistically significant. All experiments were 
repeated at least three times independently to ensure reproducibility.

Results
Effects of LPS and DMOG on Cell Proliferation
CCK-8 assays demonstrated that treatment with 100 ng/mL LPS significantly promoted cell proliferation after 24 hours 
(Figure 1). No significant difference in cell proliferation rates was observed between the Control and DMOG groups after 
24 hours, indicating that 0.1 mmol/L DMOG did not significantly affect cell proliferation in this timeframe. After 48 and 
72 hours, the proliferation rates of the LPS and Control groups were comparable. As illustrated in Figure 1, although 100 
ng/mL LPS exhibited a slight promoting effect on cell proliferation, the difference was not statistically significant. In 
contrast, the proliferation rate in the Control group compared to the DMOG group revealed a significant inhibition of cell 
proliferation by 0.1 mmol/L DMOG (Figure 1). These results suggest that low concentrations of LPS (100 ng/mL) can 
initially promote cell proliferation; however, this effect diminishes over time. Conversely, 0.1 mmol/L DMOG signifi-
cantly inhibits cell proliferation, and this inhibitory effect becomes more pronounced with extended exposure.

Verification of the Inflammatory Environment
ELISA assays indicated that the secretion levels of IL-1β and TNF-α were significantly higher in the LPS group 
compared to the Control group (Figure 2A and B). Additionally, RT-qPCR results demonstrated that IL-1β mRNA 
expression was markedly elevated following LPS induction (Figure 2C), and TNF-α mRNA expression also significantly 
increased (Figure 2D), confirming the successful establishment of an inflammatory environment.

Effects of DMOG on HIF-1α, IL-1β, TNF-α, and YAP Expression
ELISA results presented in Figure 3 indicated that the HIF-1α concentration in the LPS + DMOG group was significantly 
higher than that in the LPS group (Figure 3A). Concurrently, the expression levels of IL-1β and TNF-α in the LPS + 
DMOG group were significantly decreased (Figure 3B and C), while YAP expression was notably increased (Figure 3D). 
These findings suggest that DMOG can upregulate HIF-1α expression in an inflammatory environment while concur-
rently reducing LPS-induced IL-1β and TNF-α secretion from hPDLSCs, and further activating YAP.

RT-qPCR results displayed in Figure 4 reveal that HIF-1α mRNA expression in the LPS group was significantly 
higher than that in the Control group (Figure 4A). In contrast, the LPS + DMOG group exhibited a significant decrease in 

Figure 1 CCK-8 assay demonstrating cell proliferation in different groups. Comparison between groups: *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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HIF-1α mRNA expression compared to the LPS group (Figure 4A). Additionally, the expression levels of IL-1β and 
TNF-α mRNA were significantly reduced in the LPS + DMOG group compared to the LPS group (Figure 4C and D). 
Notably, the expression of YAP mRNA was significantly increased in the LPS + DMOG group compared to the LPS 
group (Figure 4B).

Establishment and Validation of Transfection Conditions
The transfection efficiency of fluorescently labeled siRNA at different concentrations was observed using an inverted 
fluorescence microscope. As shown in Figure 5, the transfection efficiency was highest at a concentration of 50 nM. 
Therefore, this concentration was selected for subsequent experiments.

RT-qPCR results demonstrating the silencing effect of different siRNA sequences on YAP expression are presented in 
Figure 6. No significant differences in YAP gene expression were observed among the blank control, transfection reagent 
control, and negative control groups. Both the YAP-siRNA#1 and YAP-siRNA#2 groups significantly inhibited YAP 
mRNA expression (Figure 6A), with no notable difference in inhibition efficiency. The YAP-siRNA#3 group also 
suppressed YAP mRNA expression (Figure 6A), but the inhibition efficiency was significantly lower compared to the 
YAP-siRNA#1 group (Figure 6A). Consequently, YAP-siRNA#1 was selected for further experimental procedures. 
ELISA results indicated that YAP-siRNA#1 significantly reduced YAP protein expression in hPDLSCs compared to 
the untransfected group (Figure 6B).

Effects of YAP Knockdown on IL-1β and TNF-α Expression
ELISA results illustrated in Figure 7 show that the concentrations of IL-1β and TNF-α were significantly increased in the 
YAP-siRNA#1 group compared to the LPS + DMOG group (Figure 7A and B). RT-qPCR results confirmed that IL-1β and 
TNF-α mRNA levels were significantly higher in the YAP-siRNA#1 group compared to the LPS + DMOG group (Figure 7C 
and D), indicating that knockdown of YAP expression leads to upregulation of pro-inflammatory cytokines IL-1β and TNF-α.

