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Abstract Objectives: Diabetes mellitus is associated with impaired wound healing, altered bone metabolism, and increased
inflammatory activity, and has been linked to a higher prevalence of tooth loss and complete edentulism. Residual ridge
resorption following tooth loss may be influenced by systemic metabolic conditions, with greater ridge resorption reported in
diabetic individuals. Tumor necrosis factor-alpha (TNF-a), a major pro-inflammatory cytokine involved in immune regulation
and bone remodeling, may contribute to persistent inflammation and altered tissue repair in diabetic patients. However, the
expression of TNF-a in healed edentulous ridge tissues in diabetic individuals remains of clinical interest. Aim: To evaluate
and compare TNF-a gene expression in edentulous patients with diabetes mellitus and edentulous patients without diabetes,
and to assess its potential association with the persistent inflammatory environment of healed edentulous ridge tissues.
Methods: Edentulous patients with diabetes mellitus constituted the case group, while edentulous patients without diabetes
constituted the control group. Tissue samples were subjected to RNA isolation using TRIzol™ reagent, followed by
complementary DNA synthesis. TNF-a gene expression was quantitatively assessed using real-time polymerase chain reaction
(RT-gqPCR) with TB Green chemistry. GAPDH was used as the internal control, and relative gene expression was evaluated
using the comparative AACt method. Results: The mean relative TNF-a expression values of 3.41 in diabetic edentulous
samples and 1.06 in non-diabetic samples (reported p = 0.0106). However, the number of biologically independent samples
analysed, reference-gene performance, Ct/ACt values and the discrepancy between reported enrollment of 100 and a figure
label of n = 10 per group remain unresolved. The statistical comparison therefore requires confirmation using the original RT-
qPCR records. Conclusion: The analysis reported higher relative TNF-a gene-expression values in diabetic than in non-
diabetic edentulous tissue samples. This molecular comparison does not establish the presence or magnitude of residual ridge
resorption, prosthetic treatment failure, or a causal diabetes-related inflammatory mechanism, such hypotheses require clinical
and longitudinal testing.
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INTRODUCTION
Diabetes mellitus is a major global public health concern. It is a

leads to serious damage to many of the body's systems, especially
the nerves and blood vessels. Diabetes mellitus has been

chronic metabolic disorder characterized by hyperglycemia
resulting from inadequate insulin secretion, impaired insulin
action, or both. Diabetes is a chronic disease that occurs when the
pancreas is not able to produce enough insulin or in cases when
the body cannot effectively use the insulin produced by it. Insulin
is a hormone that regulates blood glucose. Hyperglycaemia, also
called raised blood glucose, is a common effect of diabetes that

associated with an increased risk of tooth loss and complete
edentulism compared with individuals without diabetes[1].
Studies show that there is a rapid growth in diabetes seen in
developing countries more in adults younger than 60 years, rather
than in elderly people. The global prevalence of diabetes has
increased substantially over recent decades, with the greatest
increases occurring in low- and middle-income countries [2].
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Edentulism or complete loss of teeth, is a common condition
that significantly affects oral function, aesthetics, and overall
quality of life. Edentulism can substantially impair mastication,
speech, nutrition, and oral health-related quality of life [3].
Edentulism occurs because of biologic disease processes, such as
dental caries, periodontal diseases, trauma, and oral cancer [4]. It
is accompanied by several comorbidities that can significantly
influence an individual. Although the rate of edentulism is
declining, the number of edentulous patients is rising because of
the increase in population. The management of edentulous
patients has been addressed since the early days of dentistry. It is
frequently associated with systemic diseases such as diabetes
mellitus, which is known to influence wound healing, bone
metabolism, and immune response. Diabetes mellitus has also
been associated with altered oral conditions in complete denture
wearers, emphasizing the importance of considering systemic
metabolic status during prosthodontic management [5]. Previous
studies involving diabetic completely edentulous patients have
also demonstrated measurable biological differences relevant to
prosthodontic and implant rehabilitation [6]. Among the
various molecular mechanisms involved, inflammation
plays a central role in both tooth loss and its complications.
Diabetes may also influence the condition of the residual
alveolar ridge after tooth loss. A case-control study of
completely edentulous patients reported greater residual
ridge resorption in diabetic individuals compared with
nondiabetic individuals, particularly in association with
poorer glycemic control [7]. Since TNF-a is an important
mediator of inflammatory bone remodeling, increased TNF-
a expression in diabetic patients may contribute to an altered
inflammatory environment within the residual ridge and may
have implications for subsequent prosthetic or implant
rehabilitation. The relevance of diabetes to inflammatory
complications associated with implant-supported prosthetic
rehabilitation has also been investigated using molecular
biomarkers, highlighting the importance of systemic
metabolic status in prosthodontic treatment [8].

Tumor necrosis factor-alpha (TNF-a) is a key pro-
inflammatory cytokine that regulates immune responses and
bone remodeling. In oral inflammatory disease, elevated TNF-a
levels have been demonstrated in patients with chronic
periodontitis, supporting its role as an important mediator of
periodontal tissue inflammation [9]. Increased expression of
TNF-a has been linked to chronic inflammation, impaired bone
healing, and periodontal tissue destruction, which are commonly
observed in edentulous patients, particularly those with poorly
controlled diabetes. TNF-a regulates immune responses and bone
remodeling. Increased expression of TNF-a has been linked to
chronic inflammation, impaired bone healing, and periodontal
tissue destruction, particularly in diabetes-associated periodontal
disease [10]. TNF-a is primarily generated in adipocytes and/or
peripheral tissues, and it triggers tissue-specific inflammation by
facilitating ROS production and activating several transcriptional
pathways. TNF-a has been implicated in insulin resistance by
disrupting insulin  signaling, including through serine
phosphorylation of insulin receptor substrate-1 (IRS-1) [11] It is
functionally known to trigger a series of various inflammatory

molecules, including other cytokines and chemokines. TNF-a
exists in a soluble and transmembrane form. The transmembrane
TNF-a (tmTNF-0) is the initially synthesized precursor form and
is required to be processed by TNF-a-converting enzyme
(TACE), a membrane-bound disintegrin metalloproteinase, to be
released as the soluble TNF-a (STNF-a). TNF-a exists in both
transmembrane and soluble forms, the transmembrane precursor
can be cleaved by TNF-a-converting enzyme (TACE/ADAMI17)
to generate soluble TNF-a [12].The pathogenesis of type 2
diabetes mellitus (T2DM) and the onset of insulin resistance
involve multiple stimulatory factors, particularly
glucolipotoxicity, production of reactive oxygen species (ROS),
epigenetic influences, activation of several transcriptionally
mediated pathways, and increased levels of various pro-
inflammatory cytokines. Among the other pro-inflammatory
cytokines, tumor necrosis factor-alpha (TNF-o) is one of the key
pro-inflammatory mediators that plays a crucial role in the onset
of insulin resistance and the development of T2DM.Recent
molecular studies from oral tissues have further demonstrated
differential TNF-a gene expression, supporting the relevance of
TNF-a as a molecular marker of altered inflammatory activity
in oral disease [13]. This study aims to evaluate and compare
the gene expression levels of TNF-a in edentulous patients
with and without diabetes, offering a better understanding of
the molecular interactions that contribute to oral health
complications in diabetic individuals. Therefore, this study
aimed to evaluate and compare TNF-a gene expression in
edentulous patients with and without diabetes mellitus and to
explore its potential role in the inflammatory environment of
healed edentulous ridge tissues.

METHODS

Study Population

A total of 100 edentulous patients were enrolled in this study,
comprising both males and females. Participants were divided
into two groups: diabetic edentulous patients and non-diabetic
edentulous controls. Patients with diabetes were included based
on confirmed diagnosis and HbA1c levels, whereas individuals
with other systemic illnesses, smoking habits, or alcohol
consumption were excluded to eliminate potential confounding
factors. Written informed consent was obtained from all
subjects prior to sample collection.

Sample Collection

Soft tissue specimens were obtained from the alveolar mucosa
during routine prosthodontic procedures. Approximately 2-3 mm
tissue samples were collected under aseptic conditions and
immediately stored in RNAlater™ solution (Thermo Fisher
Scientific, USA) at —80°C until further processing.

Table 1: PCR Reaction Mixture

Reagent Volume Concentration
qPCR Premix (2X) 10 pl 1X

gPCR Forward Primer (10 uM) 0.4 ul 0.2 uyM

qPCR Reverse Primer (10 uM) 0.4l 0.2 uM
Template 2 ul 100 ng

dH-0 6.8 ul —

Total 20 ul —
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Table 2: Reaction Setup

Table 4: TNF Alpha Results

Table 3: Reaction Setup
Primer | Forward (5'-3")
TNF-a | TCCACCG...GACTCCTAC

Reverse (5'-3")
CCTCCC...GATGGCTCA

RNA Isolation

To isolate RNA, add 1 mL of TRIzol™ Reagent to the tissue
and homogenize using a homogenizer. Add 0.2 mL of
chloroform per 1 mL of TRIzol™ Reagent used, securely cap
the tube, and mix thoroughly by shaking. Incubate the sample
for 2-3 minutes, then centrifuge for 15 minutes at 12,000 x g at
4°C. This step separates the mixture into a lower phenol-
chloroform phase, an interphase, and a colorless upper aqueous
phase. Carefully transfer the aqueous phase containing the RNA
to a new tube by angling the tube at 45° and pipetting the
solution out. Add 0.5 mL of isopropanol per 1 mL of TRIzol™
Reagent used for lysis, then incubate the mixture for 10 minutes
at 4°C. Centrifuge the sample for 10 minutes at 12,000 x g at
4°C. A white gel-like RNA pellet will form at the bottom of the
tube. Discard the supernatant with a micropipette. To precipitate
the RNA, resuspend the pellet in 1 mL of 75% ethanol. Vortex
the sample briefly and centrifuge for 5 minutes at 7500 x g at
4°C. Discard the supernatant with a micropipette, then vacuum
or air-dry the RNA pellet for 5-10 minutes. Resuspend the pellet
in 20-50 pL of Nuclease-free water, by pipetting up and down.
The RNA can be stored at —70°C for later use.

c¢DNA Conversion

To synthesize cDNA using the iScript™ cDNA Synthesis
Kit, prepare a 20 pl reaction by combining 4 ul of 5x iScript
Reaction Mix, 1 pl of iScript Reverse Transcriptase, 500ng
of RNA template, and nuclease-free water to adjust the total
volume. Incubate the reaction mix in a thermal cycler under
the following conditions: priming at 25°C for 5 minutes,
reverse transcription at 46°C for 20 minutes, and reverse
transcriptase inactivation at 95°C for 1-minute Table 1-2.

RT PCR

Real-time PCR was performed using TBgreen qPCR premixes
(Takara Biotechnology, China) on CFX Opus Real-Time PCR
Systems (Biorad). The primer, components, and reaction
conditions were tabulated. Relative TNF-at gene expression was
calculated using the comparative 27-AACt method, with
GAPDH used as the endogenous internal control Table 3.

RESULTS

The reported group means of 3.41 and 1.06 should be
interpreted as relative expression rather than absolute mRNA
concentration. For reproducibility, results need the number
of biological specimens analysed per group, reference-gene

Reagent Volume Concentration Group Mean Expression (2*-AACT)
gPCR Premix (2X) 10 pl 1X CASE 3.41

qPCR Forward Primer (10 uM) 0.4 ul 0.2 uM CONTROL 1.06

gqPCR Reverse Primer (10 pM) 0.4 ul 0.2 uM p-value (t-test) 0.0106

Template 2 ul 100 ng

dH.0 6.8 ul _ Amplification

Total 20 pl —
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Figure 1: Amplification Plot Showing TNF-A Gene
Expression in Diabetic and Non-Diabetic Edentulous
Patients

stability assessment, Ct/ACt/AACt distributions,
amplification efficiencies and  documented reaction
replicates. Figure sample-size labels must match the actual
analysed specimens, the displayed n = 10 label is
inconsistent with the reported enrollment of 100 participants.

TNF-a gene expression was significantly higher in
edentulous patients with diabetes mellitus compared with
edentulous patients without diabetes (Table 4). The mean
relative TNF-a gene expression was 3.41 in the diabetic group
and 1.06 in the non-diabetic group. The difference between the
groups was statistically significant (p = 0.0106).

The amplification plot demonstrates the quantitative
measurement of TNF-a gene expression during the real-time
PCR process. In this plot, the fluorescence signal
representing the amplified gene product is plotted against the
PCR cycles. The case group, comprising edentulous patients
with diabetes, shows earlier amplification, as evidenced by
the curve crossing the threshold at lower cycle numbers. This
indicates that the TNF-a gene was present in higher quantities
at the start of the reaction, reflecting increased gene expression
in the diabetic samples. In contrast, the control group, consisting
of edentulous patients without diabetes, shows amplification
occurring at a later stage with a gentler slope, suggesting lower
levels of the gene transcript. The amplification difference
observed between the two groups implies that chronic
hyperglycemia and systemic inflammation in diabetic patients
may upregulate TNF-a gene expression, even in healed
edentulous sites Figure 1.

Expression Box Plot of TNF-a

The box plot demonstrated higher TNF-a gene expression in
the diabetic edentulous group compared with the non-
diabetic group. The diabetic group showed a higher median
expression and greater variability in TNF-a expression,
whereas the non-diabetic group showed lower expression
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Figure 2: Box Plot Showing the Distribution of Relative
TNF-A Gene Expression in Diabetic and Non-Diabetic
Edentulous Patients
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Figure 3: Bar Graph Showing Mean Relative TNF-A Gene
Expression in Diabetic and Non-Diabetic Edentulous
Patients

with a narrower distribution. The observed difference
between the groups was statistically significant (p<0.05)
Figure 2.

TNF-a Expression

The bar graph demonstrated higher mean TNF-a gene
expression in the diabetic group (3.41) compared with the
non-diabetic group (1.06). The difference between the
groups was statistically significant (p = 0.0106) Figure 3.

DISCUSSION

The present study demonstrated significantly higher TNF-a
gene expression in edentulous patients with diabetes mellitus
compared with non-diabetic edentulous patients. This
increased expression may indicate a persistent pro-
inflammatory environment in the healed edentulous ridge
tissues of patients with diabetes mellitus. These findings are
consistent  with  previous  experimental evidence
demonstrating increased inflammatory cytokine expression
in diabetes. In a study using diabetic rats, periodontal tissues
showed increased expression of pro-inflammatory
cytokines, with significantly increased TNF-a-positive cells

following diabetes induction [14]. Similarly, wounds in
diabetic mice demonstrated approximately threefold higher
TNF-a mRNA and protein levels than normoglycemic
controls, indicating persistent TNF-a-associated
inflammation during the healing process [15] .Previous
periodontal studies have also reported elevated local pro-
inflammatory cytokines, including IL-18 and IL-6, in
periodontal disease [16] .Elevated TNF-a may contribute to
delayed tissue healing and altered bone remodeling in
diabetes. Increased inflammatory activity has also been
associated with peri-implant tissue inflammation [17].The
elevated TNF-a expression observed in the diabetic group
may be related to the impaired healing response associated
with diabetes. Diabetes is characterized by prolonged
inflammation and altered cellular responses during wound
repair, and increased TNF-a expression has been associated
with delayed healing [18]. In the oral cavity, diabetes can
affect both soft- and hard-tissue healing by altering
inflammatory responses and reducing connective tissue and
bone formation [19]. Therefore, the increased TNF-a
expression observed in the present study may reflect
persistent inflammatory activity in the healed edentulous
ridge.

Increased inflammatory activity may influence tissue
repair and bone remodeling in diabetic edentulous patients.
The variability in TNF-a expression observed among
diabetic patients may reflect differences in metabolic control
or other patient-related factors, however, these factors were
not directly evaluated in the present study.

The approximately 3.2-fold higher mean TNF-a gene
expression observed in the diabetic group represents a
significant difference between the two groups. TNF-a is an
important pro-inflammatory cytokine involved in immune
regulation, tissue inflammation, and bone remodeling. The
increased expression observed in diabetic edentulous
patients may therefore have implications for post-healing
tissue remodeling and residual ridge changes.

Overall, the present findings suggest that diabetes
mellitus is associated with increased TNF-a gene expression
in healed edentulous ridge tissues. This increased expression
may have implications for tissue remodeling and post-
healing residual ridge changes. These findings are consistent
with previous evidence showing altered expression of
inflammatory mediators, including TNF-a, IL-6, and IL-8,
in periodontal and peri-implant tissues associated with
diabetes [20-22]. Further studies assessing glycemic control,
duration of diabetes, and quantitative residual ridge
resorption alongside TNF-a expression are needed to clarify
this relationship.

CONCLUSIONS
This exploratory tissue-expression comparison cannot
independently demonstrate altered bone remodeling or
residual ridge resorption. Interpretation should remain
limited to the measured relative transcript signal until tissue
sourcing, assay specificity and specimen-level data are
confirmed.
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Diabetes mellitus is associated with significantly
increased TNF-a gene expression in edentulous ridge
tissues, suggesting persistence of an inflammatory response
even after healing. Elevated TNF-a expression may
contribute to altered bone remodeling, post-healing residual
ridge resorption, impaired tissue repair, and challenges
associated with prosthetic rehabilitation in diabetic
edentulous patients. TNF-a may therefore have potential as
a molecular marker for understanding the biological changes
occurring in the healed edentulous ridge in patients with
diabetes.
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