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Abstract
Background: Papillary thyroid carcinoma (PTC) is the most prevalent endocrine malignancy. Despite
nearly three-fold increase in incidence over three decades, the mortality rate remains unchanged.
Biomarkers related to early diagnosis and prognosis of PTC are poorly investigated. Autophagy pathways
and related miRNAs is considered to play an important role in PTC pathophysiology.

Methods and Results: Tissue samples from patients with PTC undergoing thyroidectomy were collected.
Total RNA content of tumor and margin samples were puri�ed and converted to cDNA. Gene expression
levels of mRNA (FOXO1) and miRNAs (miR-30d-5p, miR- 182-5p and miR-183-5p) were evaluated using
qPCR method in PTC and adjacent normal tissue. A 6.51-fold decrease in miR-30d-5p level was detected
in tumor samples compared to adjacent tissues. Moreover, miR-182-5p and miR-183-5p (FOXO1 as the
main target) showed 1.73- and 4.31-fold increases in their levels, respectively. We also observed a 2.66-
fold decrease in FOXO1 mRNA level in relation to these miRNA fold changes indicating a possible
correlation between autophagy-linked molecular events and PTC.

Conclusions: Signi�cant increase in miR-183-5p and miR-182-5p expression, as well as a decrease in
FOXO1 and miR-30d-5p expression, suggest that PTC has active autophagy machinery. This can possibly
be used as a novel diagnostic or prognostic biomarker.

Introduction
The thyroid gland is a shield-shaped endocrine organ that displays a high malignancy rate in the human
population. Thyroid cancer incidence has been increased over recent decades [1]. Almost all thyroid
cancers are driven from follicular epithelium which has three major subtypes: papillary thyroid carcinoma
(PTC), follicular, anaplastic and some other rare types of which the PTC is the most common [2, 3].  
There is a wide range of predisposing or risk factors from environment to genetics. The incidence of PTC
has increased recently in parallel with other types and there is potential to become a health concern in
near future. This can be fueled by an increase in risk factors prevalence or recent advances in diagnostic
tools [4, 5].

Fine needle aspiration (FNA) is the gold standard to screen suspicious thyroid lesions but negative results
remain a concern. Although FNA is a most commonly used test, but clinical �ndings should overrule FNA
results [6, 7]. Not only genetic and molecular variations are playing some parts in PTC development and
prognosis, but also can be utilized as an early screening tools [8]. Despite the recent advances in
molecular diagnostic tests and lack of reliable biomarkers, there are no accurate and e�cient molecular
biomarkers available for early detection of PTC [8, 9].

Autophagy is a relatively well-known and highly conserved process in eukaryotes in which intracellular
components are degraded to maintain cellular homeostasis. Various human diseases are suspected to be
correlated with impaired autophagy like cancers [10, 11]. There are three primary types of autophagy:
macroautophagy, microautophagy, and chaperone-mediated autophagy. The Macroautophagy is much
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more de�ned compared to other types, thus in the rest of this article, the autography term refers to the
macro-autophagy type only [11]. Autophagy is a potent anti-tumorigenic mechanistic in normal non-
cancerous cells which compensates oxidative stress by eliminating oxidants and preventing DNA
damage [12]. But on the contrary, entirely �tted cancerous cells, employ autophagy to survive and
propagate in the unfavorable tumor microenvironment.   Furthermore, autophagy regulates the properties
of cancer stem cells leading to recurrence and resistance to anticancer agents.  Some synthetic
autophagy modulators such as rapamycin and chloroquine, are used to regulate autophagy in cancer
treatment trials. However, many studies have shown that autophagy plays role in both tumor suppression
and activation of oncogenes [12, 13]. Although autophagy plays a role in tumor suppression pathways in
PTC but it can improve the cell survival in tumor progression, in�uence distant metastasis, and causes
resistance to therapeutic agents [14, 15].

FOXO1 is a member of the forkhead box O (FOXO) family which acts as a transcription factor with a
critical role in many cellular processes including apoptosis and autophagy. FOXO1 functions as a
convergence gene in the autophagy pathway (KEGGmap04068) [16, 17], and its expression is
downregulated in PTC and classi�ed as a potential tumor suppressor [18].

