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To analyze long non-coding RNAs taurine up-regulated gene 1 expression in middle ear cholesteatoma and
its correlation with the degree of ossicle destruction. Sixty four patients with middle ear cholesteatoma
admitted to our hospital from June 2019 to December 2020 were selected as the research participants for
retrospective analysis. Middle ear cholesteatoma tissue and normal skin of the external auditory canal
were obtained to determine taurine up-regulated gene 1 expression. Correlations of taurine up-regulated
gene 1 with clinicopathological features and ossicle destruction as well as clinical efficacy were discussed.
Moreover, patients were followed up for 1 y to observe taurine up-regulated gene 1’s impacts on disease
recurrence. Taurine up-regulated gene 1 expression level increased in middle ear cholesteatoma tissue
(p<0.001), was strongly linked to the course of disease, history of ear canal diseases and pathological
staging (p<0.001). Taurine up-regulated gene 1 increased obviously in patients with complete ossicle
destruction and decreased in patients with intact ossicles (p<0.001). Pearson correlation coefficient
revealed a positive connection between taurine up-regulated gene 1 and the ossicle destruction score
(r=0.791, p<0.001). Taurine up-regulated gene 1 was the lowest in the cured patients and was higher in
ineffective patients than in improved patients (p<0.05). Spearman correlation coefficient identified an
inverse connection between taurine up-regulated gene 1 and therapeutic efficacy. Patients were given with
amoxicillin clavulanate potassium and prednisone after surgery and taurine up-regulated gene 1expression
was significantly decreased by these anti-infection drugs. Taurine up-regulated gene 1 also increased in
patients with recurrence during prognostic follow-up, with a sensitivity of 81.82 % and specificity of 86.00
% for predicting the 1 y recurrence in patients (p<0.001). Taurine up-regulated gene 1 is elevated in middle
ear cholesteatoma and is closely linked to ossicle destruction in patients, which may be a breakthrough in
diagnosing and treating middle ear cholesteatoma in the future.
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Middle Ear Cholesteatoma (MEC) is mainly induced by
chronic inflammation in the ear canal under long term
stimulation, which is more prevalent in the middle-aged
and elderly, with a high incidence in clinic!'?. Globally,
there are about 1 50 000 new cases of MEC each year,
representing a 4.5 fold increase in the incidence over
the past 20 y*4. The main pathological changes of
MEC are accelerated growth of skin basal cells in the
ear canal and epithelial keratinization and exfoliation,
which gradually compresses and destroys the tissues
around the ear, resulting in hearing impairment and
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headache. For patients with severe illness, MEC may
cause irreversible damage to the ossicles due to the
growth of MEC, which may further spread to deep brain
tissues, causing intracranial infection and endangering
the life safety of patientst®. Therefore, it is clearly
pointed out in clinical practice that surgical resection
of MEC is the most effective scheme to eliminate organ
damage and ensure patients’ life safety®. While to
achieve this end, improving the early diagnosis rate of
MEC is of utmost importance. But as the lesion is deep-
seated in the ear canal, it is very insidious in the early

Indian Journal of Pharmaceutical Sciences 138



www.ijpsonline.com

stagel”l. Given the fact that the pathological changes
of MEC and the range of bone destruction can only be
confirmed by high-resolution thin-layer Computerized
Tomography (CT) of the temporal bone®, finding a
marker that can effectively diagnose the occurrence of
MEC and understand the disease progression will be
a significant progress in improving the prognosis of
patients with MEC.

Modern medicine focuses on Long non-coding
RNAs (LncRNAs) in the study of most neoplastic
diseases®!”, As a kind of molecular substance with cell
cycle, cell differentiation and epigenetic regulation,
IncRNAs participate in a number of life activities and
disease development!!!l. In addition, IncRNA per se has
high cell regulation ability and can be easily detected
in cells, blood, tissues and organs, so it has great
potential to become a tumor disease marker, a disease
evaluation index and a molecular therapy target!'?.
Among them, IncRNA Taurine Up-Regulated Gene 1
(TUG1) is shown to play a vital part in osteosarcoma
and also affect the process of inflammatory reaction
through downstream molecular axist'*!4. Besides, it is
related to the development of brain cholesteatoma and
can promote cyst formation in pancreatic cancer!!>!°),
Nonetheless, its connection with MEC remains to be
defined.

We speculate that TUGI may also interfere with
MEC progression and clarification regarding this
issue will be of great implications for future disease
assessment of MEC. Therefore, this study will confirm
our above conjecture through experiments, aiming to
provide reliable theoretical guidance for future clinical
application of TUG1 in MEC treatment.

