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Kosar Hosseini-Karkaj 3, 4 , Parya Rouhi 3, 4 , Mehrdad Pashazadeh 3, 5 , Hossein Bannazadeh Baghi 6, 7 ,
Mohaddeseh Bahmani 7, 8

¹ Department of Microbiology, Kaz.C., Islamic Azad University, Kazerun, Iran
² Department of Microbiology, Ta.C., Islamic Azad University, Tabriz, Iran
³ Infectious Diseases Research Center, TaMS.C., Islamic Azad University, Tabriz, Iran
⁴ Department of Cellular and Molecular Biology, Ta.C., Islamic Azad University, Tabriz, Iran
⁵ Department of Medical Laboratory Sciences and Microbiology, TaMS.C., Islamic Azad University, Tabriz, Iran
⁶ Infectious and Tropical Diseases Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
⁷ Department of Virology, Tabriz University of Medical Sciences, Tabriz, Iran
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Abstract Human T-lymphotropic virus type 1 (HTLV-1), a member of the Retroviridae family, is a pathogenic retro-
virus that primarily includes two clinically relevant types: HTLV-1 and HTLV-2. HTLV-1 is etiologically linked
to adult T-cell leukemia/lymphoma (ATLL), a highly aggressive hematological malignancy. The principal
modes of HTLV-1 transmission are mother-to-child (predominantly via breastfeeding), sexual contact, and
exposure to contaminated blood products. The viral oncoprotein Tax and HTLV-1 basic leucine zipper
factor are central to the virus’s oncogenic potential, orchestrating a cascade of genetic and molecular
alterations that drive the clonal proliferation and malignant transformation of infected lymphocytes
over a prolonged latent period, often spanning several years. Despite extensive research, the precise
mechanisms underlying the clonal evolution and emergence of leukemic cells remain incompletely
elucidated. Diagnosis typically relies on a two-step serological screening approach. While preventive
strategies have been implemented, HTLV-1, like other retroviruses, persists as a lifelong infection, and
no definitive cure or effective vaccine is currently available. This comprehensive review delineates the
pathophysiological continuum from HTLV-1 infection to ATLL, emphasizing the molecular underpinnings
of viral oncogenesis, the clinical relevance of early leukemia detection, and the current challenges in
prevention and management.

Keywords Adult T-cell leukemia • Human T-lymphotropic virus type 1 • Leukemia • Carcinogenesis
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Introduction
Leukemia, a clonal malignancy of hematopoietic stem and
progenitor cells, ranks 15th in global cancer incidence and
11th in cancer-related mortality based on 2020 international
statistics (1, 2). Human T-lymphotropic virus (HTLV) has been
identified as one of the most potent oncogenic viruses, with
HTLV type 1 (HTLV-1) implicated in a substantial spectrum of
human diseases (3, 4).  Alongside HTLV, other viruses such
as hepatitis B virus, hepatitis C virus, Epstein-Barr virus,
and human immunodeficiency virus are also recognized
contributors to leukemia (5, 6). The World Health Organization
(WHO) has recently designated HTLV-1 as a global health
concern (7). A subset of patients with adult T-cell leukemia/
lymphoma (ATLL) harbor HTLV-1 infection, with approximately
5% progressing to this aggressive malignancy (8, 9).  The
presence of HTLV-1 in ATLL is influenced by the host's
genetic and epigenetic background (10). HTLV-1 persists in
the host through clonal expansion or mitotic proliferation
of infected cells, as well as direct cell-to-cell transmission
of viral particles (11). Despite extensive research on HTLV
and leukemia, challenges remain in isolating HTLV-1-infected
cells and developing effective treatments. Rapid detection
of HTLV-1 is crucial because early intervention can prevent
disease progression and improve outcomes. This study
aimed to elucidate the mechanisms of HTLV-1 pathogenesis
and to review current therapeutic strategies for managing
HTLV-1-associated infections and leukemia. Investigating the
pathogenesis and risk factors of ATLL and evaluating novel
diagnostic and therapeutic approaches are essential for
advancing disease management. Such research will contribute
to a deeper understanding of ATLL pathogenesis, diagnosis,
and treatment, ultimately improving patient care for those
affected by HTLV-1-associated malignancies.

Leukemia

Leukemia encompasses a group of malignancies that involve
the spleen, bone marrow, lymphatic system, peripheral blood,
and other hematopoietic tissues (12). In leukemia, the normal
function of hematopoietic stem cells is disrupted, resulting in
the incomplete and aberrant development of blood cells and
the subsequent emergence of hematologic malignancies (13).
Since the latter half of the nineteenth century, understanding
of leukemia has significantly advanced. John Hughes Bennett
reported the first documented case in the Edinburgh Medical
and Surgical Journal in October 1845 (14). Leukemia accounts
for approximately one-third of all cancers diagnosed in
children (15). The four principal subtypes of leukemia are
acute lymphocytic leukemia, acute myeloid leukemia, chronic
lymphocytic leukemia, and chronic myeloid leukemia. Recent

epidemiological studies indicate an increasing incidence of
leukemia in countries such as Germany, Korea (16), Japan,
Canada, and the United Kingdom, as well as rising mortality
rates in Ecuador, Belarus, Thailand, and the Philippines
(17). Several risk factors have been identified, including
advanced age, exposure to ionizing radiation, and contact
with certain chemicals such as benzene (18-20). ATLL, a
rare neoplasm, is classified into four clinical subtypes:
acute, lymphoma, chronic and latent (21). According to
the WHO, ATLL is defined as a mature peripheral T-cell
neoplasm induced by HTLV-1 infection and is characterized
by highly pleomorphic lymphoid cells (22). The clinical
features of ATLL include leucocytosis, hepatosplenomegaly,
lymphadenopathy, hypercalcemia, and multiple opportunistic
infections. Additionally, the distinctive cell morphology in
blood tests and immune-phenotyping results of blood or
tissue samples are used for the accurate diagnosis of
this disease (23). Other symptoms of ATLL include kidney
dysfunction, neuropsychiatric disorders, and elevated lactate
dehydrogenase levels. Skin lesions and visceral involvement
in the bones, lungs, and gastrointestinal tract may also occur
(24).

Human T-Lymphotropic Virus

HTLV is classified within the Orthoretrovirinae subfamily
of the Retroviridae family (25).  The first HTLV-1
was reported in 1980 (26).  HTLV-1 is an enveloped,
double-stranded RNA retrovirus that primarily infects
lymphocytes, contributing to the pathogenesis of various
diseases.  Transmission occurs through sexual intercourse,
injection, vertical transmission (notably via breastfeeding),
blood transfusion, and transplantation of infected cells.
Breastfeeding is recognized as the principal route of
mother-to-child transmission.  Approximately 10% of HTLV-1-
infected individuals develop clinical symptoms during their
lifetime (7, 27). The risk of HTLV-1 transmission via blood
products, which may decrease the viability of infected
lymphocytes, can be reduced by using blood plasma and
cold storage (28). Epidemiologically, the incidence of HTLV-1
infection in women is about three times higher than
in men (22).  Clinical differentiation of HTLV-1 infection is
primarily based on its association with ATLL and HTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/
TSP), a progressive, chronic neurological disorder.  Only a
minority of infected individuals develop these complications
(29). HTLV-1 infection is also linked to inflammatory diseases
such as uveitis, infective dermatitis, polyneuropathic, and
tuberculosis, as well as certain rheumatic, autoimmune, and
neuropsychiatric disorders (28, 30). The proviral load (PVL) of
HTLV-1 is typically higher in individuals with HAM/TSP than
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in asymptomatic carriers; however, an elevated PVL% is not
invariably indicative of clinical disease, as it may also reflect
subclinical proliferative or inflammatory processes (31).

Epidemiology

The development of serological techniques for detecting
human antibodies against HTLV-1 and HTLV-2, as a result
of the isolation of HTLV-1 and HTLV-2 strains, has enabled
global characterization of their prevalence (32). HTLV-1 exhibits
distinct geographic clustering, with highly endemic regions
including the Caribbean, South America, Southwestern Japan,
Australo-Melanesia, the Middle East and subtropical Africa
particularly Southern Gabon.  Europe’s sole endemic focus
is in Romania (3).  Globally, an estimated 10 million
individuals harbor HTLV-1, with tropical Africa accounting for
approximately half of the infections.  Hyper-endemic areas
such as Gabon, Congo and Nigeria demonstrate prevalence
rates reaching 10%–25% among elderly women.  Despite
Africa’s status as the largest HTLV-1 reservoir, routine blood
donor screening remains absent across the continent,
whereas European nations like Spain and the UK mandate
HTLV screening for organ donors (27, 33). In Southwest
Asia, Iran reported the highest HTLV-1 burden, with an
elevated prevalence concentrated in the Razavi Khorasan,
South Khorasan, and Golestan provinces. Endemic foci
include Mashhad (2.12% general population prevalence) (34),
Neyshabur (7.25%) (35), Sabzevar (1.66%) (36), and Torbat-e-
Heydarieh (1.25%) (37).  Migration patterns have significantly
influenced HTLV-1 epidemiology in England and Wales, where
estimated cases rose from 14,900 in 1991 to 36,300 in 2021,
driven largely by immigration from endemic regions such as
Nigeria and Romania (33). HTLV-1 exhibits substantial genetic
diversity and these genotypes may differ in various geographic
distributions, with six genotypes (a, b, d, e, f, g), the greatest
number of HTLV-1 genetic variations, identified in Africa alone
(38). One of the most common clinical sequelae of the virus
include HAM/TSP, affecting 2%–5% of infected individuals (39,
40).

Mechanisms of Human T-Lymphotropic Virus Type-1-
Induced Carcinogenesis in Adult T-Cell Leukemia/
Lymphoma

HTLV-1 infection is causally linked to ATLL, a malignancy arising
from CD4+ T lymphocytes (41). Unlike other retroviruses, HTLV-1
predominantly spreads via cell-to-cell viral synapses (42, 43).
Central to its oncogenicity are the viral proteins Tax and HTLV-1
basic leucine-zipper factor (HBZ), which drive genetic and
epigenetic dysregulation (5). Chronic activation of the nuclear
factor kappa B (NF-κB) pathway is essential for tumorigenesis.

The interaction between Tax and HBZ proteins in regulating
the NF-κB pathway facilitates viral persistence in ATLL cells.
Specifically, the Tax-1 protein acts as a potent activator of
these transcription factors and promotes the proliferation
of HTLV-1-transformed cell lines (44). Tax-mediated NF-κB
activation results from the stimulation of a cytoplasmic
mechanism that leads to the nuclear translocation of NF-κB.
In addition, NF-κB can inhibit p53-independent apoptosis by
interfering with oncogenic Ras activity (45). Genetic alterations
or DNA hypermethylation frequently suppress Tax expression
in ATLL, whereas somatic mutations in the T/B-cell receptor
and NF-κB signaling pathways sustain NF-κB activation in
ATLL (46). HBZ inhibits the canonical NF-κB pathway by
suppressing DNA-binding capability and inducing proteasome
degradation of the p65 subunit (47). P19 represents the matrix
protein and p24 represents the capsid protein (48). Cell-to-
cell transmission involves the envelope (Env), additional viral
proteins such as p19 and nucleocapsid, and viral genomes
(49). The expression level of glucose transporter 1, an HTLV-1
receptor molecule involved in the integration and entrance
of the virus into the target cell, is directly correlated with
infection (50). HTLV-1 binds to target cells through two
receptors, neuropilin-1 and heparin sulfate proteoglycans (51).
The transmembrane protein gp21 and the cell surface protein
gp46 work together as a trimer to promote viral entry (52). The
virus genome comprises the retroviral genes group-specific
antigen (gag), pro, pol, and Env, which encode several viral
structural proteins (53, 54). The majority of ATLL patients have
tumor cells that express C-C chemokine receptor type 4 (CCR4)
(55). CCR4 is primarily expressed by HTLV-1-infected T cells (56).
In T cells infected with HTLV-1, Tax stimulates the production
of the C-C motif chemokine ligand 22 (CCL22) and intercellular
adhesion molecule 1 (ICAM-1). Among the ligands of CCR4
is CCL22. CCL22 stimulates lymphocyte function-associated
antigen 1 (LFA-1) and draws T cells that express CCR4 to T cells
infected with HTLV-1. Binding LFA-1 to ICAM-1 creates a viral
synapse (57, 58). Once in the cytoplasm, reverse transcription
converts viral RNA to double-stranded DNA (dsDNA). dsDNA is
incorporated into the host's nuclear genome. This provirus's
transcription factor is cellular RNA polymerase II. The resulting
post-transcriptional regulatory mechanism is essential for
viral mRNA splicing and trafficking. Viral mRNA is exported
from the nucleus to the cytoplasm (59). There is a heterodimer
(p51 and p66) in lieu of reverse transcription (60). Through
the activity of virally encoded proteins, such as Tax, HTLV-1
promotes the clonal growth of virus-infected cells after
infection (61) (Figure 1).
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Figure 1. HTLV-1 and its entry into the host cell. HTLV-1 binds to target cells via interactions between its envelope glycoproteins (gp46 and gp21) and host
receptors, including NRP1, HSPGs, and GLUT1. Following receptor engagement, the viral envelope mediates cell-to-cell fusion, facilitating the formation of a viral
synapse a specialized structure critical for efficient viral transmission. The viral RNA genome is reverse-transcribed into double-stranded DNA (dsDNA), which
integrates into the host nuclear genome as a provirus. Key viral proteins (e.g., Tax, HBZ) then drive the clonal expansion of infected T cells, a hallmark of HTLV-1
pathogenesis. HTLV-1: Human T lymphotropic virus type 1, HSPGs: Heparin sulfate proteoglycans, NRP1: Neuropilin-1, GLUT1: Glucose Transporter 1, Env: Envelope,
gag: Group-specific antigen.

Diagnostic Approaches for Human T-Lymphotropic
Virus Type-1 Infection and Adult T-cell Leukemia/
Lymphoma Detection

Laboratory-based serological screening for HTLV-1 infection
primarily employs enzyme-linked immunosorbent assay or
particle agglutination assay as initial diagnostic tools. For
samples exhibiting reactive, indeterminate, or discordant
serological results, confirmatory testing is required, including
western blot (WB), line immunoassay, and in-house molecular
assays utilizing polymerase chain reaction (62). Antibody
detection constitutes a cornerstone method for identifying
HTLV-1 exposure (63), with WB serving as the gold standard
for confirming reactivity to the gag gene-encoded proteins p24
(capsid) and p19 (matrix), demonstrating superior sensitivity
in this context (40). Emergent biosensor-based technologies
offer innovative, high-sensitivity platforms for the early-
stage detection of infectious pathogens, including HTLV-1
(64). Notably, the ATLL lymphoma subtype can be identified
through blood sampling before symptom manifestation,
enabling preclinical diagnosis (65).

Prevention and Treatment

Currently, certain structural and non-structural protein
segments of the virus are used to create vaccines. These
elements are especially made to stimulate B cells, helper T
lymphocytes, and cytotoxic T lymphocytes to produce a strong

immune response. The search for an HTLV-1 vaccine is now
examining a variety of strategies, such as viral vector vaccines,
DNA vaccines, protein and peptide vaccines, dendritic cell-
based vaccines, and mRNA vaccines (66). This improvement
in many ATLL instances, particularly chronic ATLL, is thought
to result from these two medicines’ anti-proliferative rather
than anti-viral properties, but the exact mechanism is
yet unknown (67). New drugs such as mogamulizumab,
lenalidomide, brentuximab vedotin (BV), tucidinostat, and
valemetostat have been approved for the treatment of
patients with relapsed or refractory ATLL (68). Mogamulizumab
is a monoclonal antibody targeting CCR4 that enhances the
initial response in ATLL by inducing antibody-dependent
cellular cytotoxicity, with response rates of 50% in relapsed
cases and 52% when combined with chemotherapy. Common
adverse effects include infusion reactions and skin rashes,
with more severe rashes correlated with a better prognosis
(69, 70). Lenalidomide is an oral immunomodulatory drug with
anti-proliferative and anti-tumor properties. Its direct target
is a protein called Cereblon, which is essential for its anti-
myeloma and anti-lymphoma effects. In a phase II study on
relapsed ATLL patients, the overall response rate was 42%, with
a complete response rate of 19%. The median progression-
free survival was 3.8 months, and the median overall
survival was 20.3 months. The most common severe adverse
events included neutropenia, lymphocytopenia, anemia, and
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thrombocytopenia (68, 71, 72). BV, an antibody-drug conjugate,
consists of the microtubule inhibitor monomethyl auristatin
E linked to the monoclonal antibody brentuximab, which
targets CD30 (73). This drug exploits the increased expression
of CD30 in the advanced stages of ATLL and its role in
genomic instability, thereby enhancing the potential for CD30-
targeted therapy in aggressive ATLL. Prospective studies are
warranted to evaluate BV in ATLL (74, 75). Tucidinostat, a
benzamide-class HDAC inhibitor, targets isoenzymes 1, 2, 3,
and 10, exerting potent tumor suppression and immune
modulation through epigenetic modifications. The major
adverse effects include thrombocytopenia, neutropenia, and
severe anemia. However, hematological toxicities and short
duration of response limit its use, and combination therapies
have been proposed (76, 77). Valemetostat, a selective dual
inhibitor of EZH1/2, activates tumor suppressor genes by
inhibiting histone H3K27 methylation The principal adverse
effects include thrombocytopenia, anemia, lymphopenia,
and severe neutropenia. Demonstrating significant anti-
tumor activity, valemetostat holds promise for combination
therapy approaches (78-80). When derived from bone marrow,
peripheral blood, and umbilical cord blood, stem cells may be
able to treat ATLL because they can develop into a variety of
cell types and promote tissue regeneration (81). When treating
HTLV-induced ATLL that is resistant to drugs that promote
apoptosis, conventional chemotherapy has very little effect
(82). In some cases, allogeneic stem cell transplantation is
also used after chemotherapy (83). One of the usual methods
of chemotherapy in ATLL is CHOP, which includes the drugs
cyclophosphamide, doxorubicin, vincristine and prednisone
(30). CCR4 signaling inhibition may be a treatment option
for ATLL (84). Treatment of ATLL depends on the patient's
symptoms and does not directly treat the viral infection (59).

Conclusion
HTLVs are oncogenic retroviruses implicated in the
pathogenesis of diseases such as ATLL and HAM/TSP. The
viral proteins Tax and HBZ play multifaceted roles in the
development and progression of these disorders. Although
most individuals infected with HTLV-1 remain asymptomatic
throughout their lifetime and require no specific therapy,
regular clinical monitoring is recommended to promptly
identify disease onset. Given the therapeutic challenges
associated with ATLL, there is a critical need for continued
research into the molecular biology of HTLV-1 and the
development of innovative treatment modalities. While
chemotherapy remains a mainstay for ATLL management, it is
not curative, and alternative strategies such as hematopoietic
stem cell transplantation are under investigation. Targeting
HBZ may represent a promising therapeutic avenue for

both HAM/TSP and ATLL. Future research should prioritize
the development of targeted therapies, the refinement of
early diagnostic techniques, and a deeper understanding of
HTLV-1 molecular mechanisms to enhance disease control and
improve patient outcomes.
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INTRODUCTION
The RNA exosome complex (ExosC) is key in regulating
RNA metabolism. The system ensures RNA quality by
processing and degrading different types of RNA. Located in
both the nucleus and cytoplasm, ExosC helps to maintain
cellular homeostasis and indirectly supports genome stability
by resolving DNA:RNA hybrids (R-loops) and stabilizing
telomeres. ExosC functions mainly include quality control
of coding and non-coding RNAs, degradation of defective
transcripts, and processing of precursor RNAs (1, 2). Although
the contribution of ExosC to RNA metabolism is clear, studies
on its contribution to disease pathobiology have accelerated
in the last decade.

ExosC has been linked to several diseases, including
neurodegenerative disorders (3), autoimmune diseases (4),
and cancer, and its disruption has been associated with
genomic instability (5), uncontrolled proliferation (6), and
tumor progression (7). It has been shown that changes
detected in exosome subunits in hematological cancers (8,
9) and solid cancers (10) cause them to act as oncogenic
drivers or tumor suppressors (10, 11). This review explores
the potential of targeting RNA exosome subunits or their
specific functions for diagnostic and therapeutic purposes
by integrating insights into disease-associated dysfunctions
and subunit-specific roles. We aim to inspire further research
and novel therapeutic approaches by bridging fundamental
biology with clinical implications.

The Structure and Function of the RNA Exosome
Complex

ExosC is an 11-subunit protein assembled in the nucleus
and cytoplasm (Figure 1). In the nucleus, it facilitates the
degradation of RNAs and processes precursors of 5.8S rRNA
and other stable RNAs (12). ExosC ensures intracellular
homeostasis in the cytoplasm by degrading mRNA (13, 14).

The complex features a unique cap region, the S1/KH ring,
comprising exosome components (EXOSC) of EXOSC1, EXOSC2,
and EXOSC3 subunits (Figure 1). Below the cap lies the PH-
like ring structure, formed by catalytically inactive subunits
EXOSC4 to EXOSC9 (collectively called EXO-9). EXO-9 interacts
with the two catalytic subunits, EXOSC10 and DIS3, which
mediate RNA degradation and processing (15). DIS3, which
has three subtypes in humans, is found in the nucleus and
cytoplasm, whereas EXOSC10 is enriched in the nucleus (16).
RNA enters the ExosC through a gap at the apex of the S1/KH
cap and exits via a gap at the base of the PH ring. There are
three pathways for RNA interaction: substrates may bypass the
channels in the complex body and directly reach EXOSC10 (17,

18), RNA can pass through the channel to reach DIS3 (18–20),
or RNA can directly bind to DIS3 without entering the complex
(21).

The RNA Exosome Complex in Cellular Stress and
DNA Damage Response

The RNA exosome complex plays an important role in
maintaining cellular homeostasis by ensuring RNA quality
control and preventing the accumulation of toxic RNA species
(1, 22). Functional disorders in ExosC cause R-loop formation
(23), RNA:DNA hybrid structures that cause transcription-
replication conflicts, replication fork stalling, and DNA double-
stranded breaks (DSBs) (24). The loss of EXOSC10 function
with exoribonuclease activity contributes to tumorigenesis
and genomic instability owing to R-loop formation (25).
Mutations in the subunit DIS3, which has both endo-
and exoribonuclease activity, cause transcriptional stress by
preventing the degradation of dysfunctional RNA products (26,
27).

EXOSC plays a critical role in DNA repair. Marin-Vicente et
al. showed that during homologous recombination, EXOSC10
localizes at the site of damage and facilitates the uptake of
RAD51 into DSBs (28). On the other hand, its depletion makes
cancerous cells sensitive to radiation (28, 29).

In addition, EXOSC9 causes stress resistance by promoting
the formation of stress granules (30). EXOSC3 upregulation
promotes tumor progression by activating pro-inflammatory
pathways by stimulating IFNGR1, MYD88, NFκBIA, and STAT3
expression (31). EXOSC is a promising therapeutic target in
cancer biology because of its dual roles in genomic stability,
stress resistance, and inflammation.

The Roles of RNA Exosome Complex Subunits in
Cancer

ExosC subunits play critical roles in various cancers.
In colorectal cancer, EXOSC2, EXOSC3, and EXOSC4 are
upregulated. The upregulation of EXOSC4 induces metastasis
and proliferation, whereas its inhibition leads to cell cycle
arrest in the G1 phase (32–34). EXOSC8 disrupts tumor
suppressors such as p53 (35), and copy number variation (CNV)
gain is associated with poor overall survival (36). In addition,
EXOSC10 degrades CYLD deubiquitinase mRNA in colorectal
cancer and promotes tumor progression by increasing c-
Jun N-terminal kinase (JNK) activity (37). Conversely, EXOSC2
facilitates proliferation, migration, and angiogenesis in breast
cancer by activating the Wnt/β-catenin pathway (11). However,
EXOSC3 exhibits protective roles against breast cancer by
potentially mitigating oncogenic pathways (10), whereas
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Figure 1. Illustration of the RNA exosome complex inside a cell, including its localization, cofactors, and substrates. The RNA exosome complex is located in
the nucleolus, nucleus, and cytoplasm. In the nucleolus, the exosome complex contains the EXOSC10 subunit but lacks DIS3 and interacts with TRAMP complex
cofactors, allowing pre-rRNA and snoRNA to bind to the complex. In contrast, the exosome complex located in the nucleus is mediated by the NEXT and PAXT
complex for mRNA, snRNA, and eRNA, prematurely terminated transcript binding, and combines with the DIS3. The NEXT complex targets short-lived RNAs,
whereas PAXT targets long and polyadenylated RNAs. The SKI complex acts as a cofactor in the cytoplasm, allowing mRNAs to bind to its cap region. The exosome
complex is accompanied by DIS3 and DIS3L proteins in the cytoplasm. Abbreviations: TRAMP: Trf–Air–Mtr4 polyadenylation; NEXT: nuclear exosome targeting;
PAXT: poly(A) tail exosome targeting; snoRNA: small nucleolar RNA; snRNA: small nuclear RNA; mRNA: messenger RNA; tRNA: transfer RNA; eRNA: enhancer RNA;
lncRNA: long non-coding RNA) (Created in BioRender. Demirtaş, E. (2025) https://BioRender.com/g37v632)

EXOSC9 supports metastasis and therapy resistance by
degrading telomeric RNAs (38).

In kidney renal clear cell carcinoma, EXOSC1 promotes DNA
damage and mutations, thereby contributing to poor patient
outcomes (39). EXOSC5 drives tumor proliferation in colorectal
cancer (40). In pancreatic cancer, subunits such as EXOSC2 and
EXOSC4 support tumor progression by promoting proliferation
and survival (41, 42), with EXOSC9 and EXOSC10 playing roles
in stress resistance and tumor maintenance (30, 42). In
gastric cancer, EXOSC3 and EXOSC5 are associated with poor
prognosis (43), with EXOSC3 incorporated into relapse-free
survival models (44).

In hematological cancers, multiple myeloma frequently
exhibits frequent DIS3 mutations, disrupting RNA processing
and cell proliferation (45), whereas EXOSC1 is identified as a
harmful gene in mantle cell lymphoma (46). In endometrial
cancer, EXOSC5 activates c-MYC and enhances cancer stem
cell properties (47), while EXOSC10 is linked to aggressive

phenotypes (48). Hepatocellular carcinoma shows contrasting
roles for EXOSC8, where it acts protectively and improves
survival, whereas EXOSC5 supports tumor growth via the
STAT3 pathway (49, 50). Other cancers, such as epithelial
ovarian cancer, involve EXOSC4, whose over-expression drives
aggressive tumor behavior (51). In esophageal squamous
cell carcinoma, EXOSC2 prevents malignant progression by
degrading oncogenic RNAs (52).

The findings indicate that specific RNA exosome components
might function as oncogenes or tumor suppressors,
depending on the cancer type and cellular context.
The carcinogenic potential of exosome components was
demonstrated by the correlation between poor prognosis and
over-expression of EXOSC1 in renal cancer (39) and EXOSC10 in
hepatocellular carcinoma (53). On the other hand, DIS3 loss-
of-function mutations disrupt RNA processing, accumulating
abnormal transcripts, and promoting the development of
tumors in hematological malignancies like multiple myeloma
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(54). The intricacy of RNA exosome biology and the
requirement for context-specific research to clarify its roles in
oncogenesis are reflected in these dual roles.

The RNA Exosome and Beyond: Connections to Other
Diseases

Although primarily studied in the context of cancer, the
RNA exosome complex also plays a critical role in the
pathogenesis of several non-cancerous diseases, including
neurodegenerative disorders, immune dysregulation, and
developmental syndromes. Mutations or dysregulation of
specific RNA exosome subunits often result in widespread
RNA accumulation, toxic RNA species, and disrupted RNA
homeostasis, which are hallmark features of these conditions.

Neurodegenerative Diseases

The RNA exosome participates in the degradation of defective
mitochondrial RNAs, and any disturbances to this task
could disrupt the function of mitochondrial dysfunction,
an essential factor in neurodegenerative diseases such as
Parkinson's disease and amyotrophic lateral sclerosis (ALS).

Because the RNA exosome complex controls alternative
splicing (55), mutations in this complex can cause defective
splicing patterns and loss of control of mRNA abundance
in neurons (56). Mutations in EXOSC3 and EXOSC8 have
been strongly associated with pontocerebellar hypoplasia
(PCH), spinal muscular atrophy (SMA), and cerebellar
hypoplasia, disorders characterized by impaired motor
function and progressive neuronal loss (3, 57–60). EXOSC3
loss and mutations contribute to neurodegeneration by
causing defective rRNA processing and modulation of R-loop
formation (23, 61). In a study of 22 infants, Boczonadi et
al. detected a homozygous non-sense mutation in EXOSC8.
They showed that the mutation disrupted RNA metabolism
in oligodendrocytes, causing them to produce abnormal
proteins and to undergo neurodegeneration (3). In ALS and
frontotemporal dementia (FTD), accumulation of GGGGCC
repeats in the C9orf72 gene leads to the production of toxic
di-peptide repeat proteins (62). By detecting that EXOSC10
and DIS3 cleave these hexanucleotide repeats, Kawabe et al.
showed that EXOSC has therapeutic potential to reduce RNA
toxicity (63).

Autoimmune and Inflammatory Diseases

ExosC dysfunction triggers immune dysregulation by inducing
inflammatory pathways. The disruption of endogenous
immunostimulatory genes in the absence of SKIV2L
(a cytoplasmic RNA helicase cofactor) leads to the
activation of type I interferons, laying the groundwork

for systemic autoimmune diseases (64). RNA accumulation
causes inflammation and developmental abnormalities in
congenital disorders, and similar effects are observed in
trichohepatoenteric syndrome, a rare congenital disorder
associated with SKIV2L and EXOSC2 deficiencies (65). ExosCs
are important for the maintenance of immune homeostasis.

Developmental and Genetic Disorders

ExosC participates in early embryogenesis and differentiation
is necessary for normal development (66). EXOSC2 knockout
in a zebrafish model disrupted neuronal development by
disrupting the mRNA loop. Rapamycin treatment, which
modulates mRNA stability through the mTOR signaling
pathway, can partially reverse this effect (67). In addition,
the downstream effects of modified EXOSC1 splicing affect
vascular pathophysiology and play a role in ischemic stroke
(68).

Therapeutic Implications of Targeting the RNA
Exosome Complex

The devastating consequences of ExosC dysfunction make it
an attractive therapeutic target in diseases. Targeting ExosC
subcomponents or cofactors can inhibit the mechanisms
that promote tumor formation and render cancer cells
susceptible to treatment. Kammler et al. determined that
the subunit EXOSC10 with exoribonucleolytic activity is a
target for chemotherapeutics such as 5-fluorouracil (5-FU),
which induces cytotoxicity by increasing the accumulation
of RNA substrates. HeLa cells lacking EXOSC10 became
sensitive to 5-FU and showed impaired growth and increased
RNA substrate levels (69). Therefore, EXOSC10 expression
is critical for enhancing the efficacy of current therapies.
Targeting the accumulation of R-loops that trigger replication
stress with ribonuclease-active subunits of the complex may
reduce genomic instability caused by defective DNA damage
repair pathways. Molecules targeting ExosC-mediated R-loop
resolution are promising for new drug discovery.

For cancers harboring ExosC dysfunction, a combined
treatment approach using PARP and ExosC inhibitors may
contribute to the selective death of cancer cells with
homologous recombination defects. Marin-Vicente et al.
found that EXOSC10 depletion causes RAD51 to be unable to
be recruited to the damaged site, disrupting DNA double-
stranded break repair, thus making cancer cells susceptible
to radiation and DNA-damaging agents (28). Modulation of
DIS3 expression provides a different treatment strategy to
ensure RNA homeostasis involving enhancer RNAs, promoter
upstream transcripts (PROMPTs), and early cleavage and
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Table 1. The role of ExosC in cancer, neurodegenerative disease and syndromes.

GENE DISEASE/CONDITION POTENTIAL EFFECT REFERENCES

EXOSC1 Pontocerebellar hypoplasia Stump protein (71, 72)

EXOSC2 Short stature, Hearing loss, Retinitis
pigmentosa, and distinctive Facies
(SHRF)

Impaired RNA metabolism

Altered activities in the autophagy pathway

(73, 74)

Pontocerebellar hypoplasia Cerebellar and spinal motor neuron development and
degeneration.

(75)

Non-small cell lung cancer Prediction of NSCLC survival (76)

EXOSC3

Thrombotic Microangiopathy Prevention of response to eculizumab treatment (77)

Tongue Cancer biological markers for predicting lymph node metastasis (78)

Diffuse large B-cell lymphoma shorter overall survival and progression-free survival (79)

Luminal B/Her2 breast cancer Colony formation, cell invasion, and mammosphere formation
of breast cancer cells

(80)

EXOSC4

Neurodevelopmental defects Biallelic variant that impairs RNA exosome function (81)

Delayed development Reduced eye/head size, edema, and shortened and curved
bodies

(82)

CABAC syndrome (cerebellar ataxia,
brain abnormalities, and cardiac
conduction defects)

Thrombotic microangiopathy (77)

EXOSC5

Prostate cancer Abiraterone-resistant gene (83)

EXOSC6 Cerebral amyloid angiopathy Potential drivers of pathological processes (84)

Pontocerebellar hypoplasia Alterations in mRNA metabolism, hypomyelination with spinal
muscular atrophy, and cerebellar hypoplasia

(3)EXOSC8

Head and neck squamous cell
carcinoma

ERS-related biomarkers for predicting immunotherapy response (85)

Pontocerebellar hypoplasia Cerebellar atrophy with spinal motor neuronopathy (86–88)EXOSC9

Breast cancer Support the growth of endocrine therapy-resistant HR+ breast
cancer cells.

Promising biomarker of response to PARP inhibitors

(38)

Frontotemporal lobar degeneration
(FTLD) and Amyotrophic Lateral
Sclerosis (ALS)

Degradation of pathogenic C9orf72‐derived repeat RNA (63)EXOSC10

Oocyte development depletion of the ovarian reserve by EXOSC10 inactivation (89)

Premature ovarian insufficiency Aberrant ovarian development and egg chamber degeneration (90)

Male fertility Disruption of early germline cell development (91)

DIS3

Breast cancer Target gene to increase major histocompatibility complex I
(MHC-I) expression

High DIS3 expression leads to cancer cell survival

Poor prognosis of breast cancer

(92)

polyadenylation products (PCPA) to prevent the degradation
of tumor suppressor RNAs and target oncogenic RNAs.

