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Abstract. Potential causal associations of autoimmune 
thyroiditis (AIT) and papillary thyroid carcinoma (PTC) have 
been studied previously. The mRNA expression patterns of 
thyroid hormone receptors (TR), retinoid receptors (RAR), 
rexinoid receptors (RXR), dihydroxyvitamin D3 receptors 
(VDR), and progesterone receptors (PR) in PTC tissue of 
patients without autoimmune thyroiditis (PTC/AIT-) and in 
PTC tissue of patients with coexisting AIT (PTC/AIT+) have 
been investigated in order to judge whether the observed 
changes may take part in the promotion and progression of 
thyroid cancer. Tumours with or without AIT were classified 
histologically and the semiquantitative PCR was performed. 
The results revealed that there was decreased expression of 
TRα, TRβα, RARα and PR mRNA in PTC/AIT+ tumours 
when compared with PTC/AIT- tumours. Decreased expres-
sion of RARα in PTC/AIT+ was detected when compared 
with PTC/AIT- patients. A similar effect of AIT was observed 
with a decrease in RARγ expression in PTC/AIT+ patients. On 
the other hand, there was an increased expression of VDR in 
thyroid tumours (PTC/AIT+) when compared with PTC/AIT-. 
PR mRNA was decreased in the thyroid tumours of PTC/AIT+ 

patients when compared with PTC/AIT- patients. In addition, 
there was an increased expression of MKi67 and complement 
C3 in PTC of PTC/AIT+ when compared with PTC/AIT-. In 
the PTC/AIT+ group, a decreased level of IGF-1 mRNA was 
found when compared with the PTC/AIT- group. According to 
the significant differences of the studied markers in PTC/AIT+ 
compared with PTC/AIT-, it was indicated that AIT may be a 
predisposing factor for the development of PTC.

Introduction

Several lines of evidence suggest a strong association between 
chronic inflammation and increased susceptibility to neoplastic 
transformation and cancer development. It has been estimated 
that up to 20% of all tumours arise from conditions of persis-
tent inflammation such as chronic infections or autoimmune 
diseases. A direct link between these two conditions has been 
established in particular in the gastrointestinal tract (1,2).

The association of autoimmune thyroiditis (AIT) and 
thyroid cancer was first documented in 1955 (3). Since that time 
the coexistence of AIT and papillary thyroid cancer (PTC) has 
been well documented in the literature. Some authors believe 
that coexistent thyroiditis is associated with lower tumour 
stage and better prognosis of thyroid cancer (3-8). Whether this 
relationship is causal or merely fortuitous remains a point of 
dispute. AIT is one of the most common autoimmune diseases, 
the most common inflammation of the thyroid and the most 
common cause of hypothyroidism in the industrialized world. 
Developed countries with sufficient iodine intake due to iodine 
prophylaxis have been facing an ‘epidemic’ of this disease. 
Similarly, PTC has been recognized as a cancer with the 
highest increasing incidence during last three decades (9). AIT 
and PTC seem to show a stronger association than expected 
by simple probabilistic explanations. Pathogenic immunobio-
logical links between them are possible. The results of many 
studies exploring this issue can be clustered in three groups: 
i) AIT is induced as a response to a pre-existing PTC, ii) PTC 
is induced or facilitated by a pre‑existing chronic inflamma-
tory process, iii) common mechanisms are responsible for 
both diseases (10).