MATERIALS AND METHODS
Clinical data:

The internal Ethics Committee approved the study
protocol without reserves. Sixty four MEC patients
admitted to our hospital from June 2019 to December
2020 were selected as the research participants for
retrospective analysis. There were 39 males and 25
females with an age of (32.9+£6.5) y and a course of
disease of (7.24+2.04) d.

Eligibility criteria:

Inclusion criteria: Patients who met the clinical
manifestations of MEC and were diagnosed as MEC
after pathological examination in our hospital; patients
with unilateral lesions; patients with varying degrees of
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ossicle destruction by CT examination and patients with
complete case data. Informed consent was obtained
from patients before enrollment.

Exclusion criteria: This includes other malignant
tumors, cardiovascular and cerebrovascular discases,
severe heart, lung and renal dysfunction, cognitive
impairment, speech and hearing impairment and
inability to follow up patients due to hospital transfer.

Degree of ossicle destruction:

The temporal bone CT and surgical records was used
to detect the degree of ossicle destruction of patients,
with the parameters set as follows: 140 kV, 200 mA,
pitch ratio: 0.531:1 and layer thickness: 0.625 mm. The
original axial images were collected and uploaded to
the workstation for image Multiplanar Reorganization
(MPR), supplemented by tracking function. Then,
bone injury was determined by the reconstructed Three
Dimensional (3D) auditory ossicle images.

Treatment methods:

After admission, patients received corresponding
MEC surgical treatment according to the severity
of the disease, patients with stage I underwent MEC
resection; stage II patients were treated with MEC
resection combined with external auditory meatoplasty.
When the external auditory canal defect was large
during operation, the skin behind the ear was freed to
cover it; stage III patients underwent MEC resection,
mastoidectomy and tympanoplasty. All the operations
were performed by senior otolaryngologists in our
hospital and the MEC tissue and normal skin of the
external auditory canal sections were obtained during
the operation for subsequent detection. The treatment
method is carried out according to the study of Prasad et
al.'. After surgery, patients were given anti-infective
drugs including amoxicillin clavulanate potassium
tablet at the dosage of 375 mg/time, 3 times a day
(n=32) and prednisone tablet at the dosage of 20 mg/d
(n=32).

Detection methods:

Total RNA was extracted from tissues by Trizol and
transcribed into complementary DNA for quantitative
Reverse Transcription Polymerase Chain Reaction
(qRT-PCR) according to the kit instructions. TUCI
expression was calculated by 2-AACt (internal
reference: Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH)). The primer sequence (Table 1) was
completed by Guangzhou Biosense.
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TABLE 1: PRIMER SEQUENCES

Gene Forward Reverse
TUGT 5'-CTATACTCAGCTTCAGTGTT-3' 5'-TACTGTATGGCCACCACTCC-3'
GAPDH 5'-GAAGGCTGGGGCTCATTTGCAGGG-3'" 5-GGTGCAGGAGGCATTGCTGATGAT-3'

Efficacy evaluation:

Cured was translated in the disappearance of clinical
symptoms such as tinnitus, ear tightness and hearing
impairment, improvement of pure tone audiometry by
0-10 dB and no exudation of the external ear for more
than 6 mo; improved corresponded to obviously resolved
clinical symptoms, increase of pure tone audiometry
by 15-25 dB and a small amount of exudation in the
external auditory canal, with the presence of a small
amount of granulation and failure to meet the above
criteria was deemed ineffective.

Follow-up:

MEC patients were followed up for 1 y in the form of
hospital revisit.

Endpoints:

Primary endpoints: TUGI1 expression in MEC and
the association with clinicopathological features and
ossicle destruction degree.

Secondary endpoints: Correlations of TUG1 with
clinical efficacy, prognosis and recurrence.

Statistical methods:

All the results of this experiment were expressed in the

e

Fig. 1: Expression of TUG1 in MEC

form of (x£s) and the statistical calculation was carried
out by Statistical Package for the Social Sciences
(SPSS) 26.0 software. Inter-group comparisons
employed the independent samples t test (t), intra group
comparisons before and after surgery employed paired
t test (t) and multi group comparisons employed one
way Analysis of Variance (ANOVA) and Student-
Newman-Keuls (SNK) post-hoc test (F), with p<0.05
indicating statistically significant differences. Pearson
and Spearman correlation coefficients were utilized for
correlation analysis (r).

RESULTS AND DISCUSSION

TUG1 in MEC tissue was 3.43+0.47, which was
markedly higher than that in normal skin of external
auditory canal (p<0.001). We further analyzed TUGI1
through the online database ENCORI and also found
elevated TUGI expression in gastric adenocarcinoma,
head and neck squamous cell carcinoma, esophageal
carcinoma and cholangiocarcinoma, as shown in fig. 1.

