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Dysregulated Serum miR-222-3p, miR-595, and miR-130a-
3p as Potential Noninvasive Diagnostic Biomarkers for 

Papillary Thyroid Carcinoma

Shawnm Abdulah Ismaila, Parween Abdulsamad Ismailb, c

Abstract

Background: Thyroid cancer is the most common malignancy in 
the endocrine system, with an annual incidence growing faster than 
nearly any other cancer. Papillary thyroid carcinoma (PTC) represents 
the most prevalent subtype of thyroid cancer. Accumulating evidence 
indicates that specific microRNAs (miRNAs) are consistently dysreg-
ulated in PTC. This study aimed to evaluate differentially expressed 
miRNAs in serum, which might become potential biomarkers for the 
diagnosis of PTC.

Methods: A total of 75 PTC patients attending the Smart Health Tow-
er in Sulaymaniyah City and 55 healthy controls (HCs) from June 
2024 and May 2025 were enrolled in this case-control study. Reverse 
transcription-quantitative polymerase chain reaction (RT-qPCR) was 
used to measure the serum levels of certain miRNAs (hsa-miR-222-
3p, hsa-miR-595, and hsa-miR-130a-3p), with U6 serving as the in-
ternal reference. Using receiver operating characteristic (ROC) curve 
analysis, the diagnostic performance was determined.

Results: Three miRNAs presented significant dysregulation in PTC 
patients when compared with HC individuals (P < 0.0001). The miR-
222-3p and miR-595 expression levels were upregulated with approx-
imately 5-fold and 6.5-fold, respectively. Conversely, the miR-130a-
3p expression level was downregulated by approximately 5-fold. 
ROC curve analysis demonstrated exceptional diagnostic value: miR-
222-3p achieved an area under the curve (AUC) of 0.996 (95% con-
fidence interval (CI), 0.994–0.999) with 98% sensitivity and 100% 
specificity; miR-595 showed an AUC of 0.970 (95% CI, 0.901–0.996) 
with 92% sensitivity and 96% specificity; and miR-130a-3p exhibited 

an AUC of 0.939 (95% CI: 0.600–0.900) with 92% sensitivity and 
88% specificity. Similar expression patterns were identified across 
PTC, and the diagnostic performance remained consistent across all 
age and gender subgroups. Nonetheless, no statistically significant 
correlations between clinicopathological characteristics and miRNA 
expression were found.

Conclusions: Circulating serum levels of miR-222-3p, miR-595, and 
miR-130a-3p might serve as noninvasive diagnostic biomarkers for 
PTC. Elevated expression levels of miR-222-3p and miR-595 impli-
cate an oncogenic role, whereas reduced levels of miR-130a-3p indi-
cate a tumor-suppressive function in thyroid carcinogenesis. miRNAs 
could be essential molecular biomarkers for PTC diagnosis when ap-
plied in serum.

Keywords: hsa-miR-222-3p; hsa-miR-595; hsa-miR-130a-3p; Papil-
lary thyroid carcinoma

Introduction

Thyroid carcinoma (TC) is one of the most common malig-
nant neoplasms of the endocrine system. In 2020, an estimated 
that 586,000 new cases of TC were identified worldwide [1]. 
According to histological characteristics, TC can be divided 
into four primary groups: anaplastic thyroid carcinoma (ATC), 
medullary thyroid carcinoma (MTC), follicular thyroid carci-
noma (FTC), and papillary thyroid carcinoma (PTC) [2]. Dif-
ferentiated thyroid cancers (DTCs) include follicular and pap-
illary thyroid cancers due to their similar features and clinical 
behavior, comprising almost 90% of all TC cases [3]. PTC ac-
counts for most DTC diagnoses and is the most prevalent sub-
type of thyroid cancer, with its prevalence significantly rising 
in recent decades [4]. The increase in PTC diagnoses is primar-
ily attributed to environmental influence and improvements in 
auxiliary diagnostic techniques [5]. Although the majority of 
DTC cases exhibit a favorable prognosis, particularly those 
with PTC, approximately 10% of patients diagnosed with PTC 
will exhibit metastatic progression or succumb to the disease 
during the course of cancer development [6]. Nonetheless, the 
outlook for most PTC patients is positive for long-term sur-
vival, despite a recurrence rate of 25–30% in PTC cases [7].

Ultrasound, frequently utilized in PTC screening, has 
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identified thyroid nodules in up to 68% of assessed patients [4]. 
However, the gold standard for identifying thyroid nodules is 
fine-needle aspiration biopsy (FNAB); however, it has a num-
ber of drawbacks [8]. The size of the nodule, the anatomical 
location, and the cytopathologist’s level of experience can all 
affect the sensitivity and specificity of FNAB. Results might 
occasionally be inconclusive, necessitating additional testing 
or repeat biopsies. Moreover, it is a complex and invasive pro-
cedure associated with numerous potential complications [9, 
10]. Notably, as many as 15–30% of the FNAB samples cannot 
accurately distinguish between benign and malignant lesions, 
resulting in several patients undergoing needless thyroidecto-
mies for benign thyroid nodules [11]. Therefore, it is essential 
to identify sensitive and specific noninvasive diagnostic mo-
lecular biomarkers that can aid in the early diagnosis, progno-
sis, and monitoring of patients with PTC to prevent unneces-
sary surgeries and complications.

Endogenous, tiny, non-coding RNA molecules with a 
length of 19–25 nucleotides, microRNAs (also known as miR-
NAs or miRs) attach to the 3′ untranslated region (UTR) of tar-
get messenger RNAs (mRNAs) in the cytoplasm to act as post-
transcriptional negative regulators of gene expression [12]. 
These miRNAs are involved in essential biological processes 
like tissue differentiation, metabolism, cellular life cycles, em-
bryogenesis, and organogenesis. They exert critical regulatory 
functions on both oncogenes and tumor suppressor genes [13]. 
Recent results indicate that diverse molecular backgrounds, in-
cluding dysregulated miRNA expressions, are prevalent across 
many diseases and cancer types [14], particularly in thyroid 
malignancies and their most prevalent histological subtype 
PTC [15]. Furthermore, the correlation of miRNAs with the 
pathogenesis of other thyroid cancer forms, including FTC, 
MTC, and ATC, has also been shown [13]. In cases when DTC 
was diagnosed, tumor progression could be attributed to a 
DICER1 RNase IIIb hotspot mutation that results in an imbal-
anced expression ratio of 5p:3p miRNAs [16].

PTC, distinguished by its unique molecular profile, fre-
quently demonstrates changes in miRNA expression. The as-
sociation between these miRNA alterations and disease pro-
gression is making specific miRNAs ideal candidates for being 
diagnostic or prognostic indicators [17, 18]. Previous studies 
of PTC tissue samples indicate that the expression levels of 
miR-146b, miR-221, miR-222, miR-375, miR-455-3p, and 
miR-551b-3p are significantly upregulated, whereas the ex-
pression levels of miR-204, miR-873, miR-532-5p, miR1296-
5p, and miR-1301-3p are downregulated, potentially serving 
as biomarkers for diagnosing PTC patients [15, 19]. MiRNAs 
are considered to be highly stable molecules in tissues and 
biofluids (e.g., serum, plasma), with certain miRNAs being 
released from tissues into circulation with the disease progres-
sion, hence facilitating noninvasive biomarker identification 
[20]. Nonetheless, it is sometimes unfeasible to differenti-
ate between benign and malignant tissue prior to surgery [4]. 
Conversely, blood samples are easily accessible, minimally 
invasive, and cost-effective, making them highly attractive for 
biomarker research [20, 21]. Moreover, a recent study by Ver-
rienti et al (2025) investigated the potential of miR-146a-5p 
and miR-221 as novel diagnostic biomarkers for PTC using 

serum samples. The research indicated that these circulating 
miRNAs might accurately detect PTC and enhance the pre-
operative care of patients [22]. However, there are currently 
limited investigations of circulating miRNAs for the diagnosis 
of DTC (PTC and FTC), and the findings are inconsistent.

In this study, we focused on three specific miRNAs (miR-
222-3p, miR-595, and miR-130a-3p). The rationale for their 
selection was twofold: first, our initial bioinformatic analysis 
of public expression repositories highlighted them as top-tier 
candidates; second, emerging literature has functionally im-
plicated them in cell proliferation, apoptosis, invasion, and 
metastasis. By combining bioinformatic priority with verified 
literature-based relevance, we aimed to test their clinical ap-
plicability as circulating diagnostic tools.

This study sought to determine the biomarkers for the 
early detection of PTC as novel, noninvasive diagnostics by 
analyzing the expression levels and clinical significance of 
three miRNA molecules (hsa-miR-222-3p, hsa-miR-595, and 
hsa-miR-130a-3p) in serum samples and assessing the differ-
ences between patients with PTC and healthy controls (HCs).

Materials and Methods

Patient studies and clinical samples

This study was designed as a case-control investigation com-
prising a total of 130 participants. The study was conducted 
at the Smart Health Tower, Sulaymaniyah City, between June 
2024 and May 2025. The patient group consisted of 75 indi-
viduals (50 females and 25 males) with a histopathologically 
confirmed diagnosis of PTC. An additional 55 age- and gen-
der-matched HCs (35 females and 20 males) were included 
for comparative analysis. The HC group comprised individuals 
with no history of thyroid disease or malignancy, and no fam-
ily history of thyroid disorders. HCs were recruited from the 
health examination center at the same institution during the 
same study period. Eligible controls had: (1) normal thyroid 
ultrasound findings showing no thyroid nodules; (2) normal 
serum thyroid hormone profiles (thyroid-stimulating hormone 
(TSH), free triiodothyronine (FT3), free thyroxine (FT4)); and 
(3) no history of thyroid disease or family history of thyroid 
dysfunction. Inclusion criteria were: (1) age >18 years; (2) 
primary diagnosis of PTC; and (3) preoperative blood sam-
ple collection. Patients were excluded if they presented with: 
(1) non-PTC thyroid malignancies; (2) secondary or recurrent 
PTC; (3) a prior history of neoadjuvant therapy, radiotherapy, 
or chemotherapy; (4) autoimmune conditions; or (5) concur-
rent secondary malignancies. The definitive reference standard 
for PTC diagnosis was postoperative histopathological confir-
mation evaluated by two experienced pathologists, classified 
in accordance with the World Health Organization (WHO) di-
agnostic criteria. All clinical staging was performed based on 
the eighth edition of the American Joint Committee on Cancer 
(AJCC)/tumor-node-metastasis (TNM) staging system.

Serum samples from PTC patients were collected 1 day 
before total thyroidectomy. Demographic data (age, gender) 
and primary tumor histology (tumor size, lymph node metasta-
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sis, TNM stage) were retrieved from patient medical records. 
The eighth edition of the AJCC staging manual was used to 
categorize the cancer stages [23]. All subjects provided written 
informed consent, and the study methodology was approved 
by the local Ethics Committee Salahaddin University (Ap-
proval No. 21008/2024). The study was conducted in accord-
ance with the ethical standards of the Salahaddin University 
committee and the principles of the Declaration of Helsinki 
and its subsequent amendments. Blood samples (5 mL) were 
obtained from all participants, and the serum was isolated 
following centrifugation at 3,000 rpm for 10 min at 4 °C. An 
aliquot of 200 µL of fresh serum was immediately used for 
miRNA extraction and cDNA synthesis, while the remaining 
sera were stored in aliquots at −80 °C for further analysis. To 
control for the confounding effects of pre-analytical hemolysis 
on circulating miRNA levels, all plasma/serum samples under-
went strict quality control screening. Hemolysis was assessed 
by visual inspection. Samples showing signs of hemolysis 
were excluded from subsequent RNA extraction and miRNA 
profiling.

The sample size was calculated using G*Power software 
(v3.1). An independent-samples t-test with a two-tailed alpha 
of 0.05 and a total sample size of 130 achieved 80.4% statisti-
cal power.

Total RNA extraction

Total RNA was isolated from serum samples with the Add 
Prep Total RNA Extraction Kit (Product Code: 10119, Korea). 
In brief, 200 µL of serum was mixed with 400 µL of lysis buff-
er, and the pellet was subsequently resuspended by vortexing. 
Then, 4 µL of β-mercaptoethanol and 20 µL of proteinase K 
(20 mg/mL) were added at 56 °C for 10 min to complete the 

dissociation of nucleoprotein complexes. Further processing 
of the samples was performed according to the manufacturer’s 
protocol. The isolated RNA was eluted in 50 µL of RNase-free 
water. The concentration and purity of the extracted RNA were 
assessed using the NanoDrop ND-1000 spectrophotometer 
(Biometrics, Wilmington, USA) by measuring the optical den-
sity at 260 nm and 280 nm (A260/280 ratio). After the extrac-
tion, the samples were promptly processed or stored at −80 °C.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR)

Complementary deoxyribonucleic acid (cDNA) was syn-
thesized from the extracted RNA utilizing the AddScript Kit 
(Product Code: 22701, Korea) in accordance with the manu-
facturer’s guidelines. For each reaction, cDNA synthesis was 
performed as follows: 10 µL of 2 × reaction buffer, 2.0 µL of 
10 mM dNTPs, 2.0 µL of specific stem-loop primers, 4 µL of 
RNA template, and 1.0 µL of 20 × AddScript enzyme solution, 
with 1 µL of nuclease-free water in a total volume of 20 µL. 
The miRNA primer sequences that were used in the study are 
presented in Table 1. Reverse transcription (RT) reaction was 
carried out in a thermal cycler with the following steps: prim-
ing at 25 °C for 10 min, RT at 50 °C for 60 min, RT enzyme in-
activation at 80 °C for 5 min, and holding at 12 °C indefinitely. 
The generated cDNA was stored at −20 °C until analysis.

Quantitative real-time PCR (qPCR) reaction was conduct-
ed in a final volume of 25 µL using RealQ Plus 2 × Master 
Mix SYBR Green (Amplicon, Denmark) following the manu-
facturer’s protocol. Each reaction mixture comprised 12.5 µL 
of PCR master mix, 1 µL of each primer, 3 µL of cDNA as 
a template, and 7.5 µL of PCR-grade water. A negative con-
trol containing all reagents except target miRNA was included 

Table 1.  Oligonucleotide Primers Used in RT-qPCR for microRNA Expression

miRNAs Primer 
status Primer sequence Length of oligo-

nucleotides (bps) Accession numbera

has-miR-222-3p Stem-loop 5’AGAACGGTTTGTGCGAGCCCCTCG-
CACAAACCGTTCTTATTACCCAG3’

47 MIMAT0000279

Forward 5’AGCTACATCTGGCTACTGGGT3’ 21
Reverse 5’GCGAGCCCCTCGCACAAA3’ 18

has-miR-595 Stem-loop 5’GCGGGGGATTTAAAATAGT-
GACACTTTTCAAACGCCCCCAGACAC3’

45 MIMAT0003263

Forward 5’ATGAAGTGTGCCGTGGTGTGTCT3’ 23
Reverse 5’AGTGACACTTTTCAAACGCCC3’ 21

has-miR-130a-3p Stem-loop 5’GCGGGGGATTTAAAATAGT-
GACACTTTTCAAACGCCCCCATGCCCTT3’

47 MIMAT0000425

Forward 5’CAGTGCAATGTTAAAAGGGCAT3’ 22
Reverse 5’TGACACTTTTCAAACGCCC3’ 19

RNU6-1 (U6) U6-RT 5’CGCTTCACGAATTTGCGTGTCAT3’ 23 NR_004394
Forward 5’GCTTCGGCAGCACATATACTAAAAT3’ 25
Reverse 5’CGCTTCACGAATTTGCGTGTCAT3’ 23

aFrom the miRBase database. miRNA: microRNA; RT-qPCR: reverse transcription-quantitative polymerase chain reaction.
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to detect contamination in each qPCR assay. The qPCR was 
evaluated using the model version (Biorad CFX96 Real-time 
PCR System, USA), and all the reaction conditions were set 
up as follows: 95 °C for 3.5 min, followed by 40 cycles of 
denaturation at 95 °C for 38 s, annealing temperature for 30 s 
(61 °C for hsa-miR-595, 62 °C for hsa-miR-222-3p, 57 °C for 
hsa-miR-130a-3p, and 59 °C for U6), and 40 s at 72 °C with 
fluorescence readings during extension. All analyses were 
performed in duplicate to remove any outliers. Melting curve 
analysis (MCA) was performed from 65 °C to 95 °C with 0.5 
°C increments every 5 s to evaluate the specificity of the PCR 
products. The cycle threshold (Ct) values for all samples were 
normalized to U6 as the endogenous control, and the expres-
sion levels of miRNAs were determined using the comparative 
2−(ΔΔCt) method (ΔCt = CtmiRNA − CtU6).

Data analysis and fold change calculation

Relative miRNA expression levels were analyzed using the 
comparative cycle threshold (ΔΔCt) method, as described by 
Livak and Schmittgen (2001). The cycle threshold (Ct) repre-
sents the PCR cycle number at which the fluorescence signal 
rises above the background level. The ΔCt value was calcu-
lated by subtracting the Ct value of the endogenous reference 
gene RNU6-1 (U6) from the Ct value of each target miRNA 
(Livak and Schmittgen, 2001).

ΔCt = Ct(target miRNA) − Ct(reference gene, U6)
The ΔΔCt value was subsequently calcu-
lated as: ΔΔCt = ΔCt(patient) − ΔCt(control)

The fold change in expression was determined  
using the equation: Fold change = 2−ΔΔCt

A fold change greater than 1 was considered indicative of 
upregulation, whereas a fold change less than 1 was indicative 
of downregulation of the target miRNA relative to the untreat-
ed control group.

Statistical analysis

All statistical analyses were performed using GraphPad Prism 
(version 10.4.2, GraphPad Software, USA) and MedCalc Sta-
tistical Software (version 20.215, MedCalc Software, Bel-
gium). Relative expression levels of hsa-miR-222-3p, hsa-
miR-595, and hsa-miR-130a-3p were quantified using the 
comparative 2−ΔΔCt method, with RNU6-1 (U6 small nuclear 
RNA) serving as the endogenous reference gene to normalize 
for inter-sample variation in cDNA input. Before inferential 
analyses, the normality of all continuous variables was as-
sessed using the Shapiro–Wilk test. Because the data did not 
meet the assumption of normality, non-parametric statistical 
methods were applied throughout. Differences in miRNA ex-
pression levels, thyroid function parameters, and clinicopatho-
logical features between PTC patients and HCs were evaluated 
using the Mann–Whitney U test, whilst comparisons across 
multiple independent subgroups were conducted using the 
Kruskal–Wallis test. Categorical and demographic variables 

were compared using Fisher’s exact test. Continuous data are 
presented as mean ± standard error of the mean (SEM), where-
as non-normally distributed data are expressed as median with 
interquartile range (IQR). The diagnostic performance of each 
miRNA was evaluated by receiver operating characteristic 
(ROC) curve analysis, from which the area under the curve 
(AUC) with 95% confidence interval (CI), sensitivity, speci-
ficity, and optimal cut-off values were determined.

Results

Demographic characteristics of patients with PTC and 
control group

Table 2 presents the baseline demographic and clinical char-
acteristics of the study participants, comparing 75 patients 
with 55 controls. The variables assessed include age, gender, 
smoking status, alcohol consumption, physical activity, and 
family history of thyroid cancer. Overall, most characteristics 
were comparable between the two groups, except for family 
history of TC, which showed a statistically significant differ-
ence. The majority of participants in both groups were aged ≤ 
45 years. Among patients, 50 (66.67%) were ≤ 45 years com-
pared with 35 (63.64%) controls, while 25 (33.33%) patients 
and 20 (36.36%) controls were > 45 years. The difference was 
not statistically significant (P = 0.5018), indicating that age 
distribution was similar between patients and controls. This 
suggests that age was unlikely to act as a confounding factor 
in this study.

Females predominated in both groups, particularly among 
patients (66.67%) compared with controls (63.64%), while 
males accounted for 33.33% of patients and 36.36% of con-
trols. However, this difference was not statistically significant 
(P = 0.5109). The higher proportion of females aligns with the 
known epidemiology of thyroid cancer, which occurs more 
frequently in women. Most participants in both groups were 
non-smokers. Among patients, 57 (76.00%) were non-smokers 
compared with 42 (76.36%) controls. Smokers comprised 18 
(24.00%) of patients and 13 (23.64%) of controls. There was 
no statistically significant difference (P = 0.642), suggesting 
that smoking status was comparable between the groups.

Evaluation of miRNA relative expression in all PTC and 
HC

The expression levels of three miRNAs revealed statistically 
significant dysregulation in PTC patients compared with the 
HCs (P < 0.0001 for all comparisons), as summarized in Table 
3. Specifically, hsa-miR-222-3p demonstrated substantial up-
regulation in the PTC group (5.275 ± 4.359) compared with 
healthy individuals (1.041 ± 0.335), representing an approxi-
mately 5-fold increase in expression levels (Fig. 1a). Similarly, 
hsa-miR-595 showed marked overexpression in the patient 
population (6.68 ± 2.752) relative to controls (1.061 ± 0.584), 
with nearly 6.5-fold elevated expression (Fig. 1b). Converse-
ly, hsa-miR-130a-3p exhibited a distinct expression pattern, 
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showing significant downregulation in PTC patients (0.205 ± 
0.1445) compared with the HC (1.178 ± 0.9345), indicating an 
approximately 5-fold reduction in expression (Fig. 1c). These 
findings indicate that hsa-miR-222-3p and hsa-miR-595 may 
function as oncogenic miRNAs or disease-promoting factors, 
while hsa-miR-130a-3p appears to function as a tumor sup-
pressor miRNA or protective factor.

The diagnostic value of the three miRNAs in PTC patients

ROC curve analysis was performed to evaluate the diagnostic 
efficacy of three circulating miRNAs, as illustrated in Table 
4. The analysis examined that hsa-miR-222 3p exhibited ex-
ceptional discriminatory ability with AUC of 0.996 (95% CI, 
0.994–0.999; P < 0.001), achieving near-perfect diagnostic 
value with 98% sensitivity and 100% specificity at an optimal 
cut-off value of > 1.769. The hsa-miR-595 showed a slightly 
lower AUC of 0.970 (95% CI, 0.901–0.996; P < 0.001), dem-

onstrating 92% sensitivity and 96% specificity at a cut-off 
threshold of > 1.533, indicating excellent diagnostic ability 
but being slightly less precise than hsa-miR-222-3p. Addition-
ally, hsa-miR-130a-3p demonstrated a strong diagnostic value 
with a moderate AUC of 0.939 (95% CI, 0.600–0.900; P < 
0.001) and maintained 92% sensitivity with 88% specificity 
at a cut-off value of ≤ 0.425, using a downregulation threshold 
rather than upregulation. All three ROC curves were substan-
tially above the diagonal reference line, and the statistically 
significant P values < 0.001 confirmed the robust discrimina-
tory power of these miRNAs in diagnosing PTC patients very 
well from HC, as shown in Figure 2. As a whole, the results 
suggested that hsa-miR-222-3p, hsa-miR-595, and hsa-miR-
130a-3p were effective noninvasive diagnostic biomarkers for 
PTC; among them, hsa-miR-222-3p showed the highest per-
formance as a biomarker.

Combined panel of miRNA as a diagnostic biomarker of 
PTC

Figure 3 presents the ROC analysis of the combined miRNAs 
for the diagnosis of PTC, evaluating their diagnostic perfor-
mance in terms of the AUC, sensitivity, and specificity. The 
combined analysis of the three miRNAs (hsa-miR-222-3p, 
hsa-miR-595, and hsa-miR-130a-3p) demonstrated excellent 
diagnostic performance, with an AUC of 0.996, a sensitivity of 
85.7%, and a specificity of 100%. These findings suggest that 
combining the three miRNAs may improve diagnostic speci-
ficity compared with individual miRNAs.

Table 2.  Baseline Demographic and Clinical Characteristics of Study Participants

Characteristics Patients (n = 75) Controls (n = 55) P value
Age (years)
    ≤ 45 50 (66.67%) 35 (63.64%) 0.5018
    > 45 25 (33.33%) 20 (36.36%)
Gender
    Male 25 (33.33%) 20 (36.36%) 0.5109
    Female 50 (66.67%) 35 (63.64%)
Smoking status
    Yes 18 (24.00%) 13 (23.64%) 0.642
    No 57 (76.00%) 42 (76.36%)
Alcohol consumption
    Yes 10 (13.33%) 0 (0.00%) 0.195
    No 65 (86.67%) 55 (100.0%)
Physical activity
    Active (≥ 3 times/week) 18 (24.0%) 16 (29.09%) 0.5308
    Inactive (< 3 times/week) 57 (76.0%) 39 (70.91%)
Family history of TC
    Yes 20 (26.67%) 0 (0.00%) 0.0215
    No 55 (73.33%) 55 (100.0%)

TC: thyroid carcinoma.

Table 3.  The expression Profiles of the Three microRNAs in 
PTC Patients Compared With the HC

miRNAs
Relative expression (2−ΔΔCT)

P value
PTC (n = 75) HC (n = 55)

hsa-miR-222-3p 5.275 ± 4.359 1.041 ± 0.335 < 0.0001
hsa-miR-595 6.68 ± 2.752 1.061 ± 0.584 < 0.0001
hsa-miR-130a-3p 0.205 ± 0.1445 1.178 ± 0.9345 < 0.0001

miRNA: microRNA; HC: healthy control; PTC: papillary thyroid carcinoma.
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Table 4.  The analysis of ROC Curves for the Diagnostic Value of Three Selected miRNAs Markers in PTC

miRNAs Cutoff AUC P value SE 95% CI Sensitivity (%) Specificity (%)
hsa-miR-222-3p > 1.769 0.996 < 0.001 0.03267 0.994–0.999 98.00 100.00
hsa-miR-595 > 1.533 0.97 < 0.001 0.03544 0.901–0.996 92.00 96.00
hsa-miR-130a-3p ≤ 0.425 0.939 < 0.001 0.0719 0.600–0.900 92.00 88.00

P value < 0.001. AUC: area under the curve; CI: confidence interval; miRNA: microRNA; PTC: papillary thyroid carcinoma; SE: standard error.

Figure 1. The figure demonstrates the comparison of relative expression (2−ΔΔCT values) in PTC patients and the healthy group. (a) 
hsa-miR-222-3p demonstrated substantial upregulation in the PTC group (5.501 ± 2.331) compared with healthy individuals (1.095 ± 
0.3532), representing an approximately 5-fold increase in expression levels. (b) hsa-miR-595 showed marked overexpression in the 
patient population (6.876 ± 1.635) relative to controls (1.062 ± 0.3477), with nearly 6.5-fold elevated expression. (c) hsa-miR-130a-3p 
exhibited a distinct expression pattern, showing significant downregulation in PTC patients (0.2343 ± 0.1601) compared with the HC 
(1.241 ± 0.6993), indicating an approximately 5-fold reduction in expression. HC: healthy control; PTC: papillary thyroid carcinoma.

Figure 2. Receiver operating characteristic (ROC) curve analysis was conducted to assess the diagnostic performance of hsa-
miR-222-3p, hsa-miR-595, and hsa-miR-130a-3p. The analysis evaluated that hsa-miR-222 3p exhibited exceptional discriminatory 
ability with an area under the curve (AUC) of 0.996 (95% CI, 0.994–0.999; P < 0.001), achieving near-perfect diagnostic value with 
98% sensitivity and 100% specificity at an optimal cut-off value of > 1.769. The hsa-miR-595 showed a slightly lower AUC of 0.970 
(95% CI, 0.901–0.996; P < 0.001), demonstrating 92% sensitivity and 96% specificity at the cut-off threshold of > 1.533, indicating 
excellent diagnostic ability but was slightly less precise than hsa-miR-222-3p. Additionally, hsa-miR-130a-3p demonstrated a strong 
diagnostic value with a moderate AUC of 0.939 (95% CI, 0.600–0.900; P < 0.001) and maintained 92% sensitivity with 88% specific-
ity at a cut-off value of ≤ 0.425, using a downregulation threshold rather than upregulation. CI: confidence interval.
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Evaluation of miRNA expression in all PTC versus HC 
based on demographic subgroups

The comparative analysis of miRNA expression levels (miR-
222, miR-595, and miR-130a-3p) between PTC patients and 
HC was performed across different age and sex categories, 
with P values indicating statistical significance as shown in 
Table 5. In the participants aged ≤ 45 years (n = 50 patients, n = 
35 controls) (Fig. 4a–c), as well as those > 45 years (n = 25 pa-
tients, n = 20 controls), remarkably similar relative expression 
was demonstrated (Fig. 4d–f). Specifically, miR-222-3p was 
shown to be significantly upregulated in the PTC patients, with 
average fold changes of 5.09 ± 4.295 and 5.459 ± 4.849 for 
younger and older groups, respectively, relative to the control 
group values of approximately 1.0 (P < 0.0001 for both com-
parisons). Similarly, miR-595 expression pattern was found to 
be elevated in patients across both age strata, with expression 
levels reaching 6.734 ± 2.785 and 6.413 ± 3.106 in the respec-
tive patient versus 1.103 ± 0.5735 and 1.061 ± 0.7875 in HCs 

(P < 0.0001). In contrast, miR-130a-3p revealed marked down-
regulation in the patient group, with mean values of 0.198 ± 
0.144 and 0.221 ± 0.182, compared with values exceeding 1.0 
in HCs (P < 0.0001). Sex-stratified analysis confirmed these 
findings, with male (n = 25 patients, n = 20 controls) and fe-
male (n = 50 patients, n = 35 controls) subgroups exhibiting 
nearly identical expression profiles of three selected miRNAs, 
as shown in Figure 5a–f, suggesting that the observed dysregu-
lation is independent of demographic features.

Clinicopathological characteristics of PTC and relative 
expression of hsa-miR-222-3p, hsa-miR-595, and hsa-miR-
130a-3p in serum samples

Table 6 summarizes the association between clinicopathologi-
cal characteristics of PTC and the serum expression levels of 
hsa-miR-222-3p, hsa-miR-595, and hsa-miR-130a-3p. Ex-
pression levels were calculated using the 2−ΔΔCT method and 
presented as mean ± SEM. Statistical significance was set at 
P < 0.05. Patients were grouped into micro/small tumors (≤ 
2 cm, n = 28) and larger tumors (> 2 cm, n = 47). Expression 
differences between groups were modest. Although miR-595 
showed slightly lower expression in larger tumors, the differ-
ence was not statistically significant. These miRNAs do not 
appear to correlate with tumor size, suggesting they may not 
reflect tumor burden. Patients were stratified into: N0 (no me-
tastasis), N1a (central compartment) and N1b (lateral compart-
ment). All P values exceeded 0.05. Although minor fluctua-
tions were observed among groups, there was no statistically 
significant association between miRNA expression and lymph 
node status. Tumors were staged according to the AJCC TNM 
system. Although stage IV showed a numerically higher mean 
for miR-130a-3p, variability was high and statistical signifi-
cance was not reached. Serum expression levels of these miR-
NAs are not significantly associated with tumor stage. There-
fore, they do not appear to reflect disease progression severity 
in this cohort.

Although these miRNAs may still have diagnostic poten-
tial (e.g., distinguishing PTC patients from HCs), this table 
suggests they lack prognostic value for stratifying patients 

Table 5.  The Comparative Expression of hsa-miR-222-3p, hsa-miR-595, and hsa-miR-130a-3p in PTC Patients and HC According 
to Age and Gender

Demographic 
characteristics Groups Number miR-222-3p P value miR-595 P value miR-130a-3p P value

Age (year) ≤ 45 35 controls 1.103 ± 0.365 < 0.0001 1.103 ± 0.5735 < 0.0001 1.178 ± 1.046 < 0.0001
50 patients 5.09 ± 4.295 6.734 ± 2.785 0.198 ± 0.144

> 45 20 controls 1.041 ± 0.3835 < 0.0001 1.061 ± 0.7875 < 0.0001 1.084 ± 0.741 < 0.0001
25 patients 5.459 ± 4.849 6.413 ± 3.106 0.221 ± 0.182

Gender Male 20 controls 1.01 ± 0.6375 < 0.0001 1.177 ± 0.434 < 0.0001 1.003 ± 0.6177 < 0.0001
25 patients 5.059 ± 4.638 5.459 ± 4.362 6.93 ± 2.784

Female 35 controls 1.179 ± 0.664 < 0.0001 1.166 ± 1.1195 < 0.0001 1.139 ± 0.646 < 0.0001
50 patients 6.538 ± 2.803 0.221 ± 0.176 0.18 ± 0.14

P value < 0.0001is measured as significant difference between subgroups. HC: healthy control; PTC: papillary thyroid carcinoma.

Figure 3. ROC curve for PTC patients of combined hsa-miR-222-3p, 
hsa-miR-595, and hsa-miR-130a-3p. The combined analysis of all miR-
NAs significantly enhanced the diagnostic performance, achieving the 
highest AUC of 0.968, sensitivity of 0.857, and specificity of 1.0. AUC: 
area under the curve; ROC: receiver operating characteristic; PTC: 
papillary thyroid carcinoma.
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by clinicopathological severity. The absence of correlation 
with tumor burden or metastatic status may indicate that these 
miRNAs are involved in early tumorigenesis rather than pro-
gression, or that their serum levels are influenced by systemic 
rather than tumor-specific mechanisms. The relatively small 
subgroup sizes (e.g., stage I and IV, N0 and N1b) may limit 
statistical power. Larger, multicenter cohorts may be required 
to detect subtle associations. Table 6 demonstrates that serum 
levels of hsa-miR-222-3p, hsa-miR-595, and hsa-miR-130a-
3p are not significantly associated with clinicopathological 
characteristics of PTC. While these miRNAs may serve as 
potential biomarkers for PTC presence, they do not appear to 

reflect disease severity, metastatic status, or stage within this 
patient population.

Discussion

This study analyzed the relative expression of three miRs 
(miR-222-3p, miR-595, and miR-130a-3p) in serum samples 
of PTC patients compared with HC group, showing signifi-
cant dysregulation patterns that underscore their potential as 
diagnostic biomarkers in PTC. The observed upregulation 
of miR-222-3p by approximately 5-fold in PTC patients ex-

Figure 4. Differential expression profiles of circulating miRNAs in PTC (n = 75) compared with HC samples (n = 55) stratified 
by age. (a) miR-222-3p age ≤ 45 years. (b) miR-595 age ≤ 45 years. (c) miR-130a-3p age ≤ 45 years. (d) miR-222-3p age > 45 
years. (e) miR-595 age > 45 years. (f) miR-130a-3p age > 45 years. miR-222-3p was shown to be significantly upregulated in 
the DTC, with the average fold change of 5.408 ± 2.296 and 5.718 ± 2.476 for younger and older groups, respectively, relative 
to the control group values of approximately 1.0 (P < 0.0001 for both comparisons). miR-595 expression pattern was found to 
be elevated in patients across both age strata, with expression levels reaching 6.897 ± 1.62 and 6.827 ± 1.726 in the respective 
patient versus 1.1 ± 0.3339 and 0.9936 ± 0.3814 in healthy controls (P < 0.0001). miR-130a-3p revealed marked downregulation 
in the patient group, with mean values of 0.2267 ± 0.1434 and 0.2521 ± 0.1983 compared with HC exceeding 1.0 (P < 0.0001). 
miRNA: microRNA; PTC: papillary thyroid carcinoma; DTC: differentiated thyroid cancers; HC: healthy control.
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hibited exceptional diagnostic performance, with an AUC of 
0.996, a sensitivity of 98%, and specificity of 100%. This find-
ing is corroborated by recent meta-analytical evidence prov-
ing a high diagnostic value of the miR-221/222 cluster in PTC 
across multiple populations, suggesting the specificity could 
reach 100% and the sensitivity of 94.3% [24]. In addition, the 
overexpression of miR-222-3p validates findings of Armos et 
al (2024), who identified miR-222-3p among 30 significantly 
dysregulated miRNAs in 118 matched PTC tissues, establish-
ing its consistent aberrant expression in TC and supporting its 
potential as a diagnostic marker [15].

The upregulation of miR-222-3p aligns with previous 

studies identifying it as a key oncogenic factor in TC, facilitat-
ing radioresistance and modulates critical signaling pathways 
including SOCS3/STAT3 [25]. miR-222-3p has demonstrated 
to promote proliferation, invasion, and migration of PTC by 
downregulating PTEN expression and activating the AKT 
signaling pathway [26, 27]. Supporting these mechanistic in-
vestigations, Matos et al (2024) found that miR-222-3p was 
significantly overexpressed in both cytological and histologi-
cal samples of DTC with 73% sensitivity, and strongly asso-
ciated with extrathyroidal extension, vascular invasion, and 
BRAF mutations [28]. A similar study by Kazlauskiene et al 
(2024) revealed that PTC patients had significantly higher 

Figure 5. Gender stratified differential relative expressions of three miRNAs in PTC patients compared with the HCs. (a) miR-
222-3p in males. (b) miR-222-3p in females. (c) miR-595 in males. (d) miR-595 in females. (e) miR-130a-3p in males. (f) miR-
130a-3p in females. Data are presented as mean ± SEM; P value < 0.0001. Sex-stratified analysis confirmed these findings, 
with male (n = 25 patients, n = 20 controls) and female (n = 50 patients, n = 35 controls) subgroups exhibiting nearly identical 
expression profiles of three selected miRNAs. HC: healthy control; miRNA: microRNA; PTC: papillary thyroid carcinoma; SEM: 
standard error of the mean.
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plasma levels of miR-221-5p and miR-222-3p than HC, estab-
lishing them as novel markers for early diagnosis and monitor-
ing of TC [29]. Moreover, the observed upregulation of miR-
222-3p in our PTC patient cohort is consistent with a recent 
study demonstrating that serum miR-221-3p, a closely related 
member of the miR-221/222 cluster, efficiently discriminates 
benign from malignant thyroid nodules, presenting a novel di-
agnostic biomarker for PTC [22].

Beyond PTC, limited but significant information is avail-
able on the role of miR-222 in FTC. Nikiforova et al (2008) 
discovered that miR-221 and miR-222 were elevated in FTC 
[30]. However, Jikuzono et al (2013) documented substan-
tial overexpression of miR-222 in metastatic FTC, whereby 
this miRNA facilitates carcinogenesis by targeting CDKN1B/
CDKN1C and influencing metalloproteinase pathways [31]. 
Therefore, these miRNAs seem to be directly linked to the 
pathophysiology of both PTC and FTC, indicating wider diag-
nostic relevance for TC.

Similarly, the upregulation of miR-595 in PTC patients, ex-
hibiting an approximate 6.5-fold increase relative to HC groups, 
represents a novel finding in TC research. Although limited lit-
erature exists specifically investigating miR-595 in thyroid can-
cers, its expression is elevated in PTC tissue samples, where it 
promotes cell migration by downregulating the sex-determining 
region Y-box 17 (Sox17) and consequently causing overexpres-
sion of the inflammatory cytokine interleukin-22 [32]. Krissan-
sen et al (2015) examined the expression of miR-595 and found 
it to be significantly elevated in sera of patients with active 
inflammatory bowel disease compared with controls, where it 
targets NCAM-1 and FGFR2 to disrupt epithelial barrier integ-
rity and promote disease pathogenesis [33]. Furthermore, Hao et 
al (2016) showed that miR-595 expression was upregulated in 

glioblastoma cells and tissues. The overexpression of miR-595 
ameliorated glioblastoma cell proliferation and colony forma-
tion by suppressing SOX7 [34]. The strong diagnostic efficacy 
observed in our cohort (AUC = 0.970, sensitivity = 92%, speci-
ficity = 96%) aligns with results in hepatocellular carcinoma 
(HCC), where miR-595 attained an AUC of 0.92 in differentiat-
ing cirrhotic patients with HCC from those without malignancy, 
surpassing conventional biomarkers [35].

In contrast, miR-595 showed tumor suppressor properties, 
as it was found to be downregulated in HCC tissue and associat-
ed with poor overall survival, with studies showing that miR-595 
inhibits cell proliferation, migration and invasion through sup-
pressing of the NF-κB signaling pathway by targeting ABCB1 
[36]. Similar results were described by Tian et al (2016), who 
reported that the expression of miR-595 was significantly lower 
in epithelial ovarian cancer tissue compared with noncancerous 
ovarian tissues [37]. These findings suggested that miR-595 
showed context-dependent roles in different cancer types, func-
tioning as an oncogene in TC while exhibiting tumor suppressor 
activity in hepatocellular and ovarian cancers, warranting fur-
ther validation in larger multicenter studies.

Conversely, the substantial downregulation of miR-
130a-3p in PTC patients, showing approximately a fivefold 
reduction compared with HC, suggests that this miRNA may 
function as a potential tumor suppressor in thyroid cancers. 
miR-130a-3p was significantly downregulated in PTC tissue 
compared with adjacent normal tissue, indicating a tumor sup-
pressor function [38]. Additionally, the robust diagnostic per-
formance of miR-130a-3p in our study, evidenced by an AUC 
of 0.939 with 92% sensitivity and 88% specificity, along with 
its inverse expression relative to the upregulated miRNAs, 
suggests a tumor-suppressive role in PTC that warrants fur-

Table 6.  Clinicopathological Characteristics of PTC and Relative Expression of hsa-miR-222-3p, hsa-miR-595, and hsa-miR-130a-
3p in Serum Samples

PTC clinical feature Groups Num-
ber

hsa-miR-222-3p hsa-miR-595 hsa-miR-130a-3p
Expression level P value Expression level P value Expression level P value

Age (years) ≤ 45 50 5.408 ± 2.296 0.6709 6.897 ± 1.62 0.8904 0.2267 ± 0.1434 0.6112
> 45 25 5.718 ± 2.476 6.827 ± 1.726 0.2521 ± 0.1983

Gender Male 25 5.714 ± 2.239 0.6481 7.17 ± 1.6 0.3675 0.2547 ± 0.1871 0.5233
Female 50 5.392 ± 2.403 6.725 ± 1.657 0.2238 ± 0.1463

Tumor size (cm) ≤ 2 28 5.404 ± 2.452 0.7893 7.26 ± 1.551 0.1269 0.226 ± 0.1586 0.7402
> 2 47 5.584 ± 2.266 6.549 ± 1.662 0.2413 ± 0.164

Lymph node metastasis (LNM) LN (N0) 15 5.851 ± 2.62 0.7742 6.7 ± 1.637 0.8296 0.2483 ± 0.1259 0.5879
LN (N1a) 45 5.505 ± 2.318 7.018 ± 1.659 0.2114 ± 0.1496
LN (N1b) 15 5.171 ± 2.213 6.766 ± 1.694 0.2655 ± 0.2074

TNM stage (AJCC) I 11 5.851 ± 2.62 0.8686 6.7 ± 1.637 0.9455 0.2483 ± 0.1259 0.3935
II 43 5.452 ± 1.944 6.822 ± 1.804 0.2047 ± 0.1961
III 10 5.497 ± 2.529 7.027 ± 1.575 0.2162 ± 0.13
IV 11 4.781 ± 1.713 6.716 ± 2.04 0.3434 ± 0.2673

The expression levels were calculated by 2−ΔΔCT. Data are expressed as mean ± standard error of the mean (SEM). No statistically significant asso-
ciations were detected between miRNAs expression and any clinical features, P values > 0.05. TNM: tumor node metastasis; AJCC: American Joint 
Committee on Cancer; PTC: papillary thyroid carcinoma.
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ther mechanistic exploration. Zhu et al (2020) [39] corrobo-
rated our findings by reporting that miR-130a acts as a tumor 
suppressor in PTC. Analysis of PTC tissue specimens demon-
strated a significant downregulation of miR-130a in malignant 
compared with adjacent normal tissue. Ectopic expression of 
miR-130a in PTC inhibited proliferation, reduced colony for-
mation, and triggered apoptosis, supporting our results relating 
to the tumor-suppressive function of miR-130a-3p in TC [39]. 
In a recent study, Wang et al (2023) [40] established the mo-
lecular basis of miR-130a-3p tumor suppressor activity in PTC 
by targeting the PSME3/KPNB1 axis. miR-130a-3p-mediated 
PSME3 suppression downregulated KPNB1, leading to inhibi-
tion of cellular proliferation, invasion, and migration, while 
enhancing apoptosis in PTC cells [40].

In addition, miR-130a-3p has been identified in other 
types of cancer. Poodineh et al (2020) indicated that miR-
130a-3p was dramatically downregulated in triple-negative 
breast cancer (TNBC) cell lines compared with normal cells, 
and its restoration suppressed Wnt signaling genes while re-
ducing proliferation and migration, indicating its role as tu-
mor suppressor in TNBC [41]. Similarly, Song et al (2021) 
suggested that miR-130a-3p was significantly downregulated 
in colorectal cancer and functioned as a tumor suppressor by 
directly targeting WNT1 and blocking the downstream onco-
genic factors c-myc and cyclin D1 [42].

Contrary to our findings indicating the tumor-suppressive 
characteristics of miR-130a-3p, other studies have shown onco-
genic functions for this miRNA in different types of malignan-
cies. Hu et al (2021) showed that miR-130a-3p was upregulated 
in gastric cancer and promoted tumor growth by directly tar-
geting GCNT4, which activated the TGF-β1/SMAD3 pathway 
[43]. Similarly, Marconi et al (2022) recently revealed that exo-
somal miR-130a-3p was significantly overexpressed in relapsed 
non-small cell lung cancer (NSCLC) and promoted malignant 
progression by activating angiogenesis, epithelial-mesenchymal 
transition, and upregulating expression of metastasis-associated 
genes RAC1 and NRP2 [44]. These contrasting observations 
suggest that miR-130a-3p exhibits context-dependent and tis-
sue-specific regulatory functions, potentially modulated by the 
unique tumor microenvironment and available target genes in 
different cancer types. The three analyzed miRNAs did not pos-
sess statistically significant correlation with clinicopathological 
characteristics, which is in contrast to earlier studies that associ-
ated miR-222-3p with aggressive characteristics such as lymph 
node metastasis, extrathyroidal invasion, and recurrence, espe-
cially in BRAFV600E-positive patients [45, 46]. This discord-
ance may be attributed to several factors, such as limited sample 
size, ethnic homogeneity, or cohort-specific properties.

Nevertheless, the consistent diagnostic performance 
across demographic subgroups, with no significant variations 
observed in age and sex-stratified analyses, emphasized the 
robustness and generalizability of these miRNAs as diagnostic 
biomarkers. The observation that hsa-miR-222-3p and hsa-
miR-595 showed comparable expression levels in PTC, while 
hsa-miR-130a-3p demonstrated a trend toward differential ex-
pression, suggests that hsa-miR-130a-3p may serve as a more 
specific biomarker for disease progression. The three-miRNA 
panel achieved exceptional diagnostic performance, with miR-
222-3p demonstrating near perfect discrimination between 

PTC and HC groups. Given the lack of a statistically signifi-
cant link between circulating miRNA levels and advanced clin-
icopathological features (e.g., TNM stage or lymph node me-
tastasis), these biomarkers function purely as diagnostic tools 
rather than instruments for prognostic risk stratification [47, 
48]. Future research should focus on validating these findings 
in independent, multicenter cohorts with variable ethnicity, 
elucidating mechanistic functions in thyroid carcinogenesis, 
exploring their utility in monitoring treatment and predicting 
disease recurrence. Finally, exploration of multi-miRNA pan-
els, combining the optimal panel with other molecular markers 
or clinical parameters further broadens potential clinical use of 
the miRNAs a PTC diagnostic tool.

Study limitations

Although our findings were promising, several major limi-
tations need to be addressed. First, the medical condition of 
thyroid cancer patients posed challenges for blood collection. 
Second, limitations of our pilot study include its small sam-
ple size, potential for selection bias, and case–control design, 
which preclude the ability to demonstrate causation. Third, 
the case-control design, single-center experience, and inclu-
sion of PTC patients only may limit the generalizability of our 
findings to other populations and thyroid cancer subtypes. The 
generalizability of the results requires further studies. Further 
functional studies are necessary to elucidate the mechanisms 
by which miR-222-3p, miR-595, and miR-130a-3p correlate 
and regulate the metastasis of papillary thyroid cancer. Despite 
the limitations of sample size and single-center design, these 
findings provide compelling evidence for the clinical applica-
bility of serum-based miRNA profiling in the management of 
PTC. Future multicenter validation studies with larger, ethni-
cally diverse cohorts are essential to confirm these findings, 
elucidate the mechanistic roles of these miRNAs in thyroid 
carcinogenesis, and assess their potential for monitoring treat-
ment response and predicting disease recurrence, thereby pro-
gressing toward personalized diagnostic and therapeutic strate-
gies for papillary thyroid cancer.

Finally, a notable limitation of this study is the exclusion 
of patients with benign thyroid conditions (such as benign fol-
licular adenomas or nodular goiters). While our comparison 
between PTC patients and HCs serves as a necessary proof of 
concept for biomarker identification, it does not demonstrate 
whether these miRNAs can differentiate PTC from nonma-
lignant thyroid pathologies. Future multi-center prospective 
studies incorporating a cohort of benign thyroid disorders are 
required to validate the diagnostic specificity and clinical util-
ity of these biomarkers

Conclusions

This study demonstrates that circulating miR-222-3p, miR-
595, and miR-130a-3p were significantly dysregulated in papil-
lary thyroid cancer and have excellent diagnostic performance, 
with miR-222-3p achieving near-perfect discrimination. The 
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marked overexpression of miR-222-3p and miR-595, coupled 
with significant downregulation of miR-130a-3p in PTC se-
rum samples compared with HCs, suggests that these miRNAs 
serve as sensitive, stable and noninvasive biomarkers for PTC 
detection. Moreover, the consistency of these expression lev-
els across demographic subgroups underscores their reliability, 
though the absence of correlation with clinicopathological fea-
tures indicates that their main function is diagnostic rather than 
prognostic. Despite the limitations of sample size and single-
center design, these findings provide compelling evidence for 
the clinical applicability of serum-based miRNA profiling in 
the management of PTC. Future multicenter validation studies 
with larger, ethnically diverse cohorts are essential to confirm 
these findings, elucidate the mechanistic roles of these miR-
NAs in thyroid carcinogenesis, and assess their potential for 
monitoring treatment response and predicting disease recur-
rence, thereby progressing toward personalized diagnostic and 
therapeutic strategies for PTC.
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