Causal associations of autoimmune thyroiditis and 
papillary thyroid carcinoma: mRNA expression of selected 

nuclear receptors and other molecular targets
DANA MACEJOVA1,  JAN PODOBA2,  LUCIA TOPOROVA1,  MARIANNA GRIGEROVA2,  

KAROL KAJO3,  KATARINA MACHALEKOVA3  and  JULIUS BRTKO1

1Department of Endocrine Regulations and Psychopharmacology, Institute of Experimental Endocrinology, 
Biomedical Research Center, Slovak Academy of Sciences, 845 05 Bratislava; Departments of 2Endocrinology and 3Pathology, 

Slovak Medical University and St. Elisabeth Cancer Institute, 812 50 Bratislava, Slovak Republic

Received December 7, 2018;  Accepted May 29, 2019

DOI:  10.3892/ol.2019.10770

Correspondence to: Dr Dana Macejova, Department of Endocrine 
Regulations and Psychopharmacology, Institute of Experimental 
Endocrinology, Biomedical Research Center, Slovak Academy of 
Sciences, Dubravska cesta 9, 845 05 Bratislava, Slovak Republic
E-mail: ueenmace@savba.sk

Abbreviations: AIT, autoimmune thyroiditis; COX‑2, cyclooxy‑
genase‑2; DIO1, type I iodothyronine 5'‑deiodinase; IGF‑1, insulin‑like 
growth factor‑I; PR, progesterone receptor; PTC, papillary thyroid 
carcinoma; RAR, retinoid receptor; RXR, rexinoid receptor; TR, 
thyroid hormone receptor; VDR, dihydroxyvitamin D3 receptor

Key words: papillary thyroid carcinoma, autoimmune thyroiditis, 
causality, nuclear receptors, reverse transcription-semiquantitative 
PCR



MACEJOVA et al:  MOLECULAR TARGETS IN PAPILLARY THYROID CANCER 4271

The ability of thyroid cancer to produce an immune 
response is caused by the RET/PTC oncogene induction of a 
pro‑inflammatory transcriptional program. Oncogenes respon-
sible for cell neoplastic transformation elicit an inflammatory 
pro-tumourigenic microenvironment. Pro-inflammatory 
molecules, such as cytokines and chemokines, produced by 
immune infiltrates, contribute to the regulation of cellular 
processes for cancer onset and progression, for tumour cell 
proliferation, angiogenesis and metastases (1,2,6).

Alternatively, chronic inflammation may enhance carci-
nogenesis by promoting genomic instability (11). Molecular 
studies showed that thyrocytes treated with IL-1beta and 
TNF-alpha were able to induce cyclooxygenase-2 (COX-2) 
and secrete IL-6 (10). Elevated COX-2 expression is known 
to be associated with the carcinogenesis of various types of 
neoplasms, by both inhibiting apoptosis and promoting angio-
genesis. COX-2 expression was found to be in thyroid cancers 
and thyroid epithelium from AITs, but not in normal thyroid. 
This finding may provide a basis for a relationship between 
carcinogenesis and autoimmunity (12). Molecular studies have 
identified activation of the RET/PTC rearrangement‑induced 
MAPK signalling pathway as the driving force in the 
development of PTC in the context of AIT (1).

If AIT could be recognized as a precursor or a risk condi-
tion for PTC, or at least for a subset of PTC, this would have 
an obvious high clinical importance, given that AIT is a very 
common disease in many countries.

Insulin-like growth factor-I (IGF-1) might also play an 
important role in development of thyroid carcinoma due to 
its mitogenic and anti-apoptotic properties (13). Complement 
component C3 (C3) has been found overexpressed in numerous 
cancer tissues, such as oesophageal cancer, gastric cancer, and 
lung cancer as well as in PTC tissue when compared to normal 
tissue (14).

Epidemiological data report a strong female predisposition 
for thyroid cancer. Female predominance of thyroid cancer in 
the childbearing period suggests that oestrogen and proges-
terone may play vital roles in the pathogenesis of thyroid 
neoplasms (15).