TUG!1 in MEC had nothing to do with age, gender,
etiology and tumor location (p>0.05), but was closely
related to course of disease, history of ear canal disease
and pathological staging (p<0.001) Table 2.

1% mhrmal vt i CHOL

Note: ***p<0.001, (A) Expression of TUG1 in MEC; (B) Expression of TUGI in gastric adenocarcinoma; (C) Expression of TUG1
in head and neck squamous cell carcinoma; (D) Expression of TUGL1 in esophageal carcinoma and (E) Expression of TUG1 in chol-

angiocarcinoma
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TABLE 2: RELATIONSHIP BETWEEN TUG1 AND CLINICOPATHOLOGICAL FEATURES

n TUG1 torf P
Age
<58 27 3.45+0.30 0.33 0.741
>58 37 3.41+0.57
Course of disease
<5 29 3.08+0.30 7.61 <0.001
25 35 3.73+0.37
Gender
Male 39 3.43+0.44 0.16 0.875
Female 25 3.45:0.57
History of ear canal
disease
Yes 43 3.64+0.39 6.46 <0.001
No 21 3.010.31
Etiology
Primary 26 3.42+0.54 0.17 0.868
Secondary 38 3.44+0.42
Tumor location
Left 34 3.47+0.43 0.68 0.499
Right 30 3.39+0.51
Pathological staging
Phase | 19 2.98+0.32 47.8 <0.001
Phase Il 27 3.42+0.21%
Phase IlI 18 3.94+0.38*

Note: *indicates that there is a difference compared with patients with Stage | and #indicates that there is a difference compared with

patients with Stage Il

The ossicle destruction degree in MEC patients by CT
examination is shown in Table 3. TUGI1 was closely
bound up with the degree of malleus, incus and stapes
destruction (p<0.001). Subsequently, with 3 points for
complete destruction, 2 points for partial destruction
and 1 point for complete, the score of ossicle destruction
was calculated to be (4.84+1.78) points. Pearson
correlation coefficient analysis showed that TUG1 was
positively correlated with the ossicle destruction score
(r=0.791, p<0.001), that is, the higher the expression
of TUGI, the more serious the ossicle destruction as
shown in fig. 2.

After treatment, 47 patients were cured, 12 were
improved and 5 were ineffective. Comparison of TUG1
levels in patients with different curative effects showed
that TUG1 was the lowest in cured patients and higher in
ineffective patients than in improved patients (p<0.05).
The clinical curative effect was defined as 1 point for
cured, 2 points for improved and 3 for ineffective for
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Spearman correlation coefficient analysis. It showed
that TUG1 was positively correlated with TUGI
(r=0.697, p<0.001), that is, the higher the TUGI, the
worse the curative effect, as shown in fig. 3.

Asrevealedin fig. 4, TUG1 expression was significantly
decreased by amoxicillin clavulanate potassium
(t=8.768, p<0.001) and predisone (t=12.11, p<0.001).

During the 1 y follow-up, 61 MEC patients were
successfully followed up, with a success rate of 95.31
%. Eleven patients had disease recurrence, with a 1 y
recurrence rate of 18.03 %. Comparison of TUG1 levels
between recurrent and non-recurrent patients revealed
that TUG1 levels were notably higher in relapsed
patients (p<0.05). Receiver Operating Characteristic
(ROC) curve analysis identified that when TUG1 >3.62,
the sensitivity and specificity were 81.82 % and 86.00
% respectively in predicting the 1 y recurrence of MEC
(p<0.001), as shown in fig. 5.
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TABLE 3: OSSICLE DESTRUCTION DEGREE

n
Malleus
Complete destruction 7
Partial destruction 22
Complete 35
Incus
Complete destruction 6
Partial destruction 24
Complete 34
Stapes
Complete destruction 8
Partial destruction 26
Complete 30
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Fig. 2: Correlation between TUG1 and the degree of ossicle destruction

Note: (A) Correlation between TUG1 and the degree of malleus destruction; (B) Correlation between TUG1 and the degree of incus
destruction; (C) Correlation between TUG1 and the degree of stapes destruction, *p<0.05 and (D) Correlation between TUG1 and
ossicular damage scores

—_
A — B
5 59 .
(R = I B
s
5® 5 '
= = -
(=} = 24
1 14
r=0697, P<0.001
o T T T o T T 1
Heal Improve Invalid [1] 1 2 3