Effects of YAP Knockdown on HIF-1α Expression
ELISA results in Figure 8A show that HIF-1α concentrations were significantly lower in the YAP-siRNA#1 group 
compared to the LPS + DMOG group. Additionally, RT-qPCR results in Figure 8B indicated that HIF-1α mRNA levels 

Figure 2 LPS up-regulated the expression of pro-inflammatory factors (IL-1β and TNF-α) in hPDLSCs (A) ELISA data showed that IL-1β concentration was increased in LPS 
group compared with Control group (P = 0.023). (B) ELISA data showed that TNF-α concentration was increased in LPS group compared with Control group (P = 0.019). 
Data are expressed as mean ± SD, n = 3 wells per group. (C) RT-qPCR analysis confirming the trends in mRNA expression levels of IL-1β (P < 0.0001). (D) RT-qPCR analysis 
confirming the trends in mRNA expression levels of TNF-α (P = 0.035). Data are expressed as mean ± SD, n = 6 wells per group. Comparison between groups: *P < 0.05, 
****P < 0.0001.
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were significantly reduced in the YAP-siRNA#1 group compared to the LPS + DMOG group. This indicates that 
knockdown of YAP expression downregulates HIF-1α levels, suggesting a positive correlation between HIF-1α and YAP 
expression.

Discussion
This study investigated whether DMOG could modulate inflammatory responses in hPDLSCs by stabilizing HIF-1α and 
regulating the downstream HIF-1α/YAP signaling pathway, which may influence the expression of key pro-inflammatory 
cytokines such as IL-1β and TNF-α under inflammatory conditions. We anticipated that DMOG would have minimal 
impact on these pathways under both normal and inflammatory conditions. However, our findings demonstrate that 
DMOG exerts significant anti-inflammatory effects in hPDLSCs by engaging this pathway.

The primary findings of this study demonstrate that DMOG exerts anti-inflammatory effects in hPDLSCs by 
stabilizing HIF-1α and reducing the expression of key pro-inflammatory cytokines, including IL-1β and TNF-α. 
Specifically, we observed that DMOG significantly upregulated HIF-1α expression under both normal and LPS- 
induced inflammatory conditions, while concurrently decreasing the levels of IL-1β and TNF-α in the inflammatory 
environment. These results highlight the dual role of DMOG in modulating hypoxia-responsive pathways and reducing 

Figure 3 DMOG upregulates HIF-1α protein expression while reducing pro-inflammatory cytokines (IL-1β and TNF-α) in hPDLSCs. hPDLSCs were treated with LPS to 
induce inflammation, followed by DMOG treatment. (A) ELISA data showed that HIF-1α protein concentration in LPS + DMOG group was higher than that in LPS group at 
24h (P = 0.003) and 48h (P < 0.001). (B) IL-1β protein expression level in LPS + DMOG group was higher than that in LPS group at 24h (P < 0.001) and 48h (P < 0.0001) (C) 
TNF-α protein expression level in LPS +DMOG group was higher than that in LPS group at 24h (P = 0.006) and 48h (P < 0.0001) (D) YAP protein expression level in LPS + 
DMOG group was higher than that in LPS group at 48h (P < 0.001). Data are expressed as mean ± SD, n = 3 wells per group. Comparison between groups: *P < 0.05, **P < 
0.01, ***P < 0.001, ****P < 0.0001.
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inflammation in hPDLSCs. Furthermore, these findings align with previous studies, which demonstrated the critical role 
of HIF-1α stabilization in modulating inflammatory responses under hypoxic or inflammatory conditions.17,18

Based on these findings, we hypothesize that the HIF-1α/YAP signaling axis plays a crucial role in regulating the 
inflammatory response of hPDLSCs. Specifically, DMOG may inhibit the release of pro-inflammatory factors by 
stabilizing HIF-1α, while YAP may function as a co-regulator in this process. Our data indicate a similar expression 
pattern between YAP and HIF-1α, suggesting that these two proteins may form a regulatory network during the 
inflammatory response.19–21 Furthermore, the downregulation of YAP is associated with increased expression of TNF- 
α and IL-1β, which may subsequently activate the NF-κB signaling pathway, exacerbating the inflammatory response. 
This observation is consistent with previously reported findings.22–24

Our interpretation is corroborated by other research, which has demonstrated that DMOG can exert anti-inflammatory 
effects in various inflammatory diseases through the stabilization of HIF-1α. Additionally, the positive correlation 
between YAP and HIF-1α expression under inflammatory conditions aligns with observations by Li et al, who noted 
increased YAP expression following the stabilization of HIF-1α with CoClU.19 However, the precise mechanisms of 
interaction between YAP and HIF-1α in hPDLSCs remain unclear and warrant further investigation. We propose that 

Figure 4 Relative mRNA expression levels of HIF-1α\YAP\IL-1β and TNF-α in hPDLSCs under different experimental conditions. hPDLSCs were treated with LPS to induce 
inflammation, followed by DMOG treatment. Gene expression levels were quantified by RT-qPCR and normalized to GAPDH. (A) RT-qPCR data showed that HIF-1α gene 
expression concentration in LPS + DMOG group was lower than that in LPS group at 24h and 72h (P < 0.0001). (B) YAP gene expression level in LPS + DMOG group was 
higher than that in LPS group at 24h (P = 0.004) and 72h (P = 0.019). (C) IL-1β gene expression level in LPS + DMOG group was lower than that in LPS group at 24h and 72h 
(P < 0.0001). (D) TNF-α gene expression level in LPS + DMOG group was lower than that in LPS group at 24h (P < 0.0001) and 72h (P = 0.004). Data are expressed as mean 
± SD, n = 6 wells per group. Comparison between groups: *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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YAP may enhance the stability of HIF-1α, or conversely, that HIF-1α may promote YAP expression, thereby providing 
protective effects in inflammatory environments.

