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Are MicroRNA 190 and MicroRNA95-3P in the
Circulation Can Be Used As Predictive Bioindicators in
Differentiated Thyroid Cancer in Patients with Atypia
of Undetermined Significance Based on Thyroid Fine
Needle Aspiration Biopsy Results?
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Objective: It is not always possible to make a definitive diagnosis preoperatively based on thyroid fine needle
aspiration biopsy results. Decision making is quite complicated in cases with atypia of undetermined significance
(AUS). MicroRNAs have been shown to be associated with the development of neoplasia. For this purpose, we
aimed to investigate if the circulating microRNA 190 and microRNA 95-3P can be used as biomarkers to distinguish
preoperatively between postoperatively detected benign and malign cases based on pathological evaluation of
thyroid fine needle aspiration biopsy (FNAB) specimens which established the diagnosis of atypia of undetermined
significance (AUS)
Method: Patients with diagnosis of atypia of undetermined significance based on preoperative fine needle aspiration biopsy results as malignant (n=29) or benign (29) were included in the study. Venous blood samples were
isolated using a specific miRNA kit.
Results: According to the postoperative pathology results, statistically significant differences were detected
between thyroid cancer, and benign cases as for circulating levels of miRNA 190 and miRNA 95-3p.
Conclusion: It has been thought that miRNA 95 and miRNA 190 assessment can help to differentiate thyroid cancer
from benign thyroid nodules and may be useful in avoiding unnecessary surgery in patients with atypical cells of
undetermined significance.
Keywords: miRNA, fine needle aspiration biopsy, atypical cells of undetermined significance
ÖZ
Amaç: TİİAB’leri ile preoperatif olarak her zaman kesin tanı konulamamaktadır. Önemi belirsiz atipi saptanan olgularda karar vermek oldukça karmaşıktır. MikroRNA’ların neoplazi gelişimi ile ilişkili olduğu gösterilmiştir. Bu amaçla
çalışmamızda, TİİAB’ı ÖBA saptanıp posto-operatif patoloji sonucu benign ve malign olan olguları preoperatif
dönemde birbirinden ayırt etmede bir biyobelirteç olarak dolaşımdaki mikroRNA 190 ve mikroRNA 95-3P düzeylerinin araştırılması amaçlandı.
Yöntem: Çalışmaya preopretif ince iğne aspirasyon biyopsisinde önemi belirsiz atipi saptanan hastalar dahil edildi.
Operasyon sonrası patoloji sonucu malign ve benign olan 29’ar hasta çalışmaya alındı. Hastalardan alınan venöz
kan örnekler miRNA’ta özgü bir kit kullanılarak izole edildi.
Bulgular: Ameliyat sonrası patoloji sonuçlarına göre tiroid kanseri saptanan olgularla benign olan olgular arasında
dolaşımdaki miRNA 190 ve miRNA 95-3p arasında istatistiksel olarak anlamlı farklılık saptandı.
Sonuç: Dolaşımdaki miRNA 95 ve miRNA 190’ın TİİAB sonucu belirsiz olan hastalarda, tiroid kanserini benign tiroid
nodüllerinden ayırmada yardımcı olabileceğini ve gereksiz cerrahiden kaçınmada faydalı olabileceği düşünülmektedir.
Anahtar kelimeler: miRNA, ince iğne aspirasyon biyopsisi, önemi belirsiz atipi
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INTRODUCTION
Thyroid cancers are the most common endocrine
malignancy (1). Papillary thyroid cancer is the most
common among all thyroid cancers (2). The gold standard method for detecting thyroid cancers is thyroid
fine needle aspiration biopsy (FNAB). However,
definitive diagnosis cannot always be made preoperatively using FNAB. According to the Bethesda classification especially cases with atypical cells of undetermined significance (ACUS) detected in their FNAB
specimens include the group of patients where decision making is a very complex process. The incidence
of postoperative thyroid cancer in nodules with
ACUS cytology is reported as 5-15%. For this group of
patients, after the evaluation of clinical and sonographic features, it is recommended to perform FNA
biopsy or molecular test again to support malignancy
risk assessment instead of direct progression with a
strategy for follow-up or diagnostic surgery. If recurrent FNAB, molecular test, or both are not performed
or results cannot be obtained, it is stated that surgery or follow-up can be chosen depending on clinical risk factors, USG features and patient pre-ference
(3)
.
MicroRNAs (miRNA) are small, protein-free RNA
molecules. They play a role in processes such as
development, differentiation, proliferation and cell
death by suppressing one or more target genes (4).
More than 50% of miRNA genes are located in areas
on the cancer-associated genome or in fragile regions
which indicates that miRNAs have an important role
in the pathogenesis of neoplasia (5). There are studies
on patients with and without papillary thyroid cancer (PTC) comparing the levels of miRNA levels in
cytology material, and pathology tissue samples.
These studies have shown miRNA expressions in thyroid cancer tissue (6-9). However, limited number of
studies have evaluated circulating miRNA levels in
patients with thyroid cancer (10-13).
In this study, we aimed to investigate if microRNA

