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Objective: Although otosclerosis is a common disease, its etiology has
not yet been clearly elucidated. One of the factors recently implicated in its
pathogenesis is chronic inflammation. Blood count parameters are known
as classical inflammatory markers in several diseases. Raftlin is also a novel
biomarker of inflammation. The present study aimed to investigate Raftlin levels
and blood count parameters in otosclerosis.

Methods: The study included 50 otosclerosis patients and 50 healthy volunteers.
Serum Raftlin levels and white blood cell, neutrophil, lymphocyte and platelet
counts, neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR),
and mean platelet volume (MPV) were measured in otosclerosis patients and
compared with the controls.

Results: White blood cell and neutrophil counts and NLR were statistically higher in
otosclerosis patients than in the control group (p < 0.001). There was no statistically
significant difference between the control and patient groups in lymphocyte and
platelet counts, and MPV and PLR values. The Raftlin level was also statistically
significantly higher in otosclerosis patients than in the control group (p = 0.001).
Conclusion: The Raftlin level and NLR value were significantly higher in otosclerotic
patients than in healthy controls, supporting the presence of an inflammatory
etiology for otosclerosis. Our study is the first in the literature to investigate the
relationship between otosclerosis and Raftlin with known inflammatory markers.
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Highlights

o Otosclerosis is the primary disease of the human otic capsule and the stapes footplate.

o Therole of active inflammation in the etiopathogenesis of the disease has been investigated.

« Raftlin, a main lipid raft protein on B cells, plays an important role in initiating a variety
of inflammation responses.

« Raftlin levels and NLR values were found to be statistically significantly higher in the
serum samples of otosclerosis patients when compared with normal population.
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Introduction

Otosclerosis is a disease in the human temporal bone with bone
remodeling and new bone formation (1, 2). Depending on the affected
area and histological types, it may cause conductive hearing loss and
balance problems. Although the disease is common, the
etiopathogenesis has not yet been completely elucidated (1-3).
Genetic susceptibility, some disorders in bone metabolism, viral
infections, autoimmune disorders, and various environmental or
hormonal factors are implicated in the pathogenesis (1-5). There are
also studies investigating the role of active inflammation in bone
remodeling in the etiopathogenesis of the disease (6, 7).

Although the etiology of otosclerosis has not yet been completely
elucidated yet, it has been shown by several studies that chronic
inflammation might have a potential effect in the pathophysiology
(8-10). Quesnel et al. (11) suggested that the primer pathology in
otosclerosis was abnormal bony remodeling, including
inflammation-induced bone resolution, new bone formation, and
vascular proliferation in the otic capsule (11). Karosi and Sziklai (7)
reported that there had been many reports confirming the
association between otosclerosis and inflammation (7). Bone
destruction and reorganization in otosclerosis are probably triggered
by several inflammatory events. In immunohistochemical
examinations, the determination of T lymphocytes, complementary
fragments, and microglobulin in otosclerotic foci is considered to
be evidence of an inflammatory mechanism in otosclerosis (8).
Based on these data, we decided to investigate the role of
inflammation in otosclerosis through various markers in the
present study.

Complete blood count (CBC) and several related parameters are
known to be classical markers of inflammation in many
cardiovascular, inflammatory and oncological diseases (12, 13). The
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio
(PLR), and mean platelet volume (MPV) are described as indicators
of inflammation. They are routinely calculated as part of peripheral
blood count analysis without any additional cost (8, 12, 14, 15). NLR
and PLR have been previously examined in several otolaryngological
diseases, such as sudden hearing loss, facial paralysis, chronic otitis
media, serous otitis media, and salivary gland pathologies and
accepted as a marker of inflammation (8, 16, 17). MPV is one of the
parameters routinely reported in CBC analysis and shows increased
and reduced levels in chronic inflammation (8, 18). MPV provides
information about the platelet sizes and reflects a high platelet
activity. Inflammatory and thrombotic cytokines in platelets increase
as MPV increases. It has been previously emphasized that activated
or large platelets are depleted in high-grade inflammatory conditions
or defective thrombopoiesis due to inflammation, leading to
decreased MPV. On the other hand, Raftlin is the major lipid raft
protein on B cells and a novel defined marker (19). It acts as a signal
transducer of the B cell receptor (BCR) and the T cell receptor
(TCR) (19-21). Raftlin also has a meritorious role in initiating a
variety of autoimmune and vascular inflammation responses
(22, 23).