Therefore, the aim of this study was to investigate possible 
associations of AIT and PTC by assessing mRNA levels 
expressed from key genes. The mRNA expression pattern of 
nuclear thyroid hormone receptors (TR), retinoid/rexinoid 
receptors (RXR), vitamin D3 receptor, progesterone receptor, 
selected co‑repressors, type I iodothyronine 5'‑deiodinase 
(DIO1), proliferation markers (MKi67, PCNA), insulin-like 
growth factor 1 (IGF-1), anti- and proapoptotic genes (Bcl2, 
BAX, p53), complement C3 mRNA was compared in thyroid 
tumour tissue of PTCs without AIT (PTC/AIT-) and with 
coexisting AIT (PTC/AIT+)in order to find whether expression 
of selected genes may take part in the progression of thyroid 
malignancies.

Materials and methods

Clinical samples. Tumour and surrounding uninvolved thyroid 
tissue were collected from 33 unselected PTC patients (six male 
subjects and twenty-seven female subjects) at the St. Elisabeth 
Cancer Institute in Bratislava, Slovakia, whose surgery was 
planned by physicians who were not connected to this study. 

Collected tumour tissues and peritumoural thyroid tissue from 
14 patients with co-existent AIT [PTC/AIT+, and N+ (7 out 
of 14); respectively] and 19 patients without AIT [PTC/AIT-, 
and N‑ (10 out of 19); respectively] were immediately frozen 
in liquid nitrogen and stored at ‑70˚C. Tumours were classi-
fied and the clinical stage determined by the tumour, node, 
metastasis (TNM) system (16) and the presence of AIT, based 
on histological evaluation. The study was approved by the 
Ethics Committee of the St. Elisabeth Cancer Institute in 
Bratislava, Slovakia and unambiguously conducted according 
to the principles of the Declaration of Helsinki. Consent was 
obtained from each patient or subject after full explanation of 
the purpose and nature of all study procedures.

Reverse transcription‑semiquantitative polymerase chain 
reaction. Total RNA was isolated using TRI Reagent® 
(Molecular Research Center, Inc, Cincinnati, USA) according 
to the manufacturer's instructions. The concentration of RNA 
was determined by spectrophotometry at 260 nm and the purity 
assessed from the ratio of absorbance, A260/A280 nm, using 
a NanoDrop 2000 spectrophotometer (Thermo Scientific, 
Germany). Reverse transcription (RT) was performed with 
2 µg of total DNAse I‑treated (Thermo Scientific, Germany) 
RNA and the Ready-to-Go You-Prime First-Strand Beads 
(Amersham Pharmacia Biotech, Inc., USA) according to the 
manufacturer's protocol.

Semiquantitative real-time PCR was performed in dupli-
cates in a total volume of 20 µl using SensiFAST™ SYBR 
Hi‑Rox Kit (Bioline, Great Britain) and 0.25 µM of each primer 
and RT product: 10 ng (RPS18) and 30 ng (for the other genes). 
Amplification and detection were performed with an ABI 
Prisma 7900HT detection system (Applied Biosystems, USA) 
under the following conditions: 95˚C for 2 min, 40 cycles of 
denaturation (95˚C, 5 sec) and annealing (30 sec), and the final 
melting curve analysis. The data are expressed using the 2-ΔΔCq 

method as the relative level of each mRNA normalized to that 
of the housekeeping gene RPS18. The oligonucleotide of the 
primers employed in this study along with the corresponding 
annealing times are summarized in Table I (17). These condi-
tions were proven to be in the log phase for each amplified 
sequence. Triton tumour tissue and LNCaP prostatic cancer 
cell line were used as a positive control (18). A negative control 
without cDNA template was run with every assay batch in 
order to assess overall specificity.

Statistical analysis. Data are expressed as medians (range 
5‑95%) of two PCR analyses. Differences between more than 
two groups were assessed by one-way analysis of variance 
followed by Bonferroni post hoc test using SigmaPlot® 11.0 
(Systat Software GmbH). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Six male subjects and twenty-seven female subjects were 
enrolled in this study. The mean age of patients at surgery was 
49.91±17.06 years (mean ± SD). Clinicopathological param-
eters of the 33 cases of PTC are presented in Table II. Among 
33 patients, there were 14 patients with co-existent AIT 
(PTC/AIT+) and 19 patients without AIT (PTC/AIT-). The 
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mean age of patients with AIT was 45.08±16.33 and without 
AIT 39.85±17.63 years (mean ± SD). Histologically confirmed 
lymph node metastases were present in 16 patients.

We investigated the mRNA expression patterns of selected 
nuclear receptors and other molecular targets in the PTC tissue 
and peritumoural tissue of patients without AIT (PTC/AIT-, 
and N‑; respectively) and compared them to those with 
coexisting AIT (PTC/AIT+, and N+; respectively).

Significantly decreased expression levels of both TRalpha 
and TRbeta mRNA in PTC/AIT+ tumour tissue was seen 
when compared to tumour tissue of PTC/AIT- patients 
(Fig. 1A and B). A similar decrease of TRbeta mRNA (but 
not TRalpha mRNA) was also detected in non-tumour thyroid 
tissues of PTC/AIT+ patients in comparison to non-tumour 
tissues of PTC/AIT- patients.

We found significantly decreased levels of RARalpha 
mRNA in thyroid tumour tissue (P<0.05) of patients with AIT 
(group PTC/AIT+) compared to the tumour tissue of patients 
without AIT (group PTC/AIT‑; Fig. 2A). A similar effect of 
AIT was found on the significantly decreased expression of 
RARgamma mRNA in thyroid tumour tissue of PTC/AIT+ 
patients (Fig. 2B).

There was no significantly changed expression of RARbeta 
mRNA in the thyroid tumour tissue between patients without 
or with AIT; however, there were significantly (P<0.05) 
reduced RARbeta mRNA levels in non-tumour thyroid tissue 
of the PTC/AIT+ subgroup when compared to non-tumour 
tissue of PTC/AIT- patients and there were significantly 

higher levels of RXRgamma mRNA in thyroid tumour tissue 
compared to non-tumour thyroid tissue of both PTC/AIT+ 
and PTC/AIT- patient subgroups (data not shown). We did not 
find any significant differences in expression of RXRalpha, 
RXRbeta, co-repressors NCoR and SMRT mRNAs in tumour 
tissues of PTC/AIT-, compared to tumour tissues of PTC/AIT+ 
patients (data not shown). We found significantly increased 
expression of dihydroxyvitamin D3 receptors (VDR) mRNA in 
tumour tissue of PTC/AIT+ when compared to tumour tissue 
of PTC/AIT- patients (Fig. 3A). On the other hand, the levels 
of PR mRNA were decreased in tumour tissue of PTC/AIT+ 
patients compared to expression in tumours of patients without 
AIT (Fig. 3B).

As shown in Fig. 4A, we found that there was either absent 
or significantly lower expression of type I iodothyronine 
5'‑deiodinase (DIO1) in tumour tissue compared to non‑tumour 
thyroid tissue in both of patients and there were not any signifi-
cant differences between PTC/AIT- and PTC/AIT+ patients.

We sought to investigate the question whether the process of 
AIT might take part in the proliferation and apoptosis in both 
tumour and non-tumour thyroid tissue. To study proliferation, 
two well-known markers, MKi67 and PCNA were evaluated, 
and significantly increased expression level of MKi67 mRNA 
was found in tumour tissue of PTC/AIT+ when compared to 
PTC/AIT‑ (Fig. 4B); however, the expression of PCNA marker 
remained unchanged (data not shown). We found that tumours 
from the PTC/AIT+ patients showed significantly decreased 
levels of IGF-1 mRNA compared to expression in tumours 

Table I. Primers for semiquantitative PCR.

Gene Sequence (5'‑3') Annealing temp (˚C)

RARα F: ACCCCCTCTACCCCGCATCTACAAG and R: CATGCCCACTTCAAAGCACTTCTGC  60
RARβ F: ATTCCAGTGCTGACCATCGAGTCC and R: CCTGTTTCTGTGTCATCCATTTCC  62
RARγ F: TACCACTATGGGGTCAGC and R: CCGGTCATTTCGCACAGCT  60
RXRα F: CTTTTGTTTCCGTTGCTGTTTA and R: CTGAGGTCTTTGCTGATGACAC  60
RXRβ F: TACAGGGCAGAACCAAGAACA and R: ATGAGGCAAGATGAGAAGGAAG  60
RXRγ F: AGAAAGACAGAGGAGCCGAGA and R: CAGAGAAGTGGGGAATACGC  60
RPS18 F: TCTAGTGATCCCTGAAAAGTTCC and R: CGTGGATTCTGCATAATGGTG  60
TRα F: AGGAGAACAGTGCCAGGTCA and R: TCTTGAAGCGGCACAGCTGG  60
TRβ F: AACTACAGGTATAAGGCTGATTCAC and R: ATGCTTCTCTGCGTATATGCC  60
VDR F: GACTTTGACCGGAACGTGCGG and R: CATCATGCCGATGTCCACACA  60
PR F: TCTATTCATTATGCCTTACCATGTG and R: AACCAATTGCCTTGATGAGC  60
SMRT F: TGTGGTTCATAAGCCATCTGC and R: AATCTTCCCCTCCTCCC  60
N-CoR F: AGCATTCCATCCCTACGGG and R: TGGACCCCTTCACCAAAG  60
IGF-1 F: TGACTCCACTTCCTCTAACTCCA and R: AAACCTCTCACCTCAACCTCA  60
C3 F: TGCGGCTACCCTACTCTGTTGTTCG and R: GACGGCAGCCTTGACTTCCACTTCC  60
PCNA F: AGTGGAGAACTTGGAAATGGAA and R: GAAGAGAGTGGAGTGGCTTTTG  60
MKi6 F: TCAGAAAGGGAAAGGAGAAGC and R: GACACACACATTGTCCTCAGC  60
Bcl2 F: GACTTCGCCGAGATGTCCAG and R: CAGGTGCCGGTTCAGGTACT  60
BAX F: TGCTTCAGGGTTTCATCCAGGA and R: ACGGCGGCAATCATCCTCTC  60
p53 F: CCCCTCCTGGCCCCTGTCATCTTCT and R: GCAGCGCCTCACAACCTCCGTCAT  60
DIO1 F: GGACATCAGAAATCACCAGA and R: TTCCTCTGGGTTGTAGTTCC  58

F, forward; R, reverse
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from the PTC/AIT- patients. A similar pattern was demon-
strated in corresponding non-tumour thyroid tissue (Fig. 4C). 
No differences were found in the expression of anti-apoptotic 
gene Bcl2 and pro‑apoptotic genes BAX and p53 (data not 
shown). Significantly increased levels of complement C3 
mRNA in tumour tissue of PTC/AIT+ patients were detected 
compared to the tumour tissue of PTC/AIT- patients (Fig. 4D).

Discussion

Papillary thyroid cancer (PTC) is the most frequent thyroid 
cancer histotype, accounting for more than 80% of all 
thyroid malignancies (19). Previously, a meta-analysis of 

the literature on Hashimoto's thyroiditis and PTC risk was 
conducted in order to investigate the question of whether 
AIT may predispose patients to the development of PTC (20). 
Consequently, we sought to investigate selected molecular 
targets in PTC comparing those cases without AIT to those 
with coexisting AIT.

It has been demonstrated that large amounts of IL-1beta 
are present in AIT. IL‑1beta is a proinflammatory cytokine 
and mediates induction of Fas on thyroid follicular cells, which 
result in apoptotic tissue damage (21). IL-1beta can activate 
MAP kinases and the NF-κB pathway. IL-1beta was found to 
modulate the retinoid signal transduction pathway, and IL-1beta 
gene is a direct, downstream target gene of retinoic acid thus 
it may indirectly regulate cell growth (22). Moreover, IL-1beta 
can block the insulin and insulin-like growth factor pathways 
by inhibiting the receptor kinase activity. Furthermore, IGF-1 
suppresses apoptosis and induces thyroid proliferation via 
protein-tyrosine kinase-dependent signalling pathway (23). 
Moreover, IGF-1 and oestrogen can act synergistically through 
the IGF‑1 signalling cascade (24). Previous findings indicate 
that cross-talk between retinoic acids, thyroid hormone and 
oestrogens pathways acting through nuclear receptors plays 
important roles in the regulation of many processes in various 
tissues and it has been suggested that cancer progression may 
be associated with alteration in metabolism and/or signalling 
pathways of these components (25).

Nuclear receptors (NRs)-ligand-inducible transcription 
factors, members of the nuclear receptor superfamily have been 
at the forefront of cancer research, where they are known to act 
as critical regulators of cancer diseases and are also playing a 
crucial role as biomarkers for tumour subclassification and 
predominantly targets for hormone therapy (26). Molecular endo-
crinology approaches for studying nuclear receptor superfamily 
members clearly demonstrate the importance of transcription 
factors inducible by biologically active molecules or hormones 
in the biology and possible clinical treatment of thyroid cancer. 
Since no relevant data on nuclear receptors expression showing 
associations of autoimmune thyroiditis and PTC do exist, our 
data thus represent the first insight into the processes, where the 
starting points exist at the nuclear receptors level.

Thyroid hormone receptors (TRalpha, TRbeta) are 
ligand-inducible transcription factors that mediate a variety of 
the genomic actions of 3,5,3'‑triiodothyronine. Loss of normal 
functions of TRs by deletion, reduced expression, or by muta-
tions could contribute to cancer development, progression 
and metastasis (27). Our data showing a marked diminution 
of TRalpha and TRbeta mRNA expression in PTC tumours 
in comparison with non-tumour thyroid tissues and additional 
decreases in expression of both TR in PTC with coexisting 
AIT supports the hypothesis suggesting that the loss or 
marked decrease of TR may contribute to cancer development 
and progression.

Several case studies have noted the development of AIT in 
patients following or within the last few weeks of isotretinoin 
treatment (28). Moreover, retinoid receptor (RAR) and reti-
noid X receptors (RXR) subtypes are differentially expressed 
in thyroid cancer and in thyroid carcinoma cell lines when 
compared to non-tumour thyroid tissue and cells (29,30). A 
comparison of thyroid tumours and case-matched normal 
thyroid tissue confirmed different tumour expression of 

Table II. Clinicopathological parameters of the 33 cases of 
PTC.

Patient Gender Age, years AIT status  Histology

P1 F 20 PTC/AIT- T1bN0M0
P2 F 69 PTC/AIT- T3N0M0
P3 M 31 PTC/AIT- T1bN1aM0
P4 F 32 PTC/AIT- T1bN0M0
P5 F 67 PTC/AIT‑ T1aNxM0
P6 F 34 PTC/AIT- T1aN1aM0
P7 F 37 PTC/AIT- T3N1bM0
P8 M 23 PTC/AIT- T3N1aM0
P9 F 34 PTC/AIT- T3N1bM0
P10 F 69 PTC/AIT- T3N0M0
P11 F 39 PTC/AIT- T3N0M0
P12 F 20 PTC/AIT- T1bN0M0
P13 F 38 PTC/AIT- T1aN0M0
P14 F 69 PTC/AIT- T2N0M0
P15 M 19 PTC/AIT‑ T2N1Mx
P16 F 38 PTC/AIT- T1bN1aM0
P17 F 38 PTC/AIT- T3N1bM0
P18 M 38 PTC/AIT- T3N1aM0 mikro
P19 M 62 PTC/AIT- T1aN1bM0
P20 F 20 PTC/AIT- T1bN0M0
P21 F 36 PTC/AIT+ T3N0M0
P22 F 39 PTC/AIT+ T1bN1aM0
P23 F 33 PTC/AIT+ T1bN0M0
P24 F 79 PTC/AIT+ T1bN0M0
P25 F 47 PTC/AIT+ T3N1M0
P26 M 44 PTC/AIT+ T3N1bM0
P27 F 43 PTC/AIT+ T3aN1bM0
P28 F 26 PTC/AIT+ T1aN1aM0
P29 F 70 PTC/AIT+ T1bN0M0
P30 F 34 PTC/AIT+ T1aN1aM0
P31 F 66 PTC/AIT+ T3N1M0
P32 F 36 PTC/AIT+ T3N0M0
P33 F 33 PTC/AIT+ T1bN0M0

F, female; M, male; PTC, papillary thyroid carcinoma; AIT, autoimmune 
thyroiditis.
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RARalpha, RARgamma, and missing or highly signifi-
cant decreases of RXRgamma expression in intact thyroid 
tissue (17,31). Here, our data demonstrates a similarly marked 
diminution of RARalpha and RARgamma mRNA expression 

in PTC with coexisting AIT when compared to PTC without 
AIT. Thus, data on differences in RAR or RXR subtype 
expression may have a valuable impact for the differential 
diagnosis of thyroid neoplasms (30).

Figure 3. Relative levels of (A) VDR and (B) PR mRNA in the tumour and normal tissues of the patients with or without coexisting AIT. PTC/AIT- (n=19) and 
PTC/AIT+ (n=14) represents papillary thyroid carcinomas with and without autoimmune thyroiditis, respectively. N‑ represents peritumoural thyroid tissue; 
N+ represents peritumoural thyroid tissues with autoimmune thyroiditis. Data are expressed as the medians (range 5‑95%) of two PCR analyses. Differences 
between >2 groups were assessed by one-way analysis of variance followed by the Bonferroni. *P<0.05, as indicated. VDR, dihydroxyvitamin D3 receptors; 
PR, progesterone receptors; AIT, autoimmune thyroiditis; PTC, papillary thyroid carcinoma.

Figure 2. Relative levels of (A) RARα and (B) RARγ mRNA in the tumour and normal tissues of the patients with or without coexisting AIT. PTC/AIT- (n=19) 
and PTC/AIT+ (n=14) represents papillary thyroid carcinomas with and without autoimmune thyroiditis, respectively. N- represents peritumoural thyroid 
tissue; N+ represents peritumoural thyroid tissues with autoimmune thyroiditis. Data are expressed as the medians (range 5‑95%) of two PCR analyses. 
Differences between >2 groups were assessed by one-way analysis of variance followed by the Bonferroni. *P<0.05, as indicated. RAR, retinoid receptors; 
AIT, autoimmune thyroiditis; PTC, papillary thyroid carcinoma.

Figure 1. Relative levels of (A) TRα and (B) TRβ mRNA in the tumour and normal tissues of the patients with or without coexisting AIT. PTC/AIT- (n=19) 
and PTC/AIT+ (n=14) represents papillary thyroid carcinomas with and without autoimmune thyroiditis, respectively. N- represents peritumoural thyroid 
tissue; N+ represents peritumoural thyroid tissues with autoimmune thyroiditis. Data are expressed as the medians (range 5‑95%) of two PCR analyses. 
Differences between >2 groups were assessed by one-way analysis of variance followed by the Bonferroni. *P<0.05, as indicated. TR, thyroid hormone 
receptor; AIT, autoimmune thyroiditis; PTC, papillary thyroid carcinoma.
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Recent evidence has shown that vitamin D deficiency 
could be associated with autoimmune thyroid diseases such 
as Hashimoto's thyroiditis and Graves' disease, and there is 
impaired vitamin D signalling in thyroid tumours (32). The 
VDR was found to be expressed in both normal and malignant 
thyroid tissue. Moreover, VDR and CYP27B1 expressions were 
both increased in papillary thyroid cancer when compared to 
normal thyroid tissue (reviewed in 26). Our data clearly demon-
strates significant enhancement of the VDR mRNA expression 
in PTC with coexisting AIT as compared to PTC without AIT. 
The present study shows that malignant cells in PTC express 
progesterone receptor (PR), thus opening the door for further 
investigations to determine whether those patients could benefit 
from hormonal therapy. Oestrogen receptors seem to have a role 
in the metastatic process of PTC, as they are expressed more in 
the metastatic tumours than in the primary tumours (15).

Type I, iodo‑L‑thyronine 5'‑deiodinase (DIO1) is a sele-
noezyme responsible for monodeiodination of L-thyroxine 
to biologically active 3,5,3'‑triiodothyronine, the cognate 
TR ligand. DIO1 activity was found to be decreased in PTC, 
and it is conceivable that understanding how deiodinase(s) 
dysregulation in thyroid tumour cells affects thyroid hormone 
signalling would relate to tumour progression could lead to 
new antineoplastic approaches (33). In spite of the fact that 
our data corresponded to the referenced findings, no signifi-
cant difference has been found in the mRNA expression of 
DIO1 between PTC- and PTC+ patients. The Ki-67 protein 
(also known as MKi67) is a cellular marker that is strongly 

associated with cell proliferation. Our data has clearly shown 
significantly increased MKi67 mRNA expression in PTC with 
coexisting AIT compared to PTC without AIT, suggesting 
increased cell proliferation in the PTC patients with AIT. 
Insulin-like growth factor-I (IGF-I) is a protein with mito-
genic and anti-apoptotic properties (23), and high circulating 
concentrations have been shown to be associated with an 
increased risk of developing cancer at several sites, such as 
breast, prostate, and colorectal cancer (34). Recently, it has 
been suggested that IGF-I concentrations may be positively 
associated with risk of differentiated thyroid carcinoma (13). 
C3 is a central protein of the complement system, playing a 
crucial role in the activation of the complement system. C3 has 
been found to be overexpressed in numerous cancer tissues 
as well as in PTC tissue when compared to corresponding 
non‑neoplastic tissues (14,35). Our data clearly demonstrated 
significant enhancement of C3 mRNA expression in PTC with 
coexisting AIT compared to PTC without AIT.

In conclusion, the expression of investigated molecular 
targets by mRNA level clearly demonstrated significant differ-
ences in PTC with coexisting AIT compared to PTC without 
AIT. Based on these novel findings, we suggest that AIT is 
a predisposing factor to the development of PTC. To better 
understand mechanisms underlying this association, further 
studies at the molecular level are needed. Consideration of 
the possibility that AIT may be a predisposing cause of PTC 
means that it may be necessary to study the causes of the 
high prevalence of AIT and to investigate whether reduction 

Figure 4. Relative levels of (A) DIO1, (B) MKi67, (C) IGF-1 and (D) complement C3 mRNA in the tumour and normal tissues of the patients with or without 
coexisting AIT. PTC/AIT- (n=19) and PTC/AIT+ (n=14) represents papillary thyroid carcinomas with and without autoimmune thyroiditis, respectively. 
N‑ represents peritumoural thyroid tissue; N+ represents peritumoural thyroid tissues with autoimmune thyroiditis. Data are expressed as the medians (range 
5‑95%) of two PCR analyses. Differences between >2 groups were assessed by one‑way analysis of variance followed by the Bonferroni. *P<0.05, as indi-
cated. DIO1, type I iodothyronine 5'‑deiodinase; MKi67, marker of proliferation Ki‑67; IGF‑1, insulin‑like growth factor 1; AIT, autoimmune thyroiditis; 
PTC, papillary thyroid carcinoma.
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of exogenous factors that contribute to the development of 
thyroid autoimmunity may be of value.
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