Clinical effect

Fig. 3: Correlation between TUG1 and clinical efficacy
Note: (A) TUGL1 levels in MEC patients with different curative effects, *p<0.05 and (B) Correlation between TUG1 and clinical
efficacy
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The potential threat of MEC deserves clinical attention
given its obviously increased in the past few years!®),
Although MEC is a benign lesion, it can still cause
serious consequences such as hearing impairment
and intracranial nerve infection if left treated in time
and effectively™. For MEC, the tumor tissue is not a
substantial tumor, so traditional tumor markers cannot
screen the occurrence of MECPY, And because of it,
finding a convenient, rapid and accurate marker is of
great significance for the early screening of MEC. This
study, by analyzing the clinical implications of TUG1
in MEC, lays a reliable foundation for the future use of
TUGTI in the diagnosis and treatment of MEC.

First, we found highly expressed TUGI in MEC,
suggesting that TUG1 may be involved in the onset
and progression of MEC. The online database also
revealed high TUGI expression in other tumor
diseases such as gastric adenocarcinoma, head and
neck squamous cell carcinoma, esophageal cancer and
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cholangiocarcinoma, which confirmed the consistent
expression profiling of the gene. Previous studies have
suggested that TUG1 can promote the multiplication
of squamous cells and activate epithelial cells through
nuclear factor erythroid 2-related factor 2222, The
histology of MEC also showed squamous epithelium
proliferation, epithelial keratinization and exfoliation,
as well as epithelial clump like aggregation®, which
may be the primary mechanism of TUG1 involvement
in MEC. By analyzing the connection between TUG1
and the clinicopathological features of MEC patients,
we found that TUG1 was closely related to the course of
disease, history of ear canal and pathological staging of
patients, which was another reminder of the importance
of TUGT1 for the development of MEC.

MEC usually develops from the pouch invagination
of the tympanic membrane relaxation. The destruction
of MEC starts from the superior crypt of the superior
tympanic recess between the malleus neck and the
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flaccid part and develops through the ossicle, mucosal
folds and ligaments, causing the destruction of the
ossicle and invading the tympanic sinus and mastoid
process?. So, evaluating the degree of ossicle
destruction is also one of the keys to understanding the
development of MEC®!. Therefore, to further confirm
the connection between TUG1 and MEC, we need to
fully grasp the relationship between TUG1 and ossicle
destruction. In this research, we found that TUGI1
was higher in patients with serious ossicle destruction
and was positively correlated with the ossicle
destruction score. Komori proposed that Runt-Related
Transcription Factor 2 (RUNX2) would be significantly
activated in bone tissues during bone damage and
destruction, triggering severe inflammatory damage!®.,
TUGI is involved in the occurrence and development
of osteosarcoma by promoting RUNX22", Hence, we
hypothesize that the mechanism by which TUGI affects
the ossicle might be related to RUNX2.

Subsequently, through the correlation analysis between
the clinical efficacy of patients and TUG1, we observed
that the higher TUGI, the worse the curative effect,
which also indicated that TUG1 had the potential effect
of evaluating MEC. On the other hand, it suggests that
we may treat MEC through targeted silencing of TUG1
in the future. At present, molecular targeted therapy is
a hot spot in clinical research’?®?°!, Whereas the current
treatment of MEC has major limitations. Due to the
concealed location of MEC, residual cholesteatoma
and loss of skin, tympanic membrane and facial nerve
of external auditory canal are easy to occur during
the surgical resection of tumor tissue, which not only
leads to a high recurrence rate, but may cause serious
complications such as narrowing of the external auditory
canal, deafness and facial paralysisi*”. While molecular
targeted therapy can effectively make up for the above
shortcomings, which is of great significance for further
improving the clinical treatment effect of MEC. During
the prognostic follow up we found that the disease
recurrence rate reached 18.03 %, demonstrating that
there was still much room for improvement in MEC
treatment. As for TUGI, it showed excellent effect in
predicting patients’ prognosis and recurrence, further
verifying its huge implications in MEC.

However, due to the limited experimental conditions,
only the tissues of MEC patients were analyzed in
this study. In fact, for the diagnosis of MEC, blood
samples are more preferable. In addition, due to the
lack of support from in vitro experiments, we are still
unable to determine the exact mechanism by which
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TUGI participates in MEC. We will carry out extended
experimental analysis as soon as possible in view of the
above shortcomings, to verify the effectiveness of the
treatment of MEC with TUGI1 as the treatment target
we proposed above.

To sum up, TUGI is elevated in MEC and is closely
related to ossicle destruction in patients, which may
be a breakthrough in future diagnosis and treatment of
MEC.
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