MicroRNAs (miRNAs) are short, non-coding RNAs with a post-transcriptional effect on mRNAs.
MicroRNAs have been shown to possess a wide variety of effects in cellular events and diseases [19, 20].
Many studies have demonstrated that miRNA dysregulation is related to cancer behavior through various
mechanisms, including in�ammation, cell cycle regulation, evading growth suppressors, resisting cell
death, activating invasion and metastasis, and inducing angiogenesis [21]. So a general or speci�c
miRNA pro�le patterns could be considered in different cancers. In this regard, remarkable miRNA up-and-
down- regulation is correlated with PTC clinical features. (e.g. miR-199b-5p expression could predict
lymph node metastasis) [20, 21]. An experimental study on Ishikawa cell line which are well-differentiated
endometrial cancer cells demonstrated signi�cant negative correlation between miR-182-5p and miR-183-
5p with FOXO1 proposing the hypothesis that this correlation may be present in other well-differentiated
cancer types like PTC [22].

The term “oncomir” is referred to miRNAs which are found in abundance within cancerous tissues and
can act as oncogenes or repress tumor suppressor mRNAs regardless of their effect on the behavior and
prognosis of tumors.  miR-30d-5p is an oncomir that regulates autophagy in cancer cells by targeting
multiple autophagy-related genes like Beclin-1 [23, 24] and potentially can be considered as an autophagy
function index. Recently, the circulating miRNAs in patients’ serum are considered as potential biomarkers
for early diagnosis of PTC which are able to discriminate benign nodules from malignant ones [25].

In this study, we assessed the FOXO1 mRNA expression level and miRNAs related to autophagy
machinery in PTC tumors (miR-30d, miR-182-5p, and miR-183-5p). We aim to identify the role of these
miRNAs and FOXO1 in autophagy status in PTC progression and elucidate the possible screening value
of these modalities in PTC pathophysiology and prognosis.
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Materials And Methods
Data Collection

The sample collection of this study was performed between March 2017 and July 2018 in Imam Reza
hospital, Tabriz, Iran. Cytopathology reports of all patients who had undergone �ne needle aspiration
(FNA) from outpatient endocrinology clinic between March 2017 and July 2018 were analyzed, 40
samples with a de�nite diagnosis of PTC and 40 control samples from non-cancerous adjacent tissue of
same patient were selected.

In this study, the control non-cancerous tissues is con�rmed by H&M staining followed by microscopic
evaluation. The experimental procedures described below, was performed in molecular laboratory setting
in December 2020 at Nemooneh Medical Laboratory, Tabriz, Iran.

The exclusion criteria of our study were history of other thyroid diseases (due to the potential role of
disrupted autophagy), previous chemotherapy or radiotherapy and diagnosis of other simultaneous
malignancies. 

Patient and Samples Information

This retrospective study excluded patients who had comorbid disorders, history of malignancy,
contraindications for FNA and a family history of thyroid cancers.

Thyroid surgery samples including tumor and non-transformed adjacent tissues were obtained and
underwent routine tissue collection procedure. After rinsing with normal saline, they were transferred to
cryotubes and immediately preserved in a liquid nitrogen tank, then all samples were transferred to -70
degree freezer.

RNA Extraction

Trizol reagent was used to extract total RNA (Ambion life technologies, UK). The key components of this
reagent are guanidiniumthiocyanate and phenol, which denature proteins and prevent RNase's unwanted
effects on RNA material.

To extract total RNA, 300 mg of tissue was grinded using a porcelain mortar and pestle under liquid
nirtrogen, homogenized tissue was transferred to 700 ul Trizol reagent directly in a microtube. The
procedure followed by adding 200ul chloroform and centrifugation according to the manufacturer
protocol (MAN0001271). The upper aqueous phase was transferred to a new microtube, total RNA
puri�ed by adding isopropyl alcohol, absolute ethanol, and 70% ethanol serially, separating by
centrifugation steps. Puri�ed RNA (ng/ul) quantity and possible protein or mineral residue contamination
(extract quality) evaluated by Nanodrop device (Spectrophotometer 2000/2000c).

cDNA Synthesis
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Two micrograms of puri�ed mRNA was converted into cDNA by Moloney Murine Leukemia Virus Reverse
Transcriptase (M-MLV) in the 5Xbuffer, dNTP, and random hexamer primers, according to the
manufacturer protocol (Lot N:cs0025). Steps installed for speci�c miRNAs and housekeeping miRNA by
stem-loop technology, Biomir high sensitivity microRNA kit (Zistroyesh. Co).

Quantitative Real-Time PCR

To de�ne the expression levels of genes, the quantitative Real-Time PCR (qPCR) technique was used.
Gene-speci�c primer mix with PCR Master of Hot Start Taq DNA Polymerase and SYBR green was used
for each gene (AnaCell).

The �uorescence emission variation of each gene in qPCR assay matched the quantity of mRNA or
miRNA fragments in the sample Ct (cycling time) values in results that point on the qPCR curve which
cuts off the threshold line.

qPCR ampli�cations program includes an initial 15 minute hold at 95° to trigger the Hot Star Taq Master
Mix Taq polymerase followed by 20 seconds at 95° and an annealing-extension step of 60 seconds at
60° for 35–40 cycles with a �nal melt analysis step of 55°-95°.

Data Analysis

In this study, we tried to determine miR-182-5p, miR-183-5p, and miR-30d-5p as potential biomarkers in
autophagy so our attempt to measure FOXO1 mRNA was considered as the extrinsic goal. To optimize
data reproducibility, all tests were performed in triplicate format and normalized by e�ciency index.
Evaluating and analyzing Ct data has been done by the ΔΔCt method, �rst Ct data (Ct target gene-Ct ref
housekeeping gene; treated sample)-(Ct target gene- Ct ref gene; untreated control) - the resulting ΔΔCT
value be used as the exponent of power 2; (2^ -ΔΔCt) which is a conventional method for the expression
value fold change variation [26]. Ct values were used to compare target and reference genes expression
levels and fold changes were the re�ection of a relative quanti�cation.

Results
Clinical Findings

After excluding the patients who met the exclusion criteria, the general information about the 40 patients
who participated our research was analyzed as shown in Table 1.

Main Findings

We evaluated the expression of FOXO1 gene mRNA, miR-182-5p, miR-183-5p and miR-30d-5p in PTC and
non-cancerous normal adjacent tissue. The information demonstrating the expression levels of foresaid
molecules is mentioned below and is summarized in Table 2.

FOXO1
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Inducible FOXO1-dependent autophagy is one of the various cellular functions regulated by the FOXO
signaling pathway which itself is over-activated by upstream signals stimuli leads to acetylated
activation of the FOXO1 transcription factor in PTC patients, however it needs more mechanistic studies
to determine pragmatic correlation between FOXO1 and autophagy [27].

In our samples, the evaluation of FOXO1 expression levels in PTC and non-tumoral adjacent tissue
demonstrated that this gene’s expression is 2.66-fold decreased in PTC compared to adjacent normal
tissue. This outcome is considered signi�cant and is shown in �gure 1 (t=4.849, df=53, PTC Mean ± SD=
-0.3767±1.36, control Mean ± SD= 1.418±1.373, P-value < 0.0001).

miR-182-5p

MicroRNA-182-5p targets FOXO1 demonstrated in neoplastic tissue which is associated with rapidly
growing and more invasive states [22, 28]. The prediction score of repressing FOXO1 by miR-182-5p has
been calculated as 0.821 out of 1 [29].

In our study, and as demonstrated in �gure 2, assessing the levels of miR-182-5p in PTC and non-
cancerous tissue depicted a signi�cant �nding of 1.73-fold increase in expression in the PTC tissue.
(t=2.809, df=52, PTC Mean ± SD= -9.136±1.201, control Mean ± SD= -10.14±1.414, P-value= 0.007).

miR-183-5p

The inhibitory effect of miR-183-5p on FOXO1 has been shown in previous studies, rendering the tumor
high proliferative state [22, 28, 30]. The prediction score of repressing FOXO1 by miR-183-5p has been
calculated as 0.783 out of 1 [29].

As displayed in �gure 3, our examination on PTC and adjacent non-cancerous tissue to �nd out the rate
of miR-183-5p expression, brought the �nding that this miRNA is expressed signi�cantly 4.31-fold higher
in the PTC tissue (t=4.487, df=50, PTC Mean ± SD= -9.075±0.9741, control Mean ± SD= -10.67±1.556, P-
value < 0.0001).

miR-30d-5p

As mentioned earlier, there is an inverse relationship between autophagy activity and miR-30d-5p [24, 31].
Our assessment on the rate of expression of miR-30d-5p in PTC and non-malignant tissue and comparing
them with each other revealed  that the level of this miRNA is 6.51-fold decreased in the PTC tissue and
this difference is illustrated in �gure 4 (PTC Mean ± SD= -4.668±3.989, control Mean ± SD= -2.128±1.906,
P-value= 0.0156).

Eventually the correlations of values of the variables is calculated and displayed in table 3. 

Discussion
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Papillary Thyroid Cancer is known as slowly growing tumors, predicting a favorable prognosis that yields
a high survival rate [32].   Autophagy has been studied in various physiologic and pathophysiologic
conditions including cancer. A vast amount of papers indicated FOXO1 as the main player of the FOXO
signaling pathway (KEGGmap04068) that induces autophagy as a response to cell senescence [33].
FOXO1 mRNA reveals a 10.4 FPKM (Fragments Per Kilobase of transcript, per Million mapped reads)
expression level in cancer bulk data that show increased expression in thyroid cancer compared to other
types of malignancies [34]. A signi�cant downregulation in miR-30d-5p levels (6.51 fold), which targets
too much mRNA that may support functional activation of diverse cellular pathways in PTC patients.
Recent studies indicate miR-30d-5p as Autophagy general regulator agent [23, 30]. Our data indicate a
2.66 fold decrease in FOXO1 mRNA comparing to adjacent normal tissue, which could be considered as
autophagy molecular players.

Previous investigations on miR-182-5p and miR-183-5p expression levels have been done in malignant
tissues other than thyroid and display an upregulation that is almost correlated with high proliferation
and invasion of the tumor [28]. In our study, miR-182-5p and miR-183-5p display 1.73 and 4.31 fold
change upregulation respectively, considering that these two miRNAs targeted mRNA in a more speci�c
manner [29], the correlation between these two miRNAs have been demonstrated in previous works and
FOXO1 is shown as their main target. However, FOXO1 downregulation as apparent target of these
miRNAs may be justi�ed by this interaction [29, 33].

These data are compatible with the accepted hypothesis that autophagy is active in PTC tumors.  Cell
cycle machinery hyperactivation-induced cellular senescence is overcome by autophagy [35, 36].

Large-scale genomic studies indicate that BRAF600E mutation with a 58% rate is accepted as the most
prevalent genetic variation in PTC. Although BRAF600E mutation is prevalent in PTC, it seems that Ras-
Raf-MEK-ERK pathway overactivation is successfully sensed by cell cycle regulatory system and limitedly
causes proliferation, shown by minimal Ki67 expression [34, 37].

Recent attempts in integrative modeling of DNA-damage effect on cell cycle display that the onset of the
senescence occurs by the function of ATM (ataxia telangiectasia mutated) and ATR (ATM and Rad3-
related) members of DNA damage checkpoint of G1/S and G2 cell cycle arrest [38, 39]. Persistent arrest
in the G1/S and G2 phase activates a series of compensating mechanisms for cell survival. Altogether,
cells that undergo constant senescence have a few types of machinery to escape this undesired
condition. Autophagy is accepted as a major mechanism for survival. This potent proliferation stimulus
must be compensated by another pathway, our results indicate that autophagy is the �ttest candidate as
a compensating pathway that progresses following the initiation of cell cycle arrest.

Despite surgical interventions, therapeutic strategies in PTC mainly are built on oral radioactive iodine
consumption that induces DNA damage and consequent DNA double-strand break accumulation leads to
aberrant apoptosis by overwhelming the compensating mechanisms [40].
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MicroRNA signatures in human cancers are vastly investigated in recent years, but it must be considered
that every single miRNA has multiple targets that little is known about the exact inhibitory effect of each
miRNA on a de�nite target[41, 42]. But as con�rmed by bulk data analysis via arti�cial intelligence
algorithms and meta-analysis studies, many cancers display special variations in some miRNA clusters
that sometimes could be generalized to individual pathways that may sign in a given cancer type [41, 43,
44].

In this study, we detected a 6.51-fold of down-regulation in miR-30d-5p levels that regulates multiple
mRNAs in autophagy pathway with relative up-regulation in miR-182-5p and miR-183-5p levels which
target FOXO1 mRNA by high level of speci�city and down-regulation in FOXO1 -the canonical member of
FOXO pathway (KEGGmap04068). These �ndings con�rm our hypothesis that autophagy is an effective
mechanism in PTC tumors and may be a clue for the presence of other miRNA and mRNA pro�les that
could predict the molecular status of PTC tumors or autophagy itself.

The dynamic behavior of the FOXO pathway indicates that many studies could be based on this context
to reveal the actual importance of autophagy in PTC and other malignancies that face the cellular
senescence.

Two major limitations can be mentioned in our study: First, the small size of tumor and normal tissue
samples (40 for each) that in samples with a larger size, the distribution of data determination are more
accurate and reliable. Second, the lack of access to the patients to determine the miRNA levels in their
serum and to de�ne the prognostic factors like overall survival to identify the possible impact of these
biomarkers on post-surgical prognosis. These limitations may motivate the researchers to design studies
to determine these parameters. 
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Table 1. Patient information and tumor characteristics
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Parameters   Frequency Percent

Gender Female 21 52.5%

Male 19 47.5%

Involved Lobe Right 20 50.0%

Left 16 40.0%

Both 4 10%

Tumor/Nodule

size

Below 2cm 21 52.5%

Above 2cm 19 47.5%

Capsular

Involvement

Yes 6 15%

No 34 85%

Table 2. FOXO1 and selected miRNAs’ alterations in tumoral tissue in comparison to normal adjacent
tissue

    Mean±SD Fold change tumor tissue P-value

FOXO1 PTC -0.3767 ±

1.36

2.66 ò

 

<0.0001

  Control 1.418 ±

1.373

   

miR-182-5p PTC -9.136 ±

1.201

1.73 ñ

 

0.007

  Control -10.14 ±

1.414

   

miR-183-5p PTC -9.075 ±

0.9741

4.31 ñ

 

<0.0001

  Control -10.67 ±

1.556

   

miR-30d-5p PTC -4.668 ±

3.989

6.51 ò

 

0.0156

  Control -2.128 ±

1.906
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Table 3. Correlation of the values based on delta

  FOXO1 miR-182-5p miR183-5p

FOXO1 1.000 0.140 -0.096

miR-182-5p 0.140 1.000 0.261

miR-183-5p -0.096 0.261 1.000

Figures

Figure 1

Comparison of expression levels of FOXO1 in PTC and adjacent non-cancerous tissue reveals a 2.66-fold
decrease in PTC tissue with the p-value of <0.0001
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Figure 2

Comparison of expression levels of miR-182-5p in PTC and adjacent non-cancerous tissue reveals a 1.73-
increase in the PTC tissue with the p-value of 0.007
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Figure 3

Comparison of expression levels of miR-183-5p in PTC and adjacent non-cancerous tissue reveals a 4.31-
fold increase in the PTC tissue with the p-value of <0.0001
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Figure 4

Comparison of expression levels of miR-30d-5p in PTC and adjacent non-cancerous tissue reveals a 6.51-
fold decrease in the PTC tissue with the p-value of 0.0156


