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Abstract

Objective: To compare the serum miRNA expression profiles between patients with
benign and malignant parathyroid tumours.

Background: Despite recent advances in molecular biology, a histological tissue bi-
opsy is still the method of choice used to diagnose most cancers. The preoperative cy-
tology is not an applicable method for diagnosis of parathyroid cancer (PC); therefore,
huge interest exists in terms of finding alternative methodologies to seek specific
cancer biomarkers.

Design: A retrospective cross-sectional study.

Patients and Methods: Serum samples of patients with PC (n = 13) and parathyroid
adenoma (PA) (n = 11), age (p = .999) and sex (p = .999) were matched and examined
via the simultaneous comparative expression analysis of 754 microRNAs (miRNAs).
The «TagMan OpenArray Human MicroRNA Panel» (Applied Biosystems) was used to
conduct real-time PCRs using the «QuantStudio 12K Flex» station (Life Technologies).
Results: According to the results of a pilot study, significant changes in expression
levels between the PC group and the PA group (control) (p < .05) were observed for
17 miRNAs. Among them, the downregulation of miRNA-342-3p met the Benjamini-
Hochberg adjustment criteria for multiple comparisons (p = .02).

Conclusions: Serum miRNA-342-3p could be a promising biomarker for PC to improve

diagnosis and prognosis.
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1 | INTRODUCTION

Parathyroid carcinoma (PC) is a rare and aggressive malignancy, ac-
counting for less than 1% of primary hyperparathyroidism (PHPT)

and only 0.005% of all cancers.? Five-year survival rates, as pooled

from different registries and case series, are in the range of 76%-
85%, with 10-year survival rates being between 49% and 77%.34
Recurrence occurs in more than half of PC cases, with the five-year
survival rate in patients with metastatic disease being less than
50%.%°¢ Reports from the United States, Australia, Finland and the
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may be related to improvement in diagnostics or to an actual in-
crease in incidence. The PC pathogenesis is currently unclear, but it
is known that the cell division cycle 73 (CDC73) germline inactivation
mutations can play important roles. CDC73, which is comprised of
17 exons and is located on chromosome 1g31.2, encodes the pro-
tein, parafibromin, which is associated in the polymerase-associated
factor (Paf1) complex. Functions attributed to parafibromin include
the downregulation of cyclin D1 expression and direct interaction
with B-catenin resulting in the activation of transcription of target
genes. More than 50% of CDC73 germline mutations associated
with hyperparathyroidism-jaw tumour syndrome (HPT-JT), as well as
about 15% of CDC73 germline mutations, were reported in patients
with suspected sporadic PC.7

The prognosis of PC is greatly influenced by surgeon perfor-
mance, which emphasizes the importance of preoperative di-
agnosis.10 In contrast to benign parathyroid tumours, which are
effectively treated by selective parathyroidectomy, PCs require en
bloc resection implying that this avoids capsule rupture. An insuf-
ficient volume and experience of the surgeon increase the risk of
distant metastasis, the treatment of which has extremely limited
efficiency.11 Achieving microscopic, cancer-free margins improves

112 Nevertheless, only 12.5% of patients with

disease-free surviva
PC undergo radical surgery.”

Despite recent advantages in molecular biology, a histological
tissue biopsy is still the method of choice to diagnose most cancers,
with the exception of PC. Cytology biopsies of the parathyroid gland
were reported to be uninformative, even dangerous due to the pos-
sible diffusion of malignant cell seeding along the needle track.'®
Therefore, the majority of PC cases are diagnosed postoