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Corresponding Author ABSTRACT

Demet Tagdemir, PhD Objective: Amphiregulin (AREG), which is known as a ligand for the epidermal
Address: Respiratory Diseases and growth factor receptor (EGFR), is widely expressed by cancerous and immune cells.
Respiratory Surgery Research and R e . . .

Practice Center, Gaziantep University, !3y activating EGFR signaling, ABEG en_hances GLUT1 exp.)ressmn. It also promgtes
Gaziantep, Tirkiye intracellular glucose uptake. In this way it supports glycolysis and lactate production.
E-mail: demettasdemir@gmail.com This metabolic hallmark is known as the Warburg efect. A similar glycolytic shift

occurs in activated natural killer (NK) cells, which are essential components of antiviral
and antitumor immunity. The aim of this study is to investigate the relationship between
serum AREG levels and NK cell activation in patients with non—small cell lung cancer
(NSCLC).

Methods: This is a case—control study which includes 40 NSCLC patients and 40
healthy controls. Serum AREG levels were measured by ELISA and NK cell activation
was assessed by using fow cytometric analysis of CD107a, CD69, CD314 (NKG2D),
and CD337 (NKp30) parameters.

Results: Serum AREG levels were signifcantly lower in NSCLC patients compared
to healthy individuals. Although the overall percentage of NK cells was increased in
patients, expression of activation markers especially CD107a was reduced. Correlation

© 2026. The copyright of this article is
retained by the author(s).

OPENa ACCESS analysis revealed weak negative associations between AREG levels and expression of
CD107a, CD69, CD314, and CD337.

Conclusion: Collectively, these fndings suggest that reduced serum AREG levels

This work is licensed under a Creative may be linked to impaired NK cell activation in NSCLC, potentially through limited
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INTRODUCTION
Non-small cell lung cancer (NSCLC) is one of the leading
causes of cancer-related mortality worldwide [1]. Its tendency
for treatment resistance and metastatic spread makes NSCLC
a critical focus for the identifcation of new biomarkers and
therapeutic targets.

Amphiregulin (AREG) is known as a transmembrane protein
which is used as a ligand for epidermal growth factor receptor
(EGFR). AREG exists in two forms: pro-AREG, a membrane-
bound precursor with its carboxy-terminal fragment (CTF), and
second one is soluble form of AREG, which is released into the
bloodstream by tumor necrosis factor-o converting enzyme
(TACE, also known as ADAM17). This form is also a member
of the disintegrin and metalloproteinase (ADAM) family [2,3].
Circulating AREG is detectable in human serum, establishing
it as a systemic (endocrine) growth factor. It activates signaling
pathways in tumor cells through autocrine mechanisms, as
well as paracrine, juxtacrine, and endocrine signaling from
both tumor-associated and distant healthy tissues [4]. Thus,
AREG is often described as a multicrine signaling molecule.
Notably, the CTF of AREG is essential for sustaining the
autocrine growth of keratinocytes, demonstrating the distinct
signaling properties of this fragment [5]. Moreover, AREG-
overexpressing cells can stimulate the proliferation of neighbor
cells by paracrine mechanisms [6]. AREG overexpression has
shown in various human cancers. However, the genetic and
epigenetic mechanisms underlying this overexpression remain
poorly defned, despite the identifcation of multiple stimulatory
signals [4]. AREG mediates its biological efects by binding

Main Points

e Serum amphiregulin (AREG) levels are signifcantly
decreased in NSCLC patients compared to healthy
individuals.

e NSCLC patients exhibit increased NK cell percentages
but reduced activation marker expression, notably
CD107a.

e Weak negative correlations exist between plasma
AREG levels and NK cell activation markers in
NSCLC, suggesting impaired NK cell function.

e Reduced AREG may contribute to NK cell metabolic
dysfunction and tumor immune evasion, highlighting
its potential as an immunometabolic therapeutic target.
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to EGFR, thereby activating downstream signaling cascades
such as Ras/MAPK, PI3K/AKT, mTOR, and STAT [4,7]. These
pathways regulate gene expression and govern critical cellular
processes including proliferation, survival, invasiveness, and
angiogenesis [7]. In some malignancies, AREG expressiones are
limited to tumor cells, whereas AREG expression is absent from
adjacent stroma or infltrating infammatory cells. [8]. Likewise,
AREG expressions have been detected in tumor tissues of
NSCLC patients [9].

Natural killer (NK) cells are critical components of the innate
immune system that can recognize and destroy tumor cells.
They are characterized by CD16 and CD56 positivity and lack of
CD3 expression [10,11]. On NK cells, CD107a (degranulation),
CD69 (early activation), CD314 (NKG2D), and CD337 (NKp30)
surface markers provide insights into their activation status and
efector function. NK cell activity in tumor microenvironment
(TME) is regulated by a complex interplay of cellular and
molecular signals, making it a vital area of research for novel
cancer immunotherapies [3,12].

AREG has been reported to potentiate the Warburg efect by
increasing GLUTL expression, thereby increasing glucose
uptake in tumor cells and promoting glycolytic metabolism [13].
Because the cytotoxic functions of NK cells, whose activation
depends on a similar mechanism, are dependent on glycolysis,
systemic AREG levels may infuence NK cell metabolism and
activation.

Therefore, this study aimed to investigate the relationship
between serum AREG levels and NK cell activation in NSCLC
patients. Our aim was to determine whether AREG is associated
with altered NK cell function and to investigate its potential
contribution to evading tumor immune defenses.

MATERIALS AND METHODS

Study Population

A total number of 40 patients who presented to the Department
of Thoracic Surgery at Gaziantep University School of
Medicine and diagnosed with the non-small cell lung cancer.
The demographic characteristics of the patients, including age,
gender, comorbidities, and smoking status, were determined.
Patients with a previous cancer diagnosis or a history of
chemotherapy, radiotherapy, or immunotherapy were excluded
from the study. The patients were staged according to the 8th
edition TNM classifcation based on pathology data, tumor size,
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tumor location, and Positron Emission Tomography reports.
Prior to surgical intervention and medical oncology treatment,
4 ml of venous blood samples were collected from each patient
into EDTA and serum tubes for fow cytometry and ELISA
measurements. Since changes in AREG levels have been
reported in individuals with comorbidities, a total of randomly
selected 40 healthy subjects with no history of cancer and
comorbidity were voluntarily enrolled for the study. The present
study was ethically approved by the Internal Review Board (IRB)
of Gaziantep University (Decision number: 2023/370, Date:
2023-12-06) in accordance with the Declaration of Helsinki.
All study participants provided signed informed consent.

Evaluation of NK Cell Population and Activation by Flow
Cytometry

For fow cytometry analysis, blood samples incubated with
CD107a,CD314, CD337,CD69, CD16, CD56, and CD3 antibodies
(all from Biolegend, USA) in the dark at room temperature for
30 minutes. Following incubation, 500 ul of lysis solution was
added and incubated for 15 minutes. The samples were then
centrifuged at 1850 RPM for 10 minutes and washed with cell
wash solution twice. Finally, the cell pellets were resuspended
in 300 pl of cell wash solution and analyzed using the C6 fow
cytometer (BD Biosciences, USA).

Measurement of AREG Protein Levels by ELISA

Blood samples collected in serum tubes were centrifuged at
4000 rpm for 10 minutes at +4°C. The resulting supernatant
was carefully transferred into 2 mL Eppendorf tubes and
stored at -80°C until analysis. AREG (Amphiregulin) protein
levels were quantifed using a commercially available ELISA
kit (SunRed, China) in accordance with the recommendations
of the manufacturer. Briefy, samples and standards were added
and incubated at 37°C for 60 minutes. After washing the plates
fve times, Chromogen A and B were added and incubated for
10 minutes at 37°C. The reaction was stopped, and absorbance
was measured at 450 nm using the Thermo Multiskan Go
spectrophotometer. Protein concentrations were determined
using a standard curve based on a four-parameter logistic
regression model using Curve Expert software.

Statistical Analysis

Statistical analyses were performed using GraphPad Prism
v8 (GraphPad Software, San Diego, CA, USA). Continuous
variables were non-normally distributed (Shapiro-Wilk test)
and are presented as median (IQR). Diferences between groups
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were evaluated using the Mann-Whitney U test (for two groups)
or the Kruskal-Wallis test followed by Dunn’s post hoc test (for
>2 groups). Categorical data were analyzed via the Chi-square
test, and correlations were assessed using Spearman’s rank
coeFcient ($\rho$). A two-sided p value < 0.05 was considered
statistically signifcant.

RESULTS

Demographic and Clinical Characteristics of Patients
Demographic and clinical characteristics of patients and healthy
volunteers were presented in Table 1 and Table 2, respectively.
Particularly, it was determined that 62.5% of the NSCLC patients
included in the study had the SCC histopathological subtype,
while 35% had adenocarcinoma. When evaluated according to
tumor location, it was found that 30% of the tumors were in
the right lower lobe, followed by 22.5% in the left upper lobe.
According to TNM staging, the most common stages were |11
and 1V.

Table 1. Demographic Characteristics of NSCLC Patients and
Healthy Controls

. . NSCLC Healthy Controls

Demographic Characteristics (n=40,9%) | (n=40, %)

Female 5(12.5) 16 (40)
Gender

Male 35 (87.5) 24 (60)
Age (year) Mean + SD 65.9+10.9 |[375+78

o Yes 31 (77.5) 0 (0)

Comorbidity

No 9 (22.5) 40 (100)

Serum AREG Levels in NSCLC Patients

Using ELISA method, serum levels of AREG was determined
and presented in Figure 1. Particularly, AREG levels were
found to be signifcantly lower in patients compared to healthy
controls (p < 0.0001). Furthermore, when compared with the
clinical characteristics of the patients, AREG levels were lower
in those with the ACC subtype compared to SCC; however, this
diference was not statistically signifcant (p = 0.164). Moreover,
serum AREG levels were found to be gradually decreased with
the advancing stage of cancer patients (p = 0.1245). Due to
the limited number of patients in Stage Il, they were excluded
from this analysis. Patients with metastases was found to have
lower AREG levels compared to those without; however, this
diference was not statistically signifcant (p = 0.257). Finally, the
correlations between PET uptake, tumor size, and serum AREG
protein levels were analyzed. A weak negative correlation was
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observed between PET uptake and AREG levels (r = b -0.1377,
p = 0.397), as well as between tumor size and AREG levels
(r = -0.2129, p = 0.1871). Collectively, these fndings strongly
indicated that patients in advanced clinical stages have lower
AREG protein levels.

Table 2..Clinical Characteristics of NSCLC Patients

Clinical Features r’:‘fj)l'(;)laaﬁents
ACC 14 (35)
;tigg?hmogw scc 25 (62.5)
Large cell carcinoma | 1 (2.5)
right lower lobe 12 (30)
right upper lobe 6 (15)
Tumor location right hilar 5125
left lower lobe 6 (15)
left upper lobe 9 (22.5)
left hilar 2 (5)
Tumor diameter (cm) | Mean = SD 53x27
Tla 3(7.5)
Tib 3(7.5)
Tic 3(7.5)
T T2a 6 (15)
T2b 3(7.5)
T3 4 (10)
T4 18 (45)
NO 18 (45)
N1 14 (35)
N
N2 6 (15)
N3 2(5)
MO 29 (72.5)
M
M1 11 (27.5)
Stage 1A1 2 (5)
Stage 1A2 3(7.5)
Stage 1A3 1(2.5)
Stage 1B 4 (10)
TNM Stage Stage 2B 4(10)
Stage 3A 11 (27.5)
Stage 3B 4(10)
Stage 4A 9 (22.5)
Stage 4B 2 (5)
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Figure 1. Serum AREG levels in NSCLC patients and healthy
controls. Since the resulting data is not normally distributed,
statistical analysis was performed using the Mann-Whitney U
test. **** p < 0.0001.

NK Cell Percentages and Activation Status in NSCLC
Patients

The percentages and activation status of NK cell in patients
with NSCLC were determined by fow cytometry (Figure 2A
and 2B). Accordingly, compared to healthy controls, NSCLC
patients exhibited signifcantly lower CD3 levels (p = 0.009)
and higher CD16/56 levels (p = 0.033), suggesting the increased
ratio of NK cells in these patients. In addition, it was found that
CD107a levels were signifcantly lower (p < 0.0001) and CD337
levels were signifcantly higher (p = 0.0313) in NSCLC patients
compared to healthy controls. Also, no signifcant changes were
observed in CD69 (p = 0.1791) and CD314 (p = 0.7531) levels
between the patientand control groups (Figure 2C). Additionally,
A weak negative correlation was found between AREG levels
and CD3, CD16/56, CD107a, CD69, CD314, and CD337 in
patients, while a weak positive correlation was observed in
healthy controls (Table 3). However, these correlations were not
statistically signifcant.
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Figure 2. Flow cytometry analysis results of NK cell percentage and NK activation of patients and controls. (A) Scatter plot of a
randomly selected patient and fow cytometry graphs for CD3 (FITC), CD16/56 (PE), CD107a (PE), CD69 (FITC), CD314 (PE),
and CD337 (PE), (B) scatter plot of a randomly selected healthy control and fow cytometry graphs for CD3 (FITC), CD16/56
(PE), CD107a (PE), CD69 (FITC), CD314 (PE), and CD337 (PE). (C) The percentages of CD3, CD16/56, CD107a, CD69, CD314,
and CD337 in patient and control groups are shown. Since the data did not follow a normal distribution, statistical analysis was
performed using the Mann-Whitney U test. * p < 0.05, **p < 0.01, **** p < 0.0001, ns: not signifcant.

Table 3. Correlation between AREG Protein Levels and CD DISCUSSION
Markers in NSCLC Patients and Healthy Controls AREG, an EGFR ligand, is increasingly recognized in cancer

Serum AREG levels (pg/mL) biology for its roles in promoting tumor cell proliferation,

CD markers | NSCLC patients iy ek survival, metastasis, and therapy resistance. Several studies have
reported that AREG facilitates cell migration and proliferation in

! : ' 2 lung cancer, along with inhibition of apoptosis [14,15]. Therefore,

cbs -0.019 0.907 0.213 0.192 high AREG expression in lung cancers has been associated
CD16/56 -0.164 0318 -0.026 0.871 with poor prognosis and reduced survival [16]. These fndings
CD107a -0.259 0.111 0.047 0.775 highlight the potential of AREG as a regulator of tumor growth,
CD69 -0.071 0.668 0.065 0.698 diferentiation, and metastasis. Interestingly, a study by Jiang
CD314 20.017 0.915 0.073 0.658 et al. [17] demonstrated that nanoparticles can enhance AREG-
CD334 00L 0.951 0.034 0.837 dependent proliferation in lung cancer cells through mechanisms
involving glutamine metabolism at the gene expression level.
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Similarly, Ishikawa et al. [19] reported increased serum AREG
levels in patients with non-adenocarcinoma NSCLC subtypes.
In contrast, our study revealed signifcantly lower serum AREG
levels in NSCLC patients compared to healthy controls. This
discrepancy may refect altered post-translational regulation,
increased AREG consumption at the tumor site, or sequestration
in the tumor microenvironment, rather than decreased gene
expression. This raises interesting questions about the role of
AREG in the immune environment of NSCLC, particularly in
relation to NK cell function. It is well known that activated NK
cells rely primarily on glycolysis to meet their energy needs
[18]. In our study, decreased expression of CD107a and other
activation markers suggests impaired NK cell activity in NSCLC
patients. Given the capacity of AREG to upregulate GLUT1 and
promote glucose uptake, we speculate that decreased circulating
AREG may impair NK cell metabolism, activation, and
cytotoxic functions. However, our data do not directly indicate
whether this is due to NK cell expression of AREG itself or to
the metabolic response to it.

In contrast to studies reporting elevated AREG in NSCLC
[19], our observation of reduced serum levels suggests a
‘ligand sink’ efect, likely due to rapid sequestration by
EGFR-overexpressing tumors. This systemic depletion may
deprive NK cells of metabolic support, leading to the observed
‘exhausted” phenotype (high proportion but low CD107a), a
pattern previously described in lung cancer [20,21]. Moreover,
the inverse trend between AREG levels and clinical stage
reinforces this consumption hypothesis, proposing the low-
AREG/low-activation status as a marker of immunometabolic
impairment.

Limitations

Functional NK cytotoxicity tests (e.g., IFN-y, perforin, or
granzyme B) were not performed in our study. Furthermore,
the patient groups were heterogeneous in terms of stage. These
factors limit the generalizability of the fndings. Future studies
with larger samples and functional validation should be planned
to address these aspects.

This limitation highlights the need for further mechanistic
studies to evaluate AREG expression and signaling within NK
cells in NSCLC patients. Such investigations could provide
deeper insights into the metabolic regulation of immune
surveillance in lung cancer and identify novel immunometabolic
therapeutic targets.
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CONCLUSIONS

The observed weak negative correlations between serum AREG
levels and NK cell activation markers in NSCLC patients,
compared with the positive correlations observed in healthy
controls, suggest a complex interaction between AREG and
immune regulation. These fndings highlight the need for further
studies investigating the therapeutic potential of novel immune
strategies targeting AREG to enhance NK cell function,
particularly in advanced NSCLC patients.

Our study highlights the importance of understanding how
AREG infuences NK cell activity, an area largely understudied
in the literature. By exploring this link, our ¥ndings contribute
to the growing body of evidence demonstrating the roles AREG
plays in regulating both tumor development and tumor immune
evasion mechanisms. This study thus lays the groundwork for
future investigations into the utility of AREG as a potential
biomarker and immunometabolic target in NSCLC therapy.
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ABSTRACT

Objective: This study analyzed demographic, clinical, and pathological features,
treatment responses, and survival outcomes in non-metastatic esophageal SCC patients.
Methods: A retrospective review of 74 patients was conducted. Performance status was
assessed using ECOG, treatment response via RECIST 1.1, and staging via AJCC 7th
edition TNM.

Results: The male-to-female ratio was 0.95, with a mean age of 50.6. Tumors were
mainly distal (58%), and most patients (68.7%) presented at stage 2 (25%) or 3 (43.7%).
Surgery was performed in 64.9% (47.3% surgery only, 35.1% CRT only, 17.6% CRT +
surgery). Median overall and disease-free survival were 38 and 24 months, respectively.
Female gender, middle/lower tumor location, fewer metastatic lymph nodes, and CRT +
surgery correlated with better survival (p < 0.05).

Conclusion: Surgery was the most common treatment, but CRT + surgery yielded
superior survival. Local recurrence was more frequent than distant metastasis. A
combined approach is crucial for optimal outcomes.
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INTRODUCTION

Cancer is the second cause of mortality after cardiovascular
diseases, with a rate of 22% worldwide and in our country.
Despite its low incidence, esophageal cancer has one of the
highest mortality rates among cancers. It has a poor prognosis,
with a fve-year survival rate of 10%, and ranks 8th among
all cancers in the world and 6th among causes of death from
cancer [1]. In Turkiye, it accounts for 2% of all cancers and is

most observed in the Eastern Anatolia region [2]. The ffth and
sixth decades of life represent the peak incidence period for
esophageal cancer, with a male-to-female ratio of 2—4 [3].

Esophageal squamous cell carcinoma (SCC) and esophageal
adenocarcinoma are the most common primary esophageal
malignancies, and their epidemiological characteristics difer
signifcantly. SCC constitutes the vast majority of esophageal
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tumors. Globally, SCC accounts for more than 90% of esophageal
malignancies [4]. While esophageal cancer is uncommon in
Turkey, the majority of cases are SCC. Alcohol and smoking
are major risk factors for the development of squamous cell
esophageal cancer. Esophageal SCC are poor prognostic tumors
with a 5-year survival rate of 10%, and a cure can only be
discussed in superfcial cancers. The most important prognostic
factor is the tumor stage [1].

In SCC, esophageal cancer, surgery, chemotherapy (CT),
and radiotherapy (RT) are used as treatment modalities and
combinations. The main factor determining the treatment
method is the stage of the disease. Endoscopic treatment methods
(Tis, Tla < 2cm) and surgery are curative treatment options for
resectable tumors. Neo-adjuvant, defnitive chemoradiotherapy
(CRT) is indicated depending on the level of invasion. Defnitive
CRT, CT, RT, and palliative treatments are used in unresectable,
metastatic disease [5]. Within the scope of this research, we
aimed to elucidate the demographic, clinical, and pathological
characteristics, treatment methods, and responses to these
treatments, as well as survival times and their impact on the
prognosis of patients with non-SCC of the esophagus.

MATERIALS AND METHODS

A retrospective analysis was conducted on 74 patients diagnosed
with non-metastatic esophageal SCC and followed at a research
and training hospital’s medical oncology clinic. Participants with
non-metastatic esophageal SCC were monitored post-treatment.
Procedures adhered to ethical standards and the Declaration
of Helsinki. Ethics approval was given by Ethic Committee of

Main Points

e Combined chemoradiotherapy and surgery yielded the
best survival outcomes.

e Female gender and distal tumor location were
associated with improved prognosis.

e Lymph node involvement signifcantly afected overall
and disease-free survival.

e Local recurrence was more frequent than distant
metastasis.

e A multidisciplinary approach is essential in non-
metastatic esophageal SCC.
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Ankara Numune Training and Research Hospital (1155/2016,
29.06.2016). Informed consent was waived for this retrospective
research study.

Hospital records provided data on patient age at diagnosis,
gender, smoking status and quantity, family history of cancer,
comorbidities, performance status, and tumor site. From patient
fles, we obtained information regarding treatment modality
(including chemotherapy regimen and number of cycles),
treatment response, surgical details (including a number of
lymph nodes resected and their pathological status), histological
grade and stage, tumor size (macroscopic), and the presence
of perineural and lymphovascular invasion. Laboratory
characteristics (hemoglobin, lactate dehydrogenase, albumin),
recurrence status and date, metastasis locations, updated
last status, and last contact or date of death were recorded.
Progression-free survival (PFS) and overall survival (OS) rates
were determined. Tumors located within 25 centimeters of the
incision were classifed as proximal, those between 25 and 30
centimeters as middle, and those extending from 30 centimeters
to the gastroesophageal junction as distal esophageal tumors.

Patient performance status and patient treatmen responses were
assessed using the Eastern Cooperative Oncology Group (ECOG)
and Response Evaluation Criteria In Solid Tumors (RECIST),
respectively. Consequently, patient response was categorized as
complete response (CR), partial response (PR), stable disease
(SD), or progressive disease (PD). Staging of the patients was
done using the 7th edition of the American Joint Committee on
Cancer (AJCC) Staging System. In preclinical staging, early
stage; lamina propria, muscularis mucosa, submucosa invasion
(Tx, To, Tis, T1, Tla, T1b), locally advanced stage; muscularis
propria, adventitia and surrounding anatomical structure
invasion (T2, T3, T4, T4a, T4b) were evaluated. Determination
of patient vital status was achieved through a combination of
record review, national death registry data.

The OS time was determined by calculating the period between
the diagnosis date and the date of mortality. Survival data for
patients who remained alive at study conclusion were analyzed
using the date of their fnal update. Progression-free survival
was determined using the interval between diagnosis and either
disease progression or death. In cases where patients died before
progression could be assessed, their date of death served as the
date of progression.
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Statistical Analysis

IBM SPSS Statistics for Windows 29.0 was used to analyze
patient data. Categorical data was described with frequency
and percentage, while continuous data used mean and standard
deviation. The presence of a relationship between categorical
variables was determined using the Chi-Square test or Fisher’s
exact test. The Kaplan-Meier method was used to estimate OS
and disease-free survival (DFS) times. Survival curves for
diferent groups were compared using the log-rank test. Factors
afecting the risk of death were determined using multiple
stepwise COX regression analysis. The results were considered
statistically signifcant when the p-value was less than 0.05.

RESULTS

Seventy-four patients with non-metastatic esophageal SCC
comprised the retrospective study cohort. The mean age of the
patients was 50.6 + 10.2 years. The study included 74 patients:
38 (51.4%) female and 36 (48.6%) male. Smoking was present
in 37 (50%) patients, and the mean amount of tobacco was
30.2+17.1. In terms of comorbidity, 17 (23%) patients had other
accompanying diseases. The rate of having a family history
of cancer was 21.6% (n = 16). Lower hemoglobin levels were
observed in 25 (33.8%) patients, lower albumin levels in 7
(9.5%), and elevated LDH levels in 35 (53%) patients (Table 1).

Pathological and Staging Characteristics

Postoperative pathological staging (7th AJCC edition)
demonstrated a heterogeneous distribution of disease, with
16.6% (n = 8) exhibiting TONOMO staging, while the majority
presented with advanced T and N categories. Stage I11 disease
was diagnosed in 43.7% of patients, stage 11 in 25%, and stage 0
in 16.7% (Table 2).

Among the patients, 36.5% had an ECOG performance status
of 0, 48.6% had a status of 1, and 14.9% had a status of 2. The
tumor was located distally in 58% of cases (n = 43), in the middle
in 27% (n = 20), and proximally in 14.9% (n = 11). Preclinical
staging classifed 27% as early-stage and 73% as locally
advanced. At the most recent follow-up, the survival rate was
52.7% (n = 39), while 47.3% (n = 35) had succumbed (Table 3).

Histopathological Findings

Perineural invasion (PNI) and lymphovascular invasion
(LVI) were observed in 33.3% (n=16) and 31.3% (n = 15) of
the assessable patients, respectively. On average, 12.7 + 10.6
lymph nodes were removed, which translates to an average of
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1.4 + 2.8 lymph nodes being removed per patient, showcasing
signifcant variability in the procedure. The average tumor size
was recorded as 4.2 £ 2.0.

Treatment

Treatment regimens determined the categorization of patients
into groups. According to the treatments and responses, 39
patients (52.7%) were in the neoadjuvant group, and 35 patients
(47.3%) were in the adjuvant group. Furthermore, neoadjuvant
CRT was administered to 34 patients (45.9%), with the CF
regimen used for the treatment of the majority (26 patients,
76.5%). The mean number of cycles was 2.4+1.0. There were
4 (5.4%) patients who received neoadjuvant RT and 10 (13.5%)
patients who received neoadjuvant CT. When the response rates
in patients who received neoadjuvant treatment were examined,
15 (38.5%) of the evaluable cases had a CR, 9 (23.1%) had a PR,
6 (15.4%) had SD, and 9 (23.1%) had PD.

Analysis of patient data stratifed by the type of curative local
treatment revealed that 17.6% (n = 13) received surgery and
CRT, 35.1% (n = 26) received CRT only, and 47.3% (n = 35)
received surgery only.

Surgical intervention was performed on 48 patients (64.9%),
while 19 patients (25.7%) received adjuvant chemotherapy; all
patients received the CF regimen. The mean number of cycles
was 3.6+1.2. Of the 45 patients who had surgery, 93.8% had an
rO resection, 4.2% had a rl resection, and 2.1% had palliative
surgery. Diferentiation analysis revealed tumor grades: 14.6%
(n=7) grade 1, 41.7% (n = 20) grade 2, 18.8% (n = 9) grade
3, and 2.1% (n = 1) grade 4. Comparatively, diferentiation was
undetermined for 22.9% (11 patients).

Survival Evaluation

The median OS time for our patients was 38 months. Respective
OS probabilities at 1, 3, and 5 years were 79%, 51.9%, and
38.3%. Median DFS reached 24 months; 1-year, 3-year, and
5-year survival rates were 65.4%, 39.3%, and 34%. Among study
participants, age, smoking history, comorbidities, family cancer
history, tumor characteristics (stage, lymphovascular/perineural
invasion, size, grade), performance status (ECOG), lymph node
involvement, and blood markers (hemoglobin, albumin, LDH)
showed no signifcant impact on OS.

Among females, survival rates reached 88.4%, 61.3%, and 51.4%
at 1, 3, and 5 years, respectively. Male survival rates reached
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69.2% at 1 year, 43.6% at 3 years, and 23.8% at 5 years. The
results showed a statistically signifcant diference (p < 0.05).
Proximal esophageal tumors had signifcantly lower survival
rates than other tumor locations (p < 0.05). At one, three, and
fve years, survival rates were recorded as 50%, 20%, and 0%.
The survival rate is impacted by the number of pathological
lymph nodes, demonstrating a hazard ratio of 1.170 (95% CI:
1.012-1.352). DFS was impacted by the number of pathological
lymph nodes afected, showing a hazard ratio of 1.189 (95% CI:
1.058-1.336).

When patients were evaluated according to the curative local
treatment they received, the survival rate was signifcantly
higher in the CRT + surgery group (p < 0.05), and 1-year,
3-year, and 5-year survival rates were 90.9%, 70.7%, and 70.7%,
respectively.

Parameters such as age, smoking, presence of comorbidity,
family history of cancer, preclinical stage, lymphovascular
invasion, perineural invasion, tumor diameter, histopathological
grade, ECOG performance status, total lymph node number,
low hemoglobin, low albumin, and high LDH did not show a
statistically signifcant efect on DFS.

For females, the 1-year, 3-year, and 5-year survival rates were
80.9%, 47.2%, and 43.3%, respectively. For males, the 1-year,
3-year, and 5-year survival rates were 48.4%, 30.8%, and
20.5%, respectively. The diference was statistically signifcant
(p < 0.05). When patients were evaluated according to tumor
location, the survival rate was statistically signifcantly lower in
tumors located in the proximal esophagus as compared to OS (p
< 0.05). The 1-year, 3-year, and 5-year survival rates were 50%,
0%, and 0%, respectively (Table 4). Treatment type impacted
1-year survival, resulting in rates of 81.8% (CRT + surgery),
50.9% (CRT), and 69.7% (surgery).

Patient grouping was determined by neoadjuvant and adjuvant
treatments. OS and DFS showed no statistically signifcant
diference between neoadjuvant and adjuvant treatment.

DISCUSSION

Our study revealed an average age of diagnosis of 50.6 years,
highlighting a notable contrast with the international average of
67 years[6]. Age was nota factor in OS or DFS among participants
aged 24-71 vyears, consistent with previous studies [7,8].
In contrast to global patterns showing higher esophageal
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SCC rates in men [9, 10], our study found an almost even
gender distribution (M/F ratio: 0.95), with a slight female
predominance. This corroborates ndings from certain regional
studies, including research conducted in Iran (male/female: 0.84)
[11]. Notably, female gender showed a signifcant association
with improved OS and PFS, corroborating previous research
indicating gender as an independent prognostic factor [11, 12].
Despite smoking’s established association with esophageal SCC
[13, 14], it did not afect survival in the present cohort. However,
our study found no signifcant efect of smoking status or amount
on survival.

In 50-60% of cases, SCC of the esophagus is found in the middle
third; the lower and upper thirds are afected less frequently
(30% and 10-20%, respectively) [15]. Several studies in the
literature have not demonstrated a signifcant efect of tumor
localization on survival [16, 17]. Proximal tumor location was
a signifcant predictor of poorer outcomes, a result of existing
literature which documents diminished survival in cases of
upper esophageal cancer because of the challenges associated
with surgical intervention [18, 19]. Our observation contradicts
prior literature, suggesting a negligible impact of localization.
Proximal tumor location demonstrates poor prognostic value,
potentially due to the inherent surgical diFculties in this region.
Surgical resection being the primary curative treatment for
esophageal cancer, the prospect of a cure is diminished. In our
study, 52.7% of our patients received surgical treatment with or
without CRT as curative local treatment.

A substantial majority (73%) of our patients presented with
locally advanced disease at the time of diagnosis. The 5-year OS
and DFS rates observed in our patient cohort (36.8% and 34.2%,
respectively) aligned with those reported in prior studies [20].
Contrary to the assertions of previous research [20-22], ECOG
performance status exhibited no signifcant impact on survival.

Postoperative assessment revealed that the majority of neoplasms
exhibited grade 2 diferentiation, signifying a moderate degree of
cellular maturation, which is in accordance with prior literature
[17]. The histological grade did not demonstrate a statistically
signifcant association with survival in this study, corroborating
previous fndings by Kim et al. [20] and others [17].

LVI and PNI were present in 31.3% and 33.3% of patients,
respectively, though one-third of cases lacked evaluable data. A
lower survival rate was observed in the patient cohort exhibiting
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Table 1. Demographic and Clinical Characteristics of Patients
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Variables N %
Female 38 51.4
Gender
Male 36 48.6
Never 37 50.0
Smoking Current 30 40.5
Former 7 9.5
Comorbidities 17 23.0
Diabetes Mellitus - -
Hypertension 9 12.2
Coronary Artery Disease 5 6.8
Congestive Heart Failure 2 2.7
Hyperlipidemia 2 2.7
Other 9 12.2
Family History 16 21.6
1. Degree Relatives 5 6.8
Family History 2. Degree Relatives 13 17.6
3. Degree Relatives 4 5.4
0 27 36.5
ECOG 1 36 48.6
2 11 14.9
Superfcial 11 14.9
Tumor Localization Medial 20 27.0
Lower 43 58.1
. Early Stage 20 27.0
Preclinical Stage
Local Advanced Stage 54 73.0
Alive 39 52.7
Status
Deceased 35 47.3
MeanxSD Median [Min — Max]
Age 50.6+10.2 50 [24 - 71]
. Smoker 32.0£16.5 32.5[1-60]
Smoking
Ex-smoker 22.1+18.8 30 [3-50]
Blood sample measurements N %
. Low 25 33.8
Hemoglobin -
Normal/High 49 66.2
Low 7 9.5
Albumin
Normal 67 90.5
High 35 53
LDH
Normal 31 47

Footnote: Hemoglobin levels <12 g/dL in women and <13 g/dL in men were defned as low, albumin levels <3.5 g/dL as low, and LDH levels >248

IU/L as high.
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Table 2. Pathological Features of Patients
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Variables N %
TONOMO 8 16.6
TINOMO 5 10.4
T2NOMO 1 21
T2N1MO 1 21
T3NOMO 12 25.0
TNM T3N1MO 10 20.8
T3N2MO 6 12.5
T3N3MO 1 21
T4ANOMO 1 21
T4N2MO 1 21
T4N3MO 1 21
TANXMO 1 21
0 8 16.7
la 2 4.2
1b 5 104
Stage 2a 9 18.8
2b 3 6.2
3a 12 25
3b 5 10.4
3c 4 8.3
r0 45 93.8
Operation rl 2 4.2
Palliative 1 2.1
1 7 14.6
2 20 417
Grade 3 9 18.8
4 1 21
Unknown 11 229
(+) 15 313
Lymphovascular invasion ) 16 333
Unknown 17 354
(+) 16 333
Perineural invasion ) 15 31.3
Unknown 17 354
Quantitative Tumor and Nodal Parameters Mean+SD Median [Min-Max]
Number of removed lymph nodes 12.7+10.6 11 [0-55]
Number of pathological lymph nodes 1.4+2.8 0[0-14]
Macroscopic tumor diameter 42420 410.2-11]
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Table 3. Comparison of Clinical Features According to Local Treatment Status
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Variables Total CRT + Surgery CRT Surgery
(n=74) (%) (n=13) (%) (n=26) (%) (n=35) (%)
Age (years)* 50.6 +10.2 46.5+9.2 549+8.2 489+11.0
Female 38(51.4) 9(69.2) 8(30.8) 21 (60)
Gender
Male 36 (48.6) 4 (30.8) 18 (69.2) 14 (40)
o *) 17 (23) 3(23.1) 7 (26.9) 7 (20)
Comorbidity
) 57 (77) 10 (76.9) 19 (23.1) 28 (80)
. +) 37 (50) 7(53.8) 9(34.6) 21 (60)
Smoking
) 37 (50) 6 (46.2) 17 (65.4) 14 (40)
o *) 16 (21.6) 2 (15.4) 5(19.2) 9(25.7)
Family History
) 58 (78.4) 11 (84.6) 21 (80.8) 26 (74.3)
Superfcial 11 (14.9) 1(8.7) 9 (34.6) 1(2.9)
Tumor Localization Medial 20 (27) 5 (38.5) 4 (15.4) 11 (31.4)
Lower 43 (58.1) 7 (53.8) 13 (50) 23 (65.7)
<1 63 (86.3 13 (100 23 (885 27(77.1
ECOG (86.3) (100) (88.5) (77.1)
22 10 (13.7) - 3(11.5) 8(22.9)
. Early 20 (27) 4 (30.8) 4 (15.4) 12 (34.3)
Preclinical Status
Local Advanced 54 (73) 9 (69.2) 22 (84.6) 23 (65.7)
(+) 41 (55.4) 5 (38.5) 18 (69.2) 18 (51.4)
Recurrence
) 33 (44.6) 8 (61.5) 8(30.8) 17 (48.6)
Blood sample measurements
. Low 7(9.5) - 1(3.8) 6(17.1)
Albumin
Normal 67 (90.5) 13 (100) 25(96.2) 29 (82.9)
) Low 25(33.8) 3(23.1) 9(34.6) 13 (37.1)
Hemoglobin -
Normal/High 49 (66.2) 10 (76.9) 17 (65.4) 22 (62.9)
LbH High 35 (53) 6 (46.2) 12 (48) 17 (60.7)
Normal 31(47) 7(53.8) 13 (52) 11 (39.3)

Footnote: Hemoglobin levels <12 g/dL in women and <13 g/dL in men were defned as low, albumin levels <3.5 g/dL as low, and LDH levels >248

IU/L as high.

Table 4. Survival Analysis

Parameter Total
Mortality 35 (47.3%)
1-year survival probability 79%

Overall Survival (OS) 3-year survival probability 51.9%
5-year survival probability 38.3%
Median survival time 38 months
Mortality 41 (55.4%)
1-year DFS probability 65.4%

Disease-Free Survival (DFS) 3-year DFS probability 39.3%
5-year DFS probability 34%
Median DFS time 24 months
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Table 5. Factors Afecting Disease-Free Survival
1-year 3-year 5-year Median
Recurrence
Factors N) recurrence recurrence recurrence recurrence P
probability (%) | probability (%) | probability (%) | (months)
Female 18 80.9 47.2 43.3 36
Gender 0.030
Male 23 48.4 30.8 20.5 12
) ) 20 777 435 39.9 35
Smoking 0.137
+) 21 52 35.6 23.8 14
o *) 9 80 455 18.2 35
Comorbidity 0.529
) 32 61.1 37.3 37.3 19
o *) 7 61.9 61.9 49.5 53
Family History 0.362
) 34 66.3 33.6 30.8 22
Superfcial 9 50 0 0 11
Tumor localisation Medial 8 78.8 59.1 51.7 - 0.025
Low 24 63.3 39 34.1 24
o Early stage 11 61.5 34.2 34.2 27
Preclinical stage 0.948
Local advanced 30 66.9 41.7 34.2 22
+) 10 57.1 28.6 28.6 12
Lymphovascular invasion | (-) 6 93.8 55.8 37.2 40 0.057
Not available 6 93.3 66 57.8 -
+) 12 50 313 25 12
Perineural invasion ) 4 85.1 66.2 66.2 - 0.060
Not available 93.3 66 57.8 -
) <4 7 71.4 48.2 48.2 36
Tumor Size 0.608
>4 13 67.4 47.6 35.3 32
1-2 13 80.8 56.5 474 53
Grade 0.138
3-4 7 42.4 31.8 31.8 12
0 13 76.6 43 43 24
ECOG 1 18 60.6 46.1 41 27 0.248
2 9 60 20 0 17
CRT+surgery 5 81.8 0 0 36
Cure CRT 18 50.9 17.6 17.6 13 0.014
Surgery 18 69.7 51.2 44 40
Table 6. Cox proportional hazards regression for DFS
Variables Hazard ratio (HR) 95% Confdence Interval (Cl) p
Age 1.003 0.971-1.036 0.855
Removing lymph node 0.987 0.944 -1.033 0.575
Pathological lymph node 1.189 1.058 — 1.336 0.004
Hemoglobin 1.070 0.898 - 1.274 0.450
Albumin 0.742 0.394 - 1.396 0.355
LDH 1.001 0.999 - 1.003 0.322
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lymphovascular invasion (31%) and perineural invasion (34%)
compared to the cohort without these features (65%), yet this
diferencefailedtoreach statistical signifcance. Previous studies,
however, have established PNI as an independent predictor of
poor prognosis, with particular relevance to post-radiotherapy
outcomes [23, 24]. Analysis of LVI and PNI impact on prognosis
demonstrated no infuence on survival rates. Studies reporting
comparable LVI rates (33.8% and 36.8%) demonstrated the
independent prognostic efect of LVI on patient survival. In
contrast to our study, these studies focused on particular groups,
including those with “node-negative” status or only receiving
“neoadjuvant treatment” [24, 25]. PNI’s role as an independent
prognostic factor was confrmed by a study of 433 post-surgery
patients [25].

The role of tumor size in predicting esophageal cancer outcomes
is still uncertain. Although several studies have established a
4 cm critical threshold [16,17,26], the results are inconsistent.
While Wu et al. [16] and Ma et al. [26] identifed tumor size
as an independent prognostic factor, Wu et al. [16] highlighted
its limited clinical value. Alternatively, other studies reported
no signifcant correlation between tumor size and prognosis
[27,28]. Five-year OS in our cohort was 66.3% for tumors < 4
cm and 36.7% for tumors =4 cm (4 cm cutof), but this diference
was not statistically signifcant. Importantly, the extent of lymph
node involvement (AJCC 7th edition, NO-N3) is still a more
reliable predictor of prognosis in esophageal cancer.

Our cohort exhibited a mean of 1.4 + 2.8 pathological lymph
nodes. This variable demonstrated a statistically signifcant
infuence on OS and DFS rates, consistent with the established
literature. Previous literature, preceding the seventh edition
of the AJCC, similarly highlighted the prognostic signifcance
of categorizing nodal involvement based on the quantity of
metastatic nodes [28].

A comparison of adjuvant and neoadjuvant treatment groups
revealed a longer median survival in the adjuvant group (54
vs. 19 months for OS, 40 vs. 16 months for DFS); however, this
diference lacked statistical signifcance. Xu et al. [29] conducted
a review of clinical studies and meta-analyses comparing
neoadjuvant and adjuvant CRT, revealing that neoadjuvant CRT
enhances RO resection rates and tumor control. However, the
variability in randomized controlled trials made it difcult to
conclude which approach is superior.

Dikici HZ, et al.

While surgery is the usual treatment for resectable esophageal
cancer, 5-year survival is only 15-35% because of high
recurrence, indicating suboptimal outcomes [30]. Guidelines
now widely recommend a multidisciplinary approach where
neoadjuvant CRT is followed by surgery [31]. Potential benefts
of this approach include early micro metastasis treatment,
tumor downstaging, and improved surgical removal. Numerous
studies, including randomized controlled trials and meta-
analyses, have investigated adding chemo and/or radiotherapy
to surgery [32]. Preoperative concurrent CRT is preferred
over chemotherapy alone by both the National Comprehensive
Cancer Network (NCCN) and the European Society of Medical
Oncology (ESMO) guidelines, given its superior outcomes [33].
In conclusion, our research fndings bolster the accumulating
evidence supporting a multidisciplinary approach to the
management of non-metastatic esophageal SCC. Signifcant
associations with survival were observed for certain prognostic
markers (gender, tumor location, nodal involvement), while
others (histologic grade, tumor size, ECOG performance
status) failed to demonstrate consistent predictive capacity in
the present cohort. These observed variations emphasize the
prognostic complexities of esophageal cancer, thus demanding a
more integrated, clinically driven approach to decision-making
that surpasses the limitations of conventional staging. Additional
rigorous research is required to elucidate the functions of novel
biomarkers and refne personalized treatment strategies.

Limitations

This study has several limitations. Its retrospective, single-
center nature may limit the generalizability of the results
and introduce selection bias. The relatively small sample size
reduced the statistical power for identifying weak prognostic
efects. Incomplete documentation of some pathological
parameters, such as perineural and lymphovascular invasion,
restricted subgroup analyses. Furthermore, heterogeneity in
treatment protocols (chemoradiotherapy regimens and surgical
approaches) might have infuenced survival outcomes. Future
prospective, multicenter studies with larger populations and
standardized treatment strategies are warranted to validate and
expand these fndings.

CONCLUSION

This study analyzed signifcant prognostic factors for non-
metastatic esophageal SCC, namely gender, tumor site, local
treatment method, and the extent of lymph node involvement.
Although the majority of patients received surgery as a solitary
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treatment, a multimodal approach of surgery, chemotherapy,
and radiotherapy yielded substantially improved patient survival
rates, thereby highlighting the signifcance of a multidisciplinary
strategy. It is noteworthy that local recurrence occurred more
frequently than distant metastasis. Considering the unfavorable
prognosis for esophageal SCC, these results underscore the
necessity of personalized treatment approaches. Subsequent
multicenter studies with expanded patient populations are
crucial for confrming these results and enhancing the precision
of prognostication and treatment selection.
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ABSTRACT

Objective: Cancer is a pathophysiological condition that develops as a result of DNA
damage caused by environmental mutagens and is becoming increasingly prevalent.
Genetic factors, the immune system, and cytokines are reported important task the
pathophysiological mechanisms of breast cancer, mostly cancer among women today.
Natural plants such as Colchicum speciosum (C. speciosum) are gaining prominence in
alternative therapy research due to their colchicine content and anticancer properties.
Our study was conducted to evaluate the immunomodulatory and anticancer efects of
C. speciosum bulb extract on MCF-7 cell.

Methods: C. speciosum was harvested and extracted; then the dose ratio was determined
using the MTT method, and cytotoxicity, apoptotic level, and antibacterial activity were
evaluated in MCF-7 cell. Cytokine levels were measured using commercially available
kits via the ELISA method, and apoptotic assessment was examined using a commercial
kit containing Annexin V-FITC/PI via fuorescence microscopy. The data was analysed
statistically using GraphPad Prism (v10.2.0; GraphPad Software, ABD).

Results: In the MTT evaluation, a signifcant decrease in cell proliferation was
observed in the 240 and 500 pg/mL applications compared to the control group, with
increasing dose rate and incubation time. The cytokine profle of C. speciosum bulb was
characterized by decrease of pro-infammatory cytokines (TNF-a, IL-1B) and increase
in anti-infammatory cytokines (IL-10), while a decrease in TGF-1 and BDNF levels
was detected depending on the applied dose. Annexin V-FITC/PI analyses demonstrated
that C. speciosum bulb extract elicited dose- and time-dependent apoptotic responses in
MCEF-7 cell. In addition, antibacterial efects of C. speciosum bulb extract were observed.
Conclusions The C. speciosum bulb was observed to have regulatory efects on cell
proliferation via cytokines and apoptotic mechanisms in a dose and time-dependent
manner. Additionally, its antibacterial efect was observed independently of our fndings.

Keywords: antimicrobial activity, antiproliferative efect, apoptosis, Colchicum
speciosum
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INTRODUCTION

It has been reported that in developing societies, approximately
one in three people may develop cancer and approximately one
in fve may die from this disease [1]. Approximately 10-15% of
cancers can be passed on genetically, while 85-90% result from
errors caused by exposure of DNA in living cells to mutagens
and structural changes in cellular DNA [2,3]. Cancer cells are
structures that can multiply indefnitely without capsules and
generally consist of continuously and rapidly multiplying tumor
structures that metastasizen [4]. The World Health Organization
reports that mostly cancers in women are breast, uterine, and
colon cancer, while in men they are lung, prostate, stomach, and
colon cancer [5]. Breast cancer is shown to be more likely to
occur among women than other types of cancer [6]. It is stated
that patients have a high chance of survival if breast cancer is
detected early [7]. Breast cancer develops based on a number
of risk factors, including genetic predisposition, family history,
diet and lifestyle, hormones, age and reproductive factors
[8,9]. It is presented as a pathological condition with diferent
prognoses and heterogeneous molecular subtypes of breast
cancer [10]. Inherited mutations in tumor suppressor and DNA
repair genes such as BRCAL, BRCA2, and TP53 contribute to
the development of breast cancer [11]. The assessment of breast
cancer is based on diferent pathological entities, histological
grade showing genomic alterations, lymph node metastasis,
and clinical pathological evaluations [12]. Recent studies on
cytokines and breast cancer have attracted attention. Cytokines,
which constitute the fundamental components of the immune
system, play a role in the regulation of cellular biological
processes. They also exert both tumor-suppressive and tumor-
promoting efects in the tumor microtissue environment [13].
The role of cytokines in breast cancer progression and their

Main Points

e Colchicum speciosum onion exhibited anticancer and
antimicrobial activity.

e Colchicum speciosum onion was observed to increase

anti-infammatory mediators while suppressing
proinfammatory responses.
e Colchicum speciosum onion exhibited

antiproliferative efects on cancer cells.

e Colchicum speciosum onion increased apoptotic
fndings in a time- and dose-dependent manner.
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relationship is gaining prominence. Interleukin-10 (IL-10) has
been suggested to enhance the immune response in the tumor
microenvironment and inhibit tumor formation by suppressing
chronic infammation through immune modulation, cellular
proliferation, and anti-apoptotic processes via the JAK-STAT3
pathway [14,15]. In breast cancer biology, IL-13 (Interleukin-1
beta) and TNF-a (tumor necrosis factor-alpha) have been
reported to potentially afect metastasis and proliferation by
altering the tumor microenvironment as infammatory cytokines
[16]. TNF-a and IL-1B afect the biological processes of breast
carcinoma by activating NF-kB and MAPK signaling cascades.
Activation of NF-kB promotes cell proliferation and migration
via the MAPK pathway by transporting cytokines to the nucleus
and increasing the expression of proinfammatory genes [17].
Brain-derived neurotrophic factor (BDNF), a member of the
neurotrophin superfamily, exerts its biological efects through the
tropomyosin receptor kinase B (TrkB) receptor. Overexpression
of TrkB in breast cancer cells has been associated with several
biological processes, including tumor proliferation, metastasis,
and resistance to chemotherapy [18]. However, the development
of resistance to cancer drugs, the side efects that arise, and the
high costs are increasing the need for new cancer drugs. Natural
products are making signifcant contributions to the development
of therapeutic agents. Colchicum speciosum (C. speciosum) are
cultivated specifcally for medicinal purposes and are currently
used in the treatment of certain diseases [19]. C. speciosum
is commonly known as the vargit fowers. It is a perennial
plant belonging to the Colchicaceae family that produces
purple-violet or purple-pink fowers. With approximately 160
species, this plant grows in the northern parts of Turkey and
in the mountainous regions of the Caucasus, North Africa,
West Asia, South Africa, and Northern Iran [20,21]. Some
Colchicum species are preferred in the treatment of diseases
such as thalassemia, Hodgkin’s lymphoma, cirrhosis, psoriasis,
amyloidosis, Behcet’s disease, gout, and myeloid leukemia due
to their tropoloid alkaloid content [22]. Colchicum species native
to Turkey are divided into two groups: spring-fowering and
fall-fowering. The bulb and seed parts of the plant contain high
levels of colchicine and its derivatives. [23]. Since no economical
and efective synthesis method has been found for colchicine
alkaloids, colchicine and other alkaloids are obtained through
extraction from plant sources [24]. Colchicine has been shown
to be used conservatively in the treatment of certain disorders,
and this plant has been demonstrated to possess anticancer,
antimicrobial, anti-tumor, antioxidant and antidiabetic activities,
and to be efective in numerous diseases, including those with
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a genetic basis. [21,22,25]. The main objective of our research
is to investigate the molecular efects of the extract obtained
from the bulb of C. speciosum on the MCF-7 cell line in vitro.
Additionally, to enhance the integrity of the study and the scope
of the fndings, the antibacterial activity of the extract against
various bacterial species was evaluated.

MATERIALS AND METHODS

Our experimental research was carried out at the physiology and
multidisciplinary scientifc laboratories of Hali¢ University and
Istanbul University-Cerrahpasa. The cell line used was provided
that American Type Culture Collection (ATCC-CRL-2088,
USA) as MCF-7 (ATCC catalog no: HTB-22). The cells used were
cultured in the 9" passage. DMEM (Dulbecco’s Modifed Eagle
Medium, Gibco) was used to support the culture environment.
DMEM was supplemented 10% FBS (Fetal Bovine Serum,
Gibco) and 1% antibiotics (Penicillin/Streptomycin, Gibco).
Cells retrieved from a -196 °C liquid nitrogen tank were thawed
inasterile laminar fow cabinet. After thawing, they were seeded
into 25 cm? fasks. After seeding, they were incubated in an
incubator (CO; Incubator, MCO-170AC-PE, PHC Corporation,
Japan) set at 5% CO, and 37 °C. When the cells reached 85-90%
confuence after incubation, this was verifed using a PrimoVert-
Inverted microscope (Carl Zeiss Microscopy). For the other
stages of the study, the cells were removed from the fask using
Trypsin-EDTA (Gibco) and passaged. By passage, the cells were
multiplied and prepared for subsequent experimental stages.

Preparation of Plant Material

In this study, C. speciosum was used as the plant material. The
bulbs of the plant were collected from ikizdere Village in Rize,
Tirkiye and were not obtained through commercial purchase.
The collected plant parts were placed on blotting paper and left
to dry in a dark, well-ventilated environment, away from direct
sunlight. Throughout the three-week drying period, the blotting
paper was replaced at regular intervals to ensure uniform and
efective drying.

Plant Material and Extraction of C. speciosum

For extraction, the bulbs of C. speciosum were frst cut into
small pieces and accurately weighed. A total of 20 g of plant
material was transferred into a glass beaker, and 200 mL of 70%
ethanol (1:10 w/v) was added. To protect the solution from light
exposure, the beaker was wrapped with aluminum foil, and its
mouth was sealed with parafIm to prevent solvent evaporation.
The mixture was then placed on a magnetic stirrer and stirred
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continuously at room temperature for 24 hours. Following the
incubation period, the mixture was fltered to separate the liquid
extract from the plant residue. The residue was then re-extracted
under identical conditions two more times (three extractions in
total). All Fltrates were pooled, and subsequently, the combined
ethanolic extracts were concentrated using a rotary evaporator
at 40-45 °C under reduced pressure to remove the solvent and
obtain the crude extract of C. speciosum. The crude extract was
stored at —20 °C until use in further experiments.

Antibacterial Assay

The antibacterial evaluation of CS extracts was performed using
the microdilution method against gram-positive and gram-
negative standard pathogenic bacteria (Staphylococcus aureus
ATCC 29213, Enterococcus faecalis ATCC 29212, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853).
A sterile microplate with 96 wells was used to locate Muller
Hinton suspensions, diferent doses of extracts, and suspensions
of bacteria. 0.5 McFarland turbidity standard solutions (1 x 108
CFU/mL) were prepared in tubes containing sterile saline using
bacterial subcultures on 5% sheep blood agar. These bacterial
suspensions were diluted at a 1/10 rate with sterile saline. 100
ul of Mueller Hinton agar suspension, used to feed the bacteria,
was added to the wells using a micropipette. Liquid extracts
were sterilized with flters (0.22 um) and then diluted with
sterile distilled water at diferent percentages.100 ul of each
dose were spread into the line for each other bacteria. 100 pl of
each bacteria’s diluted suspension was spread into their wells.
Finally, the frst lines were used as negative control containing
only Muller Hinton broth suspension. The second line was used
as positive control to see bacterial growth, containing Muller
Hinton broth and diluted bacterial suspension. The plate was
incubated at 37°C for 20 hours. Figure 1 shows before the
incubation of the microplate. The optical densitometry (OD)
values of the wells were measured at 450 nm in a microplate
reader (SPECTRO star Nano, BMG Labtech, Ortenberg,
Germany) after the end of the incubation. The mean values of
negative control and positive control were calculated, and values
of wells smaller than positive control were accepted as negative
and aggregations at the bottom of the wells were observed.
Wells with aggregation were accepted as positive. Observation
and OD values were coherent.

Cell Viability Test: MTT Assay (3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl-tetrazolium bromide)
Cell viability was determined using the MTT test. As a frst step,
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Figure 1. Microplate before the incubation. (Visual assessment of the antibacterial activity of serially diluted Colchicum speciosum
bulb extract against Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S. aureus), and
Enterococcus faecalis (E. faecalis) using a 96-well microtiter plate assay. Rows A—F represent increasing concentrations of the
extract from lowest to highest prepared by serial dilution, while row G corresponds to the positive control (standard antibacterial
agent) and row H represents the negative control (bacterial culture without extract). Each column corresponds to a specifc bacterial

strain. Extract concentrations were prepared in mg/mL and applied using a serial dilution method).

96-well plates were used for cell plating, with 5 x 104 cells per
well. One day after cell plating, cells were exposed to diferent
doses (15, 30, 60, 120, 240, 500 pg/mL) of C. speciosum onion
extract for 24, 48, and 72 hours. After the incubation periods of
the added C. speciosum onion extract, 0.1 mg/ml of MTT reagent
was added to each well. After the MTT reagent, the cells were
incubated for three hours at 37°C and 5% CO2 humidifcation.
The formation of formazan crystals in the cells was ensured.
After incubation, all liquid medium in the wells was removed.
Formazan crystals were separated using dimethyl sulfoxide
(300:1 pl). After the plates were left in a dark environment for
15 minutes, cell viability was measured spectrophotometrically
(Thermo Multiskan GO, Fisher Scientifc) at diferent
wavelengths of 540, 570 and 590 nm.
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Apoptosis

The Annexin V-FITC/PI Apoptosis Kit was provided from a
commercial supplier (Elabscience Bionovation Inc., Cat. No.
E-CK A211, Texas, USA). Annexin V is a protein that exhibits
high a¥nity for Ca 2-dependent phosphatidylserine. Propidium
iodide (PI) binds to nucleic acids and is used in apoptotic staining
[26]. Cells were frst seeded into a 6-well plate at a ratio of 1x10°
cells/well. Each seeded well was set up with three replicates, and
fve randomly scanned wells were selected from each well for
quantitative evaluation in Annexin V-PI fuorescence staining
and visualized at 20-40x magnifcation using an inverted
fuorescence microscope (Carl Zeiss TM Axio Vert. Al FL-
LED Inverted Microscope, Germany) and software (Carl Zeiss
Axiocam 506 ZEN 2 Lite Software, Germany). Automated cell
counts were evaluated using ImageJ (ImageJ, NIH, USA) and
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verifed with manual counting. Test conditions were performed
according to commercial manufacturer instructions [27].

Enzyme-Linked Immunosorbent Assay (ELISA) Tests
Supernatants obtained from MCF-7 cell underwent diferents
treatments were analyzed for BDNF (Brain-Derived
Neurotrophic Factor), 1L-10(Interleukin-10), IL-1B(Interleukin-
18), TNF-a (Tumor Necrosis Factor-alpha), and TGF-1
(Transforming Growth Factor-betal) levels were measured
using the relevant ELISA Kits. The kits used were, respectively:
BDNF (Cat.No. E1302Hu), IL-10 (Cat.No. E0102Hu), IL-1f (Cat.
No. E0143Hu), TNF-a (Cat.No. E0082Hu), and TGF-B1(Cat.No.
E0134Hu) (BT LAB, China). Samples were collected at 24, 48,
and 72 hours and centrifuged at 3000 rpm (=11,000 x g) for
20 minutes. The cell solution was adjusted to pH 7.2-7.4 and
diluted with PBS. Forty microliters were added to ELISA plates
coated with the relevant antibodies in 96-well plates, followed
by the addition of biotinylated antibody for attachment. It was
incubated by adding Streptavidin-HRP solution. The fnally,
unconnetted streptavidin-HRP was washed away. Subsequently,
A and B substrate solutions were applied. Colorimetric changes
were detected. Finally, the reaction was terminated by adding
stop solution and measurement was made at 450 nm via
spectrophotometer.

Statistical Analyses

Normal distribution and homogeneity of the data were
evaluated via Shapiro-Wilk and Levene’s tests. ANOVA and
post-hoc Bonferroni test were used for intergroup comparisons.
Statistical evaluations were performed using GraphPad Prism
Version 10.2.0 (GraphPad Software, USA). Values of p < 0.05
were considered statistically signifcant.

RESULTS

Antibacterial Assay

All positive and negative controls were properly included and
functioned as expected throughout the antibacterial assays. No
antibacterial activity was observed for the extract against the
two tested Gram-negative bacterial strains: Escherichia coli
ATCC 25922 and Pseudomonas aeruginosa ATCC 27853. In
contrast, antibacterial activity was detected against the Gram-
positive bacterium Enterococcus faecalis ATCC 29212 at a
concentration of 0.625% (w/v) of the bulb extract. Additionally,
inhibitory activity was observed against Staphylococcus aureus
ATCC 29213 at a higher concentration of 5% (w/v). Figure 2
presents the visual appearance and aggregation patterns of the
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Table 1. OD values of the wells, yellow coloured wells displays
antibacterial activities

Onion Onion Onion Onion
2,279 3,166 2,547 1,135
2,288 3,132 2,923 0,598
2,263 3,121 2,375 0,52
2,16 3,166 2,35 0,46
2,317 2,917 1,437 0,646
2,298 3,079 0,709 0,846

(PC) 1,553 3,122 2,258 1,867
(NC) 0,113 0,092 0,157 0,11
E. coli P. aureginosa S. aureus E. faecalis

Table 2. MIC values as concentrations detected in the study

Bacteria Onion of CS
E. coli >10%

P. aureginosa >10%

S. aureus 5%

E. faecalis 0.625%

wells from the microdilution assay. Table 1 optical density (OD)
values of the wells, yellow coloured wells display antibacterial
activities. Table 2 reports the minimum inhibitory concentrations
(MICs) determined in this study.

MTT Assay

MTT test results obtained at diferent concentrations (15, 30,
60, 120, 240, 500 pg/mL) and diferent time points (24 hours,
48 hours, and 72 hours) for C. speciosum bulb were evaluated.
MTT test data obtained after 24, 48, and 72 hours of incubation
showed a signifcant reduction in cell proliferation, especially
at concentrations of 240 and 500 pg/mL, compared to control
groups at the respective time intervals (p < 0.001). Inhibition of
cell proliferation was more pronounced at concentrations of 240
and 500 pg/mL, and due to the most signifcant biological efect,
application doses of 240 and 500 pg/mL were selected for use in
subsequent analyses (Figure 3). C. speciosum bulb extract was
evaluated at a wavelength of 570 nm for statistical analysis.

Time-Dependent Cell Concentration
Theantiproliferative efects of C. speciosumbulbatconcentrations
of 240 and 500 pg/mL were evaluated microscopically at 24, 48,
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Figure 2. Microplate after the incubation. (Evaluation of the antibacterial activity of Colchicum speciosum bulb extract against
Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S. aureus), and Enterococcus faecalis
(E. faecalis) using a 96-well micraotiter plate assay. Rows A—F represent serially increasing concentrations of the extract from lowest
to highest (expressed in mg/mL), while row G indicates the positive control (standard antibacterial agent) and row H represents
the negative control (bacterial culture without extract). Columns correspond to the tested bacterial strains. Wells highlighted by
rectangles indicate the absence of bacterial aggregation or visible growth

| I e | .
A s B e c I—‘“ ‘
150 — ik 150 — 150 — e

:
il
;
sk i
:
il

[1,]
o
1

50

o
o
1

Colchicum speciosum ‘Album’
MTT Test 48 Hour
Colchicum speciosum ‘Album’
MTT Test 72!" Hour

Colchicum speciosum ‘Album’
MTT Test 24 Hour

0 0 0-

T ) [ N T - T VR VRN v 0 D P o s e
(AN AR, N S A o MY W S oF oF oM o ©

Figure 3. MTT analysis. (Efects of 15, 30, 60, 120, 240, 500 pug/mL concentrations of C. speciosum extract on cell viability at 24,
48, and 72 hours. Cell viability in the MCF-7 cell line was assessed using the MTT assay. (A) graphic shows 24-hour; (B) graphic
shows 48-hour; (C) graphic shows 72-hour treatment results. CTL: Control group. Statistical analysis was performed by one-way
ANOVA and the Bonferroni post-hoc test. Values are given as the mean + standard deviation (SD) obtained from three independent
experiments (n = 3 technical replicates). p<0.050 was considered signifcant. p<0.050%*, p<0.010** , p<0.001***
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Figure 4. C. speciosum bulb 24-48-72 microscopic image. (Cell morphology in the control (CTL) group. The MCF-7 cell line were

observed at 24 (A), 48 (B), and 72 (C) hours. n = 3, technical replicates. Scale bar: 100 pum.

and 72 time intervals. The obtained microscopic images support
the Fndings of the MTT assay. In conclusion, the antiproliferative
efect of C. speciosum bulb was clearly observed microscopically
as time and dose increased according to the doses we applied
(Figure 4).

Apoptosis (%) Cell Concentration

The cell concentration in the apoptosis mechanism of C.
speciosum bulb was evaluated based on the application dose
ratio (240, 500 pg/mL, CTL) and incubation period (24, 48, 72
hours). C-240 pg/mL and C-500 pg/mL incubation groups were
compared with CTL groups. A statistically notable increase was
identifed as incubation time increased between the groups (p
< 0.001). However, depending on the dose ratio, a statistically
signifcant decrease was detected in comparison of C-500 pg/
mL application with C-240 pg/mL application within each
incubation period (p < 0.001) (Figure 5).

Apoptotic Evaluation

In the CTL-24 group, apoptotic and necrotic rates in cells
remained at physiological basal levels. In the C-240 pug/mL-24
group, Annexin V-positive (+) cells indicating the early apoptosis
stage were observed, while a smaller number of Pl-positive (+)
cells indicating late apoptosis signals were also present. In the
C-500 pg/mL -24 group, the apoptotic response was detected
at lower levels. In the CTL-48 group, apoptotic and necrotic
rates remained at physiological basal levels. In the C-240 ug/
mL-48 group, a signifcant decrease in the number of Annexin
V positive (+) cells was observed. In the C-500 pg/mL-48 group,
an increase in Annexin V positive (+) signal and late apoptosis/
necrosis in Pl positive (+) cells were detected. In the CTL-72
group, apoptotic and necrotic rates remained at physiological
basal levels. In the C-240 pg/mL-72 and C-500 pg/mL-72
groups, a decrease in the number of Annexin V-positive (+) cells
was observed, and cellular integrity was preserved. However,
in the C-500 pug/mL-72 group, intense Pl-positive (+) cells were
observed, indicating that the cells were in the late apoptosis or
necrosis stage (Figure 6).
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Figure 5. Apoptotic cell concentration. (At the 24, 48 and 72
hour, 240 pg/mL and 500 pg/mL of C. spesiosum bulb extract
on the apoptotic % cell count on MCF-7 cell line. Apoptosis rate
quantifed as the % Annexin V (+) cells among the total cell
number. Annexin V-FITC/Pl-stained fuorescence images were
analyzed using ImageJ (n = 3 technical replicates per group).
CTL: control group. Data were analyzed by one-way ANOVA
with Bonferroni post hoc test and are expressed as mean + SD
(three independent experiments; n = 3 technical replicates). p
< 0.050 was considered statistically signifcant. p < 0.050%, p <
0.010** , p < 0.001***

ELISA Evaluation

In intergroup comparisons of TNF-a, only numerical changes
were observed between diferent time periods in the CTL group,
and no statistically signifcant diference was found. Compared
to the CTL group, TNF-a levels in the C-240 and C-500 ug/
mL groups at all time periods (24, 48, 72) showed a statistically
signifcant decrease with increasing time period (p < 0.010 p <
0.001). Intergroup evaluation of the C-240 pg/mL and C-500 pg/
mL doses at diferent time points revealed that the C-500 ug/
mL group was more efective in MCF-7 cell than the C-240 pg/
mL group with increasing time (Figure 7). IL-10 levels showed
an increase over time in the CTL group’s internal evaluation
during intergroup comparisons, but no statistically signifcant
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Figure 6. Fluorescent microscopic images. (Annexin V-FITC/
Pl double staining was performed to evaluate apoptosis and cell
death in MCF-7 cells treated with 240 pg/mL and 500 pg/mL
C. speciosum bulb extract. Cells were examined at 24, 48, and
72 h using a fuorescence microscope. Annexin V-positive cells
(green) indicate apoptotic cells, Pl-positive cells (red) indicate
dead/necrotic cells, and merged images show overlapping
signals representing late apoptotic (Annexin V/PI double-
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positive) cells (n = 3 technical replicates). Images are raw
and were only assembled as panels without digital processing
afecting cell morphology. All images were acquired at 20x-
100x magnifcation; scale bar = 20, 50, 100 pm)

diference was found. Compared to the CTL group, both the
C-240and C-500 pg/mL groups showed a statistically signifcant
decrease over time (p < 0.010 and p < 0.001, respectively). In
the evaluation between the C-240 and C-500 pg/mL groups,
it was determined that the IL-1B level decreased over time in
the C-500 pg/mL group and that this decrease was statistically
signifcant compared to the C-240 ug/mLgroup (p < 0.010). We
believe that the high dose of C. speciosum bulb plant extract
provides an anti-cancer efect by suppressing infammation
(Figure 7). TGF-B1 levels were analyzed temporally between
groups, and in the CTL group-internal evaluation, only
numerical changes were observed between diferent time
intervals, with numerical fuctuations detected over time. An
increase in time was associated with a numerical decrease in
the C-240 pg/mL and C-500 pg/mL group-internal evaluation.
In the C-240 and C-500 pg/mL group-interval evaluation, the
C-500 pg/mL group was found to have lower TGF-B1 levels in

Agturk G, et al.

all time intervals. C. speciosum bulb treatment led to a decrease
in TGF-B1 levels, which may indicate potential modulation of
pathways associated with cancer progression. Additionally, the
extract may exert modulatory efects on infammatory responses
in cancer treatment (Figure 7). IL-10 levels were evaluated in
terms of groups and time intervals. In the internal evaluations
performed in the CTL group, only numerical changes were
observed between diferent time intervals, and numerical
fuctuations were detected between times. Compared to the
C-240, C-500 pg/mL, and CTL groups, an increase in IL-10
levels was observed as time progressed. (p < 0.050, p < 0.001). In
the evaluation between the C-240 and C-500 pg/mL groups, an
increase in IL-10 levels was observed in the C-500 pg/mL group
with increasing time (p < 0.050). (Figure 7). When comparing
BDNF levels between groups, numerical changes were observed
in the CTL group’s internal assessment at increasing time
intervals, but no statistically signifcant diference was found. In
the within-group assessment, a decrease over time was detected
in the C-240 and C-500 pg/mL groups (p < 0.050, p < 0.010). In
the comparison between the C-240 and C-500 pg/mL groups,
the BDNF level was lower in the C-500 pg/mL group (Figure 7).
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Figure 7. C. speciosum bulb ELISA assay. (ELISA analyses of samples collected at 24, 48, and 72 h following treatment with C.
speciosum bulb extract (240 pg/mL and 500 pg/mL ). Pro-infammatory cytokines IL-1f (A, pg/mL) and TNF-a (B, ng/L), and
anti-infammatory cytokines BDNF (C, ng/mL), IL-10 (D, pg/mL), and TGF-B1 (E, pg/mL) were evaluated. CTL: control. Data are
mean = SD (n = 3). One-way ANOVA with Bonferroni post-hoc test; p <0.050*, p < 0.010** , p < 0.001***)
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DISCUSSION

Cancer is among the most common causes of death globally,
and more efective treatment methods are being developed
using biological and molecular approaches. In this context,
natural products are at the forefront of research. In our study, we
evaluated the antitumor, antimicrobial, and anticancer efects of
C. speciosum bulb extract on the MCF-7 breast cancer cell line.
The antibacterial activity of C. speciosum bulb plant extract was
evaluated against gram-positive and gram-negative bacteria.
According to the results, no antibacterial activity was observed
against the gram-negative bacteria Escherichia coli and
Pseudomonas aeruginosa. However, a signifcant antibacterial
activity was detected on the gram-positive bacterium
Enterococcus faecalis. Furthermore, an inhibitory efect was
detected at high doses of the plant extract on Staphylococcus
aureus. These fndings indicate that C. speciosum bulb possesses
potential antibacterial properties against certain Gram-positive
bacteria and exhibits an efective inhibitory efect on these
bacteria. Baltaci et al. [28] demonstrated in their study that the
plant extract obtained from C. speciosum fowers possesses
antimicrobial activity against Bacillus cereus. A separate study
has also demonstrated the antibacterial activity of Colchicum
luteum against gram-positive bacteria [29]. In our study, the
antimicrobial activity of C. speciosum bulb was observed. C.
speciosum bulb showed a signifcant decrease in MCF-7 cell
proliferation by inhibiting cell proliferation at doses of 240 and
500 pg/mL. Consequently, C. speciosum bulb demonstrates
potential anticancer efects and the capacity to inhibit the
growth of cancer cells. In a study, the alkaloid-rich extract of the
Colchicum autumnale plant was shown to inhibit breast cancer
cell growth (MCF-7) [30]. In another study, methanolic extracts
obtained from C. speciosumseedswere foundto containtropolone
alkaloids such as colchicine and colchicoside. These compounds
were reported to exhibit cytotoxic efects on cancer cells, with
colchicine inhibiting microtubule polymerization and thereby
preventing cell division [31]. Artun et al. [32] demonstrated in
their study that the Colchicum sanguicolle plant has anticancer
potential and could be an efective compound against cancer
cells. In our study, we observed the antiproliferative activity
of C. speciosum bulb in cancer cells following the MTT. The
efects of C. speciosum bulb on ig fn the MCF-7 cell were
examined in detail at 24, 48, and 72-hour time intervals using the
Annexin V-FITC/PI dual staining technique. We observed that
C. speciosum bulb induced early apoptosis (Annexin V cells)
at low doses, while at high doses, late apoptosis and necrosis
(PI' cells) progressed. Foumani and colleagues (2022) evaluated
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the apoptotic efects of colchicine isolated from the Colchicum
autumnale planton MCF-7 and 4T1 breast cancer cell lines. MCF-
7 cell were incubated with colchicine at doses of 0.5 and 1.0 ug/
mL for 24 hours; apoptosis analysis using the Annexin V-FITC/
Pl staining method revealed a dose-dependent, statistically
signifcant increase in both early and late apoptosis rates at both
doses [33]. Another study suggested that the antiproliferative
efect of Colchicum autumnale extract may trigger apoptosis
through microtubule destabilization [30]. Our fndings that C.
speciosum bulb induces a dose-dependent increase in both early
and late apoptosis in MCF-7 cell support studies conducted
with isolated colchicine and similar compounds. Annexin V/PI
analyses indicate that C. speciosum bulb may possess anticancer
potential by inducing apoptosis. In addition to fndings related
to apoptosis, time- and dose-dependent changes in TNF-a, IL-
1B, TGF-B1, IL-10, and BDNF levels were analyzed to evaluate
the regulatory potential of C. speciosum bulb on the immune
response. The results obtained demonstrate that C. speciosum
bulb exhibits a multifaceted biological efect that afects not
only cell death but also the immune system. In our fndings,
TNF-a and IL-1B levels were observed at lower levels over
time compared to CTL at C-240 and C-500 pg/mL application
doses. However, the C-500 pg/mL dose had a higher efect ratio
compared to C-240 pg/mL. A study also showed that TNF-a
initiates apoptotic signaling in MCF-7 cell via the p53 pathway
through HDAC3/ERa regulation. High TNF-a levels promote
apoptosis via caspase-7, while low levels tend to suppress it [34].
Picarda et al. [35] reported that TNF-a plays multiple roles in
luminal (ER ) breast cancer in addition to apoptosis, and that
high TNF-a levels in MCF-7 promote cell death. Preclinical
molecular studies have demonstrated that colchicine strongly
inhibits NLRP3 infammasome assembly via microtubule
disruption, thereby inhibiting IL-18 production [36]. TNF-a
suppression is thought to enhance anti-infammatory efects
and activate apoptotic signaling pathways; IL-13 suppression is
thought to have both anti-infammatory and tumor-suppressive
efects. The relationship between TGF-1 expression and cancer
development and progression is complex. In a diferent study,
colchicine use was shown to reduce TGF-fB1 levels after heart
damage [37]. We believe that the decrease in TGF-B1 levels
may be related to the modulatory efects of colchicine-like
compounds contained in C. speciosum bulb on the immune
system by triggering the cellular stress response and modulating
cell signaling pathways. In our fndings, BDNF levels decreased
with increasing dose and time compared to the CTL group. In
the study, the presence of BDNF was analyzed in MDA-MB-231,
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MCF-7 and ZR-751 cells by RT-PCR. The presence of BDNF
was shown in all three cell lines. It was shown that inhibition of
BDNF in MDA-MB-231 cells caused a decrease in cell growth
[38]. In addition, it was reported that BDNF had a pro-apoptotic
efect in MDA-MB-231 cells and that the apoptosis rates
increased with BDNF deletion [39]. Our study suggests that
similar mechanisms to those involved in BDNF proliferation in
breast cancer may also apply to the MCF-7 cell line.

Limitations

The limitations of our study are confned to the evaluation of
only two doses. The efects of C. speciosum bulb should be
investigated in detail on diferent breast cancer and other cancer
cell lines.

CONCLUSION

Within the scope of this study, the antiproliferative, apoptotic,
antimicrobial, and immunomodulatory efects of C. speciosum
bulb on MCF-7 cell were comprehensively evaluated. MTT
assay results revealed that the extract statistically signifcantly
suppressed metabolic activity at both 240 and 500 pg/mL doses,
with a marked decrease in cell viability observed particularly
at the high dose. C. speciosum bulb was found to exhibit
antimicrobial efects on gram-positive bacteria. Apoptosis
analyses revealed that early apoptosis rates increased at a dose
of 240 pg/mL, while late apoptosis became predominant at a
dose of 500 pg/mL. C. speciosum bulb has been shown to induce
dose-dependent programmed cellular death. Additionally, when
changes in cytokine levels were examined, decreases in TNF-q,
IL-1B8, TGF-B1, and BDNF levels were identify in the treatment
groups in comparison with the CTL groups. When comparing
the treatment groups, increasing time and increasing dose ratio
were found to be more efective. IL-10 levels remained high
over time and with increasing application doses. When all
these results were evaluated together, it was observed that C.
speciosum bulb produced antiproliferative and apoptotic efects
in MCF-7 cell, while also causing signifcant dose and time-
dependent changes in immune response regulatory cytokines.
In this context, the plant extract in question has the potential to
be evaluated as a natural agent with anticancer potential. The
evidence of our research shows that the biological efects of
C. speciosum bulb are not limited to the current data, and that
advanced in vitro and in vivo research are required to investigate
the biomolecular mechanisms of action and to more defnitively
confrm therapeutic potential.
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ABSTRACT

Objective: Social safeness and pleasure play an important role in adolescent mental
health and are infuenced by early attachment experiences. In recent years, exposure
to phubbing has emerged as a potential digital risk that may negatively afect these
functions. This study examines the mediating efect of perceived phubbing on the
relationship between parental attachment and adolescents’ social safeness and pleasure.
Methods: A cross-sectional study was conducted with 138 adolescents (Mean age =
16.2 + 1.03 years) recruited from an outpatient child and adolescent psychiatry clinic.
Participants completed the Social Safeness and Pleasure Scale, the Generic Scale of
Being Phubbed, and the Parent and Peer Attachment Scale. Structural equation modeling
was used to test direct and indirect pathways.

Results: Parental attachment was positively associated with social safeness and pleasure
(B =0.402, p < 0.001) and negatively associated with perceived phubbing ( = -0.376, p
= 0.002). Perceived phubbing, in turn, predicted lower social safeness (f = -0.246, p =
0.012). Among phubbing dimensions, only the “feeling ignored” subscale significantly
mediated the link between parental attachment and social safeness (indirect efect: § =
0.087, p = 0.033). The model accounted for 28.7% of the variance in social safeness and
pleasure.

Conclusion: Secure parental attachment appears to enhance adolescents’ social safeness
and pleasure both directly and indirectly by reducing perceived phubbing—particularly
feelings of being ignored. This study provides a unique theoretical contribution to the
literature by placing phubbing, a digital interaction pattern, within an attachment-based
framework.

Keywords: attachment, being phubbed, perceived phubbing, social security, social
satisfaction
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INTRODUCTION

Social safeness and pleasure is defined as perceiving one’s
social world as safe and comforting and feeling content in social
situations [1]. These two concepts are often considered together
and are used to express the extent to which people experience the
world as safe, warm, and comforting [2]. Paul Gilbert’s emotion
regulation model proposes that the sense of social safeness is
regulated by the soothing-afFiliation system. This system does
not merely reduce negative emotions; it also generates a positive
emotional state characterized by trust, calmness, and relational
closeness [3]. Kelly et al. [4] have reported that feelings of
social security may be a psychosocial mechanism related to
parental warmth and capacity for afection, as an outcome of
this soothing system.

Dificulties related to social safeness are considered a
vulnerability factor between diagnoses in terms of the
development and maintenance of psychopathology [5]. Best et al.
[6] demonstrated that an individual’s capacity to perceive their
social environment as safe and supportive plays a protective role
against feelings of loneliness. The study proposed that social
safeness is an emotional regulation system shaped by early
parental warmth and afection experiences, and that the weakness
of this system makes it diFicult to trust others and form social
bonds. The literature indicates that having emotionally warm
parents may facilitate feelings of trust and attachment in an
individual’s adult relationships. In contrast, individuals whose
caregivers lack warmth may be deprived of a sense of social
trust [4]. In fact, loneliness and interpersonal mistrust are more

Main Points

e Secure parental attachment is positively associated
with higher levels of social safeness and pleasure in
adolescents.

e Perceived phubbing is negatively associated with
adolescents’ social safeness and pleasure.

e The *“feeling ignored” dimension of perceived
phubbing partially mediates the relationship between
parental attachment and social safeness and pleasure.

e Perceived phubbing functions as a digital social risk
factor that can undermine adolescents’ sense of social
security, particularly in insecure attachment contexts.
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prevalent in those with poor social trust, and these symptoms
have been linked to psychopathological symptoms, including
anxiety and depression [7].

Comprehending social safety-related issues is essential for
clinical evaluation and intervention. Therefore, examining
factors that can undermine the sense of social safeness in
interpersonal relationships is becoming increasingly important.
In this context, phubbing has been receiving increasing attention
in recent years due to its potential efects on face-to-face
relationships [8,9]. Phubbing is defined as an individual looking
at their cell phone, engaging with it, and ignoring the people
in front of them while interacting with others [10]. Research
highlights that with smartphones becoming an indispensable
part of daily life, exposure to phubbing has become extremely
widespread and almost inevitable [8].

Current findings indicate that exposure to phubbing is
associated with negative outcomes such as depression, social
anxiety, low self-esteem, and loneliness [11-13]. Furthermore,
phubbing behavior is perceived as a violation of social norms
and rude behavior; it weakens empathy, closeness, and trust,
and reduces relationship satisfaction [14]. In face-to-face
interactions, shifting attention to the phone creates a feeling of
social exclusion in the other person and threatens basic social
needs such as belonging, self-esteem, and control. Therefore,
phubbing is experienced as a form of social exclusion by the
exposed individual and leads to negative emotional reactions [9].
Indeed, the experimental study by Chotpitayasunondh et al. [15]
revealed that increased phubbing negatively afected perceived
communication quality and relationship satisfaction. The
authors stated that these efects occurred through a decrease in
the sense of belonging and negative emotions, and that phubbing
is a phenomenon that requires further research. Various studies
have also linked insecure attachment to an increased likelihood
of engaging in or perceiving phubbing behavior [16].

The literature has established a link between attachment and
social safety and pleasure, suggesting that exposure to phubbing
may be negatively correlated with both. However, the mediation
processes behind this association have not been thoroughly
studied. Using the perceived phubbing, this study seeks to
explore the connection between attachment and social safety
and pleasure.


https://onlinelibrary.wiley.com/authored-by/Chotpitayasunondh/Varoth
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MATERIALS AND METHODS

Study Design and Setting

Adolescents who visited the Child and Adolescent Psychiatry
Outpatient Clinic between March 1, 2025, and May 1, 2025 were
included in this cross-sectional study. The study was carried
out in compliance with ethical guidelines and the Declaration
of Helsinki after receiving ethics committee permission (Dicle
University. Approval No: 19.02.2025/378, Date: 2025-02-19).

Participants and Recruitment

Children aged 15-18 who consecutively presented to the
Child and Adolescent Psychiatry Outpatient Clinic during the
study period were included. Participants were recruited using
consecutive convenience sampling until the target sample size
was reached. Inclusion criteria were being 15-18 years old and
providing written informed consent from both the adolescent
and at least one parent/legal guardian. Exclusion criteria
included psychotic disorders, bipolar disorder, autism spectrum
disorder, intellectual disability, or medical conditions preventing
completion of the assessments. After consent was obtained,
participants completed the Parent and Peer Attachment Scale
— Short Form (PPAC-SF), the Generic Scale of Being Phubbed
(GSBP), and the Social Safeness and Pleasure Scale (SSPS).

Assessment Tools

Parent and Peer Attachment Scale — Short form: The scale
was developed by Raja et al. [17] and consists of 12 items. In
the adaptation study conducted by Ginaydin et al. [18], three
subscales—trust, and
identified. A total attachment score is obtained by summing
the subscale scores, with higher scores indicating more secure
attachment. The scale allows attachment scores to be calculated
separately for mothers and fathers. In line with our hypothesis,
only the parental attachment scores were included in the analyses.
In the present sample, the PPAC-SF demonstrated good internal
consistency for maternal attachment (Cronbach’s a = 0.864;
McDonald’s w = 0.875), paternal attachment (Cronbach’s a =
0.871; McDonald’s w = 0.881), and the total parental attachment
score (Cronbach’s o = 0.898; McDonald’s w = 0.901).

communication, alienation—were

The Generic Scale of Being Phubbing: The scale developed by
Li et al. [19] evaluates perceived phubbing. It consists of three
subscales: perceived norms, feeling ignored, and interpersonal
confict. Higher scores indicate higher levels of perceived
phubbing exposure. The Turkish adaptation of the scale was
conducted by Kaya et al. [20]. In the present sample, the GSBP
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demonstrated good internal consistency (Cronbach’s a = 0.887,
McDonald’s w = 0.898).

The Social Safeness and Pleasure Scale; The scale was developed
to assess whether individuals perceive their social world as safe
and soothing. Total scores range from O to 44. Factor analysis
conducted during the scale’s validation demonstrated a single-
factor structure, with factor loadings ranging from .51 to .84.
The Turkish adaptation of the scale was carried out by Akin
et al. [1]. In the present sample, the SSPS demonstrated good
internal consistency (Cronbach’s o = 0.891; McDonald’s w =
0.894).

Statistical Analysis

Data were analyzed using SPSS 23.0. Continuous variables
were presented as mean + standard deviation, while categorical
variables were reported as frequencies and percentages.
Normality was assessed using skewness and kurtosis, and all
scale scores showed acceptable levels.

Pearson correlations were conducted to examine the relationships
among variables. Mediation analyses were performed in IBM
AMOS v24. A path analysis tested the efects of maternal and
paternal attachment scores on social safeness and pleasure
through perceived norms, feeling ignored, and interpersonal
confict. Multivariate normality was confirmed, and Maximum
Likelihood estimation was applied. Indirect efects were
evaluated using bootstrapping with 5000 resamples. Statistical
significance was set at p < 0.05.

RESULTS

The study included 138 adolescents (81 females, 58.7%; 57
males, 41.3%). The mean age was 16.01 + 1.18 years, with no
significant age diference between females (15.98 + 1.28) and
males (16.05 + 1.04; p = 0.753). The mean age of the mothers was
44.54 + 6.09 years, and the mean age of the fathers was 49.16 +
7.37 years.

The most common psychiatric diagnoses among participants
were ADHD (26.1%), anxiety disorders (23.2%), depression
(15.2%), and obsessive—compulsive disorder (2.2%). Other
psychiatric disorders were reported in 6.5% of the sample, while
26.8% had no psychiatric diagnosis. At the time of assessment,
61.6% of participants were using psychotropic medication,
whereas 38.4% were not. Chronic medical conditions were
present in 11.6% of the adolescents. Among parents, chronic
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illness was reported by 29.0% of mothers and 26.1% of fathers,
while psychiatric disorders were reported in 10.1% of mothers
and 5.1% of fathers.

Participants reported moderate levels of perceived being
phubbed and social safeness. Perceived norms was the dominant
phubbing dimension. Maternal and paternal attachment were
comparable, with trust and communication exceeding alienation,
indicating generally secure attachment (Table 1).

Perceived phubbing was negatively associated with parental
attachment and social safeness and pleasure, whereas social
safeness and pleasure was positively associated with both
maternal and paternal attachment. Maternal and paternal
attachment scores were strongly and positively related to each
other. Overall, the pattern of correlations supported a coherent
association between higher attachment security, lower perceived
phubbing, and greater social safeness (Table 2).

In the first mediation model, the direct and indirect efects of the
total parental attachment score (sum of maternal and paternal
attachment scores) on social safeness and pleasure through
the subdimensions of perceived phubbing were tested using
structural equation modeling.The assumption of multivariate
normality was met (critical ratio = —0.499), and analyses were
conducted using the Maximum Likelihood (ML) estimation
method. Model fit indices indicated a borderline fit (x&df =
8.372; GFI = 0.956; AGFI = 0.670; CF1 =0.921; TLI = 0.603; IFI
=0.924; RMSEA =0.232).

Parental attachment significantly predicted all subdimensions of
perceived phubbing. Higher attachment scores were associated
with lower perceived norms (B. = -0.041; B, = -0.209; p =
0.012), lower feelings of being ignored (B, =-0.079; 3, =-0.357;
p < 0.001), and lower interpersonal confict (8; = —0.053; 3, =
—0.266; p = 0.001).

Parental attachment also exerted a significant positive efect on
social safeness and pleasure (8. = 0.129; B, = 0.402; p < 0.001),
accounting for 28.6% of its variance (R? = 0.286). In addition,
parental attachment explained 4.4% of the variance in perceived
norms (R = 0.044), 12.8% in feelings of being ignored (R? =
0.128), and 7.1% in interpersonal confict (R? = 0.071).

Among the subdimensions of perceived phubbing exposure,
only the feeling ignored subscale demonstrated a significant
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negative efect on social safeness and pleasure (f: = —0.354;
B, = =0.245; p = 0.027). The efects of perceived norms and
interpersonal confict on social safeness and pleasure were not
statistically significant (Table 3).

In the bootstrap analysis, only the feeling ignored subscale
demonstrated a significant indirect efect, indicating a mediating
role (B. = 0.028; B, = 0.087; p = 0.033; Cl = 0.003-0.064). The
indirect efect of parental attachment on social safeness and
pleasure through feeling ignored was statistically significant,
whereas the indirect paths through perceived norms (p = 0.716)
and interpersonal confict (p = 0.999) were not significant
(Table 4; Figure 1). Overall, in the first model, secure parental
attachment increased social safeness both directly and indirectly
by reducing adolescents’ feelings of being ignored.

In the second model, perceived phubbing was modeled as a single
latent mediator indicated by its three subdimensions. The model
tested the direct and indirect efects of parental attachment on
social safeness and pleasure via perceived phubbing (parental
attachment - perceived phubbing - social safeness and
pleasure). Using Maximum Likelihood estimation in AMOS,
the model showed excellent fit (x2/df = 0.610; GFI = 0.993; AGFI
=0.974; CFI =1.000; TLI=1.021; IFI = 1.008; RMSEA = 0.000),
indicating an exceptionally well-fitting alternative model.

In this model, parental attachment significantly and negatively
predicted perceived phubbing (B = -0.029; B, = -0.376; p
= 0.002). The direct positive efect of parental attachment on
social safeness and pleasure remained significant (. = 0.125;
B, =0.392; p < 0.001). Perceived phubbing exerted a significant
negative efect on social safeness and pleasure (f. =-1.01; 3, =
—0.246; p = 0.012). In the alternative model, parental attachment
and perceived phubbing together accounted for approximately
28.7% of the variance in social safeness and pleasure (R2=0.287).
Furthermore, 14.2% of the variance in perceived phubbing was
explained by parental attachment alone (R2 = 0.142).

Within the latent perceived phubbing construct, the strongest
indicator was feeling ignore, followed by interpersonal confict
and perceived norms (Table 5; Figure 2). Perceived phubbing
demonstrated a significant indirect efect in the model and
partially mediated the association between parental attachment
and social safeness and pleasure (. = 0.030; B, = 0.093; p =
0.005; 95% CI: 0.009-0.055).



European Journal of

erapeutics (2026)

Table 1. Participants’ Scale Scores
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Scale Mean + S.D. Median (IQR)
The Generic Scale of Being Phubbing 38.65 + 15.57 37.50 (22.25)
Perceived Norms 15.44 + 6.06 16.0 (10.0)
Feeling Ignored 12.43 £ 6.87 11.0 (11.25)
Interpersonal Confict 10.76 £ 6.21 9.0 (10.0)
The Social Safeness and Pleasure Scale 24.84£9.95 26.0 (15.0)
Mother Attachment Total Score 58.88 + 16.88 63.0 (21.75)
Father Attachment Total Score 54.40 £ 18.61 56.0 (29.75)
Parent Attachment Total Score 112.82 + 30.56 116.0 (41.0)

IQR: Interquartile range

Table 2. Correlational Relationships Among the Scales
Variable 1 2 8 4 5 6 7 8
1.Perceived Phubbing — 0.689** 0.877** 0.862** -0.335** -0.315** -0.336** -0.371**
2.Perceived Norms — 0.362** 0.351** -0.148 -0.219* -0.221* -0.254**
3.Feeling Ignored — 0.739** -0.387** -0.318** -0.346** -0.377**
4.Interpersonal Confict — -0.276** -0.224** -0.240** -0.262**
5.Social Safeness and Pleasure — 0.386** 0.496** 0.505**
gc I\;Iroether Attachment Total o 0477+ 0.845%*
;.Cli)arteher Attachment Total . 0.873**
8.Parental Attachment Total .
Score

*p <0.05, **p< 0.01

Table 3. Mediation Analysis Results for Model 1
Dependent variable Independent variable | 2 p1 Std. Error |p R
Perceived Norms <--- Parental Attachment -0.209 -0.041 0.016 0.012 0.044
Feeling Ignored <--- Parental Attachment -0.357 -0.079 0.018 <0.001 0.128
Interpersonal Confict <--- Parental Attachment -0.266 -0.053 0.016 0.001 0.071
Social Safeness and Pleasure <--- Parental Attachment 0.402 0.129 0.025 <0.001
Social Safeness and Pleasure <--- Perceived Norms 0.022 0.036 0.121 0.767
Social Safeness and Pleasure <--- Feeling Ignored -0.245 -0.354 0.16 0.027 0.28
Social Safeness and Pleasure <--- Interpersonal Confict 0.003 0.005 0.171 0.976

B1: Unstandardized beta coefcient; 3,: Standardized beta coeFcient
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Table 4. Examination of Indirect Efects in Model 1

%95 CI
Indirect Efects p1 p B2
Lower Upper
Parental Attachment --> Perceived Norms --> SSPS -0.001 -0.015 0.009 0.716 -0.005
Parental Attachment --> Feeling Ignored --> SSPS 0.028 0.003 0.064 0.033 0.087
Parental Attachment --> Interpersonal Confict --> SSPS 0 -0.023 0.019 0.999 -0.001

SSPS; The Social Safeness and Pleasure Scale, B:: Unstandardized beta coefcient; [3,: Standardized beta coe¥cient

2
Total Attachment 2 & Social Safeness and
Score to Parents Pleasure
00
o7
Perceived Norms Feeling Ignored Interpersonal Conflict

Figure 1. Standardized Path Coefcients for the Mediation Model Examining the Efect of Parental Attachment on Social Safeness
and Satisfaction via Perceived Phubbing

Table 5. Mediation Analysis Results for Model 2

Dependent Variable Independent Variable B2 p1 Std. Error | p R2
Perceived phubbing <--- Parental Attachment -0.376 -0.029 0.009 0.002 0.142
Social Safeness and Pleasure <--- Parental Attachment 0.392 0.125 0.025 <0.001 0.287
Social Safeness and Pleasure <--- Perceived Phubbing -0.246 -1.01 0.403 0.012

Perceived Norms <--- Perceived Phubbing 0.399 1 0.159
Feeling Ignored <--- Perceived Phubbing 0.937 2.661 0.639 <0.001 0.878
Interpersonal Confict <--- Perceived Phubbing 0.788 2.025 0.443 <0.001 0.621

B.: Unstandardized beta coefcient; 3,: Standardized beta coefcient
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29

Total Attachment
Score to Parents

16

1 Social Safeness and
Pleasure

Perceived Norms

Interpersonal
Conflict

®

Figure 2. Final Structural Mediation Model Demonstrating the Indirect Efect of Parental Attachment on Social Safeness and
Satisfaction through Perceived Phubbing (Standardized Path Coe¥cients)

DISCUSSION

Our findings suggest that secure parental attachment is
associated with levels of social safeness and pleasure. This
relationship appears to operate through both direct pathways
and indirectly via lower perceived phubbing. The Feeling
Ignored subdimension was identified as a partial mediator in
the association between parental attachment and social safeness
and pleasure.

The Efect of Attachment on Social Safeness and Pleasure
Our findings, in line with the attachment literature, indicate
that secure attachment is associated with significant increases
in social safeness and happiness. Previous research highlights
that feelings of social safeness are shaped by early relational
experiences with parents and primary caregivers, as well as by
the love and afection received from them [4, 21]. Adolescents
who feel loved and supported by their parents are more likely to
develop internal working models that view others as trustworthy,
which in turn is likely to be refected in greater confidence and
satisfaction in their social relationships [22].

Secure attachment supports individuals’ ability to explore their
environment from a secure base, promotes the development

of social skills, and enhances interpersonal adjustment.
Accordingly, early parent—child relationships are regarded
as one of the fundamental determinants of social well-being
and social adaptation during adolescence [23]. Kelly et al. [3]
reported that individuals who feel less socially secure feel
more insecure in their attachment relationships and perceive
less social support from others. Similarly, other studies have
shown that secure attachment styles are associated with higher
levels of social safeness, whereas insecure attachment styles are
linked to lower social safeness and greater paranoid ideation.
In this context, social safeness has been conceptualized as an
important social-cognitive construct shaped by attachment-
based individual diferences, and the research highlights that
feelings of social safeness may function as a protective factor
for mental health [24].

A study conducted with university students found that
individuals with higher levels of social safeness reported
fewer mood fuctuations, suggesting that social safeness may
function as an emotion regulation mechanism [25]. Gilbert et
al. [26] note that social safeness and pleasure are closely linked
to psychological well-being and suggest that enhancing these
feelings within therapeutic contexts may contribute to clinical
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improvement. It has also been proposed that social safeness and
pleasure may serve as a bufering mechanism against negative
mood disturbances, whereas dificulties in experiencing social
safeness may be associated with psychopathology [5, 25]. Indeed,
numerous studies have reported strong negative correlations
between social safeness and levels of depression and anxiety [2].
In our study, the association between secure attachment and
social safeness and pleasure remained significant both directly
and indirectly via perceived phubbing. Given the protective
efects of social safeness and pleasure on psychological well-
being, secure attachment can be considered an important factor
contributing to adolescents’ sense of safety and satisfaction in
social contexts.

The Efect of Perceived Phubbing on Social Safeness and
Pleasure

Inour study, adolescents who perceived higher levels of phubbing
reported lower social safeness and pleasure. This finding can
be understood within social exclusion theory. During phubbing,
attention shifts from face-to-face interaction to the phone,
implicitly excluding the other person from the exchange. Such
experiences of being ignored may threaten fundamental social
needs and reduce feelings of social safeness and satisfaction
[27]. Individuals who are exposed to phubbing often interpret
this behavior as an implicit message that they are not worthy
of the phubber’s attention, and may experience it as a form of
exclusion that undermines their relational needs [8]. Sensitivity
to social exclusion is an evolutionary perception system, so signs
of exclusion trigger this system and evoke feelings of social pain
and threat in the individual [28]. Therefore, it is understandable
that individuals who perceive themselves as being phubbed
would trust the other person less, find the relationship less
satisfying, and feel less secure in the relationship [29, 30].

Empirical evidence also confirms that perceived phubbing is
interpreted as a sign of exclusion and leads to impairments in
social and psychological functioning [9, 31, 32]. Knausenberger
and colleagues found that as exposure to phubbing increases,
feelings of exclusion increase and mutual trust decreases.
Notably, even three consecutive instances of being phubbed
were associated with a marked reduction in behavioral trust
[9]. Similarly, Sun et al. [33] found that exposure to phubbing
leads individuals to feel excluded and to experience a decrease
in their level of social satisfaction. Moreover, even recalling a
past phubbing incident or imagining being phubbed can evoke
feelings of exclusion and threatened psychological needs [9].
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Our findings indicate that the “feeling ignored” subdimension
of the GSBP is a significant predictor of social safeness and
pleasure. This finding is also consistent with emerging research
on perceived phubbing. Chotpitayasunondh et al. [34] identified
the feeling of being ignored as a core component of the phubbing
experience and emphasized that this perception is associated
with threats to fundamental social needs among those who
perceive themselves as being phubbed. Their study further
reported that the experience of being ignored negatively afects
relationship quality, trust, and mutual respect.

Our findings indicate that being phubbed may reduce social
safeness and pleasure. in particular, the feeling of being ignored
should be considered a significant risk factor for adolescent
mental health and interpersonal functioning. However, it is
important to recognize that the experience of phubbing varies
perceptually across individuals. Therefore, in this study,
phubbing has been conceptualized as a subjective perception
through the concept of “perceived phubbing.”

The Mediating Role of Perceived Phubbing

Our findings suggest that adolescents with secure attachment
perceive lower levels of phubbing, which may help preserve their
social safeness and pleasure.In particular, the mediating role of
the “feeling ignored” dimension suggests that secure attachment
may serve as a protective bufer against social exclusion. An
important contribution of this study is the demonstration that
secure parental attachment can reduce adolescents’ vulnerability
to feeling ignored, thereby strengthening their sense of social
safeness and satisfaction. indeed, prior research has shown
that securely attached individuals tend to personalize potential
exclusion or neglect in social interactions to a lesser extent,
which may function as a psychological protective mechanism
against relational stress [35]. For example, Liu et al. [35] reported
that exposure to parental phubbing significantly reduced life
satisfaction among adolescents with insecure attachment
patterns, whereas securely attached youths experienced this
negative efect to a lesser extent, demonstrating a partial
bufering role. Similarly, a recent comprehensive meta-analysis
(2025) found that insecure attachment tendencies—particularly
anxious and avoidant attachment styles—were associated with a
greater propensity to engage in phubbing behavior [16].

In our study, adolescents who were more securely attached
to their parents reported lower perceptions of being ignored,
which partly explained their higher levels of social safeness and
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pleasure. Theoretically, this result is consistent with attachment
theory. Attachment security fosters the expectation that others
will be responsive in social interactions and leads individuals
to perceive themselves as worthy of attention. In contrast,
insecure attachment increases sensitivity to potential rejection
and keeps individuals hypervigilant to interpersonal threat
cues [36]. Thus, when a parent or peer shifts their attention to
a phone, a securely attached adolescent may be able to tolerate
the situation, whereas an insecurely attached adolescent is more
likely to experience it as rejection and social exclusion.

From an attachment theory perspective, individuals with
insecure attachment are highly sensitive to perceived relational
threats and tend to react strongly to behaviors such as being
phubbed, often interpreting smartphone use as a sign of
relational neglect [37]. In this context, feeling ignored represents
a mechanism by which environmental cues such as digital
distraction are perceived as threats to social belonging, while
secure attachment to caregivers may bufer adolescents against
these experiences and support social safeness.

Limitations

Several limitations should be considered, including the cross-
sectional design and the reliance on self-report measures.
Another limitation relates to the characteristics of the clinical
sample. Participants represented adolescents with heterogeneous
psychiatric diagnoses, which may have contributed to variability
in attachment experiences and perceptions of interpersonal
interactions.In addition, a substantial proportion of the
participants were receiving psychotropic medication. Although
medication efects were not specifically examined in the present
study, ongoing pharmacological treatment may have introduced
additional variability in adolescents’ emotional experiences and
interpretations of social interactions. Therefore, it cannot be
ruled out that medication use may have infuenced how some
participants perceived digital social interactions, including
experiences of being phubbed or feelings of being ignored,
and this possibility should be considered when interpreting the
observed associations. Additionally, the structural equation
model included the total parental attachment score; however, the
separate efects of maternal and paternal attachment on perceived
phubbing and adolescents’ social safeness and pleasure were not
examined, representing another limitation of the present study.
Finally, the absence of a non-clinical comparison group limits
the generalizability of the findings.

Subasi Turgut F, et al.

CONCLUSION

This study showed that secure parental attachment is associated
with adolescents’ social satisfaction and social safeness both
directly and indirectly through perceived phubbing. The
mediating role of the feeling ignored dimension indicates that
digital distraction may weaken the sense of social safeness,
whereas secure attachment may partially bufer this efect.
Future research should use longitudinal designs to clarify causal
pathways and test the model in diferent cultural contexts and
larger samples.
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ABSTRACT

Objective: Body donation remains essential for anatomy education and surgical skills
training. Despite advances in simulation and virtual/augmented/mixed reality, donated
human bodies provide unmatched tissue realism and anatomical variation. However,
many institutions still face cadaver shortages. Understanding temporal fuctuations in
donation applications and their demographic correlations may inform targeted outreach
and support the sustainability of body donation programs. This study aims to evaluate
the efectiveness and outcome of ongoing National Body Donation Programs at our
institution.

Methods: Retrospective body donation forms submitted to Hacettepe University
between 1990 and 2025 were reviewed, including both completed donations and
registered applicants. Demographic variables, including application year and sex, were
analyzed alongside temporal trends.

Results: Between 2003 and 2025, a total of 267 body donation applications were
submitted, of which 20 donors were accepted by our institution. The annual number
of applications ranged from 0 to 29. A modest upward trend in the annual number of
applications was observed beginning in 2012, the year in which the National Body
Donation Program was initiated (B = 1.48, p = 0.052). The applicant population
comprised 61.8% males and 38.2% females, with female applicants submitting their
applications at a signifcantly younger age than males (p = 0.046). Applicants aged <
30 years represented 13.5% of the population, while those aged = 65 years comprised
31.5%.

Conclusion: These fndings provide valuable mid-term institutional data that may
inform the planning and sustainability of body donation programs in medical
education. Continuous monitoring of program outcomes is essential, enabling a
proactive management approach and the development of strategies to enhance program
efectiveness.

Keywords: anatomy education, body donation, cadaver and ethics, cadaver donation
trends
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INTRODUCTION

Body donation remains a crucial resource for both anatomy
education and surgical skills training [1,2]. Cadavers remain
irreplaceable for understanding variations, tissue fdelity and
spatial relationships despite advances in simulation and virtual/
augmented reality, a view consistently supported by medical
students [3-6]. Sustaining body donation programs is critical
due to persistent shortage of cadavers in many institutions [7-9].
This issue has gained increasing importance in recent decades
with the rising number of medical schools.

In Tirkiye, body donation is legally permitted, yet maintaining
sustainable cadaver supply remains challenging [10,11].
Body procurement is regulated by Act 2238 and subsequent
amendments, permitting both body donation and the use
of unclaimed or imported cadavers [12-14]. Donation may
occur through written consent during life (with witnesses and
physician approval) or family authorizations after death [13].
Unclaimed bodies may be transferred to anatomy departments
with hospitals and prosecutor oFce, can be used after forensic
autopsy under specifed conditions [15]. In recent years, the
transfer of unclaimed bodies to anatomy departments has been
disrupted and remains an ongoing issue [7,16].

Applicant demographics can infuence willingness and
engagement with donation programs [17,18]. Understanding
how these factors change over time is important for predicting
donor supply, guiding ethical outreach, improving counseling,
and optimizing donation programs. Examining fuctuations in
registrations and the factors behind them can inform policies

Main Points

e Cadaver availability remains limited due to continued
reliance on unclaimed bodies and legal or institutional
barriers.

e Body donation requests have steadily increased,
particularly following the implementation of the
National Body Donation Program

e Following the donation program, an increase in body
donation applications among younger individuals was
observed.

e Continuous monitoring and proactive long-term
strategies are essential to ensure a sustainable cadaver
supply.
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and program design. This study aimed to examine temporal
trends in body donation applications and to explore patterns
that potentially associated with the implementation of the of
the National Body Donation Program (NBDP) in 2012 by the
Turkish Society of Anatomy and Clinical Anatomy (TSACA)
[16].

MATERIALS AND METHODS

This retrospective, single-center observational study was
conducted using records from Hacettepe University body
donation program, and was approved by Ethics Committee of
Hacettepe University (Approval Number: SBA 26/035, Date:
2026-01-06). For this study, an applicant is an individual who
completes a donation form during life, and a donor is the same
individual after death whose body.

All body donation application forms, cadaver records, and
archival documents between 1990 to 2025 were reviewed.
Family-authorized donations, unclaimed bodies, and imported
cadavers were excluded. The dataset included forms completed
by individuals who applied to donate their bodies, as well as
records of donations that were realized following registrations.
For each applicant, year of application, age at application, and
sex (as recorded in of¥cial identifcation documents) were
documented, along with any stated special request. Names and
identifcation numbers were excluded from the dataset, and all
analyses were conducted on anonymized list.

Policy Intervention

This study employed an interrupted time series (ITS) analysis,
a quasi-experimental approach used to evaluate whether a
defned intervention is associated with a signifcant change in an
outcome over time. By analyzing observations before and after
the intervention, the method determines whether any observed
change exceeds what would be expected based on the pre-
intervention pattern [19]. In this study ITS analysis was applied
to evaluate the outcomes of the NBDP in 2012 [16], using
with nine pre-intervention and fourteen post-intervention time
points, exceeding the minimum of eight required for adequate
statistical analysis [20].

Statistical Analysis

ITS analysis perform temporal trends in body donation
applications and the NBDP impact, with autocorrelation
assessed using the Durbin—Watson statistic. Group comparisons
for age were performed using independent samples t-test or
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Mann-Whitney U test as appropriate, and sex distribution
diferences were analyzed using the chi-square test. A p value
of less than 0.05 was considered statistically signifcant. All
statistical analysis were performed using IBM SPSS Statistics,
version 23 (IBM Corp., Armonk, NY, USA).

RESULTS

Archival review revealed that the earliest documented body
donation application at our institution was received in 2003.
Between 1990 and 2002, cadaveric needs were met through
bodies provided by hospital and the Public Prosecutor’s Oce,
including autopsied and unclaimed individuals. Since 2003,
cadaver procurement has been sourced from body donations
and imported cadavers. While applicants did not specify
requests regarding the use of particular body regions, one donor
requested cremation after educational and scientifc use.

During the study period, 267 body donation application forms
were completed, of which 20 preregistered donors were accepted.
The annual number of applications ranged from 0 and 29, while
the number of cadavers accepted ranged from 0 to 3 (Figure 1).
The institution received mean of 11.6 body donation applicants
annually during the study period. The annual mean number of
body donation applications was 2.55 before 2012, whereas it
increased to 17.4 in the period after 2012. ITS analysis showed
no signifcant pre-intervention trend (3 = 0.10, p = 0.877).
Although an immediate increase in body donation applications
was observed after 2012, this change was not statistically
signifcant (B = 6.40, p = 0.159). However, the post-intervention
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slope demonstrated a modest upward trend (B = 1.48, p = 0.052),
suggesting that applications may have increased over time,
although this trend did not reach statistical signifcance. The
upward trend became more evident from 2016 onward. Year
to year trends in the number of body donation applications and
donations are summarized in Table 1 and Figure 1.

The mean age of all applicants was 54.2 years, with males
averaging 55.8 years (range: 18-88) and females 51.5 years
(range: 18-85). Female applicants completed body donation
applications at a signifcantly younger age than male applicants
(p = 0.046). Applicants aged < 30 years accounted for 13.5%,
and those aged = 65 years for 31.5% (Table 1).

Despite some year-to-year exceptions, age of body donation
is generally concentrated between 50 and 60 years (Figure 2).
Although the mean application age increased from 50.3 years in
the pre-intervention period to 54.5 years in the post-intervention
period, this diference was not statistically signifcant (p =
0.261). Except for one case, all applications from individuals
aged < 30 years were submitted after 2012.

In the pre-intervention period, the proportions of male and
female applicants were 82.6% and 17.4%, respectively, whereas
in the post-intervention period these proportions were 59.8% and
40.2%. A statistically signifcant diference in sex was observed
between the two periods (p = 0.032). The distribution by sex and
age is presented in Table 1 and Figure 3.

Number

Year

Figure 1. Annual numbers of applicants for body donation and accepted donations
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Table 1. Temporal distribution of body donation registrations by sex, and applicant age

Pasli B, et al.

Male Female Total
vears N“”Tber. of Application age Num_ber_of Application age Num_ber_of Application age
application Application Application

‘03 1 56.0 0 0 1 56.0
‘04 0 0 0 0 0 0
‘05 0 0 1 61.0 1 61.0
‘06 7 53.3 2 55.0 9 53.7
‘07 6 45.7 1 41.0 7 45.0
‘08 3 68.7 0 0 3 68.7
‘09 0 0 0 0 0 0
‘10 2 18.5 0 0 2 18.5
‘11 0 0 0 0 0 0
‘12 5 59.8 2 49.0 7 56.7
‘13 7 53.7 2 24.0 9 47.1
‘14 7 58.7 1 64.0 8 59.4
‘15 2 35.5 2 64.0 4 49.3
‘16 12 53.8 5 50.0 17 52.6
‘17 17 57.9 9 44.7 26 53.3
‘18 12 57.6 10 54.1 22 56.0
‘19 11 55.9 13 44.0 24 49.4
‘20 9 56.8 9 43.7 18 50.2
21 10 54.6 57.0 15 55.4
‘22 11 54.6 15 56.9 26 55.9
‘23 12 63.1 59.7 19 61.8
24 11 63.1 63.6 20 63.3
25 19 52.8 10 48.2 29 51.1
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Figure 2. Temporal changes in the age of body donation applicants between 2003 and 2025.

359



European Journal of  erapeutics (2026)

@

[T

3 I
-5 0 5

Number

Figure 3. Population pyramid illustrating the age-specifc sex
distribution of body donors.

Male donors are shown on the left side (blue bars) and female donors on
the right side (red bars). Age groups are presented in 5-year intervals,
and values represent the number of donors in each age category.

DISCUSSION

The shortage of cadavers continues to be a pressing issue in
Turkiye, posing ongoing challenges for medical education
and research [6,7,9,16,21-28]. This study provides a mid-term
overview of body donation applications and donations at a major
faculty of medicine in Turkiye. Our institution is located in
Ankara, where fve state and seven foundation universities have
the potential to accept body donations [29].

In Turkiye, 11.5% of anatomy departments have been reported
to conduct education without access to cadavers [7], a proportion
that may increase as existing cadaver stocks age and gradually
lose their suitability for efective teaching. Nationwide survey
indicates that unclaimed bodies constitute the primary source
of cadavers (84.8%), followed by donated bodies (50%) and
imported cadavers (39.1%). Although the use of unclaimed
bodies raises ethical concerns due to the absence of prior
consent, they have historically constituted a critical educational
resource in country where voluntary donation is limited [30—
33]. However, evidence suggests that the transfer of unclaimed
bodies to institutions has been disrupted, a fnding that aligns
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with our experience. Despite existing legal provisions, hospital
administrators and prosecutors remain reluctant to transfer
unclaimed bodies to anatomy departments [7,16]. This hesitation
likely refects administrative barriers, procedural uncertainties,
and ethical concerns, indicating that legal authorization alone is
insufFcient to ensure efective cadaver transfer.

In this context, the limited availability of both donated and
unclaimed bodies increasingly challenges the sustainability
and quality of anatomy education nationwide. As of May 2013,
the mean student-to-cadaver ratio in Turkiye was reported
to be 261. To address this shortage, the TSACA, through its
NBDP, recommends raising public awareness of body donation,
establishing a centralized donation registry, and enhancing
cooperation among universities, hospitals, forensic authorities,
and governmental
informational visits may help raise awareness among responsible
authorities and reinforce knowledge of current regulations [16].
However, the also requires attention to ethical considerations
and institutional decision-making, ensuring respect for human
dignity and adherence to cadaver-use protocols. The program
also advocates revising legislation to facilitate the transfer
of unclaimed, non-forensic bodies, implementing a national
cadaver-sharing system to reduce regional disparities [11,16].
It is also important to assess whether institutions currently
have su¥cient infrastructure and administrative capacity
to accommodate unclaimed body transfers, should these
resume. Our view is that, although major faculties generally
have adequate facilities for cadaver storage and preparation,
logistical challenges, such as timely transport and sta®ng,
may limit immediate implementation. In addition, cadaveric
material remaining in our department from postgraduate hands-
on training courses organized by various medical specialty
associations continues to serve as a valuable resource for basic
anatomy education and research. These recommendations,
particularly those concerning cadaver transfers or national
cadaver-sharing, should be implemented within a framework
that ensures donor consent, legal authorization, and ethical
oversight, thereby ensuring transparency, accountability, and
adherence to ethical standards.

bodies. Short-term solution, such as

The presentstudy demonstrates thatalthough the absolute number
of cadavers accepted by our institution has remained limited,
body donation applications have shown a sustained increase over
time, particularly following the implementation of the NBDP
with a more pronounced upward trend observed after 2016. It is
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important to note that this change cannot be attributed solely to
the program. Temporal trends in applications may be infuenced
by multiple contextual factors, including institutional outreach
initiatives, national media coverage, changes in unclaimed
body transfer practices, and the increasing number of medical
schools in Ankara. These fndings indicate a gradual transition
toward donation-based cadaver supply, while also highlighting
the continued insufciency of donations to meet educational
demands. In the long term, sustainable cadaver procurement may
be supported by initiatives aimed at increasing public awareness
and establishing social responsibility projects [16,26,31].
These approaches have been demonstrated to be efective
across diverse cultural and religious backgrounds [8,17,34].

Male applicants constitute a higher overall proportion, while
female applicants tended to apply at a signifcantly younger
age. Previous national studies have reported inconsistent sex
distributions, some have observed a predominance of female
donors [35], whereas others have reported higher proportions
of male donors [8,9,21,36,37]. Survey-based studies in Tirkiye
conducted have yielded mixed results; some indicated greater
willingness to donate among women [6,24], while others found
no signifcant sex diferences [25]. Notably, although women
demonstrated higher willingness in survey, this has not been
refected in the actual proportion donation rates Collectively,
these fndings suggest potential behavioral diferences in
the body donation decision-making process. In addition, the
recent increase in donations among younger age groups may
be associated with the reach of NBDP, growing awareness,
and greater engagement with digital media. Although body
donation-specifc social media campaigns at national or global
levels are currently limited, some universities and purpose-
driven organizations have utilized these platforms to share
educational content and raise awareness. Alongside traditional
media, ethical use of social media could serve as a long-
term strategy to address cadaver procurement challenges by
improving young people’s access to accurate information.

Anatomists may be the primary target group, as their donation
may raise public awareness and reduce societal concerns
[7,27,38]. Other role models, including medical professionals,
educators, and public fgures, may also contribute to shaping
public attitudes. Physicians occupy a highly visible and trusted
position in society and may receive more initial body donation
inquiries than anatomy departments; however, they may be
insufciently prepared to adequately inform and direct potential
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donors. Strengthening physicians’ awareness and engagement
could enhance societal trust and participation in body donation
programs [22]. This also applies to medical students, who will
serve at all levels of the healthcare system after graduation [7,39].
At our institution, a body donation social responsibility project
involving medical students has been implemented over the past
few years as an educational initiative, conducted in conjunction
with organ and tissue donation programs. The primary target
group is the general public, with eforts should focus on
providing accurate information through a variety of channels,
such as websites, seminars, hospital collaboration, social media
and brochures [23]. For instance, in Brazil, it has been reported
that 26% of donors have at least one family member enrolled
in a body donation program [17]. Implementing standardized
educational sessions for individuals willing to donate their
bodies, regardless of their prior knowledge or whether they raise
questions, may further enhance understanding and engagement.

An increase in body donation applications suggests a potential
shift in public awareness or attitudes. Monthly analyses of
applications indicate that registration peaks often follow National
Anatomy Week activities, implying that targeted awareness
campaigns may exert measurable efects on donor behavior [9].
Although this study does not aim to establish defnitive causal
relationships, the observed trends likely refect broader societal
engagement with the program, including media coverage of
commemorative events [40] and heightened awareness of unmet
educational needs [41]. A study conducted in istanbul, another
major city in Turkiye, reported a signifcant increase in body
donation applications in 2012, which was attributed to the
NBDP and related initiatives [7]. A single-university study in
South Korea documented an increase from 7 donors in 1992 to
over 128 annually in recent years, primarily linked to cultural
and religious changes, that enhanced the societal value of body
donation [8]. Consistent upward trends have also been reported in
Thailand and India [36,37], refecting growing global awareness
and societal acceptance of body donation. These fndings
underscore the importance of continuously monitoring donation
trends and adapting strategies to local cultural, institutional, and
societal contexts.

Cultural and religious values signifcantly infuence public
perceptions of body donation. Beliefs about the sanctity of
the body and limits on individual ownership may contribute
to societal hesitation [42—44]. In a survey conducted among
religious ofcials, 38.2% reported that they considered religious
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beliefs to be a contributing factor to the inadequacy of organ
donation, while 50.6% stated that members of the public asked
them questions regarding organ donation [45]. In Turkiye,
public awareness of organ donation has reached a level where
individuals often seek religious guidance and local approval, a
trend that may also apply to body donation [7,45]. Individuals
who donate organs and tissues may also be more willing to
consider body donation, and a coordination model that enables
these processes to be managed in an integrated manner could be
developed. Consequently, religious oFcials are a key audience
for eforts to raise awareness of body donation programs.

It is important to assess factors infuence willingness to
donate, including age, sex, ethnicity and cultural beliefs,
religion, education, occupation, and income [18]. While higher
education and income increase willingness in some populations
[7,46,47], in others, such as Brazil, donors often have lower
education and income [17], highlighting that each community’s
social dynamics must be considered individually. In Turkiye,
registered donors are generally well-educated and motivated by
usefulness, impermanence, and awareness of the role of body
donation in medical education [9]. Survey-based research also
shows that attitudes are shaped by sociodemographic factors,
religious beliefs, and psychological considerations related to
death and postmortem body use [9,25,48].

Coordination with municipal authorities and cemetery
departments is essential to ensure that post-use procedures
are carried out in accordance with donors’ wishes. Although
burial after utilization remains the prevailing preference in
society, such coordination is particularly important in cases
where donors request cremation. As demonstrated by a donor
in our institution who requested cremation, establishing the
necessary institutional and administrative linkages, through
formal communication with relevant public authorities and the
activation of a previously inactive cremation facility, enabled
the fulfliment of the individual’s wishes, thereby removing
cremation as a potential barrier to body donation. Furthermore,
our experience indicates that advance preparation of fnancial
resources and intercity coordination is particularly benefcial to
ensure the timely transfer of the donor’s body when death occurs
in another city.

Furthermore, openly demonstrating respect and gratitude
toward applicants and cadavers within society is valuable for
this purpose. In Tirkiye and many other countries, universities

Pasli B, et al.

have long held commemorative ceremonies on special occasions,
presenting plaques or fowers to honor body donors [30,39,49].
Additionally, on designated special days such as World
Anatomy Day, donors and their families may receive greeting
cards of appreciation. Material representation of respect, such
as monuments and sculptures, may also be benefcial. In this
context, the “Manifesto of the Cadaver” sculpture competition
was organized in recent years in memory of Prof. Dr. Mustafa
Fevzi Sargon, former Head of Department of Anatomy at
Hacettepe University, through collaboration between the
Faculty of Medicine and the Faculty of Fine Arts, under the
slogan “Donate Your Body, Let It Live in Medical Education”.
The selected sculpture is planned to be inaugurated in the
near future and permanently displayed at the entrance of the
anatomy department, symbolically honoring body donors and
representing an innovative, interdisciplinary approach to raising
awareness of body donation [50].

Together with this study, evidence from Turkiye indicate
rising public awareness and body donation applications [7,21];
although this has not yet been refected in the number of
ofcially donations, it serves as a warning for institutions to
begin preparing the necessary institutional facilities.

Limitations

Its single-center design may limit the generalizability of the
fndings to other institutions. In addition, Ankara hosts several
medical faculties authorized to accept body donations. In such
a multi-institutional environment, donation applications may
be infuenced by referral pathways, institutional preferences,
geographic  proximity, and potential interinstitutional
competition. This contextual factor should be considered
when interpreting results Moreover, the absence of a routine
questionnaire alongside the legally required donation procedure,
restricting the availability of detailed information on applicants’
motivations and attitudes. Finally, the study provides only mid-
term outcomes, and longer follow-up periods are needed to
assess long-term trends in body donation practices. The limited
number of annual observations may have reduced the statistical
power to detect an immediate intervention efect.

CONCLUSION

This retrospective analysis of body donation applications at a
major medical institution over a mid-term period. Temporal
trends in body donation suggest that the NBDP and associated
initiatives may have infuenced the increase in applicants,
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emphasizing that continuous monitoring of donation trends
is essential for institutions to develop proactive strategies and
further improve these programs.
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ABSTRACT

Objective: Glycated hemoglobin (HbAlc) refects long-term glycemic exposure;
however, its relationship with renal function in non-diabetic adults has not been clearly
defned. This study aimed to investigate the association between HbAlc levels and
estimated glomerular Fltration rate (¢GFR) in a non-diabetic adult population.
Methods: This retrospective cross-sectional study included 197 non-diabetic adults
attending the internal medicine outpatient clinic of Gaziantep University Sahinbey
Research and Practice Hospital. The estimated glomerular Fltration rate was calculated
from serum creatinine, and HbAlc levels were evaluated as both continuous and
categorical variables. Associations between HbAlc and eGFR were analyzed using
correlation and linear regression analyses with adjustment for age, sex, hypertension,
and fasting plasma glucose.

Results: HbAlc levels were inversely correlated with eGFR (Spearman p = -0.237, p
< 0.002). In univariate analysis, each 1% increase in HbAlc was associated with a 9.8
mL / min / 1.73 m2 decrease in eGFR. Although this association was attenuated after
adjustment for age, HbAlc remained independently associated with eGFR in the fully
adjusted multivariable model (§ =-4.31, p=0.042). Median eGFR values decreased across
HbAlc categories, with the lowest values observed in participants with prediabetes.
Conclusion: Higher HbAlc levels were independently associated with lower eGFR
in non-diabetic adults. These fndings suggest that HbAlc may refect early renal
vulnerability even below diagnostic thresholds for diabetes mellitus, warranting further
investigation in prospective longitudinal studies.

Keywords: estimated glomerular fltration rate, glycated hemoglobin, HbAlc, non-
diabetic adults, prediabetes, renal function
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INTRODUCTION

Chronic kidney disease (CKD) is a major global health problem,
afecting more than 10% of the adult population worldwide and
substantially increasing cardiovascular morbidity and mortality
[1,2]. Importantly, early-stage renal dysfunction often progresses
silently and is frequently detected only after substantial loss of
renal function has occurred. This clinical reality underscores
the need to identify subtle metabolic markers that may signal
early renal vulnerability before overt disease becomes apparent
[3]. In this context, routinely measured metabolic indicators may
ofer an opportunity to recognize individuals at risk even in the
absence of established kidney disease.

Glycated hemoglobin (HbAIc) is widely used as a standardized
marker of long-term glycemic exposure and is central to the
diagnosis and monitoring of diabetes mellitus. However,
growing evidence suggests that HbAlc refects not only glucose
metabolism but also broader metabolic and vascular processes,
including insulin resistance, oxidative stress, and low-grade
infammation, even in individuals without diagnosed diabetes
[4,5]. These mechanisms are closely linked to microvascular
dysfunction, which plays a critical role in the pathogenesis of
early renal impairment [6].

While the association between hyperglycemia and kidney
disease is well established in diabetic populations, the clinical
signifcance of HbAlc levels within the non-diabetic range
remains less clear. Several recent population-based studies have
reported inverse associations between HbAlc and estimated
glomerular Fltration rate (eGFR) in individuals without diabetes,

Main Points

e HbAlc levels were inversely associated with estimated
glomerular Fltration rate in non-diabetic adults.

e The association between HbAlc and renal function
remained signifcant after adjustment for age, sex,
hypertension, and fasting glucose.

e Estimated glomerular Fltration rate decreased
progressively across HbAlc categories, with the lowest
values observed in individuals with prediabetes.

e HbAlc may provide complementary information on
renal function in non-diabetic individuals in routine
clinical practice.
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suggesting that higher HbAlc levels—even below diagnostic
thresholds—may be linked to subtle reductions in renal
function [7-9]. However, these fndings have been inconsistent
across studies, and the extent to which such associations are
independent of age, blood pressure, and fasting glucose remains
debated.

Age, in particular, represents a major confounding factor
in studies examining renal function, as eGFR declines
physiologically with advancing age and is also positively
associated with HbAlc levels in the general population [10].
Similarly, hypertension and fasting plasma glucose are well-
known determinants of renal function and may obscure or
attenuate the independent contribution of HbAlc. Therefore,
careful multivariable adjustment is essential to determine
whether HbAlc provides information beyond established renal
and cardiometabolic risk factors in non-diabetic adults.

Clarifying this relationship is clinically relevant, as HbAlc is an
inexpensive, widely available, and standardized biomarker that
is already measured routinely in everyday clinical practice. In
many non-diabetic individuals, HbAlc values fall within ranges
that are generally considered reassuring and therefore receive
little clinical attention. If HbAlc is independently associated
with renal function even within these ranges, it may represent an
underrecognized signal of early renal vulnerability and support
more proactive metabolic and renal monitoring strategies before
overt disease develops.

Therefore, the present study aimed to investigate the association
between HbALc levels and renal function, assessed by eGFR, in
a cohort of non-diabetic adults using a cross-sectional design,
with particular emphasis on evaluating whether this association
persists after adjustment for age, sex, hypertension, and fasting
plasma glucose.

MATERIALS AND METHODS

Study Design

This study was designed as a retrospective, observational,
cross-sectional analysis conducted at Gaziantep University
Sahinbey Research and Practice Hospital and approved by the
Gaziantep University Non-Interventional Clinical Research
Ethics Committee (Decision No: 2026/99, Date: 2026—02—-04).
Electronic medical records of adult patients who attended the
internal medicine outpatient clinic between September 2025 and
December 2025 were reviewed. The study evaluated routinely
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collected clinical and laboratory data, and no additional
diagnostic or interventional procedures were performed as part
of the research.

Study Population

Adult individuals aged 18-65 years without a diagnosis of
diabetes mellitus were eligible for inclusion. Patients were
included if measurements of glycated hemoglobin (HbAIc)
and serum creatinine were available and obtained during the
same clinical visit. Exclusion criteria were as follows: known
diabetes mellitus or use of antidiabetic medications, previously
diagnosed chronic kidney disease (eGFR < 60 mL / min /
1.73 m?), acute kidney injury at presentation, active infection
or infammatory disease, malignancy, pregnancy or lactation,
systemic corticosteroid use, endocrine disorders afecting
HbAc levels, and missing essential demographic or laboratory
data.

Clinical and Laboratory Assessments

Demographic data, including age and sex, were obtained from
patient records. Hypertension status was determined based on
documented medical history or antihypertensive medication
use. When available, systolic and diastolic blood pressure
measurements recorded during the outpatient visit were
documented.

Laboratory parameters extracted from the hospital information
system included fasting plasma glucose, HbAlc,
creatinine, low-density lipoprotein cholesterol, triglycerides,
C-reactive protein, and alanine aminotransferase. All laboratory
measurements were performed in the central biochemistry
laboratory using standardized routine methods.

serum

Assessment of Glycemic Status

HbALc levels were expressed as percentages (%) and analyzed
both as a continuous variable and as categorical groups.
Participants were classifed into three HbAlc categories: normal
(< 5.4%), high-normal (5.4-5.6%), and prediabetes (=5.7%), in
accordance with established clinical thresholds.

Assessment of Renal Function

Renal function was assessed using estimated glomerular
fltration rate (eGFR), calculated from serum creatinine
values using the 2021 Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) creatinine equation, as recommended
by current guidelines [3]. eGFR was expressed as mL / min /
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1.73 m2and analyzed as a continuous outcome variable. Reduced
renal function was defned as an eGFR <90 mL / min/ 1.73 m?2
for descriptive analyses.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
software. The distribution of continuous variables was assessed
using the Shapiro-Wilk test. Normally distributed variables
are presented as mean + standard deviation, whereas non-
normally distributed variables are expressed as median and
interquartile range. Categorical variables are reported as counts
and percentages.

Comparisons across HbAlc categories were performed using
one-way analysis of variance or the Kruskal-Wallis test for
continuous variables, as appropriate, and chi-square or Fisher’s
exact tests for categorical variables. Correlations between
HbA1c levels and eGFR were evaluated using Spearman’s rank
correlation coefcient. Pearson and Kendall correlation analyses
were conducted for confrmation.

To assess the independent association between HbAlc and
eGFR, linear regression analyses were performed. Sequential
multivariable models were constructed with stepwise adjustment
for age, sex, hypertension status, and fasting plasma glucose.
Model assumptions were evaluated prior to analysis. A two-
sided p-value < 0.050 was considered statistically signifcant.

RESULTS

Study Population Characteristics

A total of 197 non-diabetic adults were included in the fnal
analysis. The mean age of the study population was 46.8 + 13.1
years, and 129 participants (65.5%) were female. Hypertension
was present in 126 individuals (64.0%). The mean HbAlc level
was 5.30 £ 0.50%, and the median estimated glomerular fltration
rate (eGFR) was 103.0 (interquartile range [IQR]: 92.0-114.0)
mL / min/ 173 m2

Based on HbAc levels, 104 participants (52.8%) were classifed
as having normal HbAlc (< 5.4%), 52 (26.4%) as high-
normal HbAlc (5.4-5.6%), and 41 (20.8%) as meeting criteria
for prediabetes (= 5.7%). Baseline demographic, clinical,
and laboratory characteristics of the study population are
summarized in Table 1.
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Table 1. Demographic and Clinical Characteristics of Non-

Diabetic Participants (N = 197)

Variable Value
Age, years, mean + SD 46.8+£13.1
Sex, n (%)

Male 68 (34.5)

Female 129 (65.5)
Hypertension, n (%) 126 (64.0)
Systolic BP, mmHg, median (IQR) 128.0 (119.0-140.0)
Diastolic BP, mmHg, mean + SD 76.9+£10.2
Fasting glucose, mg / dL, mean + SD 93.6+14.7
HbAlc, %, mean + SD 5.30 £ 0.50
HbALc category, n (%)

Normal (< 5.4%) 104 (52.8)

High-normal (5.4-5.6%) 52 (26.4)

Prediabetes (= 5.7%) 41 (20.8)
Triglycerides, mg / dL, median (IQR) 132.0 (94.0-183.8)
LDL cholesterol, mg / dL, mean = SD 134.3+£30.9
Creatinine, mg / dL, mean £ SD 0.8+0.14
?%FRR; mL/ min/1.73 m?, median 103.0 (92.0-114.0)
CRP, mg/ L, median (IQR) 3.0(1.3-5.9)
ALT, U/ L, median (IQR) 20.0 (15.0-29.0)

Data are presented as mean + SD for normally distributed variables
and median (IQR) for non-normally distributed variables. Categorical
variables are reported as n (%). BP, blood pressure; HbAlc, glycated
hemoglobin; LDL, low-density lipoprotein; eGFR, estimated glomerular
fltration rate; CRP, C-reactive protein; ALT, alanine aminotransferase;
SD, standard deviation; IQR, interquartile range.

Characteristics According to HbAlc Category

Clinical characteristics stratifed by HbAlc category are
presented in Table 2. Participants with higher HbAlc levels
were signifcantly older (median age: 43.0 vs 50.0 vs 52.0 years
for normal, high-normal, and prediabetes groups, respectively;
p < 0.001) and had higher fasting glucose levels (p < 0.001).
There was a statistically signifcant diference in eGFR across
HbAlc categories (Kruskal-Wallis H = 6.495, p = 0.039), with
median eGFR values of 106.0, 103.0, and 99.0 mL / min / 1.73m?
for normal, high-normal, and prediabetes groups, respectively.
No signifcant diferences were observed in sex distribution,
hypertension prevalence, blood pressure, or infammatory
markers across HbAlc categories.
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Correlation Analysis

HbAlc showed a signifcant inverse correlation with eGFR
(Spearman p =-0.237, 95% ClI: -0.365 to -0.101, p < 0.001). This
correlation was confrmed by Pearson correlation coe¥cient (r
= -0.266, p < 0.001) and Kendall’s tau-b (t = -0.162, p = 0.001).
Among other clinical variables, age showed the strongest
correlation with eGFR (p = -0.703, p < 0.001), followed by
creatinine (p = -0.629, p < 0.001). Systolic blood pressure (p =
-0.168, p = 0.019) and fasting glucose (p =-0.195, p = 0.006) were
also signifcantly correlated with eGFR. Importantly, HbAlc was
positively correlated with age (p = 0.294, p < 0.001) and fasting
glucose (p =0.335, p < 0.001) (Table 3).

Linear Regression Analysis

In univariate linear regression, HbAlc was signifcantly
associated with eGFR (B = -9.82, 95% ClI: -14.85 to -4.79, p <
0.001), indicating that each 1% increase in HbAlc was associated
with a 9.8 mL / min/ 1.73m2 lower eGFR. This model explained
7.1% of the variance in eGFR (R? = 0.071). Age was the strongest
univariate predictor of eGFR (B = -0.95 per year, p < 0.001, Rz =
0.456).

In multivariate analysis, the association between HbAlc and
eGFR was attenuated but remained statistically signifcant after
sequential adjustment for potential confounders. After adjustment
for age alone, the coefcient decreased substantially (B = -4.06,
p = 0.044), indicating that age is a major confounder. In the fully
adjusted model including age, sex, hypertension, and fasting
glucose, HbAlc remained independently associated with eGFR
(B =-4.31, 95% CI: -8.47 to -0.15, p = 0.042). The fully adjusted
model explained 48.3% of the variance in eGFR (Table 4).

Post-hoc Comparisons and Subgroup Analyses

Post-hoc pairwise comparisons revealed that participants with
prediabetes had signifcantly lower eGFR compared to those with
normal HbAlc (mean diference: 8.2 mL / min / 1.73m2, Mann-
Whitney U = 2690, p = 0.014). The diferences between normal
and high-normal groups (p = 0.181) and between high-normal
and prediabetes groups (p = 0.244) did not reach statistical
signifcance after Bonferroni correction (o = 0.017).

Subgroup analyses demonstrated that the inverse correlation
between HbAlc and eGFR was consistent across most
subgroups. The correlation was signifcant in females (p =
-0.293, p < 0.001) but not in males (p = -0.159, p = 0.194). The
correlation was also signifcant in participants with hypertension
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Table 2. Clinical Characteristics According to HbAlc Category
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Normal High-normal Prediabetes
Variable (< 5.4%) (5.4-5.6%) (=5.7%) p

(n=104) (n=52) (n=41)
Male sex, n (%) 38 (36.5) 15 (28.8) 15 (36.6) 0.605
Hypertension, n (%) 62 (59.6) 35 (67.3) 29 (70.7) 0.383
Age, years 43 (33-54) 50 (45-58) 52 (46-59) <0.001
Systolic BP, mmHg 128 (117-136) 128 (120-139) 129 (121-143) 0.386
Diastolic BP, mmHg 76 (69-83) 75 (70-81) 76 (70-86) 0.716
Fasting glucose, mg / dL 89 (82-96) 91 (85-105) 102 (88-107) <0.001
Triglycerides, mg / dL 125 (84-174) 134 (94-194) 144 (106-173) 0.255
Creatinine, mg / dL 0.7 (0.6-0.8) 0.7 (0.6-0.8) 0.8 (0.6-0.9) 0.654
eGFR, mL/ min/1.73m? 106 (94-116) 103 (92-110) 99 (90-107) 0.039
CRP,mg/L 3.0 (1.1-5.6) 3.0(1.9-5.7) 3.0 (1.6-6.8) 0.750
ALT,U/L 21 (15-28) 21 (16-32) 20 (15-24) 0.553

Data are presented as median (interquartile range) or n (%). Continuous variables were compared using the Kruskal-Wallis test; categorical
variables were compared using the chi-square test. eGFR was calculated using the 2021 CKD-EPI creatinine equation. Bold p values denote
statistical signifcance (p < 0.05). BP, blood pressure; eGFR, estimated glomerular fltration rate; CRP, C-reactive protein; ALT, alanine

aminotransferase.

Table 3. Correlation Between HbAlc, eGFR, and Clinical Variables

Variable Spearman p 95% CI p
Correlations with eGFR

HbAlc -0.237 -0.365t0 -0.101 <0.001
Age -0.703 -0.767 t0 -0.624 <0.001
Systolic BP -0.168 -0.300 to -0.028 0.019
Fasting glucose -0.195 -0.326 to -0.056 0.006
Creatinine -0.629 -0.707 to -0.537 <0.001
CRP 0.000 -0.142 to +0.142 0.998
Correlations with HbAlc

Age +0.294 +0.161 to +0.417 <0.001
Fasting glucose +0.335 +0.205 to +0.454 <0.001
eGFR -0.237 -0.365 to -0.101 <0.001

Abbreviations: eGFR, estimated glomerular Fltration rate; BP, blood pressure; CRP, C-reactive protein; Cl, confdence interval.

(p = -0.259, p = 0.003) and in both fasting glucose subgroups.
No signifcant interactions were observed (all p for interaction
> 0.1), suggesting the HbAlc-eGFR relationship is consistent

across subgroups (Table 5).

The prevalence of reduced eGFR (< 90 mL / min / 1.73m?2) was

group, and 24.4% in the prediabetes group. Although the odds
of reduced eGFR were numerically higher in the high-normal
(OR = 1.43, 95% CI: 0.63-3.26) and prediabetes (OR = 1.54,

95% ClI: 0.64-3.70) groups compared to the normal group, these
diferences did not reach statistical signifcance (chi-square for

17.3% in the normal HbAlc group, 23.1% in the high-normal

trend: p = 0.536).
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Table 4. Linear Regression Analysis of Factors Associated with eGFR

Lule KO, Berse S.

Model | B (95% CI) p value R2
Univariate Analysis

HbAlc (per 1%) -9.82 (-14.85, -4.79) <0.001 0.071
Age (per year) -0.95 (-1.10, -0.80) <0.001 0.456
Systolic BP (per mmHg) -0.20 (-0.37, -0.04) 0.018 0.028
Fasting glucose (per mg/dL) -0.22 (-0.39, -0.04) 0.016 0.030
Multivariate Analysis (HbAlc coefFcient)

Model 1: Unadjusted -10.00 (-15.06, -4.93) <0.001 0.073
Model 2: + Age -4.06 (-8.01, -0.10) 0.044 0.471
Model 3: + Age, sex -4.23 (-8.16, -0.30) 0.035 0.481
Model 4: + Age, sex, HT -4.20 (-8.13, -0.26) 0.037 0.483
Model 5: + Age, sex, HT, glucose -4.31 (-8.47, -0.15) 0.042 0.483

Dependent variable: eGFR (mL/min/1.73m?). B coeFcients represent the change in eGFR per unit increase in the predictor variable. R? values
refer to the adjusted coefFcient of determination for each model. The slight diference in the unadjusted HbAlc coe¥cient between univariate
analysis and Model 1 refects the diference in the number of participants included due to the availability of covariates in sequential models. BP,

blood pressure; CI, confdence interval; eGFR, estimated glomerular fltration rate; HbA1c, glycated hemoglobin; HT, hypertension.

Table 5. Post-hoc Comparisons and Subgroup Analyses

Post-hoc Pairwise Comparisons

Comparison Mean Dif U p value Efectr
Normal vs High-normal +5.1 3060 0.181 0.107
Normal vs Prediabetes +8.2 2690 0.014* 0.203
High-normal vs Prediabetes +3.1 1217 0.244 0.121
Subgroup Analyses (HbAlc-eGFR Correlation)

Subgroup n p p value p int.

< 50 years 111 -0.086 0.367

> 50 years 86 -0.099 0.366 0.127
Male 68 -0.159 0.194

Female 129 -0.293 <0.001 0.583
With hypertension 126 -0.259 0.003

Without hypertension 71 -0.196 0.102 0.394
Fasting glucose < 100 mg/dL 139 -0.177 0.037

Fasting glucose =100 mg/dL 58 -0.284 0.031 0.215
eGFR by HbAlc Category

HbAlc Category n Mean + SD Median IQR
Normal (< 5.4%) 104 104.9+16.9 106.0 93.8-116.0
High-normal (5.4-5.6%) 52 99.8+19.2 103.0 92.0-110.2
Prediabetes (= 5.7%) 41 96.7+20.2 99.0 90.0-107.0

Post-hoc pairwise comparisons were performed using the Mann—-Whitney U test with Bonferroni correction (adjusted signifcance threshold: p
< 0.017 [0.05/3]). Mean Dif represents the diference in arithmetic means and is reported for descriptive purposes; group comparisons were

based on the Mann-Whitney U test. *Statistically significant after Bonferroni correction. U, Mann-Whitney U statistic; Efect r, rank-biserial

correlation coecient; p, Spearman rank correlation coecient; p int., p value for interaction; SD, standard deviation; IQR, interquartile range;

eGFR, estimated glomerular fltration rate; HbA1c, glycated hemoglobin.
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DISCUSSION

In this retrospective cross-sectional study of non-diabetic adults,
higher HbA1c levels were independently associated with lower
estimated glomerular fltration rate (eGFR) after adjustment for
major demographic and cardiometabolic factors. Although the
efect size was modest and attenuated after age adjustment, the
persistence of the association suggests that HbAlc may refect
biological processes relevant to renal function beyond fasting
glucose alone.

HbAlc represents cumulative glycemic exposure over several
months and may capture subtle metabolic stress not refected
by single fasting glucose measurements [11,12]. Experimental
and clinical evidence indicate that prolonged exposure to mildly
elevated glucose levels can promote oxidative stress, endothelial
dysfunction, and low-grade infammation, which contribute to
microvascular injury at the glomerular level, even before the
onset of overt diabetes mellitus [13,14]. This provides biological
plausibility for an association between HbAlc and renal function
within the non-diabetic range. HbAlc integrates glycemic
exposure over several months and is less infuenced by short-
term variability or acute physiological fuctuations than fasting
plasma glucose. As a result, HbAlc may better refect chronic
metabolic stress relevant to microvascular tissues, including the
renal glomerulus. This distinction may partially account for the
persistent independent association between HbAlc and eGFR
even after adjustment for fasting glucose in the present analysis.
The association observed in the present study was more evident
when renal function was analyzed as a continuous variable
rather than as a dichotomous outcome. This fnding is consistent
with methodological studies emphasizing that estimated GFR
is less precise at higher levels of kidney function and that early
renal changes may manifest as subtle shifts within the normal
or high-normal eGFR range [15,16]. Consequently, the lack of a
statistically signifcant association with reduced eGFR (< 90 mL
/ min/ 1.73 m?) should not be interpreted as the absence of early
renal involvement.

The graded decrease in eGFR across HbAlc categories further
supports a potential dose—response relationship, with the most
pronounced diference observed between individuals with
normal HbAlc and those meeting criteria for prediabetes. Recent
meta-analyses and cohort studies have reported that prediabetes
is associated with an increased risk of incident chronic kidney
disease, although efect sizes are modest and heterogeneity is
substantial [17]. Our fndings are concordant with this literature,

Lule KO, Berse S.

while highlighting that cross-sectional associations likely refect
early functional variation rather than established kidney disease.
Age was the strongest determinant of eGFR and substantially
attenuated the association between HbAlc and renal function
after adjustment. This is expected, as age-related decline
in kidney function and age-associated changes in glycemic
regulation are well established [18]. However, the persistence
of an independent association after age adjustment suggests
that HbAlc may provide incremental information beyond
chronological aging alone.

Subgroup analyses indicated that the inverse association
between HbAlc and eGFR was more apparent among female
participants and individuals with hypertension, although
no statistically signifcant interaction terms were detected.
Hypertension is a major contributor to renal microvascular
damage and may amplify the renal efects of metabolic stress
[19,20]. These fndings should be considered exploratory and
hypothesis-generating. In routine clinical practice, HbAlc
values below the diagnostic threshold for diabetes are often not
considered relevant to renal assessment. The present fndings
suggest that this assumption may overlook subtle associations
between cumulative glycemic exposure and kidney function in
non-diabetic adults. This perspective does not imply causality
but highlights a potential clinical blind spot in early metabolic
risk evaluation.

Taken together, the present fndings should be interpreted as
evidence of an association rather than causation. Higher HbAlc
levels were associated with lower eGFR in non-diabetic adults,
suggesting that cumulative glycemic exposure may be linked to
early renal vulnerability even below diagnostic thresholds for
diabetes mellitus. Although causality cannot be inferred, these
results indicate that HbAlc—a routinely measured biomarker—
may provide complementary information regarding renal
function
investigation in prospective longitudinal studies.

in non-diabetic individuals and warrant further

Limitations

Several limitations of this study should be considered. First,
the retrospective and cross-sectional design does not allow
conclusions about causality or the temporal relationship between
HbAIc levels and renal function. The observed associations,
therefore, refect correlations at a single time point rather than
longitudinal changes.
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Second, renal function was assessed using the estimated
glomerular fltration rate derived from serum creatinine rather
than direct measurement. Although eGFR is widely used in
clinical practice, it may be infuenced by factors such as muscle
mass and may be less precise at higher levels of kidney function.
Third, albuminuria and other markers of kidney damage were
not available. As current defnitions of chronic kidney disease
rely on both eGFR and markers of kidney injury, the absence
of albuminuria data limits a more comprehensive evaluation of
renal status. Fourth, anthropometric measurements (e.g., body
mass index, waist circumference), smoking status, and the use
of nephrotoxic medications were not available in the dataset
and could not be included in the multivariable model. The
absence of these variables, particularly BMI as a recognized
determinant of both HbAlc and eGFR, may have contributed
to residual confounding. In addition, the study population was
recruited from an internal medicine outpatient clinic, where
patients with chronic conditions such as hypertension may be
overrepresented compared to the general population. This is
refected in the relatively high prevalence of hypertension (64%)
observed in the study cohort. As a result, the fndings may not be
fully generalizable to unselected community-based populations,
and the observed associations should be interpreted within this
clinical context.

Finally, this was a single-center study, which may limit the
generalizability of the fndings to other populations or healthcare
settings.

Despite these limitations, the study provides useful insight
into the relationship between HbAlc and renal function in a
non-diabetic adult population and highlights areas for future
prospective research.

CONCLUSIONS

In this retrospective cross-sectional study of non-diabetic
adults, higher HbAlc levels were independently associated
with lower estimated glomerular Fltration rate after adjustment
for major demographic and cardiometabolic factors. Although
the observed efect size was modest, the persistence of this
association suggests that HbAlc may refect early renal
vulnerability even below diagnostic thresholds for diabetes
mellitus.

These fndings indicate that HbAlc, a routinely measured and
inexpensive biomarker, may provide complementary information
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regarding renal function in non-diabetic individuals. Prospective
longitudinal studies are needed to clarify the temporal nature of
this association and to determine whether HbAlc can contribute
to early identifcation of individuals at risk for renal function
decline.
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Dear Editor,

Abstract

Anterior placement of the splenic vein is an extremely rare vascular anomaly, with only
a few cases reported in the literature. This report describes a 34-year-old male with
persistent mild hyperamylasemia in whom contrast-enhanced computed tomography
revealed situs inversus totalis and an unusual anterior course of the splenic vein.

The vein originated from the splenic hilum and coursed anterior to the pancreas before
joining the portal vein, without evidence of thrombosis, pancreatitis, or ductal obstruction.
The patient remained clinically stable under conservative management. This case
represents, to the best of our knowledge, the frst reported association of an anteriorly
placed splenic vein with situs inversus totalis. The coexistence of these fndings supports
a possible shared embryological mechanism involving abnormal pancreatic rotation and
laterality disturbance. Recognition of this rare vascular confguration is important for
accurate radiological interpretation and for preventing potential complications during
surgical or interventional procedures.

Keywords: anterior splenic vein, computed tomography, situs inversus totalis, vascular
anomaly

A 34-year-old male underwent dynamic pancreatic CT due to

Anterior placement of the splenic vein is an exceptionally persistent mild elevation of serum amylase elevation of serum

rare and intriguing fnding. Typically,

the splenic vein runs amylase. Lab results revealed hyperamylasemia of 110-140 UJ/L,

behind the pancreas and joins the superior mesenteric vein to  while lipase and other labs were normal. The patient’s clinical
form the portal vein. Remarkably, only two cases have been stability and successful conservative management set the stage
documented—both involving situs solitus [1,2]. No reports for an unusual radiological discovery. Contrast-enhanced CT
describing an anterior splenic vein associated with situs inversus  dramatically highlighted complete mirror-image reversal of
totalis have been identifed in the literature. thoracoabdominal organs—confrming situs inversus totalis.

376


https://eurjther.com/index.php/home/index
https://doi.org/10.58600/eurjther2999
mailto:elifaktasmd%40gmail.com?subject=
https://creativecommons.org/licenses/by-nc/4.0/.
https://creativecommons.org/licenses/by-nc/4.0/.
https://creativecommons.org/licenses/by-nc/4.0/.
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-2339-8707

European Journal of  erapeutics (2026)

The aorta lay on the right, the inferior vena cava on the left, and
the superior mesenteric vessels were reversed. Most strikingly,
the splenic vein originated at the hilum, tracked anterior to
the pancreas, and joined the portal vein (Figure 1). The portal
vein measured 16 mm and was only mildly enlarged, with no
clinical or imaging signs of portal hypertension. There was
no thrombosis, pancreatic duct dilatation, or parenchymal
abnormality.

Previous reports by Shah et al. [1] and Lal et al. [2] described an
anteriorly placed splenicvein, respectively, inapatientwith portal
hypertension and another in whom it was discovered by chance.
They proposed that abnormalities in omental bursa development
and altered pancreatic rotation could be responsible for this rare
variant [2,3,6]. Our case, with its striking combination of situs
inversus totalis and anterior splenic vein, raises the fascinating
prospect that disturbances in left-right axis determination and
pancreatic rotation may act together rather than as isolated
anomalies [4-6].

Although we observed no thrombosis, the mildly enlarged portal
vein suggests subtle hemodynamic alterations. Previous reports
have found that anomalous splenic venous anatomy can increase
the risk of thrombosis and pancreatitis. Lack of ductal dilatation
and normal lipase ruled out obstruction and acute pancreatitis.
The persistent isolated amylase elevation was most consistent
with macroamylasemia.

Radiologists play a crucial role in identifying vascular variantsin
laterality disorders. Recognition of this rare pattern is important.
Being alert to such variations can transform preoperative
planning and help avert unexpected vascular injuries during
surgery or intervention. An anterior splenic vein poses special
risk during abdominal procedures—particularly in patients
with situs inversus totalis, where anatomy is reversed [1,4,7].
This underlines the immense value of cross-sectional imaging
in revealing surprising vascular anatomy and preventing major
complications [2,5].

This report introduces the frst known case of an anteriorly
placed splenic vein in association with situs inversus totalis.
We hope it inspires greater anatomical awareness and curiosity

among clinicians managing patients with laterality disorders.

Sincerely,
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Figure 1.A. Axial contrast-enhanced abdominal CT image
demonstrating the splenic vein coursing anterior to the pancreas
in a patient with situs inversus totalis (arrow).

B. Sagittal contrast-enhanced abdominal CT image confrming
the anterior positioning of the splenic vein along the anterior
aspect of the pancreatic body(p) before joining the portal vein
(arrow).
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