190 and microRNA 95-3P can be used as biomarkers
to distinguish between cases with ACUS that received
the diagnosis of benign or malignant lesions based
on postoperative pathology results.
MATERIAL and METHOD
Patients determined as ACUS in the endocrinology
outpatient clinic of Adnan Menderes University
Medical Faculty and underwent thyroid surgery in
the Department of General Surgery between
December 2017 and December 2019 were included
in the study. Patients with Postoperatively diagnosed
29 malignant (n=29) and 29 benign (n=29) cases with
ACUS were included in the study.
Ethical approval was obtained from the Adnan
Menderes University Faculty of Medicine Clinical
Research Ethics Committee (protocol No: 2017/1094
and date of approval: 03.09. 2017. After the approval of the ethics committee, the study was carried out
in patients who had a thyroid operation in the
Department of General Surgery. The patients and
control groups were informed about the purpose of
the study and the procedures to be performed.
Written informed consents were obtained by giving
the pre-prepared informed consent forms to the
patients.
Three-five cc venous blood samples drawn from
patients who agreed to participate in the study were
collected in EDTA and biochemistry tubes. Patients
were grouped as having benign or malignant lesions
according to the postoperative pathology results.
Isolation of Genomic miRNA from Blood Samples:
Venous blood samples drawn from patients were
stored at -80 degrees. Samples were isolated using a
miRNA-specific kit. Stem-loop primers specific to
these miRNAs were designed which are considered
as the most reliable primers because they bind specifically to the miRNA sequence when making cDNA
synthesis from miRNA (14). cDNA synthesis was per-
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formed using primers specific to each miRNA from
the obtained miRNAs. Real time Polymerase Chain
Reaction (PCR) protocol was applied after cDNA synthesis. Samples were studied in 2 replicates.
Statistical Analysis:
The suitability of quantitative data for normal distribution was evaluated by using Kolmogorov-Smirnov
test while t test was used in independent groups
after evaluating the distribution patterns. Descriptive
statistics were shown as mean ± standard deviation.
Quantitative variables that did not distributed normally were analyzed using Mann- Whitney U or
Kruskal-Wallis method according to the number of
groups and descriptive statistics were given as median (25-75 percentile). In the analysis of qualitative
data, chi-square test was used and the results were
given as a percentage. p<0.05 was considered as
statistically significant.
RESULTS
Patients diagnosed as having ACUS based on FNA
results in the Department of Endocrine Diseases,
Adnan Menderes University Medical Faculty outpatient clinic and underwent thyroid surgery between
December 2017 and December 2019 were included
in the study. Twenty-nine patients with benign ACUS
and 29 patients with malignant ACUS based on postoperative pathology results were included in the
study.

24 female and 5 male patients. Both groups were
similar in terms of gender (p>0.05). The mean ages
of the patients in the malignant, and benign ACUS
groups were 52.31±8.81 and 47.86±14.58, respectively. There was no statistically significant difference
between the two groups (p>0.05). In the malignant
ACUS group, 4 patients had Graves disease and 5
patients had Hashimoto thyroiditis while in the
benign ACUS group 4 patients had Graves disease
and 3 patients had Hashimoto thyroiditis. In terms of
autoimmune thyroid disease, both groups were
similar (p>0.05). The two groups were similar in
terms of comorbid diseases (diabetes, hypertension,
non-thyroid malignant disease, chronic heart disease, chronic kidney failure, chronic liver failure, and
rheumatic diseases) (p>0.05). TSH and fT4 values of
both groups were similar (p>0.05).
Circulating miRNA 190 and miRNA 95-3p levels were
significantly different between cases with malignant
and benign ACUS groups (p<0.001, p<0.001, respectively) (Table 1).
Table 1. Comparison of numerical data between the group with and
without thyroid cancer.

Age
miRNA 95-3p
miRNA 190
TSH (µIU/mL)
fT4 (ng/dl)

Thyroid Cancer
(n=29)

Benign Thyroid Nodule
(n=29)

p

52.31±8.81
14.22±8.15
13.46±1.57
2.18±4.5
1.1±0.21

47.86±14.58
21.94±6.64
16.38±1.69
1.19±1.31
1.12±0.29

>0.05
<0.001
<0.001
>0.05
>0.05

DISCUSSION
According to the postoperative pathology results,
papillary thyroid cancer was diagnosed in 7 (24.1%)
and micropapillary thyroid cancer in 22 (75.9%)
patients. All cases with thyroid cancer were stage 1.
The mean tumor diameter was 10.1±8.8 mm.
Pathological LAP was detected in 2, lymphovascular
invasion in 5, and capsular invasion in 1 patient.
There were no patients with distant metastases.
Malignant ACUS group consisted of 22 female, and 7
male patients while benign ACUS group consisted of
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In our study, circulating miRNA 190 and miRNA
95-3p levels were found to be significantly lower in
the benign group compared to malignant group
among patients with preoperative cytopathologic
diagnosis of ACUS.
According to Bethesda system, the estimated frequency of cancer is estimated to be 5-15% in patients
whose FNA biopsy results are reported as ACUS (3).
The risk of malignancy after surgery is reported to be
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14% (6-48) (15). Mileva et al. (16) reported that, thyroid
cancer was detected in 35 (31.2%) of 112 patients
whose FNA biopsy results were reported as ACUS,
and 77 (68.8%) of them were found to be benign.
Kuru et al. (17) reported that 22.9% of 179 patients
whose FNA biopsy was reported as ACUS were diagnosed as having malign pathology after the surgery.
Turkyilmaz et al. (18) reported that 139 (14.2%) of 976
patients with pathologic diagnosis of ACUS underwent surgery and 518 (53.1%) patients had undergone additional FNA biopsy. A total of 305 (31%)
patients were operated at different times. Thyroid
cancer was found in 34.5% of the patients operated
after the first FNA biopsy and in 37.9% of the patients
in whom FNA had been repeated. In the study of
Kuru et al. (19) thyroid cancer was found in 153
(22.8%) of 485 patients who were diagnosed as
ACUS in the first FNA biopsy. The malignancy rates
for the patients with ACUS with and without second
FNA were 37.5% and 16.2%, respectively. It is also
understood from different studies that postoperative thyroid cancer detection rates are low in patients
with cytopathologic diagnosis of AUS. Therefore,
decision of surgery based on a cytopathologic diagnosis of ACUS with single biopsy is not recommended in different guidelines. It is emphasized that
ultrasonographic properties and molecular markers
can be helpful. Therefore, it is clear that noninvasive
biomarkers that may predict postoperative thyroid
cancer are required in patients diagnosed with ACUS
(3)
. Although there are many different studies on this
subject, there are no clear-cut biomarkers that can
be used in practical application (20). miRNAs have also
been used in studies performed in cases with undetermined cytologies especially detected in FNAB
samples, but their use has not been fully confirmed
for diagnostic purposes (21,22). In a meta-analysis, it
was indicated that circulating miRNAs have a good
diagnostic value for thyroid cancer and they may be
helpful in separating benign from malignant thyroid
nodules. It was also stated that MiRNAs can help in
the diagnosis of malignancy and may be helpful in
avoiding unnecessary surgery. It was stated that cir-

culating miRNAs should be added in current thyroid
nodule evaluations (23).
In a study, cost estimates for gene expression classification by using standard approach and miRNA tests
were studied. The gene expression classification has
reduced the rate of unnecessary surgeries by 32%
compared to the standard approach, with an additional cost of $ 1008 per patient, preventing 5070 $
for unnecessary surgeries. miRNA tests reduced the
rate of surgery by 67%, but preventing $ 3170 of cost
for unnecessary surgeries but having an additional
cost of $ 1384 per patient. miRNA tests resulted in
52% lesser unnecessary surgeries compared to gene
expression classification and these tests were found
to be 70% superior in detecting benign nodules (24).
In a study combining expressions of 10 miRNA genes
and a seven-gene mutation test, data of 109 ACUS or
follicular neoplasia patients were investigated and
the malign cases were detected with a 89% specificity, 85% sensitivity, 73% oPPV and 94% NPV (25).
While overexpression of specific miRNAs inhibits the
expression of tumor suppressor genes, downregulation of different miRNAs can reduce inhibition of the
expression of oncogenes, which leads to increased
cell proliferation in both cases (26). Meta-analyses
investigating thyroid cancer and miRNAs reported
that overexpression of miRNA-146b, miRNA-221,
miRNA-222 and miRNA-181b are the most common
ones in thyroid cancer compared to normal thyroid
tissues (27-31). In the study of Cantara et al, 8 different
miRNA evaluations were performed on 12 healthy
individuals, 12 nodular goiter and 12 papillary thyroid carcinoma (PTC) patients. In PTC patients, miRNA579, -95, -29b, 5-01-3p, -548d-5p were downregulated and miRNA190, -362-3p, -518a-5p were
upregulated compared to healthy control group and
benign nodular goiter patients. These miRNAs were
also validated in a second cohort including 79 PTC,
80 NG and 41 healthy control group patients.
Multivariable risk model including miRNA95 together with miRNA190 revealed a diagnostic sensitivity
of 94.9%, reaching up to 100% (32). The study of Pilli
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et al showed that the combination of miRNA-190
and miRNA-95 in patients with differentiated thyroid
cancer can be used with great accuracy for the differential diagnosis of thyroid nodules, especially
those that are not diagnosed by cytology (33). Recent
evidence suggests that miRNA-190-5p may play a
dual role in tumor formation and progression. miRNA-190-5p has been reported to function as both a
tumor suppressor and an oncogene in multiple
human cancers. Upregulation of miRNA-190-5p was
found in pancreatic cancer, bladder cancer, meningioma and stomach cancer while down-regulation of
miRNA-190-5p was found in breast cancer, hepatocellular carcinoma, glioma, prostate cancer, rectal
cancer and cervical cancer. These observations suggest that miR-190-5p can target multiple genes
related to tumor development and progression (34).
Vascular endothelial growth factor contributes significantly to angiogenesis, a vital process in tumor
metastasis. It has been shown that miRNA-190-5p
significantly suppress tumor metastasis and angiogenesis by managing a large group of angiogenic
effectors including TCF4, SMAD2, SMAD4, RAS2,
JAK2, IGF1 and HGF (35). In our study, we found that
miRNA 95 was downregulated, similar to the literature. miRNA 190 was found to be downregulated in
thyroid cancer cases although there is a limited number of data in the literature. However, given that
miRNA 190 functions both as tumor suppressor and
as oncogene in multiple human cancers, it is expected that it will be downregulated in thyroid cancer
patients. Therefore, our data suggest that miRNA
190 is downregulated in thyroid cancer patients.
In our study, we found that levels of circulating
miRNA 190 and miRNA95-3p were significantly lower
in thyroid cancer patients with preoperatively diagnosed as having ACUS compared to patients with
benign thyroid nodules. In conclusion, we think that
circulating miRNA 95 and miRNA 190 can help in differentiating thyroid cancer from benign thyroid nodules and may be useful in avoiding unnecessary surgery in patients with uncertain FNA biopsy results.
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We assert that the assessment of circulating miRNAs
in daily practice in current thyroid nodule evaluations should be used. We think it would be beneficial
to support our study in larger series.
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