The present study aimed to investigate Raftlin levels and CBC
parameters commonly used as an inflammatory marker in current
practice in patients with otosclerosis. When we search the literature,
we found no study investigating Raftlin levels together with already
known inflammatory markers in otosclerosis.

Frontiers in Neurology

10.3389/fneur.2025.1660767

Methods

Ethics committee approval was received before the study (08/21/2019,
decision number: 2019-12), all individuals signed an informed consent.
The study group comprised 50 patients with otosclerosis who were
operated in our clinic between January 2013 and January 2020. Patients
were not included if they had a history of ear intervention or middle ear
disease, any hematologic or coronary disease, chronic renal failure,
inflammatory, autoimmune and infectious disease, or a history of cancer,
or if they were receiving corticosteroid therapy. The control group
consisted of 50 healthy individuals. Similar criteria administered to the
patient group were also carried out for the control group. The diagnosis
of otosclerosis was made by anamnesis, ear examination, and audiometry.
In all 50 patients, the preliminary diagnosis was confirmed by the fixation
of the footplate during the operation.

Blood samples were collected from all participants while they
were prepared for the operation within the week before surgery and
after a 12-h fasting period. The preoperative white blood cell (WBC),
neutrophil, lymphocyte, and platelet counts, NLR, PLR, and MPV
were simultaneously analyzed through a CBC test in the Biochemistry
Department. For calculating NLR, the neutrophil count was divided
to the lymphocyte count; and for PLR, the platelet count was divided
to the lymphocyte count. The serum specimens were kept at —80
degrees until analysis after centrifugation of the blood samples. Then,
Raftlin levels were measured based on Raftlin (Human-RFTN2), with
commercial kits according to the manufacturer’s recommendations
(Sun Red, Human RFTN-2 ELISA Kit, Shanghai, China).

Statistical evaluations were performed with PASW package program,
version 19.0. Descriptive statistics were shown as mean * standard
deviation. p values of less than 0.05 were considered statistically significant
for all tests. Whether the data showed normal distribution was determined
with the Kolmogorov-Smirnov test. Differences in continuous variables
between the otosclerosis and control groups were analyzed using the
Mann-Whitney U test. The Chi-squared test was used for the comparison
of categorical data, such as gender. Receiver operating characteristic
(ROC) curve analysis was performed to evaluate the diagnostic
performance of Raftlin and NLR. The area under the curve (AUC) was
calculated to distinguish otosclerosis patients from healthy controls, and
optimal cut-off values were determined.

Results

The otosclerosis group included 19 male and 31 female patients,
and the control group 22 male and 28 female patients. No statistically
significant difference was observed between otosclerotic and the
patient groups in terms of gender and age (p=0.383). The
demographic data of the otosclerosis and control groups are
demonstrated in Table 1.

When the two groups were compared for CBC parameters,
statistically significantly higher results were found in the patient group
for the WBC count, neutrophil count, and NLR (p < 0.001 for all). No
statistically significant difference was detected in the lymphocyte and
platelet counts, and MPV and PLR values between the otosclerosis and
the control groups (p > 0.05). When the two groups were compared
in terms of Raftlin levels, they were statistically significantly higher in
the otosclerosis group (p = 0.001). The CBC parameters and Raftlin
levels of the patient and control groups are presented in Table 2.
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TABLE 1 The demographic values of the patient and control groups.

Gender Otosclerosis group Control group
(n = 50) (n = 50)
Male 19 (38%) 22 (44%)
Female 31 (62%) 28 (56%)
Age (mean + SD) 40.84 +11.43 4292 +12.28

SD, Standard deviation.

TABLE 2 Raftlin and complete blood count parameters of the patient and
control groups.

Mean + Otosclerosis Control group P
SD group (n = 50) (n = 50) value
Raftlin (ng/ 12.006 + 11.5851314 0.001%
mL) 4.9358 +2.6101529

WBC (10%/ 8.84 + 2.3754699 <0.001*
10) 6.898 + 1.3638915

Neutrophil 5.78 + 1.9868958 <0.001*
count (10°/

10) 3.562 + 0.8007369

Lymphocyte 2266 + 0.7347386 0.112
count (10°/

1U) 2312000 + 0.5359104

Platelet count | 262.44 + 68.8841559 0.092
(10°/10) 247.28 + 49.6156822

NLR 2.874009 + 15951506 | 1.585217 +0.3636798  <0.001*
PLR 127.06 + 61.2550406 111.76 + 33.4929539 0.149
MPV (fl) 9.076 + 1.1555651 8.780000 + 0.9171829 0.208

*Statistically significant, p < 0.05, SD, Standard deviation; WBC, White blood cell count;
NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; MPV, Mean platelet
volume.

