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ABSTRACT
Background: Hypothyroidism, marked by a deficiency in thyroid hormone levels, is a common
condition with varying clinical presentations. The diagnosis primarily relies on statistical reference
ranges of biochemical parameters, which remains a topic of contention. While manageable, un-
treated cases can lead to serious consequences. MicroRNAs, small non-coding RNAs, have been im-
plicated in hypothyroidism and other diseases, underscoring their significant role in pathophysiol-
ogy. Methods: The study describes the bioinformatics techniques utilized to identify miR-148a-5p
and to determine its secondary structure in hypothyroidism using databases such as NCBI, miR-
base, TargetScan, and RNAfold. For clinical validation, blood samples from individuals with hy-
pothyroidism and normal controls were collected, RNA was extracted, and reverse transcription
was performed. The expression levels of RNA and IL-6 were quantified, and statistical analysis was
conducted. Results: Examination of the secondary structure reveals that hsa-miR-148a-5p has
a minimum free energy of -27.90 kcal/mol. Consequently, our findings indicate dysregulation of
miR-148a-5p and IL-6 expression in patients with hypothyroidism. There is upregulation of IL-6
and downregulation of miR-148a-5p, suggesting potential roles for these molecules in the patho-
genesis of hypothyroidism. Conclusion: The computational analysis suggests that miR-148a-5p
is a promising diagnostic, prognostic, and therapeutic target for hypothyroidism. Based on the
data presented in the study, the decreased expression of miR-148a-5p and elevated levels of IL-6
in patients with hypothyroidism suggest potential roles for these molecules in the pathogenesis
of hypothyroidism. Further research is warranted to comprehensively understand dysregulation at
the level of miR-148a-5p and its impact on IL-6 pathways in hypothyroidism.
Key words: Hypothyroidism, microRNA-148a-5p, Interleukin-6, gene expression, treatment,
biomarker, health, diagnosis

INTRODUCTION
The thyroid gland is a small, butterfly-shaped organ
located at the front of the neck, playing a pivotal role
in controlling various physiological processes. Hy-
pothyroidism is a condition characterized by the in-
sufficient production of thyroid hormones T4 and
T3, which often results in elevated levels of thyroid-
stimulating hormone (TSH). Globally, iodine defi-
ciency is recognized as the primary cause of thyroid
disorders1. Symptoms of hypothyroidism are diverse
and include irregular menstrual cycles, impaired cog-
nitive development in children, fatigue, weight gain,
etc. Conventional diagnostic methods, such as labo-
ratory tests measuring T3, T4, and TSH levels, are in-
strumental in assessing thyroid function2. Levothy-
roxine, a synthetic form of the thyroid hormone, is the
first-line treatment for hypothyroidism and is widely
prescribed. Following its conversion from thyroxine
(T4) to its active form, triiodothyronine (T3), levothy-
roxine modulates gene expression through intricate

signaling pathways3. This process is intricately con-
trolled by tissue-specific and cell-specific thyroid hor-
mone transporters, various receptor isoforms, and in-
teractions with corepressors and coactivators. The
thyroid gland consists of follicles that enable the syn-
thesis of thyroid hormones through the iodination of
tyrosine residues in the glycoprotein thyroglobulin.
TSH, produced by the anterior pituitary gland and re-
sponsive to circulating thyroid hormones, directly im-
pacts thyroid follicular cells by binding to the TSH re-
ceptor located on the basolateral membrane4. How-
ever, the early diagnosis and prognosis of hypothy-
roidism continue to be a challenge.
MicroRNAs (miRNAs) are small, non-coding RNAs
that intricately regulate the translation of specific
protein-coding genes. Numerous studies have linked
alterations in miRNA expression to the development
of various diseases, including several types of cancer5.
miRNAs, typically containing 19-24 nucleotides, can
bind to complementary sequences of target mRNAs,
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causing target destruction or translation repression,
which can be used to mute gene expression. Mi-
croRNAs regulate about one-third of all mammalian
genes5,6. Recent research reveals that miRNAs are
detectable in plasma and exhibit remarkable stability,
resisting endogenous ribonuclease activity by bind-
ing to specific plasma proteins or by being pack-
aged into secretory vesicles such as exosomes. Some
miRNAs are actively secreted, serving as intercellular
messengers. Consequently, numerous up-regulated
blood-based miRNAs have been identified, showing
promise for cancer detection, predicting prognosis,
and monitoring tumor dynamics7. RNA sequencing
analyses reveal that miR-148a-5p is downregulated
across various cancer types, including gastric cancer
(GC), associated with poorer survival outcomes. In
non-small-cell lung cancer (NSCLC), decreased miR-
148a-3p expression suggests its role in disease pro-
gression and treatment8,9. Several studies have in-
vestigated miRNA expression in various types of thy-
roid tumors, revealing deregulation of miRNAs in
cancerous tissues compared to their normal counter-
parts, with miRNA expression profiles varying sig-
nificantly among different histological types of thy-
roid cancer10. Growing evidence suggests that mi-
croRNAs, such as miR-148, miR-128, and miR-30,
play a crucial role in regulating plasma LDL-C levels
and controlling VLDL secretion, proposing that mi-
croRNAs could have functional and therapeutic po-
tential in managing dyslipidemia development in pa-
tients with hypothyroidism11.
Notably, interleukin-6 (IL-6) is shown to be a key
pathophysiological mediator in a wide range of dis-
eases. Numerous cell types, including cancer cells, T
and B lymphocytes, macrophages, fibroblasts, and en-
dothelial cells, have been shown to release IL-6, play-
ing a pivotal role in modulating inflammatory and
immune responses. As a proinflammatory cytokine,
IL-6 is a key contributor to inflammatory conditions
and may serve as a valuable marker for distinguish-
ing different thyroid diseases12. Recent studies indi-
cate a significant elevation in serum IL-6 levels among
hypothyroid patients13,14. Patients with hypothy-
roidism generally have significantly higher levels of
IL-6 and TNF-α compared to euthyroid controls,
consistent with previous studies that show chronic in-
flammation in hypothyroid patients, leading to other
risks such as heart disease14. In the present study,
we identified a new microRNA involved in hypothy-
roidism and analyzed the expression levels of mi-
croRNA and its target in the blood samples of hy-
pothyroidismpatients. Our primary objective is to in-
vestigate the expression levels of miR-148a-5p and IL-
6 in patients with hypothyroidism, comparing them

statistically with those of a control group comprising
healthy individuals. By focusing on these molecular
components, we aimed to gain insights into the un-
derlying mechanisms of this prevalent metabolic dis-
order.

METHODS

Obtaining Hypothyroidism-Specific Se-
quences and themiRNAs

Data from the Human Genome Sequence were ac-
cessed through the web portal of the National Cen-
ter for Biotechnology Information (NCBI) for the In-
ternational Nucleotide Sequence Database Consor-
tium. The search keyword ”hypothyroidism genome
sequences of Homo sapiens” was used to obtain
hypothyroidism-specific sequences. After removing
duplicates and low-quality sequences, we created a
local nucleotide database. Pre-miRNA (38,589 as of
2022) and mature miRNA (48,885 as of 2023) of hu-
mans were retrieved from miRBase and used as ref-
erence sequences (http://www.mirbase.org/). Ulti-
mately, we searched for homologous sequences in the
hypothyroidism database15.

Identification of Precursor-miRNAs

Mature miRNA sequences served as the initial query
for finding homologous sequences in hypothyroidism
nucleotide databases. BLAST (Basic Local Align-
ment Search Tool) version 2.2.2+ was used, and ho-
mology searches were conducted with a threshold E-
value of 0.01. Additionally, BLAST searches against
the NCBI protein database were performed to vali-
date sequences, allowing for a maximum of 3 mis-
matches. Subsequently, aligned portions were identi-
fied and considered as candidates for pre-microRNA
sequences15.

Validation of Candidate Pre-miRNA and
Their Targets

To validate candidate pre-miRNA sequences,
RNAfold was used to predict their secondary struc-
tures within the hypothyroidism genome sequence.
Several criteria were assessed: 1) confirmation of
suitable stem-loop hairpin structures, 2) localization
of mature miRNA on one side of the hairpin, 3) the
presence of <7 mismatches of opposite microRNA
present in the other arm, and 4) maintenance of a
secondary structure with an A+U content between
40-70% and higher negative energy 15. Additionally,
target prediction was conducted using TargetScan to
identify potential miRNA targets.
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Collection of Samples
The study received approval from the institutional
ethical committee, and all sample collection adhered
to the principles outlined in the Helsinki Declara-
tion. Twenty blood samples were collected from hy-
pothyroidism patients and healthy individuals with
informed consent from the Department of Medicine,
at Saveetha Medical College and Hospitals. The di-
agnosis of hypothyroidism was confirmed by the De-
partment of Biochemistry at the same institution. Fol-
lowing collection, the samples underwent centrifuga-
tion, and the plasma was stored at -20◦C for further
analysis.

Inclusion and Exclusion Criteria
Participants meeting the following requirements: >18
years of age, capacity to provide informed con-
sent were eligible for recruitment. Individuals with
secondary complications like hypertension were ex-
cluded from the study.

RNA Extraction and Quantification
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was
added to plasma samples for extraction, as per the in-
structions in the manual. The quantity and quality
of isolated RNA were assessed using the NanoDrop
2000 Lite spectrophotometer (Thermo Fisher Scien-
tific, Waltham, US). Following this step, the RNA
samples were stored at -20◦C to maintain their in-
tegrity for subsequent analysis16,17.

Reverse Transcription
Reverse transcriptionwas performed by adding oligo-
dT18 primer (Promega, 50µM), deoxyribonucleotide
triphosphate (dNTP), and nuclease-free water to the
RNA sample. The mixture was then incubated at
65◦C for 5 minutes, followed by immediate cooling
to achieve a total volume of 10µ l. Subsequently, the
10µ l template RNA primer mixture was added to re-
verse transcriptase, murine RNase inhibitor, and 5x
prime buffer. Nuclease-free water was used to make
up to 20µ l. The reaction mixture underwent ther-
mal cycling on a PCR (MiniAmp Plus Thermal Cy-
cler, Thermo Fisher) at 30◦C for 10 mins, 42◦C for
30 mins, 95◦C for 5 mins, followed by a final incuba-
tion at 40◦C. The resulting cDNA was quantified us-
ing a NanoDrop Lite spectrophotometer and stored at
-20◦C for further processing16,17.

Expression Using qRT-PCR
ThecDNA samples were utilized for expression analy-
sis using SybrGreen (Takara, Japan) targeting the IL-6

gene and miR-148a-5p. GAPDH served as the inter-
nal control for IL-6, while U6 was used for miR-148a-
5p normalization. All the required primers were ob-
tained from Origene. The CFX96 Real-Time System
(Bio-Rad) was used for the expression studies. The
PCR cycling process started with an initial denatura-
tion step at 95◦C for 30 seconds to separate the DNA
strands. Then, for 40 cycles, denaturation occurred at
95◦C for 5 seconds, followed by annealing at specific
temperatures for 30 seconds. Each cycle allowed the
DNA to denature, primer binding, and extension by
DNA polymerase. Finally, a melt curve analysis was
performed to assess specificity by gradually increasing
the temperature. These tests were performed as dupli-
cates, and the expression of the genes was calculated
using the equation 2−∆∆Cq 16,17.

Statistical Analysis

The mean values obtained from duplicate experi-
ments, along with their standard error of the mean
(SEM), were included in the data presentation. Statis-
tical analysis was conducted using the Student’s t-test,
utilizing the Microsoft Excel 365 program, to deter-
mine the presence of significant differences between
various experimental groups. A p-value of≤ 0.05 was
considered indicative of statistical significance (*).

RESULTS

Identification of pre-miRNA and Its Sec-
ondary Structure

MicroRNAs play an important role in the regulation
of gene expression, impacting disease regression and
progression. Thus, the identification ofmiRNAs asso-
ciated with hypothyroidism could facilitate early di-
agnosis and treatment. Using a computational ap-
proach, we retrieved hypothyroidism human genome
sequences from the NCBI database and precursor
miRNAs from miRBase. Following the collection of
these sequences, we carefully assessed their secondary
structures. One miRNA identified, hsa-miR-148a-
5p, was found within the hypothyroidism genome se-
quence. The mature sequence of hsa-miR-148a-5p
was determined using RNAfold, possessing a mini-
mum free energy of -27.90 kcal/mol.
Table 1 illustrates the stem-loop and the mature se-
quences of miR-148a-5p, while Figure 1 depicts its
secondary structure. Table 2 provides more details,
including the mature sequence, minimum free en-
ergy, pre-miRNA length, A+U% content of hsa-miR-
148a-5p, and match extent.
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Figure 1: Depicts the secondary structure of miR-148a-5p, clearly highlighting the matured sequence re-
gions. This detailed illustration shows the RNAmolecule’s base-pairing interactions and structural elements, such
as stem-loops. Highlighting themature sequence provides insight into the functional part of miR-148a-5p, crucial
for its role in gene regulation.

Table 1: Table represents the stem loop andmature sequence of miR-148a-5p

No Structure Sequence

1 Stem-loop GAGGCAAAGUUCUGAGACACUCCGACUC
UGAGUAUGAUAGAAGUCAGUGCACU
ACAGAACUUUGUCUC

2 Mature
miRNA

AAAGUUCUGAGACACUCCGACU

Table 2: Table represents the pre-miRNA length, minimum free energy, mature sequence,match extent, and
A+U% content of has-miR-148a-5p

Source
miRNA

Source
organism

Pre-miRNA
length

Minimum Free
Energy

Mature Sequence Match
Extent

Strand A+U%

miR-
148a-5p

Homo
sapiens

68 -27.90 kcal AAAGUUCUGAGA
CACUCCGACU

22/22 5p 54.41
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Figure 2: Represent expression Levels of miR-148a-5p in Hypothyroidism and control sample. The level
of miR-148a-5p is downregulated in hypothyroidic patients compared to normal ones. P < 0.05 is considered
statistically significant.

Figure 3: Represents the expression levels of IL-6 in hypothyroidic patients vs. normal individuals. The IL-6
levels were significantly elevated in hypothyroidism when compared to normal. *P < 0.05 considered statistically
significant
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Table 3: Table represents the target genes of miR-148a-5p with their molecular functionand biological process

No Target Protein Molecular function Biological process

1 Interleukin 6 Multifunctional cytokine Cellular function

2 Cyclin 1 Phosphorylates targets Mitotic cell cycle

3 Vasohibin 2 Actin binding Metastasis

4 Cell division cycle 73 Transcription Parafibromin formation

5 Transferrin receptor Erythrocyte development T and B cell proliferation

Finding the Targets
A TargetScan analysis was conducted to ascertain the
targets of this specific miRNA. The analysis revealed
various significant transcripts targeted by miR-148a-
5p, including IL-6, Cyclin D1, Vasohibin 2, Trans-
ferrin Receptor, among others. Table 3 provides an
overview of these target genes in hsa-miR-148a-5p
and their respective biological processes and molec-
ular functions.

Gene Expression Analysis of miR148a-5p
and IL-6
The analysis of gene expression via qRT-PCR indi-
cated differential expression levels of miR-148a-5p
and IL-6 in hypothyroid patient blood samples com-
pared to normal samples. Specifically, miR-148a-
5p expression was significantly downregulated in hy-
pothyroidism, while IL-6 exhibitedmarkedly elevated
expression levels in hypothyroid patients. These find-
ings suggest potential roles for miR-148a-5p and IL-6
in the pathogenesis of hypothyroidism. Refer to Fig-
ure 2 and Figure 3 for a graphical representation of
the gene expression profiles of miR-148a-5p and IL-
6 in hypothyroid and normal blood samples, respec-
tively.

DISCUSSION
Hypothyroidism, a prevalent endocrine disorder,
arises from insufficient production of thyroid hor-
mone, often leading to various metabolic disorders.
Despite its widespread occurrence, diagnosing hy-
pothyroidism poses significant challenges due to its
nonspecific symptoms. Treatment typically involves
levothyroxine replacement therapy, aiming to restore
thyroid hormone levels to normal2. However, achiev-
ing optimal dosing and symptom management can
be complex, requiring careful monitoring and ad-
justment over time. Thyroid hormones are inte-
gral to regulating numerous metabolic processes, and
are also involved in non-alcoholic fatty liver dis-
ease (NAFLD). Individuals diagnosed with hypothy-
roidismmay have a higher risk of developing NAFLD

compared to those with normal thyroid function18.
Identification of miRNAs associated with hypothy-
roidism holds significant promise for the early diag-
nosis and treatment of the disease. Initially, computa-
tional analysis is required to identify the novelmiRNA
biomarker, miR-148a-5p, within the hypothyroidism
genome sequences, highlighting its potential role in
disease control. These miRNAs also show downreg-
ulation in hypothyroidism and gastric cancer, and
upregulation in liver fibrosis8. Additionally, target
scan analysis reveals several genes targeted by this
miRNA, including IL-6, cyclin D1, etc. From this
study, IL-6 is highly expressed in hypothyroidism
and in advanced-stage tumors. IL-6 has potential tu-
morigenicity and anti-inflammatory functions, so it
is expressed more in diseased conditions. Dysregula-
tion of miR-148a and IL-6 may correlate with disease
severity in hypothyroidism. Our study did not inves-
tigate the functions or associations of thesemolecules;
instead, it focused exclusively on their expression lev-
els. Gene expression analysis using qRT-PCR demon-
strates miR-148a-5p downregulation and elevated IL-
6 in hypothyroid patients compared to normal sam-
ples, indicating their involvement in disease pathol-
ogy. To fully understand how miR-148a-5p and IL-6
regulate the onset and progression of hypothyroidism,
further research is needed. Moreover, as this study
is a pilot study, larger and more diverse populations
should be included in further investigation. Hence, to
gain a greater understanding of hypothyroidism and
its link betweenmiR-148a-5p and the IL-6 gene, more
research is required to explore potential connections
between miR-148a-5p, IL-6, and other genes or bio-
logical pathways linked to this condition.

CONCLUSIONS
Overall, our study primarily focused on the expres-
sion levels of miR-148a-5p and IL-6 in patients with
hypothyroidism. We statistically compared those val-
ues with those of normal individuals. Decreased lev-
els of miR-148a-5p contribute to hypothyroidism by
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disrupting gene expression crucial for thyroid hor-
mone synthesis and metabolism, exacerbating the
condition. Elevated IL-6 levels indicate an inflamma-
tory response, common in hypothyroidism, leading to
various complications. A feedback loop likely exists
between miR-148a-5p and IL-6 levels, perpetuating
inflammation and worsening hypothyroidism. Un-
derstanding this interplay offers potential therapeutic
avenues formanaging hypothyroidism and its compli-
cations. Conclusively, a better understanding of those
molecular components may lead to the discovery of
innovative pharmaceutical strategies to better treat
those with common metabolic disorders and assist
patients suffering from hypothyroid complications in
order to reduce morbidity and mortality. These find-
ings shed light on the molecular mechanism under-
lying hypothyroidism and provide a basis for further
investigation into potential therapeutic targets and di-
agnostic biomarkers.

ABBREVIATIONS
A+U - Adenine + Uracil (nucleotide bases), BLAST
- Basic Local Alignment Search Tool, Cq - Quan-
tification Cycle (threshold cycle in PCR), GC - Gas-
tric Cancer, GAPDH - Glyceraldehyde 3-Phosphate
Dehydrogenase (internal control), Homo sapiens -
The scientific name for humans, IL-6 - Interleukin-
6, LDL-C - Low-Density Lipoprotein Cholesterol,
miRbase - MicroRNA database, NAFLD - Non-
Alcoholic Fatty Liver Disease, NCBI - National Cen-
ter for Biotechnology Information, NSCLC - Non-
Small Cell Lung Cancer, PCR - Polymerase Chain Re-
action, qRT-PCR - Quantitative Reverse Transcrip-
tion Polymerase Chain Reaction, RNA - Ribonucleic
Acid, SEM - Standard Error of the Mean, SIMATS -
Saveetha Institute of Medical and Technical Sciences,
T3 - Triiodothyronine, T4 - Thyroxine, TNF-α - Tu-
mor Necrosis Factor alpha, TRIzol - A reagent used
for RNA extraction, TSH - Thyroid-Stimulating Hor-
mone, U6 - U6 snRNA (small nuclear RNA, serves as
a normalization control), VLDL - Very Low-Density
Lipoprotein
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