In addition, the non-catalytic subunits of ExosC can serve
as diagnostic and prognostic biomarkers. Elevated levels
of EXOSC1 and EXOSC4 subunits were associated with
poor renal cell carcinoma (39) and colorectal cancer (33),
respectively. These findings provide important tools for
patient stratification and treatment response monitoring.

In addition to traditional chemotherapy and radiotherapy
treatment methods, synthetic lethality approaches targeting
DNA repair and ExosC function can be applied, which may help
combat therapeutic resistance.

Therapeutic Insights Across Diseases

ExosC is a potential target for neurodegenerative and
inflammatory diseases because it balances RNA metabolism
and maintains cell homeostasis. Results from cancer studies
targeting EXOSC10 to eliminate toxic RNA species have shown
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that this complex is also promising for diseases other than
cancer. In ALS and frontotemporal dementia (FTD), Bush et al.
designed repetitive RNA-targeted small molecules to target
the destruction of unwanted RNAs by ExosC. In the C9ALS/FTD
mouse model, these small molecules crossing the blood-brain
barrier also prevented the production of di-peptide repeat
proteins, thus alleviating disease pathology (70). Likewise, the
subsequent development of therapeutic strategies to prevent
the generation of pathogenic repeat sequence-containing
RNA forms by targeting ExosC function improvement could
be implemented in other repeat sequence diseases, like
Huntington’s disease, myotonic dystrophy, Fragile X syndrome,
spinocerebellar ataxia, and Friedreich’s ataxia. These results
indicate that ExosC is associated with diverse biological
processes and diseases other than cancer. Additional
studies are required to clarify the potential contribution
of ExosC to neurodegeneration, immune dysregulation, and
developmental disorders. An improved understanding of how
ExosC contributes to the pathogenesis of these conditions
may provide vital insights into both disease mechanisms and
the development of new therapeutic strategies.

DISCUSSION
ExosC is classified as a ribonuclease complex and can
facilitate RNA processing and degradation to maintain RNA
homeostasis and genomic stability; thus, ExosC plays an
instrumental role in minimizing replication stress by ensuring
that R-loop structures are resolved and contributing to the
repair of DSBs via the process of homologous recombination.
If defects in EXOSC10 or DIS3 impair ExosC function,
unresolved R-loops accumulate, causing replication stress
and inadequate DNA damage repair. The involvement of
the complex in homologous recombination (HR) makes it a
promising target in tumors with HR deficiencies, particularly
in combination with PARP inhibitors. Cancer and neuroscience
studies have shown that mutations and expression changes
in ExosC subunits are associated with transcriptional
stress, genomic instability, inflammation, cancer cell growth,
proliferation, and metastasis processes (Table 1). In addition,
the fact that it promotes the formation of stress granules can
increase the stress resistance of cancer cells and maintain
their survival. Therefore, ExosC subunits are important targets
of targeted therapies. The most important difficulty in ExosC
studies is that the specific and non-canonical roles of each
subunit in the disease remain unclear.

CONCLUSION
ExosC is a vital RNA regulatory mechanism for cancer and
other diseases. The disruption of ExosC causes loss of
homeostasis and can serve as a potential therapeutic target.

Detailed studies will delineate the roles of specific subunits
and identify treatments that modulate complex dysfunction.
In conclusion, ExosC subunits represent an exciting potential
biomarker and therapeutic target and may be a pioneer for
novel therapies, particularly in the fields of oncology and
neurodegeneration.
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Abstract Objective: Ozone therapy may reduce the complications associated with bacterial translocation. This
study evaluated the effects of ozone therapy on bacterial translocation and intestinal mucosal damage
in a rat model of scald burns.

Materials and Methods: Thirty-two Wistar albino rats were divided into four groups. After inducing third-
degree burns, Group A (control) received no treatment, Group B received rectal ozone, Group C was treated
with ozonated olive oil topically, and Group D received pure olive oil. Blood, liver, mesenteric lymph nodes
(MLN), and intestinal samples were cultured, and histopathological examinations were conducted on the
terminal ileum sections.

Results: Group A had significantly higher bacterial translocation rates in blood cultures (p=0.033). Groups
A and D showed higher bacterial growth in MLN samples compared to Groups B and C (p=0.000). Similarly,
the growth rate observed in the liver samples of Group D rats was significantly higher than that in the
other groups (p=0.001). Histopathological analysis revealed the most severe mucosal damage in Group A
(p=0.000), while Group C exhibited the least damage and no bacterial growth.

Conclusions: Our findings clearly demonstrated that ozone therapy, particularly ozonated olive oil, signif-
icantly reduces bacterial translocation and intestinal mucosal damage in burn injuries, suggesting its
potential therapeutic role in the management of such injuries.
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INTRODUCTION
Burns are defined as injuries to the skin or other tissues
caused by thermal, chemical, electrical, or radiation sources.
The prevalence of burn-related deaths varies widely across
different regions due to epidemiological and socio-economic
factors (1). However, they remain a leading cause of
substantial morbidity and injury-related deaths, particularly
in low- and middle-income countries. Worldwide, burn-
related mortality is documented at approximately 18.27%, and
burns account for an estimated 180,000 deaths annually (1, 2).

The primary causes of mortality following severe burn injuries
include systemic inflammatory response syndrome (SIRS),
bacterial infections, and subsequent sepsis (3). Bacterial
translocation is a critical phenomenon in the pathophysiology
of burn injuries. It involves the passage of bacteria from
the gastrointestinal tract to extra-intestinal sites, such as
the bloodstream, mesenteric lymph nodes, and other organs.
This process is driven by increased intestinal ischaemia,
permeability, dysbiosis, and immune suppression following
severe burns. The translocation of gut bacteria can trigger
systemic infections and sepsis, significantly complicating the
clinical management of burn patients (4).

Ozone therapy has been explored as a therapeutic
intervention due to its anti-bacterial, anti-viral, anti-fungal,
anti-inflammatory, and immune-modulating properties.
Ozone (O₃) is a tri-atomic oxygen molecule with potent
oxidizing capabilities, making it effective against a wide
range of pathogens (5). Therapeutically, ozone can be
applied topically, injected subcutaneously, or administered
systemically. In the context of burn injuries, ozone therapy
has shown promise in enhancing wound healing by improving
oxygen transport, reducing infection rates, and modulating
inflammatory responses (6).

Research has demonstrated that ozone can accelerate
the healing of second-degree burns by increasing tissue
oxygenation, enhancing fibroblast activity, and reducing the
microbial load in the wound bed. Moreover, ozone therapy
has been associated with a decrease in healing time and a
reduction in the incidence of burn wound infections (6, 7).
Overall, the therapeutic potential of ozone in the management
of burn injuries is supported by evidence indicating its
effectiveness in improving clinical outcomes and mitigating
complications associated with bacterial translocation and
systemic infections (6-8). Therefore, we aimed to evaluate
the effects of ozone therapy on bacterial translocation and
intestinal mucosal changes following experimentally induced
scald burns with hot water in rats.

MATERIALS AND METHODS
This prospective study was performed with the Institutional
Review Board protocol approval date 29.07.2010 and number
124 in Istanbul University, Aziz Sancar Institute of Experimental
Medicine (DETAE), Department of Experimental Animal Biology
and Biomedical Application Techniques. In the present study,
32 female Wistar-Albino rats weighing between 180 and 220
grams, were used. All animals included in the experiment
were non-pregnant and in a healthy condition, confirmed by
veterinary examination before the study.

Before burn induction, the animals were housed in group
Plexiglas cages to allow social interaction under controlled
environmental conditions (temperature: 22 ± 2 °C, humidity:
40-60%, 12-hour light/dark cycle). Each cage housed 3–4 rats,
allowing sufficient space for movement and access to food
and water ad libitum. Following burn induction, all animals
were housed individually in transparent, separate cages to
prevent wound contamination, minimize stress, and ensure
accurate health monitoring, in accordance with established
experimental protocols.

Experimental Burn Induction

Following anesthesia with 100 mg/kg ketamine HCL
administered intramuscularly, the rats’ dorsal skin was
shaved (4 cm×4 cm), covering approximately 35%-40% of the
total body surface area (TBSA). The percentage of affected
was calculated based on standard body surface estimation
methods for rodents.

A third-degree burn injury was induced by immersing the
shaved dorsal area in boiling water (100 °C) for 12 seconds
while maintaining proper temperature control. This technique
is a widely accepted method for creating full-thickness burns
in experimental models (9). To confirm the creation of third-
degree burns, clinical symptoms such as eschar formation,
absence of capillary refill, and insensitivity to pain stimuli
were observed. Additionally, histopathological examination
of the burned tissue demonstrated complete epidermal and
dermal necrosis, consistent with the characteristics of third-
degree burns (10). Prior to burn induction, fluid resuscitation
was performed using lactated Ringer’s solution. The total
fluid volume was calculated based on the Parkland formula
(Total fluid volume (mL) = 4 mL × kg × TBSA (%)), considering
the average rat body weight. Accordingly, 3 mL of the
lactated Ringer’s solution was administered intraperitoneally
to mitigate fluid loss and maintain hemodynamic stability.
To manage potential pain, tramadol (Contramal®) was
administered at 5 mg/kg and mixed into the drinking water
post-burn induction.
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Surgical Method and Sample

The animals were divided into four groups. The experimental
groups were designed to evaluate the effects of different
ozone therapy methods on bacterial translocation and
intestinal mucosal integrity following burn injury. A control
group was included to assess the natural progression of burn-
related damage, while the treatment groups were structured
to compare the efficacy of rectal ozone gas and ozonated
olive oil application. Additionally, a pure olive oil group was
incorporated to differentiate the effects of ozone from the
potential influence of the vehicle itself.

The treatment protocol was designed for five days based
on the bacterial translocation timeline following burn injury.
Previous studies have shown that gram-negative bacterial
translocation begins around day 3 post-injury and peaks
within the first week (11). Five days after the experimental
burn induction procedure, all animals were euthanized under
general anesthesia following sample collection. Euthanasia
was performed via cervical dislocation. Blood samples (2
mL) were obtained directly from the heart through cardiac
puncture following laparotomy. Additionally, liver, mesenteric
lymph nodes, and intestinal tissue samples were collected
under sterile conditions. A sample was also taken from the
terminal ileum approximately 2 cm from the ileocecal valve
for histopathological examination in all animals.

Burn Group (Group A) (n=8): This control group did not receive
any further treatment after the experimental third degree
burn induction (Picture 1).

Picture 1. Representative image of the burn wound on day 5 in the control
group. The wound area shows the progression of untreated full-thickness
burn injury, with visible eschar formation and tissue necrosis.

Rectal Ozone Application Group (Group B) (n=8): Following the
experimental burn induction procedure, all burned animals
in this group received 10 mL of ozone gas at 5 ng/mL rectally
once daily for 5 days (Picture 2). Ozone gas administration
was performed using a no:6 feeding tube, which was carefully

inserted 1-2 cm into the rectum. The gas was delivered slowly,
and to prevent leakage, the tube was kept in place for 30
seconds before removal (12).

Picture 2. Rectal ozone application in the experimental rat model. Ozone
gas was administered rectally using a No:6 feeding tube to ensure
controlled and standardised delivery.

Ozonated Olive Oil Application Group (Group C) (n=8): After
the experimental burn induction, this Group of animals was
administered 10 mL of ozonated olive oil (Kirlangic Olive
Oil - Anadolu Group A.S., Turkiye), prepared using an ozone
generator, applied topically to the burned area three times
daily (Picture 3). The ozonated olive oil was freshly prepared
before each application. The preparation involved bubbling
ozone gas continuously at a low flow rate through pure olive
oil for 12-24 hours until saturation was achieved, resulting in a
gel-like consistency. This method is consistent with the minor
ozonation technique. The final concentration of ozone in the
olive oil was approximately 700-1000 mg/L, ensuring effective
therapeutic dosing. The ozonated olive oil was stored in dark-
coloured glass bottles to maintain its stability and efficacy (13).

Picture 3. Ozonated olive oil application to the burn area. The oil was freshly
prepared and applied topically three times daily to evaluate its effects on
wound healing and bacterial translocation.
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Pure Olive Oil Application Group (Group D) (n=8): After the
experimental burn induction, over five days, 10 mL of pure
olive oil (Kirlangic Olive Oil - Anadolu Group A.S., Turkiye) was
applied three times daily to the burned skin of all animals.

Data Collection

Microbiological Evaluation: Blood, liver, mesenteric lymph
nodes (MLN), and intestinal samples from each animal were
cultured under aerobic and anaerobic conditions. To prevent
air contact, the samples for culture were placed in appropriate
deoxygenated transport media. Bacteria were isolated using
standard microbiological methods. Bacterial growths in the
MLN, liver, and blood cultures were evaluated as indications
of bacterial translocation in each group.

Histopathological Evaluation: A 1 cm segment of the ileum,
approximately 2 cm from the ileocecal valve, was fixed in
4% buffered formaldehyde. After 24 hours, the fixed tissue
was processed into paraffin blocks. Sections of 3-5 microns
from the paraffin blocks were stained with Hematoxylin and
Eosin (H&E) and examined under a light microscope. In the
histopathological assessment and staging of changes in the
intestinal villus structure, blunting of villus tips, flattening,
and shortening of the villi were considered (Table 1). Stages
from 1 to 4 were assigned to show the changes in the structure
of the intestinal mucosa villi. The staging score for each
group was determined by multiplying the number of animals
at each stage by their respective stage points, resulting in a
histopathological score (14).

Table 1. Staging of changes in the intestinal mucosal villus structure.

Stage Score Structural Changes

1 1 Normal mucosal structure

2 2 Mild blunting, shortening, and edema in the villi

3 3 Pronounced flattening and shortening of the villi

4 4 Significant villus irregularity and hyperplasia in the
lymph follicles

Statistical Analyses

The data were analyzed using SPSS (Statistical Package for the
Social Sciences) software for Windows, version 21.0, provided
by IBM in Armonk, NY, USA. The analysis involved summarizing
individual and aggregate data using descriptive statistics,
which included means, standard deviations, medians (ranging
from minimum to maximum), frequency distributions, and
percentages. The normality of the data distribution was
assessed using the Kolmogorov-Smirnov test. For variables
with a normal distribution, comparisons were made using
the Student’s t-test and ANOVA. For non-normally distributed
variables, the Mann–Whitney and Kruskal-Wallis tests were
employed to compare the groups. Categorical variables

were evaluated using the Chi-Square test. Correlations were
examined using either Spearman’s Rho or Pearson tests.  p
values of <0.05 were considered statistically significant.

RESULTS
The comparison of culture growths between groups A, B, C, and
D across blood, MLN, and liver samples revealed significant
differences in bacterial translocation. In Group A, 87.5% (7/8)
of the blood and MLN samples showed bacterial growth, while
the liver samples had a growth rate of 25.0% (2/8). Group B
displayed bacterial translocation in 12.5% (1/8) of the blood
samples, 25.0% (2/8) of MLN samples, and 25.0% (2/8) of the
liver samples. Group C had no bacterial growth in any of the
samples, with all blood, MLN, and liver samples being sterile
(0%, 0/8, respectively). Group D exhibited bacterial growth
in 37.5% (3/8) of the blood samples, 100.0% (8/8) of MLN
samples, and 87.5% (7/8) of the liver samples. Additionally,
flora bacteria were observed in the intestines of all rats in
the entire sample groups. The comparison of culture growths
between groups across blood, MLN, and liver samples, with
specific bacterial species and their counts detailed in the
Table 2. Following the bacteriological study, it was found that
the growth rate observed in the blood cultures of Group A rats
was statistically significantly higher compared to the growth
rates observed in the blood cultures of Groups D, B, and C rats
(p=0.033). When evaluating the growth rates in MLN samples,
it was determined that the growth rates observed in Groups
A and D were statistically significantly higher than those in
Groups B and C (p=0.000, for both). Similarly, the growth rate
observed in the liver samples of Group D rats was significantly
higher than that in Groups A, B, and C rats (p=0.001, for all)
(Figure 1).

Figure 1. Bacterial translocation rates between groups.
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In our study, particularly in Group A rats, a macroscopic
examination of the intestines revealed that the intestines
appeared pale and dull, the intestinal walls were thinned,
and there was noticeable dilation (Picture 4). Additionally,
according to the histopathological evaluations in Group A
rats, microscopic examination of the mucosal villous structure
revealed that no animals had a normal mucosal villous
structure. Upon microscopic examination of the intestinal
sections, in Group A rats, stage 2 changes were detected in one
animal (Figure 2), stage 3 in three animals, and stage 4 in four
animals (Figure 3). In Group B, four animals exhibited normal
mucosal villus structure, three showed stage 2 changes, and
one displayed stage 3 changes. In Group C, seven animals
had normal mucosal villus structure, and one had stage 2
changes. In group D, two animals had normal mucosal villus
structure, and six had stage 2 changes. Therefore, it has been
determined that the mean mucosal damage calculated in the
control group (Group A: 3.38) is statistically significantly higher
compared to other treatment groups (Group B: 1.13, Group C:
0.25 and Group D: 1.5) (dftotal=31; F=15.50; p=0.000).

Picture 4. In rats with induced burns (Group A), the intestines were dilated,
oedematous, and have a dull appearance.

Figure 2. A normal villous structure and minimal lymphocyte infiltration
were observed (Hematoxylin and Eosin (H&E), x125) (Stage 2).

DISCUSSION
The impact of ozone therapy on bacterial translocation in
burn injuries presents promising yet complex outcomes.
Several studies have explored the multifaceted role of
ozone in modulating post-injury infection and inflammation.
Published data indicate that ozone therapy significantly
enhances wound healing through increased angiogenesis
and fibroblast activity. Pchepiorka et al. demonstrated that
wounds treated with ozone showed higher angiogenesis
and fibroplasia compared with the control groups, indicating
enhanced healing processes (15). Moreover, ozone therapy's
efficacy in reducing oxidative stress and inflammation is
well-documented in published data. In a study by Erginel
et al., an increased dosage of ozone significantly reduced
inflammatory processes and intestinal mucosal damage in a
rat model of ischemia/reperfusion injury (16). Furthermore,
Liu et al. showed that hyperbaric oxygen treatment alleviated
intestinal histological damage, reduced mucosal permeability,
and prevented bacterial translocation in rats (17). Additionally,
the effects of ozone on burn wounds specifically highlight
its efficacy in reducing bacterial load and promoting tissue
regeneration. A 2021 study by Karakaya et al. (18) reported
the impact of subcutaneous ozone therapy on the healing
of second-degree burn wounds in 72 male Sprague-Dawley
rats. The rats were divided into three groups: control,
silver sulfadiazine, and ozone, each further assessed on
days 7 and 14. Superficial partial-thickness burns were
induced on the rats’ lower backs. The control group
received saline injections daily, the silver sulfadiazine group
had daily dressings with the compound, and only the
ozone group received daily subcutaneous ozone injections.
Histopathological assessments revealed that the ozone group
had markedly improved wound healing and higher tissue
hydroxyproline levels compared with the other groups.

Figure 3. Thinning of the mucosa and pronounced thickening, flattening,
shortening, and lymphocyte infiltration in the villi are presented
(Hematoxylin and Eosin (H&E), x125) (Stage 4).
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Table 2. Comparison of culture growths between the groups.

Group Blood

n (%)

MLN

n (%)

Liver

n (%)

A • 7/8 Growths (87.5%)

S. aureus (n=3)

Enterobacter spp. (n=2)

Mix (n=2)

• 7/8 Growths (87.5%)

Enterococcus spp. (n=1)

Enterobacter spp. (n=1)

E. coli (n=1)

Acinetobacter (n=1)

Mix (n=3)

• 2/8 Growths (25.0%)

Enterococcus (n=1)

Enterobacter spp. (n=1)

B • 1/8 Growth (12.5%)

P. mirabilis (n=1)

• 2/8 Growths (25.0%)

P. mirabilis (n=1)

Mix (n=1)

• 2/8 Growths (25.0%)

S. aureus (n=2)

C • 0/8 Sterile (0.0%) • 0/8 Sterile (0.0%) • 0/8 Sterile (0.0%)

D • 3/8 Growths  (37.5%)

S. aureus (n=2)

Enterobacter spp. (n=1)

• 8/8 Growths (100.0%)

Enterococcus spp. (n=1)

Mix (n=7)

• 7/8 Growths (87.5%)

Enterobacter spp. (n=1)

Enterococcus spp. (n=1)

Mix (n=5)

MLN: Mesenteric lymph nodes

Researchers concluded that subcutaneous ozone therapy can
enhance the healing of second-degree burn wounds more
effectively, indicating its potential as a beneficial treatment
in burn care (18). In the present study, histopathological
evaluations revealed significantly severe mucosal damage in
Group A (control group), which did not receive any further
treatment following the burn induction, characterized by
thinning and dilation of the mucosa. Furthermore, no animals
had a normal mucosal villous structure in Group A rats. In
contrast, the rectal ozone group (Group B) and the ozonated
olive oil group (Group C) exhibited significantly less mucosal
damage, particularly Group C, highlighting ozone therapy's
protective effects on the intestinal mucosa. These effects
likely stem from ozone’s anti-oxidative and anti-inflammatory
properties.

However, published data evaluating the anti-bacterial efficacy
of ozone therapy on bacterial translocation after burn injuries
are limited and remain a point of debate. Some studies
suggest that while ozone therapy aids in wound healing, its
direct impact on bacterial elimination can be limited. Ozturk
et al. observed that although ozone had positive effects on
inflammatory and oxidant profiles, it did not significantly
reduce bacterial counts in a vascular graft infection model
caused by Methicillin-resistant Staphylococcus aureus (MRSA)
(19). On the contrary, Emre et al. evaluated the effectiveness of
ozone therapy on hydrofluoric acid (HF)-induced skin burns
in 20 male Wistar Albino rats. The rats were divided into
two groups of ten: an experimental group and a control
group. The experimental group received topical ozonized
liquid vaseline (20 µg O₃/mL) for seven days following HF

application, while the control group was treated with a saline
solution. The results indicated significantly higher epithelial
proliferation and collagen formation in the experimental
group than in the control group, which showed higher
infiltration levels. These findings demonstrated that ozone
therapy significantly improves tissue repair in HF-induced
skin burns in rats, indicating its potential as an effective
first aid treatment for chemical burns (6). Supportively,
Khidirov et al. conducted a study to explore the impact
of ozone therapy on burn sepsis treatment in 130 cases
with thermal injuries. These patients were grouped into four
categories. The first group, comprising 50 patients with burn
sepsis, received a combination of traditional treatments and
intravenous ozonized saline solution (4.0 mg/L) administered
daily in 200 mL doses for 10 days. The second group (n=30)
was treated with only traditional methods. The third group
included 30 burn patients without sepsis who received a
combination of traditional treatments and ozone therapy. The
fourth group (n=20) involved burn cases without sepsis, and
received only traditional treatments. The study found that the
group receiving ozone therapy (n=50, 38.5%) demonstrated
significant and earlier improvements in inflammation and
wound healing than the control groups. Notably, the sepsis
group treated with ozone exhibited a sustained increase
in catalase levels and enhanced anti-oxidant activity,
improvements that were not seen in the sepsis group without
ozone therapy. Researchers reported that combining routine
therapy with ozone treatment statistically lowered the overall
mortality from 72.5% to 45%. The researchers concluded that
ozone therapy effectively treats burn sepsis and reduces
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microbial contamination. Moreover, researchers also noted
that it is a simple, cost-effective treatment that reduces
the duration of treatment and hospitalization (20). Moreover,
Bostanci et al. evaluated the impact of rectal ozone therapy
on bacterial translocation in an experimental colitis model.
The rats were randomly assigned to three groups: sham,
control, and ozone treatment. Researchers assessed tissue
damage and measured the levels of oxidative stress markers
in the colon and liver tissue. In addition, blood cultures were
collected to determine bacterial translocation. Researchers
documented that ozone treatment significantly reduced tissue
damage compared with the control group. Moreover, bacterial
translocation was reported to be less prevalent in the
ozone treatment group than in the control group, affecting
various tissues including the liver, MLN, portal vein, spleen,
and systemic blood. Ultimately, researchers concluded that
the use of rectal ozone therapy increased the anti-oxidant
activity and improved the function of key enzymes that
protect against oxidative stress, which was measured by
oxidative stress markers including glutathione-s-transferase,
superoxide dismutase, glutathione, and malondialdehyde.
This therapy also promotes better healing of tissue damage
and significantly reduces bacterial translocation to tissues
(21). In accordance with published data, Group A (control
group) exhibited the highest bacterial translocation rates,
with significant bacterial growth in the blood, MLN, and liver
samples in our study. The cultures from tissue and blood
in the group treated with pure olive oil showed similarities
with the control group. Conversely, the rectal ozone group
(Group B) and the ozonated olive oil group (Group C) showed
significantly reduced bacterial translocation, with Group C
exhibiting no bacterial growth in any samples. This suggests
that topical ozonated olive oil is highly effective in preventing
bacterial translocation, consistent with the findings on
ozone’s anti-bacterial properties.

In conclusion, our findings clearly demonstrated that ozone
therapy, particularly ozonated olive oil, significantly reduces
bacterial translocation and intestinal mucosal damage
following severe burn injury in rats. These findings suggest
a potential therapeutic role for ozone in the management
of burn injuries. Further studies should be performed with
larger sample groups to delineate the specific conditions and
dosages under which the ozone therapy method can be most
effective, particularly in preventing bacterial translocation
and optimizing its clinical application in burn injuries.
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Abstract Objective: Cutaneous leishmaniasis (CL) is a common clinical manifestation of leishmaniasis. Here, the
in vitro anti-leishmanial efficacy of sumac extracts was tested for the first time on both Leishmania (L.)
tropica and L. mexicana isolates using Rhus (R.) coriaria plant, which was collected in western Anatolia.

Materials and Methods: The dried and powdered fruits of R. coriaria were macerated in acetone, ethyl
alcohol, and ethyl alcohol-water mixture at room temperature for two days. The pooled extracts were
evaporated under reduced pressure and lyophilized form for the study. Isolates of L. tropica and L.
mexicana in Acibadem University R&D Laboratory were initially thawed and cultivated in NNN medium.
Assessments were made using the haemocytometer and MTT methods at 24 and 48 h, compared with
meglumine antimoniate as the control group.

Results: For L. tropica, the effective concentration ranges of the extracts and the infusion were found to be
578.13-289.06 µg/mL and 289.06-144.53 µg/mL, respectively. For L. mexicana, the ranges were found to be
289.06-144.53 µg/mL and 144.53-72.27 µg/mL, respectively. It was shown that all extracts of R. coriaria were
effective against both L. tropica and L. mexicana in higher doses, compared to meglumine antimoniate.

Conclusion: An interesting finding was that higher sumac doses were required to eliminate L. tropica
of the Old World, compared to L. mexicana of the New World. In addition, the aqueous alcohol extract
showed efficacy that lasted for 48 h in half doses compared to others in L. tropica. Further assessments for
both the identification of the active compounds within R. coriaria and their efficacy in vivo are planned.
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INTRODUCTION
Leishmaniasis is a common parasitic disease in the tropical
and subtropical regions of the world, which is caused by
flagellated protozoa of the Leishmania genus and transmitted
by the sandflies (Phlebotomus sp. in the Old World and
Lutzomyia sp. in the New World) (1). It appears with
different clinical manifestations in humans, which are mainly
cutaneous form (cutaneous leishmaniasis-CL) and visceral
form which may go deadly in left untreated and the
mucocutaneous form that is mostly limited in South America.
Leishmaniasis is currently endemic in 99 countries today, with
around 1.2 million reported cases, and CL constitutes almost
70% of all cases in the world, annually (1-3). There has been a
constant increase in the incidence of leishmaniasis in many
parts of the world lately, due to many factors including the
refugee problem, global warming-associated longer survival
of vectors in nature and expansion of the neighbourhoods to
the original habitats of arthropods (4). Therefore, changes in
environmental factors, vector-parasite as well as parasite-host
interactions may all cause alterations in the epidemiology of
leishmaniasis in many regions of the world (1, 4).

Today, it is documented that CL cases are predominantly
caused by Leishmania (L.) tropica in the Old World and L.
mexicana in the New World (3, 5). Skin lesions start with a
small papule after the bite of a sandfly, which gradually turns
into a painless nodule and ulcer overlaid by a large crust.
These lesions may shrink in time even without a treatment but
leave a remarkable scar tissue (5). It has also been reported
that the presence of Leishmania virus inside the causative
Leishmania species may aggravate the clinical manifestation
of CL (6). Therefore, it is essential to apply anti-leishmanial
therapy on CL lesions over 2 cm. Pentavalent antimonial
compounds have long been used as the first-line agents
in leishmaniasis treatment; however, there is an emerging
resistance against them and their efficacy has declined in
many endemic regions, such as India (4, 5). Thus, new drug
trials have been conducted in many laboratories around the
world to offer new options for leishmaniasis treatment, using
both natural and synthetic compounds.

It is estimated that there are almost 250,000-500,000
medicinal plant species in the world, but only 6% of them have
had their biological activities evaluated (7). Today, clinical
trials and empirical studies on medicinal plants have been
conducted in different parts of the world, especially in Asian
countries (8-11). Anatolia is rich in medicinal plants, and many
of them have been used in traditional medicine for centuries
(10). Among them, sumac (Rhus (R.) coriaria L.) has been used
traditionally as a spice and a flavouring agent in Anatolia,
while it has also been used as a medicine owing to its

anti-oxidant, anti-inflammatory, hypoglycemic, hypolipidemic
and anti-microbial activities (10-12). In addition to its use
as a culinary herb and tanning agent in Mediterranean
countries, sumac has also been used for thousands of years as
a traditional medicine for the treatment of several diseases,
including cancer. Lately, its anti-parasitic activities on L. major
were demonstrated as well (13). However, more studies are
required to test its efficacy on leishmaniasis treatment.

In the present study, the anti-leishmanial efficacies of
different extracts and the infusion form of R. coriaria were
tested in vitro against both L. tropica and L. mexicana, the
leading causative agents of CL in the Old and the New World,
respectively.

MATERIALS AND METHODS
Leishmania Isolates: The L. tropica isolate was initially
isolated from a CL patient in Manisa province, stored in
liquid nitrogen in the Parasite Bank located in Manisa Celal
Bayar University, Faculty of Medicine, and confirmed as L.
tropica after species-specific polymerase chain reaction (PCR)
(MHOM/AZ/1974/SAF-K27). The L. mexicana isolate used in the
study was initially purchased from ATCC (MNYC/B7/62/M379).
Both species were kept at −80°C in Acibadem University’s
R&D Lab until the day of the trial. A total of 1x10⁸/mL of
L. tropica and L. mexicana promastigotes were used during
the assessments. Both isolates were removed from the liquid
nitrogen tank under appropriate conditions, and after viability
control, they were inoculated first in NNN medium and then
in RPMI-1640 medium, supplemented with 15% fetal bovine
serum (FBS), 1% penicillin-streptomycin (penicillin, 10,000
units/mL-streptomycin, 10 mg/mL) and 0.2% gentamicin
(50 mg/mL). Promastigote reproduction was checked on
consecutive days and following the detection of a minimum
of 10 promastigotes in each microscopic field, the FBS content
was dropped to 10% (14). Cultures were kept in an incubator
at 25°C.

Plant Material: The fruits of fresh sumac plant samples
were collected on the 5th of September 2023, in Kusadasi,
a county located 110 km on the south of Izmir province
in western Anatolia (Figure 1). The remaining plant samples
are kept in the Herbarium of Ege University Faculty of
Pharmacy Department of Pharmacognosy in Izmir (Herbarium
No: 1672). The fruits were collected and identified by Prof. Dr.
Cenk Durmuşkahya. Grinded sumac samples were transferred
to the R&D Laboratory of Acibadem University Faculty of
Pharmacy for the preparation of the alcohol, water-alcohol,
acetone and infusion extracts for the study. Here, the air-
dried and powdered fruits of R. coriaria (130 g) were macerated
with acetone (1500 mL), EtOH (1500 mL), and the mixture of
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EtOH:H₂O (1:1) (1500 mL) separately at room temperature for
2 days. The filtered extracts were evaporated under reduced
pressure and lyophilized to obtain the crude extracts (acetone:
35.31 g, yield 27.1%; EtOH: 33.15 g, yield 25.5%; EtOH:H₂O: 19.8
g, yield 19.8%). Moreover, infusion of the R. coriaria was also
prepared from 2 g of plant material with 100 mL of freshly
boiled water, representing the typical quantity consumed by
tea drinkers and lyophilized (5 g, yield 25%).

Figure 1. Location of Kusadasi County in western Anatolia where the sumac
samples were collected

Application of the In vitro Assessments: Following the
preparation of R. coriaria extracts and both L. tropica and
L. mexicana promastigotes (1x10⁸/mL each), they were mixed
and incubated at room temperature in different test plates.
Assessments were made using the haemocytometer and MTT
methods as described at 24 and 48 h, in comparison with
meglumine antimoniate as the control drug (concentration
range: 300-0.19 µg/mL), the primary choice in leishmaniasis
treatment today. All chemicals and references used in the
trials were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). The dilutions used in the in vitro test were calculated
according to the amount of R. coriaria content in the extracts
and were assessed within the range of 18.07 µg/mL and 2312.48
µg/mL, according to the preliminary assessments.

Statistical Analyses

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY,
USA). The results were assessed by Student's t-test and false
discovery rate (FDR) correction was performed during the
assessments. Statistical differences identified as p<0.05 were
considered significant.

RESULTS
The findings of the assessments are presented in Table 1. For
L. tropica, the effective concentration ranges of the extracts
and the infusion were found to be 578.13-289.06 µg/mL and
289.06-144.53 µg/mL, respectively. For L. mexicana, the ranges
were found to be 289.06-144.53 µg/mL and 144.53-72.27 µg/
mL, respectively. The effective concentration values of the

control agent, meglumine antimoniate, were within the range
of 25-12.5 µg/mL for both L. tropica and L. mexicana strains at
the same time points.

Table 1. Activity of R. coriaria extracts on L. tropica and L. mexicana at the 24th
and 48th hours

24th Hour (µg/mL) 48th Hour (µg/mL)Type of the Sumac
Extract L. tropica L. mexicana L. tropica L. mexicana

Ethyl Alcohol 578.13 144.53 289.06 72.27

Aqueous Alcohol
(1:1)

289.06 144.53 144.53 72.27

Acetone 578.13 144.53 289.06 72.27

Infusion 578.13 289.06 289.06 144.53

Positive control
(meglumine
antimoniate)

25.0 25.0 12.5 12.5

DISCUSSION
The incidence of CL has been on the rise, not only in the old
but also in the new World. This is mainly due to environmental
factors such as global warming and human activities such as
the global refugee problem and increased housing in rural
regions where people are exposed to vectors more often
(4). In addition, the causative agents of leishmaniasis, the
Leishmania species may go hybridized to adapt to these
changing environmental conditions in nature, including the
change in vectors; this hybridization process may complicate
the diagnosis and treatment of leishmaniasis cases as the
available diagnostic methods and/or treatment options may
become ineffective.

Pentavalent antimonial drugs, developed in the 1940s, are
still the primary agents of leishmaniasis treatment in
many regions of the world (5). Yet, emerging resistance
in leishmaniasis against these antimonial compounds is a
potential threat to clinical cases. Indeed, alternative drugs
such as amphotericin B and pentamidine, which are preferred
mostly for visceral infections, are reported as highly toxic for
many patients (3). Therefore, there is an urgent need for new
and effective drugs for leishmaniasis treatment.

Natural compounds are the primary sources of research in
leishmaniasis treatment studies (8). Almost one of each three
approved drugs in the market are natural products or semi-
synthetic derivatives, while 30% are currently the synthetic
molecules based on natural products or pharmacophores
developed from natural compounds (15). It is noteworthy
that 65% of the 15 anti-parasitic drugs approved by health
authorities between 1981 and 2006 were natural products or
their derivatives.

In different cultures and countries, medicinal plants have
been used to treat parasitic diseases, including leishmaniasis

Experimed, 15 (2): 117–121   119



Anti-leishmanial Activity of Sumac (Rhus Coriaria) Extracts | Mete et al., 2025

(2). Plant derivatives or extracts could provide valuable
sources for new medical agents and for anti-leishmanial
activity testing, which showed promising results (2, 4). Sumac
(R. coriaria) is one of these important plant species widely
used as a spice and medicinal plant in Turkiye.

R. coriaria belongs to the Anacardiaceae family and is
found in the temperate and tropical regions of the world.
Today, the increasing awareness of the positive effects of
sumac on human health is boosting its consumption (10,
11). Sumac contains various compounds including organic
acids, proteins, essential oils, vitamins, and minerals, and
it may exert strong anti-microbial and anti-cancer activities
in varying degrees through its different extracts (8-10). In
addition, R. coriaria has anti-oxidant properties, as it is rich
in gallic acid and its derivatives, which make it an important
substance for the food industry as a natural anti-microbial
(5, 10-13).

Despite the presence of many studies in the literature that
indicate the anti-bacterial and anti-oxidant properties of R.
coriaria, the number of studies that show its anti-leishmanial
activity is currently limited. In a study conducted by Camacho
et al. (2003), methanol extracts obtained from the leaves,
bark, and seeds of R. aucheri Boiss were reported to be
effective against L. donovani at concentrations of 55.85 µg/
mL, 171 µg/mL, and 141.87 µg/mL, respectively, with high
selectivity (SI=2.55) (8). Similarly, a recent study by Ashoori
et al. (2020) extensively evaluated the anti-leishmanial
and anti-bacterial potential of the hydroalcoholic extract
of R. coriaria fruits in vitro. This study demonstrated a
pronounced leishmanicidal effect of the extract, particularly
against L. major promastigotes and amastigotes, with IC₅₀
values of 147 µg/mL and 233 µg/mL, respectively (13). In
recent years, nanotechnological approaches have emerged
as promising alternatives for treating Leishmania infections
(16). In this context, the green synthesis of haematite (Fe₂O₃)
nanoparticles using Rhus punjabensis has been achieved,
with the nanoparticles exhibiting free radical scavenging, anti-
oxidant, and potent anti-bacterial activities, owing to the
binding of functional groups from the plant extract to their
surfaces (17).

In the present study, the in vitro efficacy of sumac (R. coriaria)
was investigated against two leading causative agents of the
Old World and the New World cutaneous leishmaniasis, L.
tropica and L. mexicana, respectively. It was shown that all
extracts of R. coriaria were effective against these Leishmania
species in relatively higher doses, within 144.53 µg/mL and
578.13 µg/mL, compared to meglumine antimoniate (25 µg/
mL). An interesting finding was that higher sumac doses
were required to eliminate L. tropica compared with L.

mexicana in this in vitro assessment. In other words, R.
coriaria extracts were totally effective at half doses against
L. mexicana compared with L. tropica. This study showed
that the aqueous alcohol extract was effective at lower
doses (289.06 µg/mL and 144.53 µg/mL for L. tropica and L.
mexicana, respectively) compared with the other extracts. The
fact that this effect continued at 48 h, along with the 24 h
mark, was considered important in terms of the continuity
and stability of the effect. These findings are particularly
encouraging for the potential development of sumac-based
treatment options for leishmaniasis. The sustained efficacy of
the aqueous alcohol extract makes it a promising candidate
for further investigation, potentially leading to more effective
and practical treatment options.

In this study, different extracts of sumac (alcohol, aqueous-
alcohol, infusion, acetone) were found to be effective against
L. tropica promastigotes, the primary target of the study, to
a degree comparable to the reference drug glucantime. In
a further comparison, it was determined that the aqueous-
alcohol extract of sumac, which was found to be the most
effective, was much more potent against L. mexicana than
L. tropica, eradicating L. mexicana promastigotes even when
administered at half the dose. It is believed that future studies
on the anti-leishmanial effects of sumac may be beneficial
not only for the treatment of leishmaniasis in the Old World
but also in the New World. The study's findings suggest that
sumac-based treatments could hold promise for combating
leishmaniasis not only in regions where L. tropica is prevalent
but also in areas affected by L. mexicana. This has significant
implications for developing more broadly effective treatments
for this global health concern.

In conclusion, the aqueous alcohol extract of sumac was
found to be at least as effective as meglumine antimoniate
against L. tropica promastigotes under in vitro conditions. The
most important limitation of this study is that the extracts
were investigated only under in vitro conditions. The next step
involves investigating the active compounds within the extract
that could serve as potential drug candidates and testing
them using in vivo models. Obtaining successful results in this
stage would strengthen the possibility of a new drug option
for this common neglected tropical disease, leishmaniasis.
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Abstract Objective: This single-centre retrospective study aimed to evaluate the efficacy, safety, and clinical
outcomes of laparoscopic myomectomy laparoscopic myomectomy (LM) for uterine fibroids in a resource-
limited clinical setting.

Materials and Methods: The medical records of 406 patients with uterine leiomyomas who underwent
laparoscopic myomectomy between 2019 and 2024 were analyzed. Data included myoma characteristics
(localization, number, and size), intraoperative parameters, complications, and postoperative outcomes
(symptom resolution and fertility rates).

Results: Among the 406 procedures, most patients were nulliparous (81.8%) and presented with abnormal
uterine bleeding (69.7%). The mean diameter of the largest fibroid was 6.2 ± 2.1 cm, with a range of 3–10
cm, with solitary fibroids in 62.3% of cases. Subserosal (48.1%) and intramural (41.4%) localizations were
the most common. Intraoperative blood loss was <100 mL in 52.5% of the cases. Laparoscopic resection
was successfully completed in 394 cases (97.0%), while 12 cases (3.0%) required conversion to laparotomy
due to dense adhesions, intraoperative hemorrhage, or technical limitations. At the 12-month follow-up,
symptom resolution rates were 92.1% for bleeding, 88.6% for pelvic pressure, and 76.9% for infertility, with
33.3% of fertility-seeking patients achieving pregnancy.

Conclusion: Laparoscopic myomectomy demonstrated safety and efficacy as a primary treatment for
uterine fibroids in resource-limited settings, with high symptom resolution and favorable fertility out-
comes. This minimally invasive approach should be prioritized where surgical expertise is available, even
in low-equipment environments.

Keywords Minimally invasive surgery • Uterine fibroids • Laparoscopic myomectomy • Fertility preservation •
Resource-limited settings
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INTRODUCTION
Leiomyomas are the predominant benign tumors found in the
uterus in women worldwide (1). Most cases are asymptomatic
and do not require surgical intervention (2). However, in some
instances, these fibroids may cause clinical complications
such as irregular uterine bleeding, pelvic discomfort,
infertility, or pregnancy loss (3). For symptomatic individuals
seeking to preserve fertility, myomectomy has emerged
as a preferred surgical intervention over hysterectomy (4).
Increasing patient awareness of aesthetic outcomes and
minimally traumatic procedures have further encouraged
minimally invasive surgical (MIS) techniques when an
operation is indicated (5, 6).

The current literature has demonstrated the practicability,
security, and aesthetic advantages of laparoscopic
myomectomy (7). Nonetheless, laparoscopic myomectomy
is a technically challenging treatment marked by a steep
learning curve and the risk of significant complications, as
indicated in studies (8). The mini-laparotomy approach has
been implemented as a minimally invasive alternative to
laparoscopic myomectomy to tackle these issues (9). However,
clinical studies have shown that the mini-laparotomy
technique does not provide equivalent benefits regarding
decreased hospital stay, expedited postoperative recovery, or
enhanced aesthetic results (10).

The approaches for myomas comprise expectant
management, pharmacological agents, hysteroscopic
myomectomy, abdominal or laparoscopic myomectomy,
laparoscopic hysterectomy, UAE, and focused ultrasound
(11). In many low-income countries, the implementation of
minimally invasive laparoscopic procedures remains limited
due to financial limitations and a lack of surgeons with
specialized training in advanced laparoscopic techniques
(12, 13). However, access to focused ultrasound and medical
therapies, such as GnRH agonists or selective progesterone
receptor modulators, is restricted for most patients due to
expensiveness and limited availability. Consequently, open
abdominal surgeries—particularly abdominal myomectomy—
remain the primary treatment modality, with hysterectomy
also continuing to be clinically useful in specific cases.
This trend reflects the general systemic issues in healthcare
infrastructure and resource allocation within low-income
nations.

The purpose of this research was to demonstrate the efficacy
of laparoscopic myomectomy in the surgical management of
uterine fibroids in patients who suffer from severe symptoms
in a resource-limited clinical setting.

MATERIALS AND METHODS
This investigation constitutes a retrospective, single-
centre scientific study analyzing clinical data from 406
patients diagnosed with uterine leiomyomas who underwent
laparoscopic myomectomy procedures between 2019 and
2024. The research was approved by the Ethics Committee
of the Azerbaijan Medical University. The research was
conducted in the Oncology Department of Azerbaijan
Medical University, a tertiary care facility located in Baku,
Azerbaijan, utilizing hospital records gathered over a 5-
year observational period to evaluate surgical management
patterns and patient characteristics. Preoperative assessment
included transvaginal ultrasound and MRI to document the
number, size (maximum diameter), and location (subserosal,
intramural, submucosal) of the fibroids. Inclusion criteria for
laparoscopic resection were fibroid size ≤10 cm (single) or
≤6 cm (multiple, up to 5 fibroids) and non-cervical location.
Patients with fibroids >10 cm, diffuse uterine involvement
(>5 fibroids), or suspected malignancy were excluded.
Laparoscopic myomectomy was performed under general
anesthesia using a four-port technique (one 10-mm umbilical
port, two 5-mm lateral ports, and one 5-mm suprapubic
port). After establishing the pneumoperitoneum (12 mmHg),
the fibroid(s) were localized. The HOHL uterine manipulator
with an atraumatic tip was used in all cases included in
this study. After the establishment of the pneumoperitoneum,
the fibroid was identified, and bilateral uterine artery
clipping was performed to minimize bleeding. The serosa
and pseudocapsule were incised using monopolar energy,
followed by enucleation with blunt and sharp dissection,
followed by layered suturing of the myometrial defect with
absorbable vicryl sutures. Hemostasis was confirmed, uterine
artery clips were extracted, and the pelvis was irrigated before
closure.

A systematic clinical chart was created and used to
collect data from the hospital medical records database.
The data consisted of socio-demographic variables, clinical
parameters, length of hospitalization, and types of surgical
procedures performed. Comprehensive details on the
operating procedures are documented in the operating
theatre register.

Statistical Analyses

Data were inputted and analyzed using the Statistical Package
for the Social Sciences (SPSS) IBM version 25.0 (Armonk, NY,
USA). Frequencies and percentages were computed for the
category variables. The p-value was accepted as lower than
0.05 as significant.
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Table 1. Demographic characteristics of the participants

Criteria (n) (%)

Age

<30 26 6.4

30-35 151 37.2

36-40 140 34.5

>40 89 21.9

Pregnancy status

0 332 81.8

1 55 13.6

2 16 3.9

>2 3 0.7

Family status

Married 211 52.0

Unmarried 195 48.0

Table 2. Clinical presentation of the participants

Symptoms (n) (%)

Abnormal uterine
bleeding

283 69.7

Pelvic mass 80 19.7

Infertility 33 8.1

Pressure 10 2.5

Table 3. Length of the symptomatic period

Duration (month) (n) (%)

<12 38 9.4

12-36 284 70

48-72 72 17.7

>72 12 2.9

RESULTS
A total of 406 laparoscopic myomectomy were performed
during the study period. Table 1 presents the demographic
characteristics of the participants. The participants had a
mean age of 36.0 ± 5.0 years, aged 25 to 50 years. The
parity range ranged from 0 to 3. Approximately 52% were
married, and 291 individuals (71.7%) were aged between
30 and 40 years, with the 30-35 year age group (37.7%)
slightly surpassing the 36-40 year age group (34.5%). most
women were nulliparous (81.8%). Abnormal uterine bleeding
(69.7%) was the predominant presenting symptom, with most
symptoms (70%) persisting for 1-3 years before presentation.
These are illustrated in Table 2 and Table 3, respectively.
In most cases, 213 (52.5%) experienced a blood loss of less
than 100 mL during the procedures. Localization, number, and
diameter of the myomas are illustrated in Table 4.

Table 4. Characteristics of myomas

Criteria (n) (%)

Localization

Subserosal 253 62.3

Intramural 117 28.8

Submucosal 36 8.9

Number of myomas

1-3 301 74.1

≥4 105 25.9

Diameter of the myoma (cm)

<5 142 35.0

5-8 218 53.7

>8 46 11.3

Localization

Subserosal fibroids accounted for 62.3% (n=253), intramural
for 28.8% (n=117), and submucosal for 8.9% (n=36). Number
of myomas: the majority of patients (74.1%, n=301) had 1–3
fibroids, while 25.9% (n=105) had ≥4 fibroids.

Diameter

The mean diameter of the largest fibroid was 6.2 ± 2.1 cm, with
a range of 3–10 cm. Laparoscopic resection was successfully
completed in 394 cases (97.0%), while 12 cases (3.0%)
required conversion to laparotomy due to dense adhesions,
intraoperative hemorrhage, or technical limitations.

Intraoperative complications occurred in 12 patients (3.0%),
including intraoperative hemorrhage (n=5, 1.2%), conversion
to laparotomy due to dense adhesions (n=4, 1.0%), and
technical limitations (n=3, 0.7%) (Table 5). Morcellation was
not performed intra-abdominally, so posterior colpotomy was
performed to extract the fibroids. The posterior colpotomy
approach for fibroid extraction demonstrated excellent
healing outcomes with minimal scarring, no large abdominal
incisions, and faster recovery times compared with traditional
extraction methods. This technique proved to be an optimal
choice for tissue removal, contributing to the overall success
of the minimally invasive approach and patient satisfaction
with the cosmetic outcomes.

Postoperative complications included febrile morbidity (n=9,
2.2%), wound infection (n=6, 1.5%), and re-laparoscopy
for hematoma evacuation (n=2, 0.5%). If we look at the
complication rates with prior studies, our conversion rate
(1.0%) aligns with the <2% reported in high-income settings.
Follow-up data at 12 months postoperatively demonstrated
the resolution of abnormal uterine bleeding in 91.2% (258/283)
of patients and the resolution of pelvic pressure in 90% (9/10)
(Table 6). Among infertile patients (n=33), 21 (63.6%) achieved
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Table 5. Intraoperative blood loss during laparoscopic myomectomy

Blood loss (mL) (n) (%)

<100 213 52.5

100–200 142 35.0

>200 51 12.5

Table 6. Postoperative outcomes at 12 months

Outcome (n) (%)

Resolution of the
abnormal uterine
bleeding

258 91.2

Resolution of the pelvic
mass

72 90.0

Resolution of the pelvic
pain

9 90.0

Pregnancy rate (infertility) 21 63.6

Regular menstruation 267 94.3

Table 7. Comparative outcomes of myomectomy techniques

Parameter Laparoscopic

(n=406)

Abdominal
(n=200)

Mini-
Laparotomy

(n=100)

p
value

Operative
time (min)

85 ± 20 120 ± 30 90 ± 25 <0.01

Blood loss
(mL)

98 ± 45 250 ± 80 150 ± 60 <0.001

Postop pain
(VAS)

3.2 ± 1.1 5.8 ± 1.5 4.5 ± 1.3 <0.001

Hospital stay
(days)

1.5 ± 0.7 3.5 ± 1.2 2.0 ± 0.9 <0.001

Recurrence
rate (%)

8.1 12.5 10.0 0.15

pregnancy within 2 years post-surgery. Regular menstruation
was restored in 94.3% (267/283) of the patients with
preoperative menstrual irregularities. Comparative analysis
revealed significantly shorter operative times (p<0.01) and
reduced blood loss (p<0.001) in the laparoscopic myomectomy
compared with the abdominal approach (Table 7).

DISCUSSION
According to current evidence, laparoscopic myomectomy
provides a fertility-preserving option compared with
hysterectomy while effectively decreasing the symptoms
related to leiomyomas (14). While traditional laparotomy is
the standard surgical procedure for myomectomy, innovations
in minimally invasive methods have created modified
approaches. The techniques include mini-laparotomy (skin
incisions of 4–8 cm), ultra-mini-laparotomy (incisions ≤4 cm),
laparoscopy, laparoscopically assisted laparotomy, natural
orifice laparoscopy, and single-port laparoscopically assisted

transumbilical ultra-mini-laparotomy (15). The results of this
study highlight the benefits of laparoscopic myomectomy
compared with conventional laparotomy in the management
of uterine leiomyomas. Although this study did not assess
long-term recurrence rates due to its retrospective design
and limited follow-up period, the perioperative benefits
of laparoscopic myomectomy—such as reduced blood loss,
shorter hospital stays, and improved aesthetic outcomes
—align with global trends favoring MIS procedures. The
study exhibited a shortened operational length, reduced
intraoperative blood loss, decreased postoperative pain,
accelerated recovery, improved aesthetic outcomes and
decreased recurrence rates. In conclusion, MIS procedures,
as demonstrated in this study, constitute a sustainable
and successful alternative to traditional laparotomy for the
management of symptomatic leiomyomas in reproductive-
aged cases. Our findings demonstrate that laparoscopic
myomectomy is achievable in low-equipment clinics
despite infrastructural challenges. Although limited access
to advanced equipment (e.g., morcellator bags, ligasure)
necessitated manual tissue extraction, this did not
compromise safety. Operative times (mean: 95±25 min)
reflected standardized techniques.

This study’s limitations include its retrospective design and
exclusion of larger/complex fibroids. Nevertheless, our criteria
reflect the pragmatic triaging in equipment-limited clinics,
where prioritizing cases with higher technical success rates
optimizes outcomes. Future studies should explore the cost-
effectiveness and long-term fertility outcomes.

All surgical strategies must be arranged for the individual,
considering the patient’s fertility desire. Laparoscopic
myomectomy should be a standard surgical procedure in low-
income nations, hence requiring all gynaecologists to train
in minimally invasive techniques to address the increasing
patient population. Moreover, it is recommended that all
obstetricians and gynaecologists acquire knowledge of recent
breakthroughs in minimally invasive surgery. An awareness
programme should be implemented to educate women
about the minimally invasive methods and the possibility of
preserving fertility in low-equipment clinics.

CONCLUSION
Laparoscopic myomectomy demonstrated high efficacy in
symptom resolution (91.2% for abnormal bleeding, 63.6%
pregnancy rate) with an acceptable complication profile (7.2%
overall), supporting its role as a primary option for uterine
fibroids in low-resource settings. Our study indicates that
laparoscopic myomectomy is a safe and effective option
for managing uterine myomas, with advantages such as
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reduced intraoperative blood loss, shorter operative time,
and faster recovery. MIS should be promoted for uterine
fibroid treatment in low-equipment clinics. Laparoscopic
myomectomy is a safe and effective option for symptomatic
uterine fibroids in low-equipment clinics when performed
by trained surgeons within defined size/number parameters.
Our results emphasize the importance of context-specific
protocols and investment in laparoscopic training and
equipment to expand access. While challenges such as
equipment costs persist, strategic prioritization of cases and
skill development can mitigate barriers, offering patients
a minimally invasive alternative to traditional laparotomy.
Healthcare institutions in similar clinics should prioritize MIS
training programmes to address systemic gaps in surgical care.

Consequently, laparoscopic myomectomy appears to be a
reasonable primary option for the management of uterine
myomas because it is a safe and well-established technique,
mainly when appropriate equipment or a skilled operator is
available.
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Abstract Objective: This study aimed to use a new approach, namely persistent homology, to analyse electroen-
cephalogram (EEG) coherence and identify the alterations in brain connectivity in patients with
Alzheimer’s disease (AD).

Materials and Methods: We applied persistent homology to the distance maps that we created using the
EEG coherence values from five different frequency bands in order to determine if there are disruptions
specific to these bands in patients diagnosed with AD.

Results: Our findings revealed that the features extracted using persistent homology were significantly
different in two bands (delta and theta) between AD patients and subjects in the healthy control (HC)
group. Furthermore, the machine learning algorithms using these topological features achieved accurate
classification results. This suggests that persistent homology may be a useful adjunct in the diagnosis
of AD.

Conclusion: We have demonstrated the potential of persistent homology in identifying AD-related
changes in brain connectivity, which are the most clearly present in the theta and delta bands. Larger
datasets should be used in future research to determine the clinical relevancy of this method.
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INTRODUCTION
Dementia has become one of the leading causes of death
in recent years, and with a rapidly ageing global population,
its prevalence is expected to rise (1). Alzheimer’s disease
(AD) accounts for the majority of dementia cases and it is
characterised by progressive memory loss (2).

Memory impairment is usually the first symptom of AD and it
typically begins after the age of 65 years. Disease progression
is accompanied by executive dysfunction, impairment in
judgement, loss of insight, visuospatial problems, language
deficits and other neurological and psychiatric symptoms (3).
Currently, no cure is available for AD, but there are treatment
options intended to mitigate certain symptoms of the disease.

Histopathological examination is required to establish a
definitive diagnosis of AD, but it is usually not used in clinical
practice (4). Clinicians generally use neuropsychological
tests, neuroimaging techniques, and molecular biomarkers
when diagnosing patients with AD. Although it is not
used in the routine evaluation, several studies suggest
that electroencephalogram (EEG) might add confidence to
the diagnosis and, as a non-invasive and relatively cheap
technique, it could prove to be a valuable tool in discovering
potential biomarkers for the disease (5, 6).

Because the visual assessment of EEG signals is somewhat
subjective, various quantitative analyzing techniques have
been used to evaluate the EEG data to help with the diagnosis
of neurological disorders including AD (7-10). The analysis
of quantitative EEG in Alzheimer’s disease typically involves
the extraction of features such as absolute power, relative
power, coherence, sample entropy, and Lempel-Ziv complexity
using signal processing techniques including the fast fourier
transform (FFT), Welch’s method, coherence analysis, and
wavelet transform. These features are subsequently used in
classification tasks employing traditional machine learning
algorithms, such as support vector machine (SVM), random
forest (RF), and k-nearest neighbours (kNN)- as well as
advanced deep learning approaches, including convolutional
neural networks (CNN), recurrent neural networks (RNN),
and autoencoders (11). A consistent finding in numerous
quantitative EEG studies is an increase in the slow frequency
band (delta and theta) power, a decrease in the fast frequency
band (alpha and beta) power and a reduction in the alpha
band coherence in AD. (10, 12, 13). These findings were shown
to be correlated with the disease severity (14), Mini-Mental
State Examination (MMSE) scores (15), and different cognitive
functions (16).

Functional connectivity analysis is one of the most commonly
used quantitative EEG analysis methods. It measures

Table 1. A comparison of the traditional coherence analysis and topological
data analysis

Traditional Coherence Analysis Topological Data Analysis

Based on Fourier transforms,
spectral analysis, and correlation

Based on the algebraic topology and
computational geometry

Limited to pairwise, linear
interactions

Captures non-linear, higher-order
structures and multiscale patterns in
the data

Requires a fixed or manually
chosen threshold

No need for an arbitrarily chosen
threshold

Gives coherence values ranging
from 0 to 1 between the channel
pairs

Provides persistence diagrams
showing the birth and death of
topological features

Easy to interpret Interpretation requires training

coherence, which indicates the level of correlation between
two signals in the frequency domain, providing insights
into their functional connectivity (17). While traditional
coherence analysis examines the pairwise relationships
between electrodes, topological data analysis (TDA) enables
the investigation of relationships beyond simple pairwise
interactions, extending to structures such as triangles,
tetrahedra, and higher-dimensional formations (18). A
comparison of the two methods is shown in Table 1. One
of the principal methods of TDA is persistent homology. It
examines the evolution of the topological features across
multiple scales (18). It extends classical homology by not
only identifying the presence of features such as connected
components, loops, and voids but also quantifying their
persistence across different levels of detail. This makes
persistent homology particularly effective for understanding
the structure of data embedded in high-dimensional spaces.

TDA has been used to extract topological features from EEG
signals for various clinical applications such as detection of
delirium (19), attention deficit hyperactivity disorder (ADHD)
classification (20), identification of EEG characteristics in
children with sleep apnoea (21), and discrimination of
epileptic from the non-epileptic EEG signals (22). In recent
years, it has been suggested that TDA, especially persistent
homology, may prove to be useful in the diagnosis of AD
(23). In our study, we used persistent homology with a
coherence-derived distance metric to compute H₁ persistence
to differentiate between the AD and HC groups. Given that
AD is often associated with reduced coherence in certain
frequency bands and brain regions, using a tool from
TDA, we were able to evaluate the functional connectivity
without being limited to pairwise interactions and arbitrarily
determined thresholds, as is often the case with the
traditional coherence-based methods. Choosing persistent
homology over traditional coherence in our analysis allowed
us to represent high-dimensional EEG data with compact
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yet informative topological features that we then used for
classification. The features extracted via persistent homology,
which exhibited notable differences in the slower brain waves,
were subsequently employed as input to various machine
learning algorithms. These algorithms achieved accurate
classification results, demonstrating the effectiveness of the
topological features in distinguishing between the AD and HC
groups.

MATERIALS AND METHODS

Dataset

We used the dataset provided by Miltiadous et al. (24).
There were eyes-closed resting-state EEG recordings of 65
participants in this dataset. The demographic and clinical
features of the participants are presented in Table 2.

The duration of each recording was approximately 13.5 min for
the AD group (min=5.1, max=21.3) and 13.8 min for the HC group
(min=12.5, max=16.5) and the total duration of the recordings
was 485.5 min for the AD group and 402 min for the HC group.

The EEG signals recorded from the 19 channels were pre-
processed following the steps described in Miltiadous et al.
(24). The first step of the pre-processing was re-referencing the
signals to the average of A1-A2. Subsequently, a Butterworth
band-pass filter (0.5–45 Hz) was applied to achieve noise
reduction. The ASR routine was then used for automatic
artefact rejection. Independent component analysis (ICA)
decomposed the signals into 19 components, with the eye and
jaw artefacts automatically removed. The baseline correction
was applied to reduce the high-frequency artefacts as the last
step. We used these pre-processed EEG data in our analysis.

Coherence Analysis

As the first step in the coherence analysis, FFT was used
to transform the signals into the frequency domain, and
subsequently these signals were divided into five widely
studied frequency bands: Delta (1–4 Hz), Theta (4–8 Hz), Alpha
(8–12 Hz), Beta (12–25 Hz), and Gamma (25–45 Hz) bands.
Coherence, more specifically, magnitude-squared coherence,

Table 2. Demographic and clinical features of the participants

AD Group HC Group

Number of individuals 36 29

Age, year, mean ± SD 66.4 ± 7.9 67.9 ± 5.4

Gender (Male/Female) 12/24 18/11

MMSE score, mean ± SD 17.75 ± 4.5 30.0 ± 0.0

AD: Alzheimer’s disease, HC: Healthy control, MMSE: Mini Mental State
Examination, SD: Standard deviation.

was computed for each frequency band according to the
following formula:

𝐶𝑥𝑦(𝑓) =
|𝑃𝑥𝑦(𝑓)|

2

𝑃𝑥𝑥(𝑓)𝑃𝑦𝑦(𝑓)
(1)

where Cxy(f) is the coherence value between the x and y
signals at an f frequency, Pxy(f) is the cross-spectrum, which
represents the shared power between x and y at an f
frequency, Pxx(f) is the power spectrum density for the x signal,
and Pyy(f) is the power spectrum density for the y signal.

The coherence values range between 0 and 1. The closer a
value is to 1, stronger the synchronisation is, which means
that the two signals are associated with the same functional
activity. In contrast, values near 0 imply the absence of
functional connectivity between the corresponding brain
regions. For this analysis, coherence was evaluated in the
sensor space, reflecting functional connectivity patterns
based on the spatial arrangement of the EEG electrodes.

The EEG signals were first epoched into 2-s windows with
50% (1-s) overlap, following a standard segmentation strategy
for the time-frequency analysis. Within each epoch, the
magnitude-squared coherence between the electrode pairs
was estimated using the Welch method with a Hann window of
2 s. All recordings exceeded 5 min in length, ensuring sufficient
overlapping segments for stable coherence estimation across
participants.

The computed coherence values were then used to construct
distance maps, where the distance between two electrodes
was defined as follows:

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 1 − 𝐶𝑜ℎ𝑒𝑟𝑒𝑛𝑐𝑒 (2)
These distance maps are used as inputs for persistent
homology, which will be explained in the following subsection,
to characterise EEG channel interactions across each
frequency band at varying scales.

Persistent Homology

Persistent homology was applied to the distance maps
obtained from the coherence analysis, capturing higher-
order connectivity patterns beyond the pairwise relationships
between the EEG channels. These maps represent the
functional connectivity, where each value indicates the
relationship between the electrode pairs.

To analyse the topology of the distance maps, a mathematical
structure called a simplicial complex was constructed.
Simplicial complexes are composed of basic building blocks
known as simplices (e.g., vertices, edges, triangles, and higher-
dimensional analogs). The most widely used method for
constructing simplicial complexes from point clouds is the
Vietoris-Rips filtration, which operates as follows:
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Figure 1. Persistent homology on a 2D point cloud

• Points are connected by edges if their pairwise distance is
within a threshold a (the scale parameter).

• Higher-dimensional simplices, such as triangles and
tetrahedra, are added based on the connections of the
lower-dimensional simplices.

Increases in the scale parameter a are accompanied by the
addition of new simplices to the complex, resulting in a
nested sequence of simplicial complexes (Sa1 ⊆ Sa2 for a₁ < a₂).
Persistent homology captures the appearance of topological
features (e.g., connected components, loops) at specific
scales, referred to as their "birth," and their disappearance at
another scale, termed "death." The persistence of a feature is
defined as the difference between its death and birth scales,
representing its lifespan across varying resolutions.

These topological features are categorised based on their
dimension: H₀ (zero-dimensional homology) represents
connected components, H₁ (one-dimensional homology)
stands for loops or holes, and H₂ (two-dimensional homology)
captures enclosed voids. This pattern extends to higher
dimensions, where Hn describes the n-dimensional cavities
within the data.

Features with high persistence are interpreted as robust
and meaningful structures in the data, whereas those with
low persistence are often attributed to noise or sampling
artefacts. This process is illustrated in Figure 1, which shows
a sequence of the Vietoris–Rips complexes constructed at
increasing scale values. As the scale increases, topological
features such as connected components and loops emerge,

merge, or vanish. These changes are visualised using barcode
diagrams, where red bars represent H₀ features and blue bars
represent H₁ features. The corresponding persistence diagram
summarises all features by plotting their birth and death
scales. Features that persist over a wide range of scales appear
farther from the diagonal and are considered topologically
significant.

Wasserstein Distance

The Wasserstein distance is a metric that quantifies the cost
of transforming one distribution into another. If the two
distributions are similar, the cost will be lower. Therefore, it is
a widely used metric for comparing persistence diagrams.

Given the two distributions P and Q, the Wasserstein distance
is defined as

𝑊(𝑃 ,𝑄) = inf
𝛾∈Γ(𝑃,𝑄)

∑
(𝑝,𝑞)∈𝛾

|𝑝 − 𝑞|𝑝, (3)

where:

• (P, Q): The set of all possible matchings between points
in the persistence diagrams P and Q, including points
matched to the diagonal.

p: The p-norm distance between points p ∈ P and q ∈ Q.

In this study, we chose p=2, where the distance metric
simplifies to the Euclidean distance. If p is set to ∞,
the distance corresponds to the bottleneck distance, which
captures the maximum difference between the matched
points. The flexibility in choosing p allows for different
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interpretations of the similarity between the persistence
diagrams.

Figure 2 shows the difference in the persistence diagrams
between the AD and HC groups based on the Wasserstein
distance (p=2).

Statistical Analysis

To compare the persistence values extracted from the
persistence diagrams between the AD and HC groups, we
used Welch’s t-test for five EEG frequency bands. The test was
conducted on three persistence features: the mean of the
birth scales, the mean of the death scales, and the mean of the
persistence values (death – birth scales). Welch’s t-test was
chosen as it does not assume equal variances between the
two groups. For each comparison, we reported the t-statistic
(t), indicating the magnitude and direction of the difference,
and the p-value, determining whether the difference had
statistical significance (p<0.0001).

Classification

In this study, machine learning algorithms were employed
for classification using the persistence features extracted via
persistent homology. These were multilayer perceptron (MLP),
SVM, kNN (k=7) and logistic regression. The performance of
these algorithms was evaluated on the basis of accuracy
(overall correctness), sensitivity (true positive rate), specificity
(true negative rate), and F1 score (balance between precision
and recall) using K-fold cross-validation.

Figure 2. Wasserstein distance matrix of H₁ persistence features from theta
band coherence

Table 3. Mean Wasserstein distances of H₁ persistence within and between the
AD and HC groups across frequency bands

Band Mean within the AD
Group

Mean within the HC
Group

Mean between
Groups

Delta 0.0712 0.0201 0.0479

Theta 0.2632 0.1423 0.2182

Alpha 0.3322 0.3853 0.3742

Beta 0.2225 0.3187 0.2902

Gamma 0.1446 0.1842 0.1711

AD: Alzheimer’s disease, HC: Healthy control.

RESULTS
The heatmap in Figure 2 shows that the persistence diagrams
of the HC group (lower right section) are highly similar
based on the Wasserstein distance, indicating consistent H₁
persistence within the group. This suggests that persistence
diagrams capture the key differences between groups.
Moreover, we found that in the delta and theta bands,
the mean H₁ birth, death, and persistence features differed
significantly between the HC and AD groups, as shown in Table
3.

The AD group exhibited higher birth, death, and persistence
values in the delta and theta bands compared with the
HC group (p<0.0001). In contrast, the alpha and beta bands
showed reduced birth and death values in the AD group. The
persistence features in these bands are less affected. There
were no significant differences detected in the gamma band.
These findings reveal that the most significant changes in
brain activity in AD occur in the slower brain waves.

Table 4 shows the statistical analysis of the persistence
features across the EEG frequency bands for the AD and
HC groups. In the delta and theta bands, birth, death, and
persistence values were significantly higher in the AD group
(p<0.0001). In the alpha and beta bands, birth and death
values were lower in AD patients. In the gamma band, no
significant differences were observed. This implies that high-
frequency brain activity is less affected.

The results of the machine learning algorithms using
topological features extracted via persistent homology as
input, along with a comparison of their performance to that
of algorithms using features derived from relative band power
for distinguishing AD from HC, are presented in Table 5.
The best performing relative band power-based model, i.e.,
LightGBM achieved an accuracy of 76.43% and an F1 score
of 76.12% (24), and several classifiers trained on topological
features exceeded these results. Notably, both the k-Nearest
Neighbours (kNN) and Support Vector Machine (SVM with
linear kernel) classifiers trained on topological features
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Table 4. Statistical analysis of the persistence features across the frequency
bands

Mean Values T-test ResultsFrequency
Band

Feature

AD Group HC
Group

T-
statistic

p value

Birth 0.0668 0.0343 6.0027 <0.0001

Delta Death 0.0819 0.0399 6.2044 <0.0001

Persistence 0.0151 0.0056 5.1096 <0.0001

Birth 0.2022 0.1339 8.7890 <0.0001

Theta Death 0.2497 0.1495 9.1735 <0.0001

Persistence 0.0475 0.0256 5.6515 <0.0001

Birth 0.3157 0.3730 −3.9829 0.0001

Alpha Death 0.3804 0.4491 −4.0787 0.0001

Persistence 0.0647 0.0761 −1.8391 0.0666

Birth 0.3877 0.4182 −1.7555 0.0801

Beta Death 0.4453 0.4919 −2.3635 0.0187

Persistence 0.0576 0.0737 −2.3972 0.0171

Birth 0.4378 0.4514 −0.5464 0.5853

Gamma Death 0.4870 0.4957 −0.3268 0.7441

Persistence 0.0492 0.0443 0.9613 0.3373

AD: Alzheimer’s disease, HC: Healthy control.

reached an accuracy of 81.50%, with the SVM also yielding the
highest F1 score of 79.50%.

DISCUSSION
Our results show that the delta and theta waves exhibit
increased persistence, which may be indicative of pathological
overactivity (25). Higher persistence values indicate altered
slow wave activity, which is associated with cognitive
decline. This increased persistence may be interpreted as
a sign of abnormal neural synchronization or potential
compensatory mechanisms. Alpha and beta waves show
reduced persistence, indicating decreased neural complexity
and desynchronization, which may reflect an impairment

in cognitive performance (26). Thus, by capturing these
differences, persistence homology may present a new way to
understand the effects of AD on brain dynamics. These results
show that the altered slow-wave activity and disrupted neural
synchronization seen in AD patients can be identified using
the persistence features in the theta and delta bands.

While previous literature has primarily identified a decrease
in pairwise coherence in the alpha band (5), our study
highlighted the theta band when examining beyond pairwise
relations, such as H₁ persistence, revealing distinct features
that differentiate AD patients. The extracted topological
features from the theta band showed significant alterations in
functional connectivity among patients with AD.

EEG connectivity measures demonstrate higher diagnostic
accuracy compared with traditional EEG power analysis
and conventional AD biomarkers (27). While traditional
coherence analysis has been extensively used in EEG
research, it primarily captures pairwise relationships and
does not account for higher-dimensional structures. In
contrast, TDA, particularly persistent homology, provides
a more comprehensive understanding of EEG connectivity
by identifying complex topological patterns that coherence
analysis alone cannot detect.

The use of persistent homology has enabled the identification
of distinctive features in EEG data. TDA-based methods
have shown potential for enhancing EEG-based diagnostic
techniques, particularly in differentiating AD from normal
brain activity. It is effective in the early detection of
the disease and characterisation of disease severity (28,
29). Our results show that machine learning algorithms
utilising topological features as input demonstrated superior
performance in distinguishing between the AD and HC groups
compared to those employing features derived from relative
band power.

Table 5. Classification performance using different feature extraction and classification methods for distinguishing AD patients from HC subjects.

Feature Type Classification Method

Accuracy

%

Sensitivity

%

Specificity

%

F1 Score

%

Relative Band Power LightGBM 76.43 76.01 76.16 76.12

SVM 73.14 71.89 75.98 73.74

kNN (k=7) 71.23 69.67 74.19 72.81

MLP 73.12 73.00 74.63 74.82

Topological MLP 79.40 71.40 89.30 78.80

Logistic Regression 80.00 74.30 86.00 78.90

kNN (k=7) 81.50 68.90 96.00 78.20

SVM (linear kernel) 81.50 71.40 92.70 79.50

SVM: Support vector machine, kNN: k-Nearest neighbours, MLP: Multilayer perceptron.
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However, while topological analysis successfully uncovers
high-dimensional relationships, it still lacks the capability to
precisely localise the specific brain regions where these loops
form. Further advancements in methodological frameworks
may help address this limitation, thereby refining the
interpretability of topological features in clinical applications.

CONCLUSION
In this study, coherence analysis and persistent homology
methods were used to differentiate between patients
diagnosed with AD and healthy individuals based on EEG
data. By examining the topology of coherence in the electrode
space, we demonstrated that meaningful features could be
extracted. Unlike traditional metrics, our approach analyses
the overall topological structure rather than individual
pairwise relationships, revealing significant associations with
the disease.

Our findings suggest that the TDA methods provide a
promising approach for EEG-based Alzheimer’s diagnosis.
Future research can further explore the applicability of this
methodology by evaluating it on different EEG frequency
bands and larger datasets, potentially enhancing its clinical
relevance.
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Abstract Objective: Chronic lymphocytic leukemia (CLL) is a hematologic malignancy that predominantly affects
the elderly. This study aimed to investigate cytogenetic alterations that could be used for risk assessment
and treatment decisions in patients with CLL in relation to clinical parameters and outcomes.

Materials and Methods: Peripheral blood samples from 101 CLL patients either newly diagnosed or
previously diagnosed but untreated were analyzed using interphase fluorescence in situ hybridization
(I-FISH) method with a CLL panel probe set. The associations among cytogenetic abnormalities, clinical
features, treatment indications, and outcomes were statistically evaluated.

Results: FISH analysis revealed statistically significant associations between specific cytogenetic abnor-
malities and clinical features. del(13q) and ATM deletion were significantly associated with large/sympto-
matic/progressive lymphadenopathy (LAP); ATM deletion was also linked to progressive splenomegaly.
Regarding the causes of death, P53 deletion was significantly associated with secondary solid neoplasms
and acute decompensated heart failure; trisomy 12 with disease progression and secondary solid
neoplasms; and immunoglobulin heavy chain gene (IGH) rearrangement with tumor lysis syndrome. No
significant difference in the overall survival was observed between the treated and untreated CLL patients.

Conclusion: If validated in larger, multicenter cohorts, the novel associations identified between
cytogenetic abnormalities and both treatment indications and causes of death could help guide the
management of CLL.
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INTRODUCTION
Chronic lymphocytic leukemia (CLL), which originates from
B cells, is the most common neoplasm in adults. It has
significant clinical and genetic heterogeneity that influences
disease progression. The median age at diagnosis is 70 years,
with a male predominance. Approximately 10% of CLL cases
occur in individuals under 45 years of age (1). 70-80% of CLL
patients are asymptomatic at the time of diagnosis. The watch
and wait approach is the standard of care for this subgroup,
with nearly one-third never requiring intervention during their
lifetime (2).

Clinically, CLL is staged using the Rai and Binet classification
systems, which assess lymphadenopathy, splenomegaly/
hepatomegaly, and hematologic parameters such as anemia
or thrombocytopenia (3, 4).

Approximately 2-10% of patients develop Richter’s syndrome
(RS) - a progression to a high-grade aggressive lymphoma. In
95-99% of these cases, the transformation is to diffuse large
B-cell lymphoma (DLBCL), in 0.5-5% to Hodgkin's Lymphoma
(HL), and less frequently to plasmablastic lymphoma (5).

Genetic abnormalities are critical prognostic markers and
play an important role in determining the right treatment
decisions in CLL. Interphase fluorescence in situ hybridization
(I-FISH) is the most effective method for detecting cytogenetic
abnormalities, with approximately 80% sensitivity (6).
Standard I-FISH panels screen for trisomy 12, del(13)(q14.3),
del(11)(q22.3) (ATM gene deletion), and del(17)(p13.1) (TP53/P53
gene deletion). Some panels also include del(6)(q23) (MYB
gene deletion) and immunoglobulin heavy chain (IGH) genes
rearrangements. The prognostic impact of each abnormality is
different (6, 7). These abnormalities are also associated with
RS, which worsens the prognosis of the patient (8).

In this single-centre cohort study, we investigated the
prognostic significance of cytogenetic abnormalities detected
by I-FISH in patients with CLL. By correlating these genetic
alterations with clinical parameters, treatment indications,
and survival outcomes, we aimed to identify specific FISH-
detectable aberrations that enhance risk stratification and
inform therapeutic decisions in real-world settings.

MATERIALS AND METHODS

Study Population

Peripheral blood samples were collected from 101 patients
with CLL, either newly diagnosed or previously diagnosed but
treatment-naïve. None of the patients were receiving cytotoxic
therapy at the time of sampling, and all had no history
of other malignancies. Informed consent was obtained from

each patient before participation. The study protocol was
approved by the Clinical Research Ethics Committee (Decision
date/number: November 17, 2023/23), in accordance with the
Declaration of Helsinki.

I-FISH Analysis

I-FISH was performed using the direct culture method
in accordance with our laboratory’s standard procedures.
Peripheral blood samples from the patients were drawn into
sodium heparinized tubes. For each patient, 0.1 mL of blood
was added to a polystyrene tube containing 5 mL of RPMI
1640 medium. Then, the tubes were centrifuged at 3,000 rpm
for six minutes, and the supernatant was removed. The pellet
was resuspended in 8 mL of a 0.075 M potassium chloride
(KCl) solution and incubated at 37 °C for 15 min. Following
the second centrifugation and removal of the supernatant,
the pellet was resuspended in 8 mL of the fixative (Carnoy's
solution: 3:1 methanol/acetic acid) and centrifuged again. The
supernatant was removed. This procedure was repeated three
times. Finally, the resulting pellet was vortexed, spread onto
a microscope slide for each target, and air-dried at room
temperature for 10 min.

The CLL panel probe set with the I-FISH method was applied to
the patients according to the manufacturer's instructions. For
each patient, 200 interphase nuclei were evaluated. Analyses
were evaluated with the Isis Fluorescent Imaging System
(Metasystems, Germany). The CLL FISH Panel was used for
interphase FISH analysis; Alpha satellite 12 plus (Cytocell,
UK) for trisomy 12, D13S319 plus deletion (Cytocell, UK) for
13q deletion, and P53 (TP53)/ATM combination (Cytocell, UK)
for 17p/11q deletions, IGH plus breakapart (Cytocell, UK) for
IGH rearrangements (deletion/translocation) and MYB gene
deletion (Cytocell, UK) for 6q deletion.

Statistical Analyses

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used for the
statistical analysis. Shapiro-Wilk and Levene's tests were used
to investigate the continuous variables. ANOVA and t-test
were used for the parametric variables; Mann–Whitney U
and Kruskal-Wallis tests were used for the non-parametrical
variables. Categorical data were examined with chi-square
tests. Correlations between expression data and clinical
parameters were evaluated using Pearson’s correlation
coefficient.

RESULTS
Of the 101 CLL patients included, 40 (39.6%) were female and
61 (60.4%) were male, yielding a male:female ratio of 1.52.
The mean age was 59.7 years (range: 35-86). Clinical follow-up
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revealed that 38 patients (37.6%) did not require treatment,
62 (61.4%) received treatment, and 1 patient (1%) was lost to
follow-up. According to the Rai staging system, patients were
classified as stage 0 (n=39, 38.6%), stage I (n=27, 26.7%), stage
II (n=19, 18.8%), stage III (n=9, 8.9%), and stage IV (n=7, 6.9%).
Based on the Binet staging system, 69 patients (68.3%) were
in stage A, 17 (16.8%) in stage B, and 15 (14.9%) in stage C. The
clinical findings of the patients are presented in Table 1.

Comparisons between RAI stages of the patients and
treatment indications demonstrated significant associations
with progressive lymphocytosis, progressive bone marrow
failure, and refractory autoimmune hemolytic anemia (p=0.01,
p=0.0003, p=0.00009, respectively). According to the Binet
staging system, a significant relationship was found between
progressive bone marrow failure and refractory autoimmune
hemolytic anemia (p=0.0003 and p=0.01, respectively) (Table
2).

Cytogenetic abnormalities were detected in 64 patients
(63.4%), whereas 37 patients (36.6%) had no detectable
abnormalities for the regions examined by I-FISH. The
frequency of specific abnormalities was as follows: (13q)
deletion in 42 patients (41.6%), ATM deletion in 9 patients
(8.9%), (P53) deletion in 9 patients (8.9%), trisomy 12 in 13
patients (12.9%), IGH rearrangement in 12 patients (11.9%), and
MYB deletion in 1 patient (1%). Images from the CLL FISH
panel are shown in Figure 1. A total of 19 patients (18.8%)
harbored two or more abnormalities, with the 13q deletion
most frequently co-occurring with other abnormalities (Table
3).

When comparing patients’ treatment indications with their
FISH abnormality results, a significant association was found
between 13q deletion and bulky/symptomatic/progressive
lymphadenopathy (LAP) (p=0.01), as well as between
ATM deletion and both bulky/symptomatic/progressive LAP
(p=0.05) and progressive splenomegaly (p=0.03) (Table 4).

During follow-up, 28 patients (27.7%) died (25 of the 63 patients
from the treated group and 3 of the 37 patients from the
untreated group). The survival statistics (mean and median)
are detailed in Table 5. Kaplan–Meier analysis revealed no
statistically significant difference in survival between the
treated and untreated patients (p=0.154) (Figure 2).

Infection was the leading cause of death with a rate
of 8%. Notably, P53 deletion was significantly associated
with secondary solid neoplasms (p=0.003) and acute
decompensated heart failure (p=0.03); trisomy 12 correlated
with disease progression (p=0.0001) and secondary solid
neoplasms (p=0.02); and IGH rearrangements were linked to
tumor lysis syndrome (p=0.006) (Table 6).

Table 1. Clinical findings of the patients

Characteristic n = 101

Age at diagnosis, mean ± SD (range) 59.7 ± 10.7 (35-86)

Gender, n(%)

Female 40 (39.6)

Male 61 (60.4)

Binet stage, n(%)

A 69 (68.3)

B 17 (16.8)

C 15 (14.9)

Rai stage, n(%)

0 39 (38.6)

1 27 (26.7)

2 19 (18.8)

3 9 (8.9)

4 7 (6.9)

Number of untreated patients, n(%) 38 (37.6)

Binet stage

A 30 (78.9)

B 6 (15.4)

C 2 (5.1)

Rai stage

0 22 (57.9)

1 7 (17.9)

2 6 (15.4)

3 2 (5.1)

4 1 (2.7)

Number of treated patients, n(%) 62 (61.4)

Binet stage

A 38 (61.3)

B 11 (17.7)

C 13 (21)

Rai stage

0 16 (25.8)

1 20 (32.3)

2 13 (20.9)

3 7 (11.3)

4 6 (9.7)

Number of patients with an unknown
treatment status, n(%)

1 (0.99)

Alive, n (%)

Yes 73 (72.3)

No 28 (27.7)

Mean time to first treatment (months), mean
(range)

26.95 (1-119)

Overall survival (months), mean (range) 86 (29-201)

Patients ≥65 years 55.9

Patients between the ages of 50-65 95

Patients ≤50 years 102.7
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Table 2. Comparison of the patient’s clinical phase results and reasons for
therapy

Clinical phase

Rai stage Binet stage

Reason for the therapy n p value n p value

progressive lymphocytosis 101 0.01* 101 0.76

progressive bone marrow failure 101 0.0003* 101 0.0003*

b symptoms 101 0.796 101 0.44

bulky/symptomatic/progressive LAP 101 0.07 101 0.39

unresponsive to therapy autoimmune
hemolytic anemia

101 0.00009* 101 0.01*

unresponsive to therapy ITP 101 0.78 101 0.49

progressive splenomegaly 101 0.63 101 0.62

symptomatic/progressive splenomegaly 101 0.44 101 0.16

* Significant difference (p≤0.05); LAP: lymphadenopathy; ITP: immune
thrombocytopenic purpura.

Six patients developed RS. Among these, one patient had no
detected abnormalities, two had ATM deletion, one had both
13q deletion and IGH rearrangement, another had 13q deletion
and trisomy 12, and one had IGH rearrangement. A correlation
was found between the time elapsed from diagnosis to death
and the RS (p=0.07). The reason for treatment in 3 of 6 patients
with RS was bulky/symptomatic/progressive LAP.

DISCUSSION
CLL is the most common type of leukemia. Although most
patients are over 65 years of age at the time of diagnosis,
approximately 10% are younger than 45 years and a male
predominance (male:female ratio 1.9:1) (1).

In our cohort of 101 CLL patients, the mean age was slightly
younger 59.7 years (range: 35-86). Nevertheless, the proportion
of patients under the age of 45 (8.9%) and the male:female
ratio (1.52) remained consistent with the literature.

CLL is a heterogeneous disease diagnosed via blood tests and
flow cytometry, with patients monitored until the need for
treatment (1). The presence of genetic abnormalities provides
valuable prognostic information in CLL requiring therapy (9).

Trisomy of chromosome 12 is one of the most frequent
cytogenetic abnormalities (approximately 20%) and remains
the only abnormality in 40-60% of cases. Its prognostic
significance is debated. It is typically related to shorter
survival in the intermediate risk group (10, 11). However,
according to the results of a nine-year follow-up of 250
CLL patients with untreated trisomy 12, these patients
were reported to have increased CD38 positivity and an
atypical immunophenotype, as well as a high incidence of
thrombocytopenia, RS, and secondary malignancies (12). It
is hypothesized that concurrent NOTCH1 mutations intensify

Table 3. Genetic abnormalities detected in patients by I-FISH testing

FISH abnormalities Patient
n

Percentage
(%)

(13q) deletion* 42 41.6

sole abnormality 27

with one or more abnormalities 15

ATM deletion 9 8.9

sole abnormality 4

with one or more abnormalities 5

(P53) deletion 9 8.9

sole abnormality 7

with one or more abnormalities 2

(12) trisomy 13 12.9

sole abnormality 5

with one or more abnormalities 8

IGH rearrangement 12 11.9

sole abnormality 3

with one or more abnormalities 9

MYB deletion (sole abnormality) 1 1

Complex FISH abnormalities 19 18.8

(13q) monoallelic deletion + ATM deletion 4 3.96

(13q) monoallelic deletion + P53 deletion 2 1.98

(12) trisomy + IGH rearrangement 2 1.98

(13q) deletion + IGH rearrangement 3 2.97

(12) trisomy + (13q) biallelic deletion 2 1.98

(12) trisomy + (13q) monoallelic deletion 2 1.98

(13q) trisomy + IGH rearrangement 1 0.99

(12) trisomy + P53 deletion + IGH
rearrangement

1 0.99

(13q) monoallelic deletion + ATM deletion +
IGH rearrangement

1 0.99

(12) trisomy + (13q) monoallelic deletion + IGH
rearrangement

1 0.99

* 13q deletions are biallelic in only 2 patients and monoallelic in the other 40
patients.

prognosis and that trisomy 12 alone may predispose to
disease progression and subsequent alterations such as TP53
and NOTCH1 (11, 13).

In our cohort, trisomy 12 was present in 13 patients (12.9%),
and in five cases (38.5%) was the only abnormality. These
rates were consistent with the literature findings. The other
abnormalities accompanying trisomy 12 were 13q deletion,
IGH rearrangement, and P53 deletion. We also identified a
significant correlation between trisomy 12 abnormalities and
disease progression as well as the development of secondary
solid neoplasms.

13q deletion is observed in approximately 50% of
CLL patients, either mono- or biallelic. Although it is
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Table 4. Comparison of patients’ FISH abnormalities results and reasons for therapy

FISH abnormalities

(13q) deletion ATM deletion (P53) deletion (12) trisomy IGH rearrangement MYB deletion

Reason for the therapy n p value n p value n p value n p value n p value n p value

progressive lymphocytosis 15 0.08 4 0.20 3 0.63 3 0.75 2 0.40 1 0.09

progressive bone marrow failure 3 0.30 1 0.98 1 0.98 1 0.69 2 0.49 0 0.72

B symptoms 5 0.78 1 0.98 2 0.25 1 0.69 0 0.19 0 0.72

bulky/symptomatic/progressive LAP 17 0.01* 5 0.05* 4 0.24 2 0.28 2 0.36 0 0.53

Unresponsive to therapy autoimmune hemolytic
anemia

3 0.39 0 0.47 1 0.37 1 0.62 0 0.40 0 0.81

unresponsive to therapy ITP 2 0.37 1 0.13 0 0.58 0 0.49 0 0.51 0 0.86

progressive splenomegaly 1 0.80 1 0.03* 0 0.65 0 0.58 0 0.60 0 0.88

symptomatic/progressive splenomegaly 3 0.66 0 0.43 0 0.43 1 0.77 2 0.09 0 0.80

* Significant difference (p≤0.05); LAP: lymphadenopathy; ITP: immune thrombocytopenic purpura.

Table 5. Mean and median survival time of patients

Meana Median

95% confidence interval 95% confidence interval

Treatment

Estimate Std. Error Estimate Std. Error

Lower Bound Upper Bound Lower Bound Upper Bound

No 222.333 21.647 179.906 264.761 . . . .

Yes 180.053 14.491 151.651 208.455 147.000 4.429 138.318 155.682

Overall 190.634 14.333 162.541 218.727 150.000 4.667 140.853 159.147

a Estimation is limited to the largest survival time if it is censored.

Table 6. Comparison of patients’ FISH abnormalities results and the cause of death

FISH abnormalities

(13q) deletion ATM deletion (P53) deletion (12) trisomy IGH rearrangement MYB deletion

Cause of death n p value n p value n p value n p value n p value n p value

Disease progression 1 0.49 1 0.24 0 0.52 3 0.0001* 1 0.40 0 0.83

Secondary Solid Neoplasm 0 0.08 0 0.52 2 0.003* 2 0.02* 1 0.40 0 0.83

Infection 5 0.21 2 0.09 1 0.71 0 0.25 1 0.95 0 0.76

Acute Decompensated Heart
Failure

1 0.80 0 0.65 1 0.03* 0 0.58 0 0.60 0 0.88

Other: Hepatitis 0 0.22 0 0.65 0 0.65 0 0.58 1 0.09 0 0.88

Tumor lysis syndrome 0 0.39 0 0.75 0 0.75 0 0.69 1 0.006* 0 0.92

* Significant difference (p≤0.05)

clinically heterogeneous, its presence in the absence
of additional cytogenetic abnormalities is considered a
favorable prognostic marker (11). It is also a protective factor
that reduces the risk of RS development (8). The deletion
region at 13q14 spans an area from 300 kbp to 70 Mbp,
including the DLEU1, DLEU2, RB1, and TRIM13 genes, as well as
microRNAs (miRs 15a and 16-1) (7). A higher number of deleted
cells (>70) and the larger deletions shorten the treatment-free
intervals. It has been reported that mono/biallelic deletion
has no effect on prognosis. Although the 13q deletion is
isolated in 36% of patients, it frequently accompanies other
abnormalities (14).

Consistent with previous studies, we detected 13q deletion
in 42 patients (41.6%) in our cohort. Among those, 27
patients (64%) had it as the sole abnormality. This rate
was higher than that reported in the literature. In patients
with two or more abnormalities, the 13q deletion frequently
co-occurred. We newly identified a significant association
between 13q deletion and bulky/symptomatic/progressive
lymphadenopathy in the treated patients. To our knowledge,
this relationship has not been reported in the literature.
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a. Trisomy 12 (red signal D12Z3, 12p11.1-q11.1; three red
signals indicate trisomy 12).

b. Del
(13q) (red signal 13q14.2-q14.3, green signal 13q34; 1R,2G signal

indicates a deletion in 13q).

c. del (17p) (red signal P53(17p13), green signal ATM(11q22.3);
1R,2G signal indicates P53 deletion and normal ATM presence).

d. IGH rearrangement (red signal IGHC, 14q32.3, green signal
IGHV, 14q32.3 ; 1F,1R,1G signal indicates rearrangement).

e. del (6q) (red signal 6q23.3, green signal D6Z1,
6p11.1-q11.1 ; 1R,2G signal indicates MYB deletion).

Figure 1. FISH images of different patients.

The 11q deletion, observed in 5-20% of CLL cases, is a highly
heterogeneous locus ranging from 2 to 20 megabase pairs
(Mb) in the 22.3-q23.1 segment interval. It includes the ATM,
ACAT, BIRC3, CUL5, EXPH2, FRDX1, H2AX, KDELC2, MRE11, NPAT,
RAB39, and RDX genes. While the 11q deletion results in the
loss of the ATM tumor suppressor gene in CLL, other genes
within this region are also thought to contribute to the disease
pathogenesis. It is linked to an early onset, poor prognosis,
unmutated IGH variable (IGHV) genes, and lymphadenopathy
(11, 15). It is also a risk factor for the development of RS
(8). Mutations in the ATM gene are detected in approximately
30% of CLL patients with del 11q. Furthermore, mutations and
deletions in the BIRC3 gene, which is located near the ATM
gene at 11q22, have been identified in 4% at diagnosis and 24%
in fludarabine-resistant patients. This provides evidence that
the BIRC3 gene is associated with the chemotherapy-resistant
CLL phenotype (7, 11).
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Figure 2. Kaplan–Meier plots of survival estimate for CLL patients who
received and did not receive treatment.

When we compared our findings with published data, we
found that the 11q deletion rate (8.9%) in our study was
consistent with previously reported values. This abnormality
was identified as the sole cytogenetic finding in four
patients (44.4%). In our cohort, ATM deletion was frequently
accompanied by 13q deletion. There was a significant
association between ATM deletion and bulky/symptomatic/
progressive LAP, consistent with the literature, and with
progressive splenomegaly, which has not been previously
reported.

The del (17p) abnormality, seen in approximately 5-10% of
newly diagnosed CLL patients and in 40-50% of those with
relapsed or refractory disease, results in the loss of the
tumor suppressor gene P53 (TP53). This deletion, which is
associated with a poor prognosis, also confers resistance to
treatment. In addition to deletions, somatic gene mutations
were detected in the p53 gene. These mutations are observed
in approximately 10% of CLL patients and are often associated
with p53 deletion (16, 17). Biallelic loss of the p53 gene,
defined as the deletion of one allele and mutation of
the other, disrupts the protective barrier against genomic
instability, leading to increased DNA damage (18). Notably, CLL
patients with monoallelic TP53 abnormalities exhibit better
survival compared with those with biallelic alterations (19).
Approximately 40% of patients with p53 abnormalities have
biallelic loss. While the mutation frequency is low in untreated
CLL patients, it is higher among those who experience disease
progression and develop treatment resistance. Although
the prognostic impact of TP53 deletion and mutation
is independent, the presence of both abnormalities is
associated with a shorter time to first treatment, progression-
free survival, and overall survival (20).

In our study, p53 deletion was identified in nine patients
(8.9%), which is lower than the frequency reported in
the literature. This abnormality was the only cytogenetic
finding in seven patients (77.7%). When the causes of death
were compared with the FISH abnormalities, a significant
association was observed between p53 deletion and both
secondary solid neoplasms and acute decompensated heart
failure.

The 6q deletion is observed in approximately 3-7% of CLL
cases and is typically considered a secondary abnormality
within a complex karyotype. It is rarely detected as an
isolated aberration (21–23). The 6q deletion region is highly
heterogeneous and contains genes with different breakpoints.
In patients with CLL, this deletion most frequently occurs
between q21 and q23 (24). The minimal deleted region
detected by array comparative genomic hybridization (array
CGH) included the SCML4, SEC63, STM1, NR2E1, SNX3, LACE1, and
FOXO3 genes at 6q21, spanning 107.7–108.7 Mb. It has been
reported that the FOXO3 gene triggers apoptosis by regulating
the expression of genes required for cell death. It shows low
expression with 6q21 deletion and may represent a potential
target for therapy in CLL (23). The 6q23 deletion, which involves
the MYB gene (the most frequently investigated MYB gene),
is more prevalent among patients with advanced-stage CLL
(25), but remains rare in treatment-naïve patients, who tend
to have shorter survival (22).

In our study, MYB deletion was detected in only one patient,
representing a lower frequency than that reported in the
literature. This patient was clinically diagnosed with RAI stage
II and Binet stage A disease and required treatment 22 months
after diagnosis.

IGH rearrangements are an important cytogenetic abnormality
in CLL. Deletions, translocations, and mutations involving the
IGH gene can be detected. Translocations of the IGH locus on
14q32 are seen with a frequency of 4-9% in CLL. BCL2 (18q21)
and BCL3 (19q13) are the most common recurrent partner
genes (26). CLL patients with 14q32 rearrangements typically
have a shorter treatment-free interval (27). Approximately 60%
of CLL patients have a mutation in the IGHV gene. In these
patients, the disease tends to progress more slowly, usually
does not require early treatment, and is associated with
a favorable prognosis (28, 29). In contrast, patients without
IGHV mutations exhibited high expression of CD38, ZAP-70,
and CD49d as well as had a more aggressive disease with
shorter overall survival. Unlike other genetic markers in CLL,
the IGHV mutation status remains stable over the course of
the disease. This observation suggests the existence of two
distinct biological subtypes of CLL according to the IGHV
mutation status, which plays a role in the pathogenesis of the
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disease (28). Del (14q), which is associated with trisomy 12,
has also been linked to the unmutated IGHV status, NOTCH1
mutations, and shorter treatment-free survival (29).

In our study, the frequency of IGH rearrangements was higher
than that previously reported in the literature, at 11.9%.
In nine of the 12 patients (75%) with IGH rearrangements,
the abnormality was associated with one or more
additional cytogenetic alterations. The other abnormalities
accompanying the IGH rearrangements were 13q deletion,
trisomy 12, ATM, and P53 deletions. Furthermore, a significant
association was found between IGH rearrangement and tumor
lysis syndrome when the causes of death were analyzed in
relation to the FISH results.

Most patients with CLL are asymptomatic at diagnosis and are
monitored without immediate treatment (1).

In our study, 38 of 101 patients (37.6%) did not receive
treatment, 62 (61.4%) received treatment, and one patient (1%)
was lost to follow-up, with the treatment status unknown.
Among those who received treatment, 23 patients (37.1%)
initiated therapy within 12 months of diagnosis, 16 (25.8%)
between 12 and 24 months, and 23 (37.1%) after more than 24
months. The mean treatment-free survival was 26.95 months
(range: 1-119). The overall survival was 55.9 months for patients
aged ≥65 years, 95 months for those aged 50-65 years, and
102.7 months for patients aged ≤50 years.

In a study of 1143 CLL patients, the causes of death in
225 patients who died were reported as disease progression
(46%), other causes unrelated to CLL (27%), secondary solid
neoplasms (19%) and infection (8%) (30).

In our study, 28 of 101 patients (27.7%) died. The cause of
death was unknown in 8 cases. In the remaining 20 patients,
the most common cause of death was infection (8%). The
infection-related mortality rate in our cohort was consistent
with that reported in the literature.

In the literature, del (11q) and del (17p) have been reported as
risk factors for the development of RS, whereas del (13q) has
been described as a protective factor associated with lower
risk (8).

In our study, among the 6 patients who developed RS, 1
had no cytogenetic abnormality, 2 had ATM deletions, 1 had
both 13q deletion and IGH rearrangement, 1 had 13q deletion
with trisomy 12, and 1 had IGH rearrangement. No statistically
significant associations were identified.

Given the clinical heterogeneity of CLL, a multifaceted
approach is required for disease monitoring and prognosis
prediction. Although CLL is generally characterized by
advanced age and prolonged survival without treatment,
our cohort exhibited a younger average age at diagnosis.

The findings of our single-centre study were largely
consistent with previously published data. However, the novel
associations we observed between cytogenetic abnormalities
and both treatment indications and causes of death could
help guide the CLL management if validated in larger,
multicenter cohorts.
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Abstract Objective: This study aimed to investigate the relationship between depression, cyberbullying, and
cybervictimization among high school students in the Diyarbakir region during the post-pandemic period
of COVID-19.
Materials and Methods: A total of 1,985 high school students (1,057 females and 928 males), aged 13
to 18, from the Diyarbakir province participated in this cross-sectional survey. Participants completed
the Bullying and Cyberbullying Scale for Adolescents (BCS-A) and the Beck Depression Inventory (BDI).
Sociodemographic characteristics and computer and internet usage behaviours were evaluated as factors
influencing the scale scores.
Results: Cyberbullying was found to be more prevalent among male students with higher access to
digital devices (computers, phones, tablets) and longer internet use, particularly those whose mothers
had higher education levels. Conversely, elevated BDI scores were observed among female students in
the tenth grade who attended public schools, had more than four siblings, and had limited access to
technological resources. Statistically significant positive correlations were identified between the BDI
scores and both the bullying perpetration and victimization scores.
Conclusion: This study highlights the growing impact of digital aggression on adolescent mental health in
Turkiye and underscores the importance of targeted forensic-psychiatric screening and early preventive
strategies in high school populations.

Keywords Cyberbullying • Cybervictimization • Adolescent Mental Health • Beck Depression Inventory (BDI) • Internet
Use • COVID-19 Pandemic
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INTRODUCTION
Bullying and its adverse effects are now widely acknowledged
as significant public health concerns worldwide (1). As
technology has become more embedded in daily life,
bullying behaviors have evolved into new digital forms,
commonly referred to as cyberbullying (2, 3). This form of
aggression encompasses repeated, intentional actions carried
out via digital platforms—such as mocking, exclusion, public
shaming, rumor dissemination, or non-consensual disclosure
of personal information (4).

The rapid proliferation of social media, particularly among
adolescents, has increased their vulnerability to such
behaviors (5). For instance, a recent nationwide study in
the United States reported that 46% of teenagers between
13 and 17 years had experienced at least one incident of
cyberbullying (6). Global estimates vary significantly, with
prevalence rates ranging from 14% to 58%.

Unlike conventional bullying, which typically occurs in
physical settings, cyberbullying is often anonymous and might
happen at any time, making it more persistent and difficult
to address (7, 8). The lasting visibility of online content can
intensify psychological harm, leading to severe emotional
distress (9). Victims of cyberbullying are more likely to
experience self-injurious behavior, suicidal ideation, and even
attempts at suicide (10).

Cyberbullying is therefore characterized by repetitive
and intentional acts of aggression using electronic
communication, with considerable potential for perceived and
actual harm to the individual (11). While digital technologies
provide new avenues for communication, they also present
unique risks for harmful interpersonal behaviors that require
targeted public health and educational interventions.

In Turkiye, despite the growing digital engagement among
adolescents, regionally grounded data on cyberbullying and
its psychological impacts remain limited. Given the increased
reliance on digital education during and after the COVID-19
pandemic, high school students have become particularly
vulnerable to cyber aggression. Therefore, this study was
designed to address the gap in localized data and to examine
the interaction between cyberbullying, victimization, and
depression levels in a representative adolescent population.

MATERIALS AND METHODS

Participants

This study used a cross-sectional survey to investigate how
common cyberbullying and cybervictimization are among high
school students in the province of Diyarbakir, Turkiye, and

how these experiences play out. Prior to data collection,
the research team obtained ethical approval from the Non-
Interventional Research Ethics Committee at Dicle University,
Faculty of Medicine. After receiving approval from the
Provincial Directorate of National Education, they randomly
selected public high schools from the area.

In accordance with national education research protocols and
as permitted by the Ministry, participation was considered
ethically acceptable within the institutional framework
approved by the local education authority. The survey
was conducted anonymously, and participation was entirely
voluntary. The target population consisted of students in
grades 9 to 11, an age group identified as particularly
susceptible to online risks due to increased internet use for
education and communication during the COVID-19 pandemic.

Demographic Characteristics

The demographic characteristics of the study samples are
presented in Table 1. A total of 1,985 students participated,
consisting of 1,057 females and 928 males. Age distribution
included 412 students aged 14, 799 aged 15, and 633 aged
16. Most participants were in the 10th grade (n=153), and the
majority were attending public schools (n=1,695).

In terms of familial and socioeconomic indicators, 1,006
students reported having more than four siblings. The
mothers of the participants had varying levels of education:
326 were illiterate, 456 had completed primary school, and
341 were university graduates. The fathers’ educational levels
also varied, with 388 primary school, 450 high school, and 441
university graduates.

Tests: Bullying, being bullied and beck depression inventory
(BDI) scales were applied in the survey.

Bullying and Cyberbullying Scale for Adolescents (BCS-A):
Thomas et al. created the BCS-A to measure both bullying
and victim experiences in teenagers between 12 and 18 years
old (12). The original scale showed strong internal consistency
across its different areas. For the victimization subscale, the
Cronbach’s alpha scores were 0.72 for physical, 0.92 for verbal,
0.66 for relational, and 0.83 for cyberbullying. For the bullying
subscale, the scores were 0.69 for physical, 0.92 for verbal, 0.69
for relational, and 0.92 for cyber forms.

Later, a Turkish version of the BCS-A was translated and
validated by Ozbey and Basdas (13). They designed two
matching forms, each with 13 items that covered the same
four categories. In the Turkish version, all factor loadings were
strong—above 0.630 in the victim section and 0.679 in the
bullying section. Reliability scores (Cronbach’s alpha) ranged
from 0.606 to 0.806 for victimization and from 0.616 to 0.815
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for bullying. These numbers suggest that the scale works well
in Turkish too.

Table 1. Demographics information of the participants

Variables Group Number Percentage

Female 1,057 53.2Gender

Male 928 46.8

13 28 1.4

14 412 20.8

15 799 40.3

16 633 31.9

17 99 5.0

Age, years

18 14 0.7

9 684 34.5

10 1,153 58.1

Class

11 148 7.5

State School 1,695 85.4School

Private School 290 14.6

0 7 0.4

One 63 3.2

2 368 18.5

3 541 27.3

Number of Siblings

≥4 1,006 50.7

Illiterate 326 16.4

Literate 211 10.6

Primary School 456 23.0

Middle School 260 13.1

High School 300 15.1

University 341 17.2

Mother’s Education Status

Master/ PhD 91 4.6

Illiterate 104 5.2

Literate 103 5.2

Primary School 388 19.5

Middle School 349 17.6

High School 450 22.7

University 441 22.2

Father's Education Status

Master/ PhD 150 7.6

Married 1,833 92.3

Divorced 77 3.9

Stepmother 10 0.5

Stepfather 7 0.4

Mother Not Alive 13 0.7

Parents’ Marital Status

Father Not Alive 45 2.3

Yes 500 25.2Personal Computer

No 1,485 74.8

Yes 1,232 62.1Personal Mobile Phone

No 753 37.9

Variables Group Number Percentage

Yes 1,236 62.3

345 17.4

Internet

No 1,016 51.2

Yes 1,215 61.2Do you do homework online?

No 315 15.9

Yes 534 26.9Do you play games on the
internet?

No 1,194 60.2

Yes 991 49.9Do you access social networks
on the internet?

No 994 50.1

Yes 216 10.9Other

No 1,769 89.1

BDI: BDI is a widely used 21-question self-report tool for
measuring how severe someone’s depressive symptoms are.
Each question is scored on a scale from 0 to 3, with higher
scores showing stronger symptoms. The Turkish version has
been tested and found to be reliable. According to Hisli and
Onalan et al., it has an internal consistency score of 0.80 (14,
15).

Validity and Reliability

To ensure these tools are trustworthy and meaningful for the
study, researchers looked at how consistent and valid they
are. Reliability was checked using Cronbach’s alpha for the
main tools: the BDI, the bullying scale, and the cyberbullying
victimization scale. These results are detailed in Table 2.

To check if the tools used in the study were measuring what
they were supposed to, two main stats were used: Composite
reliability (CR) and average variance extracted (AVE). CR looks
at how well the items on a scale reflect the bigger concept
they’re meant to measure. It’s like Cronbach’s alpha, and a
score of 0.70 or higher usually means it’s reliable. AVE, on
the other hand, shows how much of the total variation in
responses is explained by the concept being measured. A
value above 0.50 suggests that the scale has good convergent
validity—basically, that everything fits together well.

When checking the reliability of the tools, Cronbach’s alpha
scores came out strong, ranging from 0.90 to 1.00, which points
to excellent internal consistency. These scores were based on

Table 2. Descriptive statistics of scale scores

Points Mean ± SD
Min -
Max

Cronbach
α AVE CR

Cyberbullying
Victimization 6.5 ± 2.99 0 - 25 0.934 0.55 0.86

Cyberbullying 6.15 ± 3.2 0 - 25 0.779 0.67 0.91

BDI 24.54 ± 16.59 0 - 80 0.863 0.51 0.96

SD: Standard Deviation; Min: Minimum; Max: Maximum; CR: Composite reliability;
AVE: Average Variance Extracted; BDI: Beck Depression Inventory.
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Table 3. Comparison of scale scores according to sociodemographic data

Cyberbullying Victimization Cyberbullying BDIVariables Groups

Mean ± SD M (Min - Max) Mean ± SD M (Min - Max) Mean ± SD M (Min - Max)

Female 6.37 ± 2.69 5(0-25) 5.73 ± 2.41 5(0-25) 25.85 ± 14.78 23(0-80)Gender

Male 6.64 ± 3.29 5(0-25) 6.64 ± 3.85a 5(0-25) 23.05 ± 18.32 a 19(0-80)

p value 0.596* 0.001* 0.001*

13 7.57 ± 3.58 6(5-18) 7.75 ± 5.04 5(5-25) 30.46 ± 21.2 26.5(1-80)

14 6.5 ± 2.89 5(0-25) 6.00 ± 2.74 5(0-25) 22.57 ± 15.26 20(0-80)

15 6.44 ± 2.97 5(0-25) 5.91 ± 2.83 5(0-25) 24.46 ± 16.27 21(0-80)

16 6.44 ± 2.94 5(2-25) 6.48 ± 3.82 5(0-25) 25.56 ± 17.23 23(0-80)

17 6.99 ± 3.56 5(5-25) 6.15 ± 2.43 5(0-16) 25.12 ± 18.47 21(0-80)

Age

18 7.14 ± 3.11 6(5-14) 6.64 ± 3.75 5(5-19) 25.29 ± 14.17 23.5(6-55)

p value 0.120** 0.051** 0.093**

9 6.46 ± 2.87 5(0-25) 6.11 ± 2.91 5(0-25) 22.72 ± 16.2 19(0-80)

10 6.52 ± 3.1 5(0-25) 6.16 ± 3.4 5(0-25) 25.83 ± 16.86 a 23(0-80)

Class

11 6.53 ± 2.68 5(5-19) 6.34 ± 2.93 5(0-25) 22.92 ± 15.35 20(0-80)

p value 0.517 ** 0.051** 0.001**

State 6.53 ± 3.06 5(0-25) 6.14 ± 3.24 5(0-25) 25.34 ± 17.16 22(0-80)School

Private 6.33 ± 2.54 5(5-24) 6.22 ± 2.98 5(5-25) 19.9 ± 11.77 a 18.5(0-71)

p value 0.383* 0.076* 0.001*

0 10.17 ± 7.86 6.5(5-25) 6.00 ± 2.45 5(5-11) 31.67 ± 26.39 27(2-80)

1 6.86 ± 3.73 6(5-25) 6.37 ± 3.17 5(5-25) 26.24 ± 17.78 23(0-80)

2 6.57 ± 3.3 5(2-25) 6.44 ± 3.75 5(0-25) 21.19 ± 14.06 18(0-80)

3 6.48 ± 2.56 5(5-21) 6.30 ± 3.16 5(0-25) 23.56 ± 16.24 20(0-80)

Number of Siblings

≥4 6.44 ± 2.98 5(0-25) 5.96 ± 3.00 a 5(0-25) 26.14 ± 17.27 a 23(0-80)

p value 0.202** 0.004** 0.001**

Illiterate 6.44 ± 2.88 5(0-25) 5.91 ± 2.88 5(0-25) 27.26 ± 19.14 23(0-80)

Literate 6.13 ± 2.97 5(0-25) 6.06 ± 3.31 5(0-25) 26.61 ± 17.42 23(0-80)

Primary 6.55 ± 2.99 5(0-25) 6.04 ± 3.1 5(0-25) 26.06 ± 16.69 23(0-80)

Middle school 6.56 ± 3.15 5(0-25) 6.06 ± 2.97 5(0-25) 25.2 ± 17.58 21(0-80)

High school 6.78 ± 3.07 a 5(5-25) 6.07 ± 2.71 5(5-25) 24.07 ± 15.35 21(0-80)

University 6.56 ± 3.14 5(4-25) 6.55 ± 3.84 5(5-25) 20.07 ± 12.81 a 18(0-80)

Mother's Education

Master's/PhD 5.97 ± 1.82 5(5-14) 6.88 ± 3.84 a 5(5-25) 18.89 ± 13.3 a 18(0-70)

p value 0.024** 0.006** 0.001**

Illiterate 6.85 ± 3.84 5(4-25) 6.65 ± 3.77 5(5-25) 29.36 ± 19.3 a 24(0-80)

Literate 6.28 ± 2.12 5(4-14) 6.27 ± 3.59 5(5-25) 25.79 ± 16.26 24(0-80)

Primary 6.43 ± 3.04 5(0-25) 5.66 ± 2.37 a 5(0-25) 26.78 ± 17.3 23(0-80)

Middle school 6.55 ± 3.26 5(0-25) 5.99 ± 3.04 5(0-25) 25.94 ± 18.22 22(0-80)

High school 6.46 ± 2.78 5(3-25) 6.18 ± 3.13 5(0-25) 25.19 ± 16.86 21(0-80)

University 6.63 ± 3.14 5(4-25) 6.41 ± 3.58 5(5-25) 21.14 ± 13.38 20(0-80)

Father's Education

Master's/PhD 6.2 ± 2.1 5(5-15) 6.57 ± 3.64 5(5-25) 19.28 ± 13.76 b 17(0-70)

p value 0.718** 0.006 ** 0.001**

Married 6.48 ± 2.97 5(0-25) 6.12 ± 3.15 5(0-25) 24.59 ± 16.73 21(0-80)

Divorced 6.82 ± 3.48 5(3-25) 6.95 ± 4.7 5(5-25) 23.12 ± 14.95 21(0-80)

Stepmother 9.1 ± 5.47 6(5-18) 5.9 ± 1.66 5(5-9) 35 ± 16.17 29.5(19-64)

Stepfather 5.29 ± 0.49 5(5-6) 6.14 ± 3.02 5(5-13) 17.57 ± 12.11 22(0-32)

Mother Not Alive 6.69 ± 1.7 6(5-11) 6.54 ± 3.53 5(5-18) 27 ± 18.2 24(7-80)

Parent’s Marital Status

Father Not Alive 6.16 ± 2.31 5(5-17) 6.07 ± 2.29 5(5-14) 22.96 ± 12.89 18(2-56)

p value 0.220 ** 0.745 ** 0.258 **

Superscripts (a,b,) show the differences within the group. There is no difference in the measurement that takes place with the same letters. SD: Standard Deviation; M: Median; Min: Minimum; Max: Maximum; BDI:
Beck Depression Inventory; *: Mann-Whitney U Test; **: Kruskal-Wallis Test.
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Table 4. Comparison of scale scores according to computer use

Cyberbullying Victimization Cyberbullying BDIVariables Groups

Mean ± SD Median
(Min - Max )

Mean ± SD Median
(Min - Max )

Mean ± SD Median
(Min - Max )

One 6.3 ± 2.82 5(0-25) 5.52 ± 1.99 a 5(0-25) 28.73 ± 19.19 a 24(0-80)

Two 6.62 ± 3.15 5(0-25) 6.32 ± 3.56 5(0-25) 24.36 ± 15.93 b 22(0-80)

Three 6.63 ± 3.06 5(0-25) 6.58 ± 3.62 b 5(0-25) 22.73 ± 14.65 c 20(0-80)

Number of Computers at Home

≥4 6.41 ± 2.81 5(5-25) 6.33 ± 3.38 5(5-25) 20.12 ± 13.79 18(0-80)

p value 0.279 ** 0.001** 0.00**

Yes 6.62 ± 3.17 5(0-25) 6.75 ± 3.99 5(0-25) 21.7 ± 15.17 19(0-80)Having a Personal Computer

No 6.46 ± 2.93 5(0-25) 5.95 ± 2.86 a 5(0-25) 25.5 ± 16.94 a 22(0-80)

p value 0.356* 0.001* 0.001*

Yes 6.56 ± 3.04 5(0-25) 6.42 ± 3.58 5(0-25) 23.22 ± 16.14 20(0-80)Having a Personal Mobile Phone

No 6.4 ± 2.9 5(0-25) 5.73 ± 2.4 a 5(0-25) 26.7 ± 17.09 a 23(0-80)

p value 0.279* 0.001* 0.001*

Yes 6.4 ± 2.95 5(0-25) 6.32 ± 3.46 5(0-25) 22.31 ± 15.5 20(0-80)Having a Personal Tablet

No 6.54 ± 3.01 5(0-25) 6.08 ± 3.08 a 5(0-25) 25.52 ± 16.96 a 22(0-80)

p value 0.412* 0.039* 0.001*

Yes 6.56 ± 3.19 5(0-25) 6.38 ± 3.48 5(0-25) 23.75 ± 15.96 21(0-80)Having an Internet

No 6.39 ± 2.63 5(0-25) 5.79 ± 2.66 a 5(0-25) 25.82 ± 17.49 a 22(0-80)

p value 0.961* 0.001* 0.011*

Home 6.5 ± 3.05 5(0-25) 6.2 ± 3.21 5(0-25) 23.6 ± 15.76 21(0-80)

6.7 ± 3.16 5(0-25) 6.35 ± 3.8 5(0-25) 25.59 ± 16.92 23(0-80)

Mobile Phone 6.18 ± 2.57 5(2-25) 5.8 ± 2.65 5(0-25) 26.4 ± 18.44 23(0-80)

Tablet 6.8 ± 2.56 6(3-15) 6 ± 1.9 5(5-15) 26.48 ± 18.23 26(0-80)

How Do You Connect to the
Internet?

Computer 7.23 ± 3.72 5(5-18) 6.38 ± 3.18 5(5-14) 29.46 ± 21.79 31(4-80)

p value 0.053** 0.139** 0.063**

Yes 6.4 ± 2.7 5(0-25) 5.99 ± 2.7 5(0-25) 24.15 ± 16.43 21(0-80)Is your internet usage supervised?

No 6.6 ± 3.24 5(0-25) 6.31 ± 3.61 5(0-25) 24.91 ± 16.74 22(0-80)

p value 0.884* 0.641* 0.224*

Always 6.9 ± 3.52 a 5(4-25) 7.23 ± 4.66 a 5(0-25) 27.19 ± 18.45 23(0-80)

> 3 hours online daily 6.66 ± 3.16 a 5(2-25) 6.23 ± 3.08 5(0-25) 26.13 ± 15.18 24(0-80)

2-3 hours online daily 6.36 ± 2.78 5(0-25) 5.86 ± 2.63 5(0-25) 22.13 ± 15.19 a 19(0-80)

≤ one hour online
daily

6 .00± 2.11 5(0-18) 5.54 ± 1.8 5(0-19) 23.13 ± 17.43 20(0-80)

Online every 2-3 days 6.08 ± 2.44 5(0-15) 5.21 ± 0.96 5(0-8) 23.58 ± 13.24 22.5(2-80)

Once a week 6.30 ± 2.2 5(4-13) 5.38 ± 0.92 5(5-9) 26.68 ± 22.58 21(0-80)

How often do you use the
internet?

Rarely 6.82 ± 3.59 5(5-25) 5.69 ± 2.72 5(5-25) 27.42 ± 17.41 23(0-80)

p value 0.007** 0.001** 0.001**

Superscripts (a,b,c) show the differences within the group. There is no difference in the measurement that takes place with the same letters. SD: Standard Deviation; M: Median; Min:
Minimum; Max: Maximum; BDI: Beck Depression Inventory; *: Mann-Whitney U Test; **: Kruskal-Wallis Test.

factor loadings obtained through exploratory factor analysis
(EFA). EFA helps uncover hidden patterns or “factors” among
a group of related items, trimming things down to the core
ideas. The results backed up the tools’ reliability and showed
that they were valid in terms of structure.

Statistical Analyses

All statistical analyses were performed using SPSS version 25
(SPSS Inc., Chicago, IL, USA). First, the Kolmogorov–Smirnov test
was run to see if the data followed a normal curve. Depending
on how the data were spread out, results were shown as mean
± standard deviation or as median with the lowest and highest
values included.
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To check for differences between the two separate groups, the
researchers used the Mann–Whitney U test. If they needed to
compare more than two groups, they used the Kruskal–Wallis
test. Furthermore, when this test showed a significant result,
they followed up with a post hoc test using the Bonferroni
correction to keep things accurate and avoid false positives.

To understand how the different scale scores were related
to each other, Pearson’s correlation coefficient was used. Any
p-value below 0.05 was seen as a sign that the result was
statistically significant.

RESULTS
A comparison of the test scores and demographic data of
the students participating in the study is presented in Table
3. The female BDI score was significantly higher than that of
the males, and the male bullying scale score was significantly
higher than that of the females (p=0.001). The BDI scores of
those in the tenth grade were significantly higher than those
in the ninth grade. The BDI score of those who attended public
school was significantly higher than those who attended
private school. The bullying scale scores of those with more
than four siblings were significantly lower than those with
one or three siblings. The BDI score of those with more than
four siblings was higher than that of those with two or three
siblings, and the BDI score of those with one sibling was higher
than that of those with two siblings. The bullying scale scores
of those whose mothers were master’s/doctoral graduates
were higher than those whose mothers were illiterate. The
BDI score of those whose mothers were master’s/doctoral
graduates and whose mothers were university graduates was
significantly lower than that of others. The bullying scale
scores of those whose fathers were university graduates and
whose fathers were masters/doctoral graduates were higher
than those whose fathers were primary school graduates. The
BDI scores of those whose fathers were university graduates
and whose fathers were masters/doctoral graduates were
significantly lower than those of the other groups. There was
no significant difference in terms of other parameters and test
scores.

The relationships between the test scores, computer use, and
internet habits of the students participating in the study
are presented in Table 4. The bullying scale scores of those
who had more than one computer at home were significantly
higher than those who had one computer at home. As the
number of computers at home increased, the BDI score
decreased significantly. The bullying scale scores were higher
among those who had a personal computer than those who
did not, those who had a personal mobile phone than those
who did not, those who had a personal tablet than those who

Table 5. Examining the relationships between scale scores by correlation
analysis

Points Value BDI Cyberbullying

r 0.265 0.392Cyberbullying Victimization

p 0.001 0.001

r 0.247Cyberbullying

p 0.043

r: Pearson correlation analysis; p: Statistical significance; BDI: Beck Depression
Inventory.

Table 6. Regression analysis of the relationship between scale total scores in
groups

Dependent Independent R² F test p ₁ value β₁ t- test p₂ value

Still 18.978 19.357 0.001*

Stop by 0.968 7.223 0.001*

BDI 0.028 28.189 0.001*

To do −0.118 −0.946 0.344

BDI: Beck Depression Inventory; R² : Explanatory Coefficient; **p₁<0.05: F test result for
the significance of the model; β ₁: Non-standardized regression coefficients; *p₂<0.05: t
test result for the significance of the regression coefficients.

did not, and those who had an internet connection compared
to those who did not. BDI scores were lower among those who
had a personal computer than those who did not, those who
had a personal mobile phone than those who did not, those
who had a personal tablet than those who did not, and those
who had an internet connection compared to those who did
not. The bullying scale score of those who were constantly
connected to the Internet was significantly higher than that of
the other groups who were connected to the Internet for less
than 3 hours a day. The BDI score of those who were constantly
connected to the internet and who were connected for more
than 3 hours was higher than those who were connected for
2-3 hours a day and less than an hour a day. No significant
difference was observed in terms of other parameters and
test scores.

Correlations and regression analysis between test scores are
given in Table 5 and 6. There were low positive correlations
between BDI and bullying scale and being bullied scale scores.
There was a moderate positive correlation between bullying
and being bullied scale scores.

DISCUSSION
In this study, the internet use and related cyberbullying,
cyberbullying victimization and BDI scores of 1,985 high school
students in Diyarbakir, Turkiye were evaluated. BDI scores were
higher for women than for men, for those who studied in
public schools than for those who studied in private schools
and for those whose mothers and fathers had lower education
levels than those who did not. Additionally, those who did
not own a personal computer, tablet, phone, or internet had
higher BDI scores than those who did. Moreover, a positive
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significant relationship was determined between exposure to
cyberbullying and BDI scores.

Extensive research has consistently linked bullying
involvement—whether as a victim, perpetrator, or both—to
adverse mental health outcomes and reduced life satisfaction
(16-18). Victims of bullying frequently display internalizing
symptoms such as anxiety, depression, fearfulness, and social
withdrawal, whereas perpetrators tend to exhibit externalizing
behaviours including aggression, delinquency, and impulsivity
(19-21). Adolescents who occupy dual roles—as both bullies
and victims—appear to be at even greater psychological risk,
showing elevated levels of both internalizing and externalizing
problems (22).

The rise in cyberbullying has paralleled the increasing
integration of internet technologies into the daily lives of
adolescents, particularly those belonging to Generation Z (23).
A cross-national analysis involving over 180,000 adolescents
from 35 countries found that individuals from cultures
valuing self-expression reported lower rates of bullying
behavior, while all forms of bullying exposure were associated
with decreased quality of life (24). Evidence suggests that
adolescents who experience cybervictimization may respond
through avoidance, denial, or even retaliatory bullying (25).
Moreover, cybervictimization has been linked to elevated
risks of stress, substance abuse, low self-esteem, suicidal
ideation, and feelings of shame or rage (26). In alignment
with these findings, our study identified a significant positive
correlation between cyberbullying exposure and depressive
symptomatology, as measured by BDI scores. These results
underscore the necessity of implementing educational and
clinical interventions that promote adolescent awareness of
cyber aggression and ensure access to appropriate psychiatric
care.

Understanding the factors that influence both cyberbullying
perpetration and victimization is essential for designing
targeted interventions. Although some research has
suggested that girls are more frequent victims and boys more
often perpetrators of cyber aggression (27), other studies
indicate a more nuanced picture. For instance, while Cook
et al. and Slonje and Smith reported no significant gender
differences in exposure, Guo and Unver & Koc noted that
males may demonstrate higher levels of perpetration (8,
28-30). In contrast, other analyses, including those by Yigit
et al. and Kowalski et al., found mixed or inconclusive
patterns (2, 31). A recent meta-analysis highlighted gender
as a moderate factor in predicting cyberbullying, with males
tending to engage more in perpetration and females being
more susceptible to victimization . In our study, male students
were significantly more likely to engage in cyberbullying

behaviors than females, which aligns with previous findings in
the Turkish context. However, no gender-based difference was
observed in cyberbullying victimization. Similarly, age was not
found to significantly influence bullying dynamics, consistent
with studies limited to adolescent populations (32, 33).

Another noteworthy finding of our study relates to the
influence of sibling numbers on cyberbullying dynamics. Prior
work by Chen et al. suggested that sibling presence may
offer a protective buffer against online aggression, possibly
due to emotional or digital peer support (34). Supporting
this, Cagirkan and Bilek reported lower cyberbullying scores
among students with two or more siblings (35). In our
analysis, students with four or more siblings exhibited
significantly lower bullying scale scores than those with
fewer siblings. However, the BDI scores presented a more
complex picture: while students with no siblings had the
highest depression scores, even those with more than four
siblings showed elevated BDI scores compared to students
with two or three siblings. This suggests that while a
greater number of siblings may be associated with reduced
cybervictimization, it does not uniformly buffer against
depressive symptoms. The inverse relationship observed
between depression severity and the number of siblings—
especially in single-child households—may reflect additional
psychological vulnerabilities associated with isolation or
reduced familial interaction.

Prior research has consistently demonstrated that owning
personal electronic devices and engaging in prolonged
internet use are key predictors of increased exposure to cyber
aggression (2, 36). A Turkish study noted that adolescents who
possess a computer at home and use it for leisure activities
tend to have higher levels of both cyberbullying perpetration
and victimization. Similarly, adolescents who spend more
than four hours online daily or engage in internet use after
11:00 p.m. have been reported to score significantly higher on
cyberbullying-related scales (29, 37).

Cagirkan and Bilek further observed that students with
their own mobile phones and private internet access are
more likely to engage in cyberbullying (35). Our findings
are in alignment, indicating that adolescents with access
to personal devices (computers, tablets, and smartphones)
and unrestricted internet connectivity reported higher levels
of perpetration. Interestingly, no statistically significant
association was observed between device ownership and
cybervictimization. Moreover, frequent and extended internet
usage—exceeding two to three hours per day—was associated
with elevated scores in cyberbullying, victimization , and
depressive symptoms (as measured by the BDI).
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Adolescents often refrain from reporting negative online
experiences to their parents, fearing restrictions on internet
access or mobile phone use (25). This lack of disclosure
undermines parental control efforts. Korkmaz reported that
approximately half of adolescents use the Internet without
supervision and that unsupervised youth are significantly
more prone to engage in cyberbullying (38). Dehue et al. also
found that many parents remain unaware of their children’s
experiences with cyber aggression (39). Although our study
did not establish a significant relationship between parental
internet monitoring and cyberbullying outcomes, this may
reflect a broader pattern of inadequate digital oversight and
limited parental awareness.

CONCLUSION
The findings of this study demonstrate a significant
positive correlation between depressive symptom severity, as
measured by the BDI, and both cyberbullying perpetration and
victimization scores. Furthermore, a statistically meaningful
relationship was identified between being a victim of
cyberbullying and subsequently engaging in perpetration,
indicating that victims may transition into offenders over time.

These results highlight the cyclical and escalating nature of
cyber aggression among adolescents, underscoring the urgent
need for comprehensive preventive strategies. Protecting
vulnerable youth from cyber violence and interrupting
the victim-to-perpetrator trajectory requires a multifaceted
approach. Educational initiatives should emphasize digital
literacy, personal rights, privacy protections, and responsible
online behavior from an early age. Moreover, national legal
frameworks must be promptly updated to address violations
related to online harassment and infringement of digital
freedoms.
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Abstract Objective: In this study, we aimed to evaluate the concordance of blood culture with procalcitonin (PCT)
alone and together with C-reactive protein (CRP) in detecting bacteremia and the diagnostic performance
of these biomarkers to differentiate contamination from true bacteremia.

Materials and Methods: The medical records of 310 patients were analysed retrospectively. Advia Centaur
XP immunoassay system and Au analysers were used to determine PCT and CRP levels, respectively. BacT/
Alert 3D60 hemoculture system was used to incubate blood specimens, and VITEK 2 compact was used to
identify isolated strains.

Results: The accuracy of PCT and CRP in detecting bacteremia were found to be 68.1% and 36.4%, respec-
tively, and combining PCT and CRP had no added value. In analysis of receiver operating characteristic
(ROC), the area under the ROC curve (AUROC) values of PCT and CRP were found to be 0.889 and 0.779
in discriminating the culture-negative group from the culture-positive group, and 0.645 and 0.502 in
discriminating bacteremia from contamination, respectively.

Conclusion: PCT is a reliable marker that can be used to detect bacteremia. However, its discriminative
power was low in differentiating true bacteremia from contamination. Therefore, PCT levels alone should
not be used to rule out blood culture contamination.
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INTRODUCTION
Bacteremia, if treatment is delayed, may progress to sepsis,
septic shock, and death. Therefore, prompt diagnosis is of
great importance. In diagnosis, blood culture is considered
as the gold standard, but long incubation times (>24 hours),
false-positive results due to contamination and unacceptably
high false-negative results have created the need for the
search for rapid and accurate tests (1-3).

Acute-phase reactants (APRs) have been commonly used
as biomarkers indicating infections as they are present
in the serum in case of injury and inflammation (1, 4).
However, very few can discriminate bacterial infection from
inflammation due to non-infectious causes, and information
regarding their ability to differentiate true bacteremia from
contamination is either unavailable or limited. One of the
most commonly used APRs is C-reactive protein (CRP). CRP
is predominantly produced by the liver and its concentration
in the bloodstream increases gradually in response to pro-
inflammatory cytokines, principally interleukin-6 (IL-6), which
is produced in case of inflammation due to infection or other
causes (4, 5).

Procalcitonin (PCT), the prohormone of calcitonin,
is synthesized ubiquitously in response to systemic
inflammatory stimuli, particularly bacterial infection (4-7).
In detecting bacterial infections, PCT has a number of
advantages over other commonly used biomarkers such
that it increases rapidly after bacterial infections (rises up
to detectable levels in serum within 2–6 hours following
stimulation), it has a long half-life (can be detected for up
to 7 days), and viral infections or autoimmune diseases do
not increase its levels. In addition, PCT levels in the serum
coincide with the infection’s severity (PCT levels increases
parallel to the severity of the infection) and production is not
affected by anti-inflammatory and immunosuppressive states
(5, 8, 9). These properties of PCT make it a plausible choice
as an indicator of severe bacterial infections and bacteremia;
hence, PCT is a commonly used biomarker for predicting
sepsis due to bacterial infection (4-7). Serum PCT levels have
also been considered for guiding antibiotic therapy and for
monitoring the prognosis of the disease and the efficacy of the
treatment (10, 11). Although there are a few studies that have
shown that PCT can also be used in differentiating bacteremia
from contamination, this feature should be verified with
additional studies before using it in clinical practice.

Besides the clear benefits of PCT over the other APRs
including CRP, PCT levels alone are not sufficient to make
critical decisions. Therefore, we examined and compared the
diagnostic accuracy of PCT alone and together with CRP in

detecting bacteremia and their performance in distinguishing
bacteremia from contamination.

MATERIALS and METHODS

Study Design and Settings

The Kocaeli University Ethical Committee of Non-Invasive
Clinical Research reviewed and approved this study (Approval
no: GOKAEK-2017/4.09) and the ethical standards of the
Helsinki were followed.

The study was carried out at Darica Farabi Training and
Research Hospital throughout a six-month study period. The
medical records of patients with suspected blood stream
infection were retrospectively reviewed provided that the
levels of PCT and CRP were investigated and blood culture
had been performed simultaneously. Only data of the
patients in whom PCT, CRP, and blood cultures were assayed
simultaneously were included. Patients were excluded if the
results of any of the tests were not available.

Blood Culture, PCT, and CRP Analysis

Blood samples were inoculated in hemoculture vials of the
automated hemoculture system BacT/Alert3D60 (Biomerieux)
and incubated for up to seven days. Bacteria isolated
from positive cultures were identified using the VITEK2
compact (Biomerieux) system. Blood cultures were considered
negative if no growth was observed at the end of
the seventh day. Isolation of skin microbiota members
(coagulase-negative Staphylococcus [CoNS], Corynebacterium
spp, Propionibacterium acnes, etc) were considered as
contamination unless isolates that had similar antibiograms
were isolated from more than one blood culture taken at two
different times (12-14).

Advia Centaur XP immunoassay system (Siemens) was used
for detecting PCT levels and Au 680 and Au 5800 analysers
(Beckman Coulter) were used for detecting CRP levels. If the
levels of CRP or PCT were undetectable, a value equal to the
threshold of detection was assigned. For CRP, the cut-off value
was accepted as 5mg/dL. The PCT cut-offs used was 5ng/mL,
2ng/mL, and 10ng/mL.

Blood cultures were considered as the reference test, and the
accuracy of PCT and CRP was determined by comparing the
results of these tests with those of the blood culture.

To assess whether including CRP test has any added value, PCT
and CRP results were analysed in combination. If both PCT and
CRP tests were positive, the result was considered positive,
but if any of the tests were negative, the result was accepted
as negative.
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Figure 1. Flow diagram of the included cases. PCT: Procalcitonin; CRP: C-reactive protein

Statistical Analyses

The SPSS 20.0 (SPSS Inc., Chicago, IL, USA ) package program
was used to evaluate the data. The sensitivity, specificity,
and positive- and negative-predictive values were calculated
in the methodological analysis. Categorical variables were
compared using Pearson Chi-square test and Fisher’s exact
test. One-way analysis of variance (ANOVA) was performed,
and Post Hoc Bonferroni correction was applied to compare
the measurement values of more than two groups. The
accuracy of PCT and CRP in discriminating culture positive
from culture negative and culture positive from contamination
were determined by receiver operating characteristic (ROC)
analysis. p value was accepted below 0.05 as significant.

RESULTS
During the six-month study period, PCT, CRP, and blood
cultures were concomitantly assayed in 310 patients. Data
of three patients were excluded because Candida spp. were
grown in the blood cultures. The mean age was 66.60 ± 16.61
(range: 18-96), and the gender distribution was 48.5% female
and 51.5% male. Patients were categorised into three groups
regarding the blood culture results: culture positive (n=99,
32.2%), culture negative (n=147, 47.9%) and contamination
(n=61, 19.9%) (Figure 1). Culture-positive group was again
divided into 2 groups as Gram positive bacteremia (n=55)
and Gram negative bacteremia (n=44). Among Gram positive
bacteria isolated from blood cultures, Staphylococcus aureus
(n=21) was the predominant species, followed by Enterococcus
faecalis (n=20), Enterococcus faecium (n=11) and Enterococcus
cloacae (n=1). Among Gram negative bacteria, Klebsiella
pneumoniae (n=18) ranked first, followed by Escherichia
coli (n=16), Acinetobacter baumannii (n=8), Pseudomonas

aeruginosa (n=1), and Serratia marcescens (n=1). All bacteria
in the contamination group were CoNS.

The mean, minimum and maximum PCT and CRP levels
were assessed and compared among the groups (Table 1).
In the culture-negative group, PCT and CRP levels were
significantly lower (p<0.001) than in the culture-positive and
contamination groups. Although the mean PCT and CRP
concentrations were lower in the contamination group in
comparison to the culture-positive group, Gram positive and
Gram negative bacteremia group, the difference was not
significant statistically (p=1.00). The PCT and CRP levels in
the Gram negative bacteremia group were slightly above the
levels detected in the Gram positive bacteremia group, but the
difference was not statistically meaningful (p=1.00).

Table 1. Mean, minimum and maximum PCT and CRP values among the groups.

Mean ± Standard Deviation
(min-med-max)Groups

PCT (ng/mL) CRP (mg/dL)

Contamination (n=61) 9.87 ± 23.36 177.07 ± 86.21

(0.01-1.10-101.00) (9.20-177.20-347.70)

Culture positive (n=99) 13.23 ± 20.76 178.71 ± 88.97

(0.10-4.68-101.00) (9.80-178.30-411.90)

Gram-positive bacteremia (n=56) 12.80 ± 21.85 173.43 ± 88.33

(0.12-3.98-101.00) (9.80-179.25-411.90)

Gram-negative bacteremia (n=43) 13.78 ± 19.50 185.59 ± 90.36

(0.10-6.43-90.60) (44.00-177.90-368.97)

Culture-negative (n=147) 1.06 ± 3.26 87.95 ± 86.85

(0.00-0.14-23.04) (0.40-63.00-421.60)

p value* <0.001 <0.001

* One-way analysis of variance with Post Hoc Bonferroni correction was applied.
Statistically significant difference was present only between culture-negative group vs
culture positive, contamination, Gram-positive bacteremia and Gram-negative
bacteremia groups. PCT: Procalcitonin; CRP: C-reactive protein.
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In comparison to the reference blood culture, PCT was found
to be 82.8% sensitive and 61.1% specific when 0.5 ng/mL was
used as the cut-off. As for CRP, sensitivity was 100% and
specificity was 6.2%. The specificity of PCT increased markedly
when higher cut-off values were used, but the sensitivity
declined. When 2 ng/mL was used as the cut-off, sensitivity
decreased to 64.7% and specificity increased to 83.2%. When 10
ng/mL was used as cutt-of, sensitivity decreased dramatically
to 36.4% and specificity increased further to 91.8% (Table 2).
On the basis of these results, the optimal PCT threshold for
detecting bacteremia was considered to be 0.5 ng/mL.

Table 2. Diagnostic accuracy of PCT and CRP in detecting bacteremia

PCT CRP

Cut-off value 0.5 ng/mL 2 ng/mL 10 ng/mL 5 mg/dL

Sensitivity,
(95% CI)

82.8
(75-90)

64.7
(55-74)

36.4
(27-46)

100
(100-100)

Specificity,
(95% CI)

61.1
(54-67)

83.2
(78-88)

91.8
(88-95)

6.2
(3-10)

PPV,
(95% CI)

50.3
(43-58)

64.7
(55-74)

67.9
(55-80)

33.6
(28-39)

NPV,
(95% CI)

88.2
(83-93)

83.2
(78-88)

75.2
(70-81)

100
(100-100)

Accuracy,
(95% CI)

68.1
(63-73)

77.2
(73-82)

73.4
(69-79)

36.4
(31-42)

PCT: Procalcitonin; CRP: C-reactive protein; CI: Confidence interval; PPV:
Positive predictive value; NPV: Negative predictive value.

The diagnostic performance of PCT (0.5 ng/mL) and CRP (5
mg/dL) was compared between Gram positive bacteremia
group and Gram negative bacteremia group. The diagnostic
accuracy of PCT in detecting Gram positive and Gram negative
bacteremia was 65.8% (95% CI=60-72) and 64.7% (95% CI=59-71).
CRP detected Gram positive and Gram negative bacteremia
with 25.9% (95% CI=21-31) and 22.6% (95% CI=17-28) accuracy,
respectively. A statistically significant difference was not found
for both tests.

The diagnostic accuracy of the PCT-CRP combination (accuracy
68.1%) was analysed but the results did not differ from the PCT
test alone (accuracy 68.1%); hence, including the CRP test had
no added value.

In the ROC analysis, the area under the ROC curve (AUROC)
values of PCT and CRP in discriminating the culture-positive
group from the culture-negative group were 0.889 and 0.779,
respectively (Figure 2). In distinguishing the culture-positive
from the contamination group, PCT had an AUROC of 0.645,
and CRP had an AUROC of 0.502 (Figure 3).

Figure 2. ROC analysis of the PCT and CRP for distinguishing culture-
positive from culture-negative. ROC: Receiver operating characteristic; PCT:
Procalcitonin; CRP: C-reactive protein

Figure 3. ROC analysis of PCT and CRP for distinguishing culture-
positive from contamination. ROC: Receiver operating characteristic; PCT:
Procalcitonin; CRP: C-reactive protein

DISCUSSION
Our results have shown that PCT can be used as a reliable
biomarker for detecting bacteremia, but its discriminative
power is low in distinguishing true bacteremia from
contamination.

Multiple studies have investigated the diagnostic
performance of PCT and CRP, but relatively few have
investigated their ability to distinguish between true
bacteremia and contamination (15-18). Schuetz and colleagues
were the first to investigate the diagnostic accuracy of
PCT to discriminate blood culture contamination from
bloodstream infection. In this prospective study conducted
in a small cohort (n=40), PCT was found to be an early and
accurate biomarker that can aid in distinguishing bloodstream
infection from contamination due to CoNS (15). Following
this research, a limited number of studies were conducted
analysing the capability of PCT and CRP to distinguish
bacteremia and contamination (16-18). These studies have
found PCT to be superior to CRP and a reliable marker that
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can accurately differentiate bacteremia from contamination
(16-18). Interestingly, in these studies, PCT and CRP performed
better at differentiating true bacteraemia from contamination
than discriminating culture-positive from culture-negative
(Table 3) (16-18). In a recent study, the usefulness of PCT in
diagnosing blood culture contamination was evaluated (19).
This study used 0.1 ng/mL as the threshold and concluded
that PCT levels below 0.1 ng/mL was a reliable biomarker in
determining contamination of blood cultures in hospitalised
patients (19).

Table 3. Diagnostic performance of PCT and CRP to discriminate culture
positive (CP) from culture negative (CN) and CP from contamination

CP vs CN CP vs. Cont

Study
CP/Cont (%

Cont) AUROC
PCT

AUROC
CRP

AUROC
PCT

AUROC
CRP

Present study 99/61 (38.1) 0.889 0.779 0.645 0.502

Oksuz et al.¹⁶ 88/49 (35.8) 0.755 0.601 0.864 0.744

Iqbal-Mirza et
al.¹⁷

154/112 (42.1)
NA NA 0.983 0.639

Jeong S et al.¹⁸ 331/156 (40.3) 0.76 0.64 0.86 0.65

PCT: Procalcitonin; CRP: C-reactive protein; CP: Culture positive; CN: Culture
negative; Cont: Contamination; ROC: Receiver operating characteristic;
AUROC: Area under the ROC curve; NA: Not available.

In our study, PCT performed well in discriminating culture
negative from culture positive, but its performance was
poor in discriminating true bacteremia from contamination,
and the performance of CRP was lower than that of
PCT in both regards. The AUROC of PCT and CRP in
distinguishing culture-positive from contamination was lower
than that in other studies with a similar design. Conversely,
in discriminating culture-positive from culture-negative, we
found the performance of PCT and CRP to be better than
reported in the aforementioned studies (Table 3). The reason
behind this difference is not clear. It is possible that
in certain patients, isolated CoNS might be misidentified
as contaminants. To implicate CoNS and other common
contaminants as the cause of bacteremia, two or more
positive blood cultures were required, but in 17 out of 61
(27.9%) patients, from whom CoNS were isolated, only one
sample of blood was drawn for culture; therefore, according
to our criteria these were classified as contaminants.

A number of studies have investigated the efficiency of
using PCT concentration to discriminate bacteremia or sepsis
due to Gram positive and Gram negative pathogens. In our
study, the PCT concentrations did not significantly vary among
bacteremia caused by Gram negative and Gram positive
bacteria. This finding is in line with studies of Oksuz et al. (16)
and Kim et al. (20) but discordant with the studies of Engel et
al. (21) Svaldi et al. (22), Jeong et al. (18), Leli et al. (23), Yan et

al. (24), Ogawa et al. (25) and Dincer et al. (26). In some studies,
statistically significant differences were observed even in
between bacteremia due to different species of Gram negative
bacteria (23, 24).

Although PCT is explicitly more specific for infections caused
by bacteria compared to most other APRs, it is still far
from being perfect, therefore we also analysed the diagnostic
accuracy of the PCT-CRP combination. However, combining
PCT with CRP did not have any added value in regards of
specificity. Thus, according to our findings, if sepsis due to
bacterial infection is suspected, the PCT test alone will be
sufficient for the presumptive diagnosis.

Due to its retrospective nature, information regarding certain
factors that can influence the PCT levels like baseline
characteristics and comorbidities of, and the treatment
applied to the patients were not available and therefore could
not be assessed. Furthermore, all the data were obtained
from inpatients and antibiotic therapy is frequently applied
to hospitalised patients which may result in lower PCT
concentrations either by direct effect or by lowering the
microbial load, also it may cause false negative results in
blood culture (27). Although the impact of underlying diseases
and treatments applied could not be assessed, the factors
that influence PCT and CRP concentrations have been well
established in numerous studies conducted previously, and
the purpose of this study was to assert the accuracy of PCT
and CRP as independent parameters in diagnosing bacteremia
and discrimination from contamination.

An important challenge that physicians face in patients with
sepsis is to decide whether the cause is a bacterial agent, or
not. Guidelines and algorithms regarding the use of PCT levels
to initiate and terminate antibiotic treatment in patients with
sepsis have been established, and in 2017, the Food and
Drug Administration cleared the use of procalcitonin tests
in determining whether to initiate or terminate antibiotic
treatment in patients with sepsis and lower respiratory
tract infections (27-29). Although few studies have shown
that PCT can effectively distinguish true bacteremia from
contamination, no algorithms have been proposed. This may
be due to the fact that the number of studies that have been
conducted on this topic is insufficient. To contribute to the
literature, we conducted this retrospective study in a training
and research hospital in Turkiye.

Our study results demonstrate that PCT can be used in the
presumptive diagnosis of bacteremia as a reliable biomarker
and is clearly a better option than CRP. To differentiate Gram
positive and -negative pathogens, we cannot propose a cut-
off value that can be used because no significant difference
was found between the two groups. Discriminating true
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bacteremia from contamination promptly is vital, particularly
for hospital-acquired infections, in which bacteria frequently
regarded as contaminants may be the cause of the infection.
The diagnostic performance of PCT was poor in differentiating
true bacteremia from contamination; hence, PCT levels alone
cannot be used in deciding whether the isolate is the cause or
a contaminant. Biomarkers, including PCT, can contribute, but
the available data are not sufficient. Therefore, prospective
studies with large cohorts should be conducted to establish a
reliable diagnostic algorithm.
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Abstract Objective: Cardiovascular diseases are a significant cause of morbidity and mortality globally, particularly
among post-menopausal women who face heightened risk. Exercise is recognized for its preventive
benefits on cardiovascular health and enhancement of vascular function; yet, the effects of various exer-
cise modalities remain inadequately understood. This study aimed to assess alterations in erythrocyte
deformability, total oxidant/antioxidant status (TOS/TAS), oxidative stress index (OSI), and serum levels
of leptin and irisin in pre-hypertensive post-menopausal women following one session of Nordic walking
(NW) exercise.

Materials and Methods: The study cohort comprised 11 post-menopausal women with pre-hypertension
(mean age 57.91 ± 7.23 years) and 12 age-matched healthy women (mean age 55.17 ± 5.29 years). Venous
blood was taken before and just after the exercise session. The deformability of red blood cells (RBCs) was
assessed using an ektacytometer. TOS/TAS, irisin, and leptin were quantified using commercial assays.

Results: A session of NW exercise did not influence oxidative stress indices or blood levels of irisin and
leptin; nevertheless, erythrocyte deformability assessed at 30.00 Pa significantly increased post-exercise
(p=0.043).

Conclusion: Our findings indicate that enhanced RBC deformability after an acute session of NW may
facilitate blood flow.
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INTRODUCTION
Pre-hypertension is associated with cognitive decline,
increased left ventricular mass, and arteriosclerosis (1).
Currently, the advised intervention for pre-hypertension is
lifestyle modification. Weight reduction, sodium limitation,
increased physical activity, cessation of smoking, and
abstinence from alcohol exemplify lifestyle modifications (2).

Menopause correlates with an age-dependent increase in
artery damage and a decrease in muscle strength, thereby
increasing the risk of cardiovascular disease. Thus, reducing
arterial damage and lowering blood pressure may be
advantageous in decreasing the incidence of cardiovascular
disease in post-menopausal women with pre-hypertension
(3).

Exercise has been allowed to mitigate age-related
cardiovascular disease risk factors. Nordic walking (NW) is an
aerobic workout that has attained considerable popularity as
a form of physical activity. In contrast to walking, it offers the
benefit of using the upper body and arms, hence alleviating
stress on the hips, knees, and feet (4).

Hemorrheology is a scientific discipline that investigates the
characteristics of blood flow and the interactions between
blood and blood arteries. Deformability of red blood cells
(RBCs) is essential for their function in oxygen delivery, as
indicated by an elevated elongation index (EI) (5). Enhanced
EI at a specific shear stress signifies increased cellular
deformability. Articles on the impacts of exercise on RBC
deformability show variability attributed to differences in
exercise volume and intensity, studied population and the
devices used to measure deformability (6). Diseases such
as diabetes, hypercholesterolemia, and hypertension may
lead to diminished RBC deformability because of heightened
oxidative stress or reduced NO bioavailability (7).

The removal of free radicals by antioxidant enzymes and
substances is often balanced by the production of free
radicals. In the human body, oxidative pathway components
can be quantified from biological samples; however, this
procedure may be expensive and time-consuming. The
assessment of the total oxidant status (TOS) and total
antioxidant status (TAS), which reflect the cumulative and
interaction influences of oxidant and antioxidant substances,
provide a more thorough approach for evaluating the oxidant/
antioxidant equilibrium. There are very few clinical studies
investigating oxidative stress and the antioxidant system with
NW exercise (8, 9).

Proteins and other cytokines secreted by the skeletal muscle
are called “myokines.” Myokines greatly enhance the contact
between the muscle and adipose tissue, liver and pancreas.

Leptin and irisin are markers of glucose metabolism and
control, and are linked to visceral obesity (10). Although
no studies have examined the acute exercise response on
irisin in post-menopausal women, research has examined
the impact of acute exercise on leptin levels in this
population (11, 12). The data mentioned above show that
obesity and being overweight are significant problems for
women after menopause. This study was conducted because
of the considerable acceptance of physical activity through
NW training (13). Research indicates that NW training, used
as a body composition intervention, is most effective when
supervised by trainers (14).

Nonetheless, the impact of NW on red blood cell
deformability, TOS, TAS, oxidative stress index (OSI), and the
levels of leptin and irisin has not yet been investigated in pre-
hypertensive post-menopausal women. This study aimed to
investigate the acute effects of a single session of NW exercise
on erythrocyte deformability, oxidative stress markers (TOS/
TAS, OSI), and serum levels of leptin and irisin in pre-
hypertensive post-menopausal women.

MATERIALS AND METHODS
The work protocol adhered to the ethical principles
established in the 1975 Declaration of Helsinki (ethical
approval no: 60116787-020/5756). All participants received a
comprehensive written and verbal description of the potential
risks and advantages of participation.

Patients

In our study, patients exhibiting systolic blood pressure (SBP)
ranging from 120 to 129 mmHg and diastolic blood pressure
(DBP) below 80 mm Hg were classified as having high
blood pressure (formerly known as pre-hypertension) (1). The
exclusion criteria were as follows: SBP of 180 mmHg or more
and/or DBP of 90 mmHg or more, current anti-hypertensive
medications used, presence of rheumatoid arthritis, diabetes
mellitus and inability to obtain approval from a primary care
physician to participate in the study.

Twenty-three post-menopausal women with pre-
hypertension (mean age 56.48 ± 6.30 years) participated in the
study. Individuals who had not engaged in regular physical
activity in the last six months were included in the study.
Participants were randomly assigned to two groups: NW (n=11;
mean age 57.91 ± 7.23 years) and control (n=12; mean age 55.17
± 5.29 years). All participants were required to provide medical
documentation confirming their eligibility for physical activity,
and the groups were similar in terms of physical fitness and
consistent with a sedentary lifestyle.
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Anthropometric Assessments

Height in centimeters was measured using a stadiometer with
the participant in the inspiratory phase in the anatomical
position. This measurement was performed with an accuracy
of ±1 mm in centimeters.

On the first day of the study, body composition was
assessed using a TANITA (BC-480) body composition analyzer
while participants wearing lightweight shorts and a t-shirt.
Participants were asked to wear the same attire for each
subsequent measurement session. Special attention was
given to ensure that all participants maintained a consistent
posture throughout the measurements. To enhance the
conductivity, the steel platform where the participants placed
their feet was cleaned with a damp cloth before each
measurement. Additionally, participants were instructed to
fast for a minimum of 8 h before undergoing the assessments.

Aerobic Test: Prediction of Maximum Oxygen Uptake
capacity (VO2max) by Cooper 12-minute Run/Walk Test

The subjects spent 12 minutes running on a 400 m circular
track. Their desire to complete as many laps as possible drove
them. The finish line was marked, and the total number of
laps was tallied. The VO2max was predicted using the following
equation once the distance in meters was translated to
kilometers (15).

VO2max = (22.351 x distance [km]) x 11.288

Sit and Reach Test

The sit-and-reach test was utilized to assess the flexibility
of the lumbar extensors, hip extensors, gastrocnemius and
hamstring muscles with a sit-and-reach test box. Participants,
having removed their shoes, took their places on the
bench, guaranteeing. Their toes were oriented upward. They
were directed to extend the measuring ruler progressively
by bending at the hips and extending forward maximally
while maintaining fully extended legs. Participants were
asked to maintain this maximum position for 2 s. The test
was conducted thrice, and the highest score, measured in
centimeters, was used for analysis (16).

Grip Strength Measurement

The hand grip strength was assessed using a calibrated digital
Jamar dynamometer (Performance Health, Warrenville, IL).
Participants were required to exert maximum force three times
with each hand while maintaining the elbows at a 90-degree
flexion and the wrists in a neutral posture. The optimal value
was observed (17).

Exercise Protocol

Exercise sessions were conducted outdoors on a flat surface,
beginning with a 10-to 12 min warm-up period. During the
warm-up, each movement was performed in 4–6 repetitions
to reduce muscle stiffness and maintain joint range of
motion. Following the warm-up, the participants engaged in
50 min of NW, a full-body aerobic exercise performed with
specially designed poles, involving the coordinated use of
both the upper and lower extremity muscles. The walks
were conducted during the spring , between 2:00 PM and
4:00 PM. Throughout the study, the weather conditions were
characterized by moderate temperature levels. This technique
includes not only forward walking but also technical aspects
that require motor coordination and attention, such as
correct pole placement, synchronization of arm and leg
movements, maintaining appropriate stride length, and
sustaining rhythmic movement throughout the activity. To
ensure familiarity with the exercise, the participants were
shown instructional videos and participated in a 5-min
familiarization session before the walking session. The walks
were conducted using a Polar M200 wrist-based heart rate
(HR) tracking watch with GPS, which measures the HR. The
single session NW program was conducted at a mean HR of
40-55% of the maximum age-related HR (18).

HRmax = 206 - 0.88 x (age)

[(HRmax - HRrest) x (0.4 to 0.55)] + HRrest

8-10 mL of venous blood was collected from the pre-
hypertension group before and immediately after exercise
and the control group only once.

Blood Samples

8-10 mL of venous blood was collected from the antecubital
vein into tubes [EDTA (1.5 mg/mL)] from the pre-hypertension
group before and immediately after exercise and the control
group only once for analysis of complete blood count
and hemorheological parameters. Venous blood samples (10
mL) were collected before the exercise, following an 8 h
fasting period in the morning before any physical activity.
Additionally, participants rested for at least 10 min in a seated
position before blood collection. The samples were conveyed
to the Physiology Laboratory in appropriate tubes and under
proper transportation conditions, where hemorheological
tests were performed within 3 h in accordance with the
manual of hemorheological laboratory procedures (19). Blood
samples (4-5 mL) were obtained in yellow top tubes containing
gel (which includes a coagulation activator and separator) for
the measurement of biochemical parameters, oxidative stress
indicators, and serum levels of irisin and leptin. Blood was
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centrifuged at 7260 rpm for 6 min, after which the serum was
removed and preserved at −80 °C.

Measurements of Erythrocyte Deformability

RBC deformability was assessed using laser diffraction
analysis with an ektacytometer (Laser-Assisted Optical
Rotational Cell Analyzer [LORCA], RR Mechatronics, Hoorn,
The Netherlands). The system and methodology have been
described in detail, previously (20). Briefly, a low hematocrit
(Hct) suspension of RBCs in an isotonic, viscous medium
(4% polyvinylpyrrolidone 360 solution; molecular weight 360
kDa; Sigma P5288, St. Louis, MO, USA) was subjected to shear
stress within a Couette system comprising a glass cup and
a rotating bob, creating a 0.3 mm gap. A laser beam was
passed through the sheared suspension, and the resulting
diffraction pattern was analyzed by a microcomputer. The EI
was calculated using the formula EI = (L − W)/(L + W), where
L and W represent the major and minor axes of the elliptical
diffraction pattern, respectively. The EI values were recorded
at nine shear stress levels ranging from 0.3 to 30 Pa, revealing
consistent deformability trends across the groups at all shear
rates. All measurements were performed at 37 °C (21, 22).

Assessment of the TOS/TAS and OSI

The serum TOS was measured using a fully automated,
colorimetric method developed by Erel (23). In this assay,
oxidants present in the serum oxidize the ferrous ion–O-
dianisidine complex to the ferric ion, a reaction that is
enhanced in the presence of glycerol. The resulting ferric
ions formed a colored complex with xylenol orange in
an acidic medium. The intensity of the color, measured
spectrophotometrically, is directly proportional to the total
amount of oxidant molecules (e.g., lipids, proteins) in the
serum. The assay was calibrated using hydrogen peroxide, and
the results were expressed in micromolar hydrogen peroxide
equivalents per liter (μmol H₂O₂ equiv/L).

The serum TAS was evaluated using another automated
colorimetric method developed by Erel (24). In this method,
hydroxyl radicals generated by the Fenton reaction react
with the colorless substrate O-dianisidine to form a bright
yellowish-brown dansyl radical. Upon the addition of a serum
sample, the antioxidant components inhibit this oxidative
reaction, thereby preventing the formation of color. The
degree of suppression reflects the serum’s total antioxidant
capacity. Results are expressed as millimoles of Trolox
equivalent per liter (mmol Trolox/L).

Serum Exercise (irisin, leptin) Levels Assessment

Irisin and leptin levels were determined using ELISA Kits
(Shanghai, YL Biotech Co.). According to the manufacturer’s
protocols, the commercial kits used were specific for
measuring irisin and leptin in human samples. The detection
limit was 5.0 pg/mL for the kits.

Statistical Analyses

A power analysis was performed based on the expected
results. Accordingly, when at least 22 participants (at least 11
per group) were included in the study, that would result in 80%
power with 95% confidence level (%5 type 1 error rate) and the
effect size was dz = 6.84. Statistical analyses were performed
using GraphPad Prism software, version 6 (GraphPad Software,
La Jolla, CA, USA). One-way ANOVA and independent samples t
test were applied to normally distributed data, while Kruskal-
Wallis and Mann–Whitney U tests were used for non-normally
distributed data. Statistical significance was defined as p<0.05.

RESULTS

Effect of NW on Physiological and Clinical
Assessment Variables

Physiological and clinical assessment variables such
as anthropometric measurements, blood pressure
characteristics, functional fitness components, biochemical
data, and hematological parameters were all within normal
ranges at the start of the study and did not show any
statistically significant differences between the groups (Table
1-5). All of the participants completed the exercise protocol
session without any complications.

The study enrolled 11 pre-hypertensive post-menopausal
women (mean age was 57.91 ± 7.23 years) and 12 age-matched
pre-hypertensive post-menopausal women controls (mean
age was 55.17 ± 5.29 years).

Erythrocyte Deformability Values

RBC deformability was determined as EI. The differences
between before and after the exercise regarding EI values
were not statistically significant except at 30.00 Pa shear stress
value in patients with pre-hypertension EI values measured
at 30.00 Pa increased after the NW exercise (p=0.043). The Hct
value was increased after the exercise compared to before
exercise (p = 0.008) (Table 6).

TOS/TAS and OSI Values

The TOS, TAS, and OSI of the participants in response to
one session of the NW exercise and the control group are
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Table 1. Anthropometric measurements of the participants

Parameters Controls

(n=12)

The NW
exercise
(n=11)

p

Age (years) 55.17 ± 5.29 57.91 ± 7.23 0.379

Body height (cm) 156.83 ± 3.1 155.82 ± 5.49 0.413

Body weight (kg) 73.73 ± 12.75 72.36 ± 11.47 0.566

BMI (kg/cm²) 30.02 ± 4.69 29.68 ± 3.4 0.928

Percentage body fat (%) 38.65 ± 7.52 38.23 ± 5.58 0.601

Body muscle mass (kg) 42.32 ± 3.31 42.04 ± 3.99 1.000

Body fat mass (kg) 29.35 ± 9.94 28.14 ± 8.2 0.566

Total body water (kg) 32.63 ± 3.13 32.37 ± 3.13 1.000

Arm circumference (cm) 31.5 ± 3.49 34.8 ± 3.62 0.268

Forearm circumference
(cm)

25.43 ± 2.52 27.3 ± 1.79 0.202

Wrist circumference (cm) 17.14 ± 1.07 17 ± 0.71 0.876

Chest circumference (cm) 105.43 ± 10.52 106.2 ± 6.72 1.000

Abdominal circumference
(cm)

100.91 ± 14.74 100.72 ± 11.8 0.882

Hip circumference (cm) 112.09 ± 11.58 110.61 ± 8.56 0.941

Thigh circumference (cm) 56.57 ± 5.26 58.2 ± 7.76 0.876

Calf circumference (cm) 38 ± 3.86 39.4 ± 3.34 0.639

Ankle circumference (cm) 23.5 ± 3.12 23 ± 1.54 0.876

Values are expressed as mean ± standard deviation. NW: Nordic walking;
BMI: Body mass index.

Table 2. Blood pressure characteristics of the participants

Parameters Controls

(n=12)

Before the
NW exercise

(n=11)

After the NW
exercise

(n=11)

p₁ p₂

Systolic
pressure
(mm/hg)

127.14 ± 17.04 133.81 ± 13.15 122± 12.29* 0.740 0.038

Diastolic
pressure
(mm/hg)

77.14 ± 9.51 79.54 ± 14.46 73 ± 8.23* 0.230 0.026

Values are expressed as mean ± standard deviation; NW: Nordic walking; p₁
value: difference with controls and before NW exercise; p₂ value: difference
with before and after NW exercise value; *:p<0.05 statistically significant.

demonstrated in Figures 1A and 1B. Statistically insignificant
changes were observed in the oxidative stress indices (p>0.05).

Serum Exercise (irisin and leptin) Levels

The serum irisin and leptin of the participants are
demonstrated in Figure 1C. The acute effects of NW exercise
caused no significant changes in irisin and leptin levels (p>
0.05).

Table 3. Functional fitness components of the participants

Parameters Controls
(n=12)

The NW
exercise
(n=11)

p

Cooper 12-min run/walk
test (m)

1310 ± 102.79 1236 ± 179.81 0.530

VO2max (L/dk) 18.01 ± 2.31 16.36 ± 4 0.530

Sit and reach test (cm) 3.90 ± 7.02 2.61 ± 6.85 0.740

Grip strength (right) (bar) 22.18 ± 4.22 19.68 ± 6.32 0.402

Grip strength (left) (bar) 21.75 ± 3.64 18.55 ± 6.80 0.369

Values are expressed as mean ± standard deviation; NW: Nordic walking; VO2max:
Maximum oxygen uptake capacity.

Table 4. Biochemical data of the participants

Parameters Controls

(n=12)

The NW
exercise
(n=11)

p

Glucose (mmoL/L) 105.89 ± 20.34 96 ± 10.73 0.243

Insulin (pmol/L) 12.13 ± 5.55 11.58 ± 4.65 0.720

HOMA-IR 3.27 ± 1.90 2.73 ± 1.28 0.549

Albumin (g/dL) 46.6 ± 2.59 45.5 ± 2.38 0.278

Cholesterol(mmoL/L) 213.33 ± 36.79 209.8 ± 31.42 0.661

Triglycerides (mmoL/L) 157.22 ± 71.49 107.6 ± 34.63 0.095

Creatine kinase (U/L) 79.38 ± 27 71.6 ± 24.44 0.515

Fibrinogen (mmoL/L) 291.5 ± 37 334.7 ± 80.58 0.315

LDL (mmoL/L) 120 ± 23.39 125.8 ± 31.74 0.549

ALP (U/L) 75.44 ± 19.79 69.9 ± 9.61 0.549

LDH (U/L) 180.33 ± 26.12 175.8 ± 16.27 0.780

Phosphor (mg/dL) 3.58 ± 0.45 3.75 ± 0.59 0.842

Magnesium (mg/mL) 2.11 ± 0.13 2.03 ± 0.14 0.243

HDL (mmoL/L) 58.56 ± 17.59 62.5 ± 7.82 0.315

VLDL cholesterol
(mmoL/L)

31.33 ± 14.45 21.5 ± 6.92 0.095

Values are expressed as mean ± standard deviation; NW: Nordic walking;
LDL: Low-density lipoprotein; HDL: High-density lipoprotein; ALP: Alkaline
phosphatase; VLDL: Very low-density lipoprotein; LDH: Lactate
dehydrogenase.

DISCUSSION
NW is increasingly recognized as an effective form of physical
activity, particularly among middle-aged and older adults in
Central and Northern Europe. The positive effects of NW on
cardiovascular health, aerobic capacity, and blood pressure
regulation have been widely documented, given its potential
to be integrated into daily routines and its suitability for
women (13, 14). This study aimed to investigate the acute
effects of a single session of NW on selected physiological and
biochemical markers in post-menopausal women with pre-
hypertension.
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Figure 1. Total antioxidant status (TAS) and total oxidant status (TOS) values of the participants. B. Oxidative stress index (OSI) values of the participants. . C.
Irisin and leptin levels values of the participants. Mean ± standard deviation are used to express values.

Table 5. Whole blood count analyses of the participants

Parameters Controls

(n=12)

The NW
exercise
(n=11)

p

WBC (k/uL) 7.08 ± 1.79 6.89 ± 1.26 0.968

NEU (%) 58.66 ± 7.21 46.23 ± 16.36 0.053

LYM (%) 31.67 ± 7 39.04 ± 9.41 0.079

MONO (%) 5.94 ± 1.36 5.95 ± 1.24 0.968

BASO (%) 0.53 ± 0.22 0.44 ± 0.23 0.400

EO (%) 3.2 ± 1.66 2.86 ± 2.89 0.182

Hb (gm/dL) 14.1 ± 0.86 13.9 ± 0.67 0.549

MCV (fL) 89.77 ± 2.62 90.35 ± 3.79 0.842

MCH (pg) 29.81 ± 0.93 29.76 ± 1.19 0.968

MCHC (g/dL) 33.21 ± 0.69 32.94 ± 0.81 0.661

RDW (%) 13.04 ± 0.71 13.26 ± 0.6 0.720

PLT (k/uL) 260.44 ± 74.62 272.6 ± 72.59 0.780

PCT (ng/mL) 0.25 ± 0.05 0.24 ± 0.06 0.842

Mean ± standard deviation are used to express values. WBC: White blood
cell; NEU: neutrophil; LYM: Lymphocyte; MONO: Monocyte; BASO: Basophil;
EO: Eosinophil; Hb: Hemoglobin; MCV: Mean corpuscular volume; MCH:
Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin
concentration; RDW: Red blood cell distribution width; PLT: Platelet count;
PCT: Procalcitonin.

The findings of this study indicate that a single session of NW
did not lead to significant changes in oxidative stress indices,
serum irisin, and leptin levels in pre-hypertensive post-
menopausal women. Additionally, no significant differences
were found between the groups in physical fitness

Table 6. The participants’ EI values under various shear stresses

Shear stress
(Pa)

The EI values of the participants at different shear
stresses

Before the NW
exercise

(n=11)

After the NW
exercise

(n=11)

p

0.30 0.061 ± 0.02 0.059 ± 0.01 0.646

0.53 0.125 ± 0.03 0.125 ± 0.02 0.533

0.95 0.222 ± 0.03 0.225 ± 0.03 0.799

1.69 0.562 ± 0.03 0.563 ± 0.02 0.878

3.00 0.425 ± 0.02 0.430 ± 0.02 0.625

5.33 0.503 ± 0.01 0.506 ± 0.01 0.449

9.49 0.562 ± 0.01 0.563 ± 0.01 0.929

16.87 0.603 ± 0.01 0.605 ± 0.01 0.385

30.00 0.629 ± 0.01 0.633 ± 0.01 0.043*

Hct (%) 47.10 ± 3.30 49.64 ± 3.32 0.0086*

Mean ± standard deviation are used to express values. NW: Nordic
walking ; Hct: Hematocrit; * p-value < 0.05 statistically significant.

components such as flexibility, strength, and aerobic capacity,
which implies that the participants had similar physical
fitness characteristics. The participants' VO2max values suggest
that post-menopausal women generally have low aerobic
capacity, which is consistent with a sedentary lifestyle
(25). This may have implications for their metabolic and
vascular responses to exercise, potentially blunting the acute
biochemical adaptations expected from physical activity.
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In terms of blood pressure, we noted a significant reduction
post-exercise, which aligns with the well-documented
phenomenon of post-exercise hypotension (PEH). The lack of
knowledge about the regulation of hypertension by physical
exercise has resulted in contradictory findings; for example,
acute aerobic exercise decreases resting blood pressure by 5–7
mmHg in individuals with hypertension after a single session,
with effects that are immediate and can persist for up to
24 h in ambulatory situations during daytime (26). Although
the mechanisms underlying PEH are multifactorial, they
likely involve alterations in autonomic regulation, vascular
resistance, and endothelial function. On the other hand, long-
term aerobic exercise training reduces resting blood pressure
more in individuals with hypertension (27). Similarly, Latosik et
al. evaluated the effects of an 8-week supervised NW program
on systolic blood pressure in postmenopausal women with
systolic hypertension, and their findings demonstrated a
significant reduction in SBP, along with improvements in
both lower and upper body strength among participants who
engaged in the NW training. The 8-week NW regimen may
effectively reduce systolic hypertension by directly lowering
SBP and enhancing maximal aerobic capacity (28). Consistent
with the existing literature, our findings contribute to the
growing body of evidence suggesting that even a single
session of NW may induce favorable cardiovascular responses
in pre-hypertensive individuals. However, to fully elucidate
the underlying mechanisms, further long-term studies with
larger sample sizes are warranted.

Our results indicate that a single NW session led to statistically
significant improvements in erythrocyte deformability at high
shear stress (30.00 Pa) and Hct levels. On the other hand,
erythrocyte deformability was measured at 9 different shear
stresses between 0.3 and 30 Pa, representing the shear stress
levels that blood encounters at different regions of circulation.
It is known that erythrocyte deformability is affected by
membrane skeleton elasticity, cytoplasmic viscosity and cell
geometry (surface‐volume ratio), and polyunsaturated fatty
acids play a key role in the structure and functioning of cell
membranes (6, 7). To summarize, erythrocyte deformability
can be affected in the circulatory system through a variety
of mechanisms. Our findings suggest that even a single
moderate-intensity bout of NW may positively influence the
hemorheological properties and blood oxygen transport in
our study. The increase in Hct may be due to the transient
hemoconcentration resulting from the plasma volume shifts
during exercise, a commonly observed phenomenon in acute
exercise studies (29). Since greater erythrocyte deformability
enhances oxygen transport to muscle capillaries even at high
levels of Hct, it is possible to interpret the increase in RBC

deformability that we observed in response to NW exercise in
our case as an adaptive mechanism (12).

Previous studies have shown that the effects of exercise on
RBC deformability vary depending on exercise type, intensity,
and subject characteristics. Moderate-intensity one-session
aerobic exercise, such as NW, may enhance RBC flexibility
via mechanisms involving membrane fluidity and the nitric
oxide (NO) signaling pathway (30). Tomschi et al. reported
no significant sex diversity in RBC deformability among elite
athletes (31). In agreement with our findings, a 4-week regimen
of NW exercise resulted in an enhancement of erythrocyte
deformability in pre-diabetic individuals, as previously shown
in our laboratory (21). However, the current research is the
first to address the influence of a single session of NW
exercise on blood rheology in patients with pre-hypertensive
post-menopausal women. One session of NW exercise under
the supervision of a physiotherapist was shown to improve
the deformability values in the current study. A statistically
significant change in RBC deformability was only observed
at an exceptionally high shear stress, which diminishes the
practical relevance of this finding. However, because this
was a pilot study reporting hemorheological changes in
participants, further research on this topic involving larger
populations is also needed.

On the other hand, the serum levels of oxidative stress
markers (TAS, TOS, and OSI) did not significantly change
after a single NW session. There are a limited number of
articles examining the connection between NW exercise and
oxidative stress. Furthermore, the effect of long-term NW
exercise was also investigated in these studies. Cebula et
al. demonstrated that 6 weeks of NW exercise generated
an improvement in the antioxidant defense, while the TOS
levels did not significantly change (32). However, Kortas et al.
demonstrated that 3 times/a week, 12 weeks of NW training
caused a significant reduction in oxidative stress (9). Pilch
et al. showed a significant increment in the TAS levels after
12 weeks of NW with no statistically significant changes in
the TOS levels (8). Our results are particularly notable as
this is the first article to examine the acute effects of NW
exercise in post-menopausal patients with pre-hypertension.
However, in a previous study conducted in our laboratory, it
was found that a single eccentric isokinetic exercise session
had no effect on oxidative stress measures (22). This is
in agreement with several acute exercise studies reporting
no immediate alterations in the oxidative status following
moderate-intensity exercise. When evaluated in the context
of existing literature, the lack of change in TAS, TOS, and
OSI levels following a single session of exercise may be
speculated to result from the exercise duration and intensity
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not reaching a threshold sufficient to elicit a measurable
impact on oxidative stress mechanisms.

Similarly, the adipokines, irisin and leptin did not show
significant changes after the exercise session. Leptin is
involved in appetite regulation and energy homeostasis, with
levels typically elevated in obesity and reduced following
sustained exercise or weight loss. Similar to our findings,
obese women’s leptin levels were not significantly changed
by 45 minutes of walking at 60-80% HRmax (33). Additionally,
leptin concentrations did not change after exercise sessions
lasting 60 minutes (34). However, acute exercise interventions,
particularly those of short duration or lower intensity, often
fail to elicit measurable changes in leptin levels. Our findings
are consistent with those of previous studies in which leptin
concentrations remained stable following a single bout of
aerobic exercise in women.

Irisin, a myokine linked to energy expenditure and metabolic
regulation, has shown inconsistent responses to exercise.
Some studies suggest increases in irisin levels following acute
high-intensity or long-duration aerobic exercise, whereas
others report no significant changes. A meta-analysis by
Fox et al. in 2017 found that irisin levels typically rose
within 15 minutes, referred to as "immediate” -after an acute
exercise session (35). Similarly, Rashti et al. showed that post-
menopausal women’s serum irisin levels were considerably
increased by vigorous concurrent circuit exercise, which was
performed three times a week for 50–65 minutes per session
over a period of 10 weeks (36). However, in our study,
conducted at 40–55% HRmax, the exercise intensity and
session may have been insufficient to stimulate significant
irisin release. Furthermore, individual variability in fitness
levels and muscle mass may also influence the irisin response.

CONCLUSION
In conclusion, a single session of moderate-intensity NW
exercise produced significant improvements in erythrocyte
deformability and hematocrit levels, suggesting beneficial
acute hemorheological adaptations in post-menopausal
women with pre-hypertension. However, no significant
changes were observed in the oxidative stress markers, leptin,
or irisin levels. The observed reduction in blood pressure may
reflect post-exercise hypotension. These findings emphasize
the potential of NW as a non-pharmacological strategy for
vascular health promotion in this population. Our results
could be used as a guide for coaches and exercise
physiologists in future research using this workout regimen.

STUDY LIMITATIONS
The limitations of our study include the small sample size
and the focus on the effects of a single session. The lack
of post-exercise blood lipid profile assessment represents
a limitation of this study. Incorporating such analyses—
particularly focusing on the composition of circulating fatty
acids—could have offered a more comprehensive insight
into the mechanisms underlying exercise-induced changes
in erythrocyte deformability. Future research should include
more detailed investigations with post-exercise lipid profiling
to better elucidate these mechanisms. Although a significant
change was observed at a single shear stress level of RBC
deformability, future studies with repeated measurements
and larger sample sizes are needed to confirm this finding.
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Abstract Objective: Researchers have established that the fenugreek plant exhibits anti-proliferative effects
against various types of cancer, highlighting its potential as a valuable source for the development of
new anticancer drugs. This study attempted to assess the anti-cancer effects of fenugreek on the K562
chronic myeloid leukemia (CML) cells due to the Wnt signaling pathway.

Materials and Methods: The cytotoxic effect of Fenugreek was performed by 2,3-bis(2-methoxy-4-nitro-5-
sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) assay. We used reverse transcription-polymerase chain
reaction (RT-PCR) to determine gene expression, and western blot was used to detect β-catenin, c-Jun N-
terminal kinase (JNK), calcium/calmodulin-dependent protein kinase (CamK), and protein kinase C (PKC)
proteins.

Results: The IC₅₀ value of fenugreek extract was 717 g/mL after 24 h, and an in vitro cytotoxic effect was
observed on K562 cell lines. JNK, PKC, CamK, and β-catenin protein levels were reduced in fenugreek
extract-treated cells by 81%, 20%, 7%, and 26%, respectively.

Conclusion: According to our findings, fenugreek can affect both canonical and non-canonical pathways
in K562 cells, particularly via the JNK protein in the planar cell polarity (PCP) pathway. These data
corroborates our hypothesis that fenugreek extract possesses adjuvant compounds beneficial for CML
treatment.

Keywords Fenugreek • Chronic myeloid leukemia • Wnt signaling • Plant extract
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INTRODUCTION
Chronic myeloid leukemia (CML) is a hematological
malignancy characterized by the presence of Philadelphia
chromosome, resulting in the expression of the BCR-ABL1
fusion protein. This oncoprotein promotes the uncontrolled
proliferation and impaired apoptosis of hematopoietic cells,
leading to leukemogenesis (1). Although tyrosine kinase
inhibitors (TKIs) have dramatically improved CML treatment,
resistance to these drugs remains a major clinical challenge
(2). This resistance is partly attributed to aberrant signaling
pathways, such as the Wnt/β-catenin pathway, which plays
a crucial role in cellular renewal and is often dysregulated
in various cancers, including CML (3). When activated, Wnt
signaling prevents β-catenin phosphorylation, resulting in its
accumulation and enhanced leukemia progenitor cell survival
(4). As a key player in CML pathogenesis, β-catenin presents a
promising therapeutic target.

Fenugreek (Trigonella foenum-graecum L.), a widely
distributed plant used in traditional medicine, has garnered
attention for its pharmacological properties, including
anticancer effects (5). Recent studies have demonstrated
that fenugreek extracts exhibit cytotoxicity in various cancer
cell lines, including CML cells, through multiple bioactive
compounds such as flavonoids and alkaloids (6, 7). While
the therapeutic potential of fenugreek in CML has been
suggested, its specific impact on Wnt signalling in this
context remains unexplored. This study aims to investigate
how Fenugreek modulates Wnt/β-catenin signaling in K562
CML cells, providing new insights into its potential as an
adjunct therapy in overcoming TKI resistance. By evaluating
the effects of Fenugreek on β-catenin expression, along with
key signaling proteins such as c-Jun N-terminal kinase (JNK),
calcium/calmodulin-dependent protein kinase (CamK), and
protein kinase C (PKC), this research fills a critical gap in the
literature regarding the modulation of Wnt pathways in CML
treatment. In vitro studies have shown a cytotoxic effect of
fenugreek extracts on several cancer cells (7).

The Wnt/β-catenin pathway is essential for the self-renewal
and proliferation of leukemic stem cells (LSCs) in CML (8).
Fenugreek may exert anti-leukemic effects by modulating
Wnt signaling, potentially reducing LSC self-renewal and
proliferation. The presence of specific miRNAs induced by
Fenugreek could target Wnt signaling components, thereby
influencing the pathway's activity (9).

In this work, the Wnt signaling pathway was investigated in
relation to the possible anticancer effects of fenugreek extract
on K562 cells. Both mRNA and protein levels demonstrated the

amounts of β-catenin expression. JNK, CamK, and PKC proteins
were detected by Western blot.

MATERIALS AND METHODS

Plant Material
Fenugreek extract was purchased from a certified company
called INDUS Biotech Company (India). The extract Lot number
was FE0819030016. Then, 1 mg fenugreek extract was resolved
in 1 mL RPMI (1 mg/mL) and diluted at concentrations between
300 and 800 μg/mL.

Cell Culture
Penicillin/streptomycin, L-glutamine, and fetal bovine serum
(FBS) enriched RPMI medium was used to grow K562 cells that
were incubated at 37 °C with 5% CO₂.

2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide (XTT) Cell Viability
Assay
Cell counts were ascertained using a hemocytometer through
the trypan blue exclusion technique. The assessment of
cell proliferation and vitality was conducted using XTT test
from Biological Industries, Israel. K562 cells (5x10³ cells/
well) were cultivated in a 96-well plate using this procedure.
Subsequently, the wells received a medium containing varying
doses of fenugreek extract (300, 400, 500, 600, 700, and
800 μg/mL) for a 24-h incubation period. A 50uL of the
XTT solution was dispensed into each well. Following the
incubation at 37 °C for 2-4 hours, the formazan crystals were
assessed at 450 and 630 nm using a microplate reader (PG
Instruments). Untreated cells were used as the control group.
All experiments were conducted in duplicate.

RNA Extraction, cDNA Synthesis, and Reverse
Transcription-Polymerase Chain Reaction (RT-
PCR) Assay
K562 cells (1x10⁶ cells/well) were cultured in 6-well plates
and exposed to half maximal inhibitory concentration (IC₅₀) of
fenugreek extract for 24 h (IC₅₀=717 μg/mL). Harvesting of the
cells was performed by centrifugation and the medium was
removed. Thermo Scientific GeneJET RNA Purification Kit was
used for RNA extraction, followed by the cDNA synthesis with
A.B.T.™ cDNA Synthesis Kit. A.B.T.™ 2X qPCR SYBR-Green Master
Mix was used for RT-PCR and the primer sequences are shown
in Table 1. The threshold cycle (Ct) values of β-catenin in all
samples were normalized to β-actin.
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Table 1. RT-PCR primer sets

Genes Forward (5'−3') Reverse (5'−3')

β-actin CTTCCTGGGCATGGAGTCCTG GGAGCAATGATCTTGATCTTC

β-catenin TCTGAGGACAAGCCACAAGATTACA TGGGCACCAATATCAAGTCCAA

Western Blot Analysis
β-actin, β-catenin, JNK antibodies were purchased from Cell
Signaling Technology, USA. PKC and CaMK were obtained from
Santa Cruz, USA. K562 cells (1x10⁶ cells/well) were subjected
to fenugreek extract treatment (IC₅₀=717 μg/mL) for 24 h, while
control cells remained untreated. Following incubation, the
K562 cells were collected via centrifugation, and the media
was discarded. The cell lysates were prepared using RIPA lysis
buffer and concentrated for 10 min at 4°C at 12,000 × g. The
protein was measured using the Bradford technique and then
transferred to a PVDF membrane after being loaded onto
a 10% SDS-PAGE gel. Upon preliminary antibody incubation,
secondary antibody treatment, and protein band detection
with Luminata Forte Western HRP Substrate (Millipore, USA),
the membrane was considered ready for use. All experiments
were performed in duplicate.

Statistical Analyses
We used SPSS 11 (SPSS Inc., Chicago, IL, USA) and one-way
ANOVA to analyze the data. GraphPad Prism 9 from GraphPad
Software, Inc. was used to construct the graphs. ImageJ was
used for the quantitative evaluation of the Western blot
picture (Image Media Cybernetics Inc.) (p<0.05).

RESULTS

Fenugreek Had a Cytotoxic Effect on K562 Cells
The fenugreek extract was tested for its effect on K562 cell
survival. Over the course of 24 h, K562 cells were exposed to
the fenugreek extract at doses ranging from 300 to 1000 µg/
mL. The in vitro cytotoxicity of fenugreek extracts on K562
cell lines was assessed using the XTT assay. Following 24 h of
treatment with the extract, a decrease was seen in the viability
of K562 cells. IC₅₀ value of the fenugreek extract was observed
to be 717 µg /mL for 24 h (Figure 1).

The Difference in β-catenin Gene Expression
Was Detected Between Fenugreek-treated and
Untreated Cells
Following total RNA isolation and cDNA synthesis, expression
changes of β-catenin and β-actin genes were analyzed by
RT-PCR. The expression of β-catenin was diminished in the
treated cells compared with the untreated cells (Figure 2).

Figure 1. A 24-h XTT activity experiment evaluating the cytotoxic effects of
different dosages of fenugreek on K562 cells.

Figure 2. Effects of 717 μg/mL fenugreek extract on β-catenin gene
expression of the K562 cell line at 24 h. *p<0.001. (Untreated 1.013 ± 0.012,
treated 0.8 ± 0.008). Data represent the mean ± standard deviation of
duplicated experiments.

Protein Expression Changes Between the
Fenugreek-treated and Untreated Groups
β-catenin, SAPK/JNK, PKC, and CAMK expression levels were
normalized to β- actin levels. The SAPK/JNK p54 and β-catenin
expression levels were significantly lower after Fenugreek
treatment compared with the untreated group (Figure 3a, 3b).

DISCUSSION
Tyrosine kinase inhibitors are widely used in CML therapy.
However, most of the patients can develop resistance to TKI.
The studies mainly focused on overcoming drug resistance
and disease progression and tried to find new drug agents and
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Figure 3. Analysis of fenugreek extract in K562 cells by Western blotting after 24 h of treatment (IC₅₀=717 μg/mL) a) Representative immunoblots of experiments.
b) Relative protein expression. **p<0.01 ***p=0.005; ****p<0.001. Data represent the mean ± standard deviation of duplicated experiments.

natural additives or the effect of the combined applications
(10).

Fenugreek is a medicinal plant that has been used since
antiquity to treat diseases such as excessive cholesterol
(11), diabetes (12), gastrointestinal disorders (13), and wound
inflammation (14). Recent research has highlighted the
biological activity and medicinal qualities of this species,
primarily through investigations of alkaloids, flavonoids,
steroids, and bioactive metabolites, including saponins and
diosgenin (15). There is evidence that fenugreek possesses
anti-cancer capabilities because of the functional chemical
elements that it contains. Alsemari et al. demonstrated that
the water extract derived from fenugreek seeds was cytotoxic
on many cancer cell lines (16). Khalil et al. reported the anti-
apoptotic effects of the fenugreek methanol extract in HepG2
cells (IC₅₀ = 1.000 µg/mL) (17). Previous research has shown
that different fenugreek extracts can have cytotoxic effects
and trigger apoptosis on breast cancer MCF-7 cells (18-20).
Al-Oqail et al. showed the cytotoxic effect of the seed oil of
fenugreek on epidermoid cancer cells and MCF-7 cells (21).
We have also found that fenugreek extracts are cytotoxic
to K562 cells. The Wnt signaling pathway is considered
significant in controlling the mechanisms of cell proliferation,
development, and differentiation (22). Abnormal Wnt signaling
is associated with cancer. The effect of flavonoids such as
luteolin, quercetin, trigonelline, and vitexin in fenugreek on
the Wnt pathway was investigated. Chen et al. found that
trigonelline reduced cell death via the Wnt pathway in human
mesangial cells. They have also revealed that trigonelline
modulates additional elements of the signaling cascade (23,
24). Pandurangan et al. demonstrated the effects of luteolin on

human CRC cells. Research has shown that luteolin can inhibit
the growth of human colorectal cancer cells by reducing β-
catenin expression (25). Moreover, several effects of luteolin
were demonstrated by different research groups by both in
vitro and in vivo experiments (26-28).

In this study, major regulators of the Wnt signaling pathway
were examined based on protein expression in K562 cells
treated with fenugreek extracts. While for Wnt/Ca²⁺ signaling
PKC and CamKII, for Wnt/planar cell polarity (PCP) pathway
JNK was investigated and for Wnt/β-catenin signaling β-
catenin expressions were analyzed. In our study, we found
that the expression levels of β-catenin, which is the major
regulator in the canonical pathway, was decreased in K562
cells treated with fenugreek. The canonical pathway is a well-
studied and proven pathway for the development of CML
treatment strategies (29). Activated Wnt/β-catenin signaling
promotes leukemogenesis by mediating LSC self-renewal and
drug resistance (30). The BCR-ABL1 oncogene can promote
β-catenin during the blast phase of the disease. Hence,
the reduction in the Wnt/β-catenin pathway holds great
significance in inhibiting the growth of leukemic stem cells
that are associated with CML (31).

The PKC and CaMK genes play important roles in the non-
canonical Wnt/Ca²⁺ pathway in hematological malignancies
(32). Experimental and clinical evidence both point to the
possibility that PKC inhibitors could be useful in CML
treatment (33). In addition, CaMKs reduce carcinogenesis and
leukemia formation (34). The increased level of JNK protein
in the PCP pathway was the most compelling finding after
using fenugreek in CML cells. Na et al. discovered increased
JNK expression in nilotinib-resistant CML cells (35). They
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discovered that using a JNK inhibitor increased the sensitivity
of K562 cells to nilotinib. As a result, the decrease in JNK
expression observed in our findings may be important in CML
progression. To determine the mechanism that is responsible
for this decrease in JNK, additional research is required.

Currently, there is no available literature regarding the impact
of fenugreek seed extract on the Wnt pathway in K562 cells.
For this reason, our work is important to show the effect of an
herbal extract on the Wnt signaling pathway. The anti-cancer
properties of fenugreek seed extract will be investigated in
further studies for its ingredient beneficial to CML therapy.
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The Apex of the Mastoid Process as a Fixed Point in Determining
the Location of the Entry of the Facial Nerve to the External Base
of the Skull
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Abstract Objective: This study examined how the stylomastoid foramen (SMF) relates anatomically to the mastoid
process apex, analyzing variations by cranial type (brachy-, meso-, dolichocranic) and age groups, aiming
to guide facial nerve blocks and surgical access.

Materials and Methods: Researchers measured the distance from the SMF left to the mastoid apex and
the α‑angle between SMF axis and the Frankfurt horizontal plane in 159 dry human skulls, categorized by
the cephalic index and six age brackets.

Results: Significant differences were found across cranial types and age groups. Dolichocranic skulls
exhibited the longest SMF–apex distance, while brachycranic skulls had the deepest SMF position and
largest α‑angle. The middle-age groups and dolichocranic types displayed lower α‑angles, indicating
morphological shifts with age and skull shape.

Conclusion: The mastoid apex is a reliable landmark for locating the SMF, but its spatial relationship
varies with cranial morphology and age. These insights may improve the accuracy of facial nerve blockade
and reduce risks during parotid or mastoid surgery.
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INTRODUCTION
The facial nerve exits the skull through the stylomastoid
foramen (SMF), located between the mastoid and styloid
processes, and enters the parotid gland where it is divided
into extracranial branches (1-3). Due to the narrow and
variable anatomy of this region, the precise localization of
the SMF is crucial in clinical procedures such as facial
nerve blocks, parotidectomy, and facial reanimation surgeries
(4-6). Inaccurate identification of the SMF can result in
nerve damage and surgical complications. Although previous
studies have proposed various soft tissue landmarks such as
the posterior belly of the digastric muscle, retromandibular
vein, and the external carotid artery for localizing the SMF,
their variability limits surgical precision (7). The apex of
the mastoid process is a more constant and reproducible
bony landmark that may be more reliable during surgery.
Despite the clinical relevance, few studies have evaluated
the topographic relationship between the SMF and the
mastoid apex across different cranial types and ages.
Earlier studies have not considered the skull morphology
(brachycranic, dolichocranic, mesocranic) or developmental
and degenerative changes related to age (8, 9).

This study aimed to evaluate the anatomical correlation
between the SMF and the mastoid apex in different cranial
types and age groups by measuring both the linear distance
and α‑angle formed with the Frankfurt horizontal plane. The
findings may aid in safer surgical planning and targeted facial
nerve blocks.

MATERIALS AND METHODS

Study Sample

A total of 159 certified dry human skulls were analyzed. All
skulls were obtained from the Department of Human Anatomy
and Medical Terminology, Azerbaijan Medical University
(Baku, Azerbaijan). The age and cranial measurements were
determined from the accompanying anthropological records.

Ethical approval was granted by the University’s Ethics Board
(Approval No: AMU-2023-102).

Cranial Classification

Cranial types were defined using the cephalic index (Figure 1):

- Cephalic Index = Cranial width/Cranial length × 100

- Brachycranic: ≥ 81.0

- Mesocranic: 76.0–80.9

- Dolichocranic: ≤ 75.9

Skulls were divided into 6 age groups: Group I: 7–12 years,
Group II: 13–16 years, Group III: 17–21 years, Group IV: 22–35
years, Group V: 36–60 years, and Group VI: 61–74 years (Table 1).

Figure 1. Distribution of skulls based on the width index

Table 1. Distributions according to age groups and skull width

Age groups Brachycrane Dolichocrane Mesocrane

I 20 4 4

II 14 4 5

III 14 4 9

IV 5 8 9

V 9 19 18

VI 4 5 4

Total 66 44 49

Morphometric Measurements

Measurements taken were as follows; 1. Linear distance from
the left of the SMF (midpoint of its oval shape) to the apex
of the mastoid process (Figure 2). 2. α‑angle between the
SMF–mastoid apex line and the Frankfurt horizontal plane
(established between the anatomical landmarks) (Figure 3).

All measurements were taken three times using a digital
sliding caliper (accuracy 0.01 mm), and the mean values were
recorded to reduce intra-observer variability.

Statistical Analyses

All numerical data were recorded and subjected to statistical
processing using variation and dispersion methods with
IBM SPSS Statistics for Windows, version 26.0 (IBM Corp.,
Armonk, NY, USA). For each group, the following parameters
were calculated: arithmetic mean (M), standard error of
the mean (SEM), 95% confidence interval (95% CI), median
(Med), quartiles (Q1, Q3), and minimum and maximum
values. Differences between the groups were assessed using
analysis of variance (ANOVA) with the Fisher F-test. Pairwise
comparisons were performed using the Student’s t-test
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Figure 2. Distance from the stylomastoid foramen to the apex of the mastoid process. A: Mesocrane, 12 years; B: Dolichocrane, 56 years

Figure 3. Determination of α‑angle. A: 20-year-old mesocranial skull (α = 44.98o); B: 56-year-old brachycranial skull (α = 56.56o).

with Bonferroni correction. For comparisons between two
independent groups, the non-parametric Mann–Whitney U
test was used, and for comparisons among three or more
groups, the Kruskal–Wallis H test was applied.

Statistical significance level was accepted as p<0.05, at which
point the null hypothesis was rejected.

RESULTS
The statistical analysis of the distance between the
stylomastoid foramen and the apex of the mastoid process
in skulls with different cranial width indices is summarized
in Table 2. A statistically significant difference was observed
between the right (PH=0.030) and left (PH=0.007) sides among
the three cranial types. The greatest mean distances were
found in the dolichocranic skulls (right: 12.8 ± 0.3 mm;
left: 13.1 ± 0.2 mm), and the shortest in the brachycranic
skulls (right: 11.3 ± 0.4 mm; left: 11.4 ± 0.4 mm). The Mann–
Whitney U test confirmed statistically significant differences

between the brachycranic and dolichocranic skulls (right:
PU=0.012 left: PU=0.004) and between the dolichocranic and
mesocranic skulls on the left side (PU=0.012). Analysis of
α‑angle according to cranial type showed a significant
variation on the left side (PH<0.001) (Table 3). The largest
mean angle was observed in brachycranic skulls (64.5° ± 0.4°),
and the smallest was observed in dolichocranic skulls (59.8°
± 1.7°). Comparisons between brachycranic and dolichocranic
(PU=0.001) and brachycranic and mesocranic skulls (PU=0.001)
revealed statistically significant differences.

Age-related analysis of the distance between the mastoid
apex and the stylomastoid foramen showed significant
changes in the brachycranic skulls across all age groups, on
both the right and left sides (PH<0.001) (Table 4 and Table 5).
The shortest distance was noted in age group I (right: 8.2 ± 0.4
mm; left: 8.1 ± 0.5 mm), increasing in groups IV and V. Significant
differences were found when comparing age group I to groups
II–V (PU<0.001), and between groups II–V, IV–VI, and V–VI.
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Table 2. Statistical analysis of the distance (mm) between the apex of the mastoid process and the stylomastoid foramen in different types of dry skulls

Skull types n Side M ± SEM Min-Max Med Q₁ Q₃ PH PU1 PU2

Right 11.3 ± 0.4 5.0-19.0 12.0 9.0 14.0 0.030 0.012Brachycrane 66

Left 11.4 ± 0.4 4.0-17.0 12.0 9.0 14.0 0.007 0.004

Right 12.8 ± 0.3 9.0-18.0 13.0 11.0 14.0 0.030 0.012Dolichocrane 44

Left 13.1 ± 0.2 9.0-16,0 13.0 12.0 14.0 0.007 0.004 0.021

Right 12.4 ± 0.3 6.0-19.0 13.0 11.0 14.0 0.030Mesocrane 49

Left 12.2 ± 0.3 8.0-15.0 12.0 11.0 14.0 0.007 0.021

PH: p value in all groups; PU1 and PU2: p values differential integrity between the two respective groups; M: Mean; SEM: standard error of the mean; Min:
Minimum; Max: Maximum; Med: Median; Q₁: first quartile; Q₃: third quartile.

Table 3. Statistical analysis of the α‑angle (M°) in different types of dry skulls by the width index

Skull types n Side M ± SEM Min-Max Med Q₁ Q₃ PH PU1 PU2

Right 62.5 ± 0.4 55.2-72.9 62.5 60.1 62.7Brachycrane 66

Left 64.5 ± 0.4 53.9-75.4 64.4 62.8 66.2 <0.001 0.001 0.001

Right 62.2 ± 0.6 54.6-71.0 62.5 59.5 64.7Dolichocrane 44

Left 59.8 ± 1.7 34.5-79.8 61.9 58.8 65.3 <0.001 0.001

Right 63.7 ± 0.5 56.6-72.7 63.2 62.2 64.1Mesocrane 49

Left 62.7 ± 0.7 45.0-75.4 62.6 61.1 64.5 <0.001 0.001

PH: p value in all groups; PU1 and PU2: p values differential integrity between the two respective groups; M: Mean; SEM: standard error of the mean; Min:
Minimum; Max: Maximum; Med: Median; Q₁: first quartile; Q₃: third quartile.

In dolichocranic skulls, changes across age groups were less
pronounced but still statistically significant when comparing
group II vs. III (PU=0.050), III vs. IV (PU=0.023), and III vs. V
(PU=0.017) on the right side.

In mesocranic skulls, statistically significant differences were
observed across all age groups on both sides (right: PH=0.023;
left: PH=0.048). The shortest distances were recorded in group
I (right: 8.5 ± 0.5 mm; left: 9.0 ± 1.0 mm), gradually increasing
and then declining again in group VI.

Pairwise comparisons between age groups revealed
significant differences in mesocranic skulls: I vs. III (left:
PU=0.040), I vs. IV (right: PU=0.026; left: PU=0.039), I vs. V (left:
PU=0.033), III vs. VI (PU=0.037), IV vs. V (right: PU=0.033), IV vs.
VI (right: PU=0.010; left: PU=0.029), and V vs. VI (right: PU=0.016;
left: PU=0.023).