Receiver operating characteristic (ROC) curves were plotted for
diagnostic measurements and cut-off values of both Raftlin and
NLR. The area under the curve (AUC) for Raftlin was 0.694
(p = 0.001), and the cut-off value for otosclerotic patients was 4.55 ng/
mL (Table 3 and Figure 1). For NLR, AUC was 0.846 (p < 0.001), and
the cut-off value was 1.748876 (Table 3 and Figure 2).

Discussion

The present study aimed to investigate serum Raftlin levels and
CBC parameters in patients with otosclerosis and to compare with
healthy volunteers. The outcomes showed that the Raftlin levels and
NLR were statistically significantly higher in otosclerotic individuals
than in the healthy population. The diagnostic value of these two
markers for otosclerosis was also significant according to the ROC
analysis. Our study is the first in the literature to analyze the relation
between otosclerosis and Raftlin together with already known
inflammatory markers.

Otosclerosis is a disease that progresses with a bone remodeling
in human temporal bone and leads to conductive type hearing loss
due to the of fixation in the stapedial footplate. It is a widespread
disease seen twice as often in women as men. In our study, the
demographic distribution of patients was consistent with the literature.

Frontiers in Neurology

10.3389/fneur.2025.1660767

TABLE 3 ROC analysis of Raftlin and NLR.

Parameter AUC 95% ClI Cut-off P

Raftlin 0.694 0.519-0.76  4.55ng/mL 0.001*

NLR 0.745- <0.001%
0.846 0.906 1.748876

NLR, Neutrophil to lymphocyte ratio; AUC, Area under the curve; ROC, Receiver operating
characteristic; 95% CI: 95% confidence of interval *: Statistically significant; p < 0.05.

In a study by Ulu et al. (24) it is reported that in sudden
sensorineural hearing loss patients NLR values were higher than in
controls. In our present study, we similarly detected that NLR was
statistically significantly higher in otosclerotic group than in the
healthy population (p < 0.001). This finding supports the idea of the
role of chronic inflammation in the etiology of otosclerosis. However,
in a study conducted by Arli et al. (8), any statistically significant
difference was not detected for the WBC, NLR, PLR, and platelet values
between the otosclerosis and control groups, which can be attributed
to the higher number of patients and controls in our sample.

In previous studies, platelet count and PLR values were found
high in coronary artery diseases, chronic renal failure, and several
malignancies (11). Unlike these studies, we found no significant
difference between the otosclerotic patients and the control groups in
among the platelet count and PLR values.

Several studies have shown a possible link between MPV and
systemic or local inflammatory diseases (18). Yazici et al. (25)
determined that MPV were statistically higher in rheumatoid arthritis
patients than in the control group. They also reported that MPV values
were directly linked with inflammatory markers and the prognosis of
the disease (25). Somuk et al. (26) observed no statistical difference in
MPV between the chronic serous otitis media patients and the control
group (26). We also found no significant difference in MPV values
among the patient group and healthy volunteers. However, Arli et al.
(8) indicated that MPVs were lower in otosclerotic individuals
compared to the healthy population (8). They reported that a decrease
in MPV levels was associated with vascular abnormalities,
inflammatory bowel diseases, chronic anemia or renal failure,
appendicitis, pancreatitis, sepsis, and viral infections (RSV, EBV, HIV,
rubella, etc.). Furthermore, some authors suggest that some viruses,
for example rubella, measles, and RSV have a role in the pathogenesis
of otosclerosis (8). In terms of MPV values, our results do not support
viral etiology in contrast to the study of Arli et al. (8).