Our findings shed light on the potential role of the HIF-1α/YAP signaling pathway in modulating inflammatory 
responses in periodontal tissues. By demonstrating that DMOG can stabilize HIF-1α and reduce pro-inflammatory 
cytokines such as IL-1β and TNF-α in LPS-treated hPDLSCs, this study provides mechanistic insights into how this 
pathway may influence periodontal inflammation. These results suggest that targeting the HIF-1α/YAP axis might be 

Figure 5 Transfection efficiency observed under an inverted fluorescence microscope.

Figure 6 Detection of the YAP gene silencing effect (A)The relative expression of YAP mRNA in hPDLSCs was detected by RT-qPCR under different experimental 
conditions. Group a: blank control group; Group b: transfection reagent control group; Group c: transfection negative control group; Group d: YAP-siRNA#1 group; Group 
e: YAP-siRNA#2 group; Group f: YAP-siRNA#3 group. Data are expressed as mean ± SD, n = 6 wells per group. (B) ELISA data showed that the expression level of YAP 
protein in YAP-siRNA#1 group was lower than LPS + DMOG group (P = 0.009). Data are expressed as mean ± SD, n = 3 wells per group. Comparison between groups: *P < 
0.05, **P < 0.01, ****P < 0.0001, ns: no significance.
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a promising direction for future therapeutic exploration. However, it is important to note that these findings are based on 
in vitro experiments, and further studies are required to validate their translational relevance in vivo and in clinical 
settings.

Figure 7 Effects of YAP knockdown on the expression of IL-1β and TNF-α in hPDLSCs. (A) ELISA data showed that IL-1β concentration was increased in YAP-siRNA#1 
group compared with LPS + DMOG group (P = 0.002). (B) ELISA data showed that TNF-α concentration was increased in YAP-siRNA#1 group compared with LPS+DMOG 
group (P = 0.001). Data are expressed as mean ± SD, n = 3 wells per group. (C) RT-qPCR data showed that IL-1β concentration was increased in YAP-siRNA#1 group 
compared with LPS + DMOG group (P < 0.001). (D) RT-qPCR showed that TNF-α concentration was increased in YAP-siRNA#1 group compared with LPS + DMOG group 
(P = 0.016). Data are expressed as mean ± SD, n = 6 wells per group. Comparison between groups: *P < 0.05, **P < 0.01, ***P < 0.001.
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Nevertheless, some limitations of this study must be acknowledged. First, our primary focus was on the changes 
in pro-inflammatory cytokine expression, without investigating the interplay between pro-inflammatory and anti- 
inflammatory factors, which could provide a more comprehensive understanding of the inflammatory process. 
Second, while we identified YAP as a regulator of pro-inflammatory cytokines, the underlying mechanisms remain 
unclear. Future studies should explore the involvement of key pathways such as NF-κB and JNK to elucidate the 
interactions between HIF-1α/YAP and these downstream regulators. Addressing these limitations will help provide 
a more complete understanding of the signaling networks involved in periodontal inflammation and the therapeutic 
potential of targeting these pathways.

Conclusion
In conclusion, this study provides novel insights into the anti-inflammatory effects of DMOG in hPDLSCs, 
emphasizing its role in stabilizing HIF-1α and modulating the HIF-1α/YAP signaling axis. By demonstrating the 
capacity of DMOG to downregulate pro-inflammatory cytokines, our findings suggest that targeting this pathway 
could represent a promising strategy for controlling periodontal inflammation. These outcomes not only advance our 
understanding of hypoxia-responsive pathways in inflammatory regulation but also open avenues for exploring the 
therapeutic potential of PHD inhibitors beyond inflammation control, particularly in the regeneration of periodontal 
and other hypoxia-sensitive tissues. Future investigations should focus on elucidating the precise molecular mechan-
isms underlying the HIF-1α/YAP axis and validating these findings in vivo to enable translational applications.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 

Figure 8 Effects of YAP knockdown on the protein (A) and gene expression (B) of HIF-1α in hPDLSCs. (A) ELISA data showed that HIF-1α protein concentration was 
decreased in YAP-siRNA#1 group compared with LPS + DMOG group (P = 0.011). Data are expressed as mean ± SD, n = 3 wells per group (B) RT-qPCR showed that HIF- 
1α gene concentration was decreased in YAP-siRNA#1 group compared with LPS + DMOG group (P = 0.009). Data are expressed as mean ± SD, n = 6 wells per group. 
Comparison between groups: *P < 0.05, **P < 0.01.
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