The α‑angle also varied with age. In the brachycranic skulls,
a statistically significant difference on the left side was
observed across the age groups (PH=0.017), with the smallest
angle in group IV. In the dolichocranic skulls, the smallest
α‑angle was recorded on the right side in group IV (PH=0.003).
In mesocranic skulls, variation in α across age groups on the
left side was also significant (PH=0.042).

DISCUSSION
Recent anatomical studies have proposed several fixed bony
and vascular landmarks to localize the facial nerve trunk and

the stylomastoid foramen. These include the posterior belly
of the digastric muscle, the retromandibular vein, the angle of
the mandible, the external carotid artery, and the C₁ vertebra
(11, 12). Pereira et al. (13) recommended a triangular reference
formed by the temporomandibular joint, mastoid process, and
mandibular angle for nerve trunk identification.

Among these, the apex of the mastoid process has a distinct
anatomical role. Al-Qahtani et al. (14) observed that the facial
nerve trunk lies midway between the mastoid apex and the
osteochondral junction of the external auditory canal (mean
distances: 9.2 ± 1.58 mm and 10.3 ± 1.79 mm). Similarly, Grayling
et al. (15) measured distances of 9.35 ± 1.67 mm on the right
and 9.18 ± 2.05 mm on the left.

Given the variability in the extracranial branches of the
facial nerve, our study focused on its proximal (truncal)
portion using dry skulls. Our findings confirm that cranial
type significantly influences both the distance from the
mastoid apex to the stylomastoid foramen and α‑angle. In
dolichocranic skulls, the foramen is positioned closer to the
surface, whereas in brachycranic skulls, it lies deeper. α‑angle
was smaller in the dolichocranic and larger in the brachycranic
skulls.

With aging, especially in brachycranic and mesocranic skulls,
the distance from the mastoid apex to the stylomastoid
foramen initially increases and then decreases after 60 years.
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Table 4. Statistical analysis of the distance (mm) between the apex of the styloid process and the stylomastoid foramen of dry skulls in different age groups

Skull Age groups n Side M ± SEM Min-Max Med Q₁ Q₃ PH1 PH2

R 8.2 ± 0.4 5.0-11.0 8.5 7.0 9.0I 20

L 8.1 ± 0.5 4.0-12.0 8.0 6.5 9.5

R 11.6 ± 0.4 8.0-14.0 11.5 11.0 13.0II 14

L 11.4 ± 0.6 7.0-17.0 11.5 10.0 12.0

R 12.9 ± 0.7 8.0-19.0 13.5 12.0 14.0III 14

L 13.6 ± 0.8 10.0-17.0 13.5 11.0 16.0

R 14.4 ± 0.4 14.0-16.0 14.0 14.0 14.0IV 5

L 13.6 ± 0.4 13.0-15.0 13.0 13.0 14.0

R 13.1 ± 0.4 12.0-15.0 13.0 12.0 14.0V 9

L 14.1 ± 0.5 11.0-15.0 15.0 14.0 15.0

R 12.0 ± 3.0 9.0-15.0 12.0 9.0 15.0

Br
ac

hy
cr

an
e

right˂0.001

Left ˂0.001

VI 4

L 11.0 ± 1.0 10.0-13.0 11.0 10.0 12.0

R 14.2 ± 0.4 13.5-16.0 13.8 11.9 13.9I 4

L 12.1 ± 0.3 12.3-14.7 11.7 10.5 13.5

R 13.0 ± 0.9 11.0-15.0 13.0 11.5 14.5II 4

L 13.0 ± 0.4 12.0-14.0 13.0 12.5 13.5

R 10.0 ± 0.6 9.0-12.3 10.0 9.0 11.0III 4

L 11.7 ± 0.3 10.5-14.0 12.0 11.0 12.0

R 12.9 ± 0.6 11.0-16.0 12.5 11.5 14.0IV 8

L 13.6 ± 0.4 12.0-15.0 13.5 13.0 14.5

R 13.3 ± 0.5 10.0-18.0 13.0 12.0 15.0V 19

L 13.4 ± 0.4 11.0-16.0 13.0 12.0 15.0

R 12.2 ± 0.8 10.0-14.0 12.0 11.0 14.0

Do
lic

ho
cr

an
e

VI 5

L 12.4 ± 1.0 9.0-15.0 13.0 12.0 13.0

R 8.5 ± 0.5 6.0-11.0 8.5 6.0 11.0I 4

L 9.0 ± 1.0 8.0-10.0 9.0 8.0 10.0

R 12.2 ± 1.2 10.0-16.0 11.0 10.0 14.0II 5

L 11.8 ± 0.9 9.0-14.0 12.0 11.0 13.0

R 13.3 ± 0.9 10.0-19.0 14.0 11.0 14.0III 9

L 12.7 ± 0.5 10.0-15.0 13.0 12.0 13.0

R 13.3 ± 0.3 12.0-15.0 13.0 13.0 14.0IV 9

L 12.9 ± 0.5 10.0-14.0 13.0 12.0 14.0

R 12.3 ± 0.3 10.0-14.0 12.0 11.0 13.0V 18

L 13.3 ± 0.4 8.0-14.0 12.0 11.0 14.0

R 10.0 ± 0.6 9.0-11.0 10.0 9.0 11.0

M
es

oc
ra

ne

Right -
0.023

Left -
0.048

VI 4

L 10.3 ± 0.3 10.0-11.0 10.0 10.0 11.0

PH1: p values in brachycranes; PH2: p values in mesocranes difference integrity between all age groups; M: Mean; SEM: standard error of the mean; Min:
minimum; Max: maximum; Med: median; Q₁: first quartile; Q₃: third quartile; R: right; L: left.

In contrast, age-related changes in the dolichocranic skulls
were less pronounced.

Our α‑angle findings support earlier studies (16) although
previous research did not consider cranial index or age-
related morphology. The α‑angle data align with those of
Sharma and Varshney (17), who analyzed 100 skulls and

proposed its utility for locating the stylomastoid foramen in
clinical procedures, such as facial nerve blocks.

CONCLUSIONS
The apex of the mastoid process serves as a reliable
anatomical landmark for locating the stylomastoid foramen.
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Table 5. Statistical analysis of α‑angle (M0) in brachycrane, dolichocrane and mesocrane dry skulls in different age groups

Skull Age
groups

n Side M ± SEM Min-Max Med Q₁ Q₃ PH1 PH2 PH3

R 62.5 ± 0.3 60.1-67.7 62.5 62.0 62.6I 20

L 65.1 ± 0.6 54.3-68.1 66.1 64.9 66.2 0.017

R 63.8 ± 0.9 58.5-69.7 63.8 61.4 66.7II 14

L 65.6 ± 0.7 62.5-70.6 64.4 63.5 66.5 0.017

R 61.4 ± 0.9 58.5-68.8 60.9 58.5 63.3III 14

L 64.5 ± 1.0 61.7-75.4 63.6 62.0 64.5 0.017

R 62.3 ± 2.8 56.6-72.9 61.3 59.5 61.3IV 5

L 60.8 ± 1.8 53.9-63.9 61.9 61.9 62.7 0.017

R 61.6 ± 1.7 55.2-69.4 63.2 56.6 64.5V 9

L 63.6 ± 1.5 56.5-70.0 64.5 60.0 66.1 0.017

R 65.3 ± 2.8 62.5-68.1 65.3 62.5 68.1

Br
ac

hy
cr

an
e

VI 4

L 64.4 ± 1.0 63.4-67.4 64.4 63.4 65.4 0.017

R 62.8 ± 0.3 60.1-66.3 62.5 62.0 62.6 0.003I 4

L 66.3 ± 0.4 64.3-68.1 66.1 64.9 66.2

R 57.6 ± 1.1 54.6-59.5 58.1 56.1 59.0 0.003II 4

L 66.0 ± 0.9 64.5-68.4 66.6 64.5 67.5

R 62.5 ± 3.7 58.0-69.9 59.7 58.0 69.0 0.003III 4

L 64.9 ± 5.3 58.5-75.3 60.8 58.5 75.3

R 60.0 ± 0.8 57.0-64.4 59.8 58.4 61.2 0.003IV 8

L 62.0 ± 1.1 59.8-68.7 61.2 59.8 62.7

R 62.9 ± 0.5 58.6-68.0 62.7 62.2 64.4 0.003V 19

L 61.6 ± 2.2 34.5-79.8 62.7 59.0 65.6

R 66.8 ± 1.4 62.3-71.0 67.1 65.3 68.1 0.003

Do
lic

ho
cr

an
e

VI 5

L 63.8 ± 3.1 53.5-72.8 65.3 61.9 65.4

R 62.6 ± 0.1 60.6-63.6 63.6 62.6 63.6I 4

L 65.5 ± 0.3 65.2-67.0 65.5 65.2 66.8 0.042

R 62.7 ± 0.8 59.7-64.3 63.4 62.5 63.8II 5

L 61.7 ± 0.8 58.5-62.6 62.4 62.3 62.5 0.042

R 64.3 ± 1.8 56.6-72.5 62.2 61.2 68.8III 9

L 60.7 ± 2.7 45.0-75.4 61.2 61.1 63.5 0.042

R 63.7 ± 0.5 61.2-65.3 64.5 62.4 64.5IV 9

L 62.7 ± 1.1 54.3-65.0 63.6 62.6 64.5 0.042

R 62.9 ± 0.5 56.7-67.2 63.2 62.2 64.3V 18

L 62.4 ± 0.7 57.5-70.7 62.2 60.3 64.3 0.042

R 69.0 ± 3.3 62.5-72.7 72.0 62.5 72.7

M
es

oc
ra

ne

VI 4

L 69.6 ± 3.1 63.4-72.8 72.4 63.4 72.8 0.042

p values in difference integrity between all age groups in PH1-brachycranes; PH2-dolichocranes; PH3-mesocranes; M: mean; SEM: standard error of the mean; Min:
minimum; Max: maximum; Med: median; Q₁: first quartile; Q₃: third quartile; R: right; L: left.

In dolichocranic skulls, the foramen lies more superficially,
with a greater distance to the mastoid apex and a smaller
α‑angle. In brachycranic skulls, it is located deeper, with
a larger α‑angle. Age significantly affects these parameters
in brachycranic and mesocranic skulls, particularly after 60

years. These morphometric patterns should be considered in
clinical and surgical approaches to the facial nerve.
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Identifying Hub Genes and miRNAs Associated with Mesial
Temporal Lobe Epilepsy

Simay Bozkurt ¹ , Omer Faruk Duzenli 1, 2 , Emrah Yucesan ²
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² Department of Neurogenetics, Institute of Neurological Sciences, Istanbul University, Cerrahpasa, Istanbul, Turkiye

Abstract Objective: Mesial temporal lobe epilepsy (MTLE) is a form of focal epilepsy. Recent studies indicate that
microRNAs (miRNAs) are involved in the pathogenesis of MTLE. The purpose of this study was to determine
differentially expressed genes (DEGs) and their regulatory miRNAs using bioinformatics analysis.

Materials and Methods: The GSE186334 gene expression dataset was retrieved from the Gene Expression
Omnibus (GEO) database. DEGs between MTLE and control samples were determined using GEO2R with
p<0.05 and |logFC|<−1, |logFC|>1 as the threshold. Metascape was used for functional enrichment and gene
ontology (GO) analysis. Protein-protein interactions (PPIs) were generated using the STRING database
and visualized with Cytoscape. The top 10 highly connected genes were identified as hub genes. Candi-
date miRNAs targeting these genes were predicted using the miRDB, miRWalk, TargetScan and miRNet
databases.

Results: A total of 547 DEGs were found, comprising 380 upregulated and 167 downregulated genes. PPI
analysis revealed 10 hub genes: IL6, IL1B, TNF, CCL2, CCL3, CCL4, CXCL8, IL1A, CD86, and CD40LG. miR-15a-5p
and the hsa-let-7 family of miRNAs were predicted as potential regulators.

Conclusion: Key hub genes and regulatory miRNAs involved in MTLE were identified. The enrichment of
proinflammatory genes indicates a significant role of neuroinflammation. miRNAs such as miR-15a-5p and
the hsa-let-7 family may critically regulate these pathways. These insights could support the development
of new diagnostic biomarkers and therapeutic strategies, pending experimental validation.
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INTRODUCTION
Epilepsy is a chronic neurological disorder characterized by
recurrent, unprovoked seizures due to irregular electrical
discharges in the brain. It is broadly classified into focal
and generalized types based on the origin and spread of
the epileptic activity. Although different brain regions can be
affected depending on the type of epilepsy, the temporal
lobes are the most common sites of epileptogenic activity.

Temporal lobe epilepsy (TLE) is one of the most common
forms of intractable epilepsy, accounting for approximately
60% of all focal epilepsies (1). TLE can be classified into two
types according to the anatomical origin of seizure onset:
mesial temporal lobe epilepsy (MTLE) and lateral temporal
lobe epilepsy (LTLE). MTLE accounts for approximately 80%
of all TLE cases and originates from the mesial part
of the temporal lobe. The hippocampus, amygdala, and
parahippocampal gyrus are key structures involved in the
onset or propagation of seizures (1). Despite the involvement
of multiple regions, the most common neuropathological
finding in MTLE is hippocampal sclerosis (HS) (2).

TLE is frequently resistant to anti-epileptic drugs (AEDs),
making non-pharmacological approaches crucial for disease
management. These include surgical interventions and
neurostimulation techniques. TLE exhibits both clinical and
genetic heterogeneity. Although most TLE cases are sporadic,
advancements in genetic testing have identified the familial
forms of the disorder (3).

Familial TLE is classified into three distinct groups: familial
lateral temporal lobe epilepsy (FLTLE), familial mesial
temporal lobe epilepsy (FMTLE), and FMTLE with HS. This
heterogeneity complicates efforts to elucidate the genetic
basis of the disease. Linkage analysis has associated FMTLE
with chromosome 4q (4), while another study indicated that
chromosome 18p may contribute to hippocampal sclerosis in
FMTLE (5). However, these studies did not identify a specific
disease-causing gene.

Several studies have demonstrated that neuroinflammation,
ion channel changes, and epigenetic factors play an important
role in the pathogenesis of MTLE (6). Along with these factors,
recent research has indicated that MTLE has a complex genetic
basis, likely influenced by both monogenic and polygenic
factors. Candidate genes such as SCN1A, SCN1B, LGI1, and
DNA2 have been implicated in various forms of epilepsy,
including MTLE (7). These genes are involved in neuronal
excitability, synaptic transmission, and neurodevelopmental
processes, which are critical in seizure pathophysiology. In
a study examining the SCN1A mRNA expression levels in
hippocampal biopsy samples of MTLE-HS patients with a

history of febrile seizures, it was found that a variation in
SCN1A increases susceptibility to the disease (8). In another
study, LGI1 was identified as a candidate pathogenic gene in
FMTLE through whole-exome sequencing (WES) analysis. In
addition to the above-mentioned processes, an increasing
number of studies have focused on the role of mitochondrial
functions in epileptogenesis (9). An example of these studies
is the detection of mitochondrial single or multiple deletions
in the hippocampus of MTLE patients using the clinical-grade
high-sensitivity assay. Autophagy as another cellular process
plays a significant role in the pathophysiology of MTLE.
The bioinformatics analysis study determined 40 autophagy-
related genes associated with MTLE. In particular, it has
been suggested that BNIP, SQSTM1, VEGFA, and WIPI2 may
play critical roles in the onset phase and progression of
MTLE by regulating the autophagy pathway (10). Additionally,
epigenetic modifications and regulatory elements, such as
non-coding RNAs, have gained attention for their potential
role in epilepsy-related gene expression changes. Among
these, microRNAs (miRNAs) are key post-transcriptional
regulators that may contribute to neuronal hyperexcitability
and neuroinflammation, both of which are central to MTLE
pathogenesis (11). Considering the above-mentioned points,
genetic factors are involved in the etiopathogenesis of MTLE.

Rapid advancements in high-throughput sequencing, multi-
omics technologies, and bioinformatics have significantly
enhanced the identification of disease-associated genes and
molecular pathways, paving the way for novel diagnostic
strategies and precision medicine approaches. Researchers
have also inevitably investigated the aforementioned genomic
approaches in MTLE studies. In this study, we analyzed the
human hippocampus microarray dataset GSE186334 from the
Gene Expression Omnibus (GEO) to identify differentially
expressed genes (DEGs) between MTLE non-HS patients and
healthy individuals using bioinformatics approaches. Further
investigation of the genetic mechanisms underlying MTLE may
enable the identification of genetic biomarkers, particularly
microRNAs, which could contribute to early diagnosis and
disease monitoring.

MATERIALS AND METHODS

Microarray Data Selection and Preprocessing

The dataset GSE186334 was retrieved from the GEO database.
The dataset was obtained using the GPL20301 Illumina HiSeq
4000 platform (Homo sapiens) and contained 68 samples,
which included cortical and hippocampal tissues. To reduce
heterogeneity and enhance the specificity of our analysis, we
selected hippocampal tissue samples from five MTLE non-HS
patients and five healthy controls. The raw gene expression
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data were downloaded and preprocessed for downstream
analysis. The overall workflow of this study is illustrated in
Figure 1.

Identification of DEGs

DEGs between MTLE non-HS patients and healthy controls
were identified using the GEO2R analysis tool. GEO2R applies
the DeSeq2 package in a web-based interface to perform the
detection of DEGs and statistical analysis. The significance
threshold for DEGs was set at |logFC| > 1 to identify
upregulated genes and |logFC| < −1 to identify downregulated
genes, with an adjusted p value < 0.05 to control for the false
discovery rate (FDR) (Supplementary Data).

Functional Enrichment Analysis of DEGs

To examine the biological significance of the identified DEGs,
Gene Ontology (GO) term enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis
were performed using Metascape. GO enrichment analysis

categorized the DEGs into three domains: biological processes
(BP), molecular functions (MF), and cellular components (CC).
KEGG pathway analysis identified relevant biological pathways
that may be associated with MTLE pathogenesis.

Enrichment analysis was conducted to determine the
statistical significance of the GO and KEGG terms. Pathways
and processes with a p value <0.05 were considered
significantly enriched. The results are shown with bar plots
created in Metascape.

Analysis of Hub Genes and Protein-Protein
Interaction Networks

To elucidate the interactions among the identified DEGs,
a protein-protein interaction (PPI) network was constructed
using the STRING database. The minimum required interaction
score was set to 0.4 (medium confidence) to obtain a reliable
interaction network.

Figure 1. Overview of the study workflow. This figure illustrates the step-by-step methodology employed in the study, from dataset selection and preparation
to identification of DEGs, enrichment analysis, construction of PPI networks, identification of hub genes, and miRNA-target interaction analysis.
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Table 1. List of hub genes identified by cytoHubba based on MCC scores.

Rank Name Score

1 IL6 10328720136

2 TNF 10328714915

3 IL1B 10313756120

4 CXCL8 8184967523

5 CCL2 8098327608

6 CCL3 8076782887

7 IL1A 8071313809

8 CCL4 8006342400

9 CD86 7845516145

10 CD40LG 7838944014

Table 2. Degree and betweenness centrality values of the predicted miRNAs
identified through the miRNet network analysis.

ID Degree Betweenness

hsa-miR-92b-3p 4 2.532757

hsa-mirR-7-5p 7 11.40184

hsa-miR-24-3p 6 23.63709

hsa-miR-23a-3p 4 1.999872

hsa-miR-214-3p 4 7.144143

hsa-miR-21-5p 5 4.099107

hsa-miR-191-5p 5 4.099107

hsa-miR-18a-5p 4 2.385981

hsa-miR-17-5p 5 15.50011

hsa-miR-16-5p 5 3.741408

hsa-miR-15a-5p 5 3.741408

hsa-miR-155-5p 5 5.229643

hsa-miR-124-3p 5 3.741408

hsa-miR-107 5 11.5035

hsa-miR-101-3p 4 2.881928

hsa-miR-1-3p 4 1.675764

hsa-let-7e-5p 4 2.580618

hsa-let-7b-5p 5 4.431913

hsa-let-7a-5p 5 4.672408

The PPI network was further analyzed using Cytoscape
software (version 3.10.1). The cytoHubba plugin was used to
identify hub genes—key nodes with high connectivity in the
network. Hub genes were ranked based on maximum clique
centrality (MCC), which indicates their potential functional
significance within the MTLE molecular network. The MCC
scores of the identified hub genes are presented in Table 1.

Prediction of miRNAs Targeting Hub Genes

To explore potential post-transcriptional regulatory
mechanisms, hub genes were analyzed using miRNA-
target prediction tools, including miRDB (http://mirdb.

org/), TargetScan (https://www.targetscan.org/), and miRWalk
(http://mirwalk.umm.uni-heidelberg.de/). In addition, we
used miRNet 2.0 to identify miRNAs that target hub genes
and visualized the miRNA-target regulatory network. miRNAs
with a degree of 3 or over were displayed and selected as top
candidates based on their degree in the interaction network.
The degree reflects the regulatory potential through the target
connectivity. Although the cutoff is not biologically fixed, it
helps reduce the noise and highlight miRNAs with a broader
influence. The relevant literature also supported the biological
roles of the selected miRNAs. Due to the small sample size,
a relatively low degree cutoff was chosen to avoid excluding
potentially important miRNAs. The aforementioned tools use
different algorithms to predict miRNA binding sites on gene
transcripts, providing complementary insights into gene-
miRNA interactions. The degree and betweenness centrality
values of the identified miRNAs are presented in Table 2.

RESULTS

Screening of DEGs

As a result of the filtering performed, 547 differently expressed
genes were found between MTLE non-HS and controls. This
included 380 upregulated and 167 downregulated genes.

Functional Enrichment Analysis

Enrichment analysis was performed separately for
upregulated and downregulated genes. According to the
results of the GO and KEGG analysis, the upregulated genes
were found to be particularly enriched in NGF-stimulated
transcription and IL-10 signaling pathways (Figure 2), whereas
the downregulated genes were primarily enriched in the
neuronal system pathway and the regulation of synaptic
transmission processes (Figure 3).

PPI Network Analysis of the DEGs

The STRING database was employed to analyze the PPI specific
to the target genes. Cytoscape 3.10.1 was used to visualize the
PPI networks. Based on the PPI data, the top 10 genes with
the highest degree of interaction were selected as hub genes
(Figure 4). In cytoHubba, red indicates the highest interaction
intensity, while yellow represents genes with lower interaction
levels.

Construction of Potential miRNA-target Regulatory
Networks

We identified miRNAs targeting the key genes using the
miRNet database (Figure 5). We found that hsa-miR-7-5p had
the highest degree (degree 7). We presumed that the hsa-
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let-7 miRNA family could be the most critical miRNA in MTLE
pathophysiology.

DISCUSSION
Epilepsy is a neurological disorder that causes recurrent
seizures due to abnormal electrical activity in the brain.
MTLE is the most common type of refractory epilepsy (1).
HS is an important pathology of MTLE. The diagnosis and
follow-up of the disease involve electroencephalogram (EEG),
various neuroimaging analyses, and genetic tests. Apart from
these methods, most studies have focused on the role of
miRNAs in diagnosis and monitoring. Although it is not yet in
clinical practice, there are numerous studies in the literature
supporting its potential clinical use (12). Based on the analysis
of the datasets, our study enables the elucidation of the
molecular and genetic basis of MTLE by identifying associated
with MTLE and the miRNAs targeting these genes.

This study screened MTLE non-HS and postmortem control
expression datasets and identified 547 DEGs. We found that

all of the hub genes were upregulated and related to
inflammation-associated cytokines and chemokines.

As shown in Figure 5, interleukin1A (IL1A) emerges as a key
gene in our study, primarily due to its central position in
the miRNA interaction network. This centrality shows suggests
a potentially significant regulatory role in the molecular
landscape of epilepsy. The IL-1α protein encoded by the
IL1A gene is a proinflammatory cytokine that plays a pivotal
role in immune responses and inflammation, both in the
periphery and within the central nervous system (CNS).
IL-1α is constitutively expressed in glial cells and can be
rapidly released upon neuronal injury or infection, serving
as an early mediator of neuroinflammation. In the CNS,
IL-1α participates in the modulation of blood-brain barrier
permeability, leukocyte recruitment, and the activation of
astrocytes and microglia—processes closely associated with
seizure susceptibility and epileptogenesis (13).

Recent experimental studies have demonstrated that IL-1α
may contribute to neuronal hyperexcitability by enhancing

Figure 2. Enrichment analysis of downregulated genes reveals disrupted neuronal functions. GO and KEGG pathway enrichment analyses indicated that the
downregulated DEGs in MTLE non-HS samples were significantly involved in the neuronal system, including the regulation of synaptic transmission and other
neural processes, suggesting functional impairments relevant to epilepsy pathogenesis.

Figure 3. Enrichment analysis of upregulated genes highlights inflammation-related pathways. GO and KEGG analysis of upregulated DEGs demonstrated
enrichment in pathways such as nerve growth factor (NGF)-stimulated transcription and IL10 signaling, indicating enhanced inflammatory and immune responses
in MTLE non-HS patients.
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Figure 4. Identification of hub genes within the PPI network of DEGs. Using Cytoscape and the cytoHubba plugin, the top 10 hub genes were determined based
on their of interaction and centrality within the constructed protein-protein interaction network. Genes with the highest interaction scores are visualized in red,
indicating their potential importance in MTLE pathophysiology.

Figure 5. The miRNA-target network underscores the regulatory roles of key miRNAs in MTLE. The figure presents an miRNA-hub gene interaction network
generated via miRNet 2.0. miRNAs with three or more connections are shown, with hsa-miR-7-5p and the hsa-let-7 family appearing as prominent regulators,
suggesting their crucial roles in the post-transcriptional control mechanisms associated with MTLE.
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glutamate release and reducing GABAergic inhibition, thereby
altering the excitatory-inhibitory balance in favor of seizures.
Although the body of research specifically addressing the
role of IL-1α in epilepsy remains limited, accumulating
evidence indicates that IL-1α, in conjunction with IL-1β
and its receptor (IL-1R1), may activate intracellular signaling
cascades such as the NF-κB and MAPK pathways (14). These
pathways are implicated in the chronic inflammatory state
observed in TLE, particularly in patients with HS. Moreover,
polymorphisms in the IL1A gene have been associated
with an increased risk of various inflammatory diseases,
and emerging data suggest a possible link with seizure
susceptibility, although the findings are still inconclusive
and require further validation in large-scale cohorts. As
neuroinflammatory responses are increasingly recognized
as key modulators in the pathophysiology of MTLE, IL-1α
represents a candidate molecule of interest that may not only
deepen our understanding of the molecular mechanisms of
epileptogenesis but also serve as a potential biomarker or
therapeutic target (15).

A type I membrane protein, produced by the CD86 gene, is
part of the immunoglobulin superfamily. CD86 is continuously
expressed on antigen-presenting cells, dendritic cells,
macrophages, and B cells. In the brain, CD86 is expressed by
microglia. This also shows that CD86 plays a role in the brain’s
defense mechanism. There are few studies investigating the
role of CD86 in the mechanism of epilepsy.

Consistent with the results of our study, CD86 was upregulated
in a mouse model treated with kainic acid and pilocarpine. A
study on the inflammatory mechanism in epilepsy found that
the upregulation of 11 genes, including CD86, was reported to
reduce the risk of the disease (16).

CXCL8 (also known as IL8) and IL1B, both have potential roles in
neuroinflammation and neuroprotection. Many studies have
found that altered levels of IL8 and IL1B are associated with
different types of epilepsy, including MTLE (17). As an example
of these studies, it can be given that in patients with MTLE,
it was found that IL1B and IL8 were at elevated levels in the
temporal cortex tissue (18).

The CD40LG gene encodes a transmembrane protein called
the cluster of differentiation 40 (CD40) ligand, a member of
the tumor necrosis factor (TNF) superfamily, found on the
surface of T cells. CD40L binds to its receptor CD40, and
CD40L-CD40 signaling is involved in various processes within
the cell. These interactions play a critical role in the CNS.
Although this signaling pathway has been investigated in
various neurodegenerative diseases and other neurological
conditions, it has been relatively understudied in epilepsy.
Plasma CD40 levels and CD40 mRNA expression levels were

significantly increased in the leukocytes of patients with post-
stroke epilepsy. When brain samples from patients with TLE
were examined for this signaling using an immunohistology
approach, it was found that CD40 expression levels were highly
expressed in the hippocampal regions (19). These findings
support further investigation of CD40LG/CD40 signaling in
epilepsy.

TNF plays a significant role in both human health
and disease. TNF is continuously expressed in the
normal brain. In the CNS, this cytokine regulates
various processes such as neurogenesis, neuroinflammation,
synaptic plasticity, and transmission (20). Epilepsy can
occur when there is an imbalance between excitation
and inhibition neurotransmitters. Therefore, TNF-regulated
excitatory synaptic transmission is a key step in the control
of epileptic seizure development (21). This cytokine, which we
found to be upregulated in our study, has an exact mechanism
in epileptogenesis that has not yet been elucidated, although
it has been investigated in various animal and human studies
in the literature. In a study in which a limbic epilepsy
mouse model was created, they showed that an increase in
hippocampal TNF-α mRNA levels triggered seizures (22).

In another study in which a status epilepticus (SE) rat
model was established, it was shown that dynamic TNF-
α expression levels were up-regulated. Furthermore, in the
same study, children with MTLE were examined, and the
same results were found. This study showed that upregulation
of TNF-α is associated with the development of MTLE (23).
Our study found that there are 10 miRNAs that target TNF-
α. Considering all these results, it is hypothesized that
investigating TNF-α could be important for elucidating the
underlying mechanisms of MTLE.

CCL2, CCL3, and CCL4 are chemokines that play significant roles
in the epileptogenesis processes. Chemokines can stimulate
the movement and activation of leukocytes toward the sites
of inflammation (24). Inflammation and oxidative stress are
known to be important in the mechanism of epilepsy. The
release of inflammatory molecules and oxidative stress-
induced free radicals in the epileptic focus may induce or
maintain epileptic activity (25). In a study conducted in 2022
to investigate inflammatory parameters, brain samples from
drug-resistant MTLE patients and the autopsy control group
were compared. The study found that CCL2, CCL3, and CCL4
were upregulated in patients (26).

IL6 is another cytokine that exhibits both pro-inflammatory
and anti-inflammatory activities. IL6 is involved not only
in the immune response but also in many biological and
physiological processes, including the nervous system (27). In
epilepsy, which we investigated in our study, it was reported
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in the literature that IL6 is involved in epileptogenesis. In
many studies in the literature comparing healthy controls and
patients, increased levels of IL6 expression have been found
in the cerebrospinal fluid (CSF), blood plasma, and blood
serum samples. A study in 2022 showed that increased IL6
expression levels in CSF and serum in early-onset refractory
status epilepticus can be used as a marker for early diagnosis
(28). Similar results are available in the context of MTLE.

The underlying cause of a disease with a complex
pathophysiology such as epilepsy requires further
investigation of miRNAs to elucidate their role and apply them
in practice for diagnosis. In the literature, the number of
mRNAs affected by miRNAs and, consequently, the number of
genes targeted by miRNAs is quite high, which is common for
miRNAs. We created an miRNA-target network using miRNet
2.0 to examine potential miRNAs in MTLE.

We found that miR-15a-5p targets CCL2, IL1A, IL6, and CD86.
Children with TLE exhibited significantly lower expression
of miR-15a-5p than the healthy control group. The study
also investigated the function of hippocampal neurons
in primary neuron cultures. Primary hippocampal neurons
isolated from newborn rats were cultured to mimic the TLE
condition. The results showed that the expression level of
miR-15a-5p was decreased in the hippocampal cells. Moreover,
in cultures overexpressing miR-15a-5p, TLE-induced apoptosis
and reduced cell viability were rescued (29). Therefore, it is
suggested that the mentioned miRNA might be used as a
potential diagnostic marker. Additionally, we found that the
hsa-let-7 miRNA family (hsa-let-7a-5p, hsa-let-7b-5p and hsa-
let-7e-5p) targets IL6. In a study, IL6 was upregulated, while
hsa-let-7a-5p was downregulated in patients with MTLE (30).
We propose that IL6, which had the highest score according
to the MCC algorithm in our study, and hsa-let-7a-5p, which
targets it, should be investigated in the development of MTLE.

Although our findings highlight several inflammatory genes
and miRNAs potentially associated with MTLE, it is important
to interpret these associations with caution. The upregulation
of cytokines such as IL-1α, IL-1β, and TNF does not necessarily
indicate a causal role in epileptogenesis. Further experimental
studies are required to determine their specific function and
impact on MTLE pathogenesis.

CONCLUSION
In conclusion, our study highlights the potential role of
specific cytokines and chemokines—including TNF-α, IL6,
IL1A/B, CD86, CD40LG, and CCL family members—in the
pathogenesis of MTLE, particularly in non-HS cases. These
molecules, many of which are central to neuroinflammatory
processes, were consistently upregulated, suggesting a robust

link between chronic inflammation and epileptogenic activity.
Moreover, our miRNA-target network analysis revealed several
miRNAs, notably miR-15a-5p and members of the hsa-let-7
family that may serve as upstream regulators of these
inflammatory genes.

Although the causal relationship between neuroinflammation
and MTLE remains uncertain—whether neuroinflammation
precedes or follows seizure activity—our findings provide
further evidence supporting the involvement of immune-
related molecular pathways in epileptogenesis. This
underscores the need for more targeted research to clarify the
temporal and mechanistic dynamics of these processes.

Note that our findings were based on a relatively small
number of hippocampal tissue samples, given the limited
accessibility of RNA-seq data from this specific brain region.
While this enhances the value of the dataset, the limited
sample size may affect the generalizability of the results.
Therefore, the associations identified in this study should be
interpreted with caution and further validated in larger, more
comprehensive datasets.

Importantly, the identification of miRNAs associated with
these inflammatory mediators opens up new avenues for
the development of minimally invasive biomarkers for early
diagnosis, prognosis, and possibly therapeutic intervention.
Future studies with larger cohorts and experimental validation
are warranted to confirm the diagnostic and therapeutic utility
of these candidate molecules in clinical settings.

Our findings contribute to the growing body of evidence
supporting the integration of transcriptomic and miRNA-
based approaches in the study of complex neurological
disorders such as MTLE.
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