Although the specificity of Raftlin as a biomarker for otosclerosis may
be limited due to its elevation in various inflammatory and systemic
diseases, recent studies have demonstrated its relevance in several
otolaryngological and non-otolaryngological conditions. It is a raft
protein first introduced in Raji B cells, involved in the signal transmission
of BCR. It also plays a role in autoimmune responses and the activation
of TCR (22). In a previous study by Lee et al. (20), Raftlin was determined
as a diagnostic marker for sepsis and septic shock (20). In another study,
it was stated that Raftlin had a significant role in the wound healing
process (23). According to Saeki et al. (19), Raftlin has a direct effect on
lipid raft assembly and can change the amounts of rafts through its
enzymatic activity (19). Lin et al. (27) reported that Raftlin expression in
patients with chronic rhinosinusitis with nasal polyps was associated with
increased levels of inflammatory cytokines such as IL-17 and TNF-a,
suggesting a role in epithelial remodeling and chronic inflammation in
the upper airway. Similarly, elevated Raftlin levels have been observed in
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Receiver operating characteristic curve of Raftlin.
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Receiver operating characteristic curve of NLR.

neuropsychiatric disorders, including major depressive disorder (28) and
schizophrenia (29), as well as in spinal pathologies like Modic changes
(30). Furthermore, Raftlin has been shown to correlate with disease
severity in sepsis, highlighting its potential as a general marker of
inflammation (31). These findings support the notion that while Raftlin
may not be specific to otosclerosis, its elevation in our patient group
reinforces the hypothesis of an inflammatory component in the
pathogenesis of the disease.

Intact lipid rafts and Raftlin are necessary for numerous activities,
such as BCR activation and calcium mobilization. Saeki et al. (32) also
reported that TCR signaling was positively affected by Raftlin, and
over-expression of Raftlin could cause predisposition to the
development of many T cell-dependent autoimmune diseases. In light
of this information, we thought that Raftlin could play a meritorious
role in the diagnosis of otosclerosis and decided to investigate it in
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patients with this disease. As expected, we found Raftlin levels to
be statistically significantly higher in the otosclerotic group when
compared with the healthy individuals (p = 0.001).

When we searched the literature, we found only one study that
investigated CBC parameters in otosclerosis patients, and there was
no research evaluating the levels of Raftlin. Since Raftlin is a novel
biomarker, on which there are only a limited number of studies,
we found it appropriate to screen other proven inflammatory
biomarkers together with Raftlin when planning our study. We found
statistically significantly higher results for both Raftlin and NLR in
patients with otosclerosis than in the healthy population. Then,
we performed a ROC analysis to investigate the diagnostic value of
these parameters in the disease. We found the cut-off values as
4.55 ng/mL for Raftlin and 1.748876 for NLR.

Despite all developments, otosclerosis remains a disease full of
unknowns. Even today, the diagnosis can only be made surgically
or histopathologically, and medical treatment cannot be performed
since the cause of sensory-neural hearing loss in advanced
otosclerosis has not yet been completely resolved. If otosclerosis is
proven to be an autoimmune or inflammatory disease, the use of
new medical treatment options, including anti-inflammatory or
immunosuppressant drugs can also be discussed (32). We consider
that our study contributes to a better understanding of the disease
by showing that inflammation has somewhat a meritorious role in
the etiopathogenesis.

The limitations of our study include the relatively low number of
participants in both control and patient groups, and the lack of an
evaluation of the effect of NLR or Raftlin on pre-treatment hearing levels
or treatment success in patients with otosclerosis. Obtaining these data
can be the subject of further studies. While both NLR and Raftlin levels
were significantly elevated in the otosclerosis group, the ROC analysis
revealed a notable difference in their diagnostic utility. With an AUC of
0.846, NLR demonstrated good performance as a potential biomarker for
otosclerosis, significantly outperforming Raftlin (AUC = 0.694). This
suggests that the systemic inflammatory balance, as captured by the ratio
of neutrophils to lymphocytes, may be a more robust indicator of the
inflammatory processes in otosclerosis. Although the elevation in Raftlin
is a novel and statistically significant finding, its modest AUC value
indicates limited clinical utility as a standalone diagnostic test at this stage.
However, this result is still valuable as it is the first to implicate the Raftlin-
associated pathways in otosclerosis, potentially involving B-cell and T-cell
mediated responses. This opens a new avenue for future research to
explore the specific role of these autoimmune pathways in the disease’s
pathogenesis, rather than presenting Raftlin as a definitive marker.

Otosclerosis is a widespread disease with a yet-to-be elucidated
etiopathogenesis. In present study, Raftlin and NLR were statistically
significantly higher in the serum specimens of the patients with
otosclerosis compared with the healthy population. The results of the
present study confirm that inflammation plays a meritorious role in
the etiopathogenesis of otosclerosis. However, further controlled
studies containing more patients are necessary to provide a better
understanding of how inflammation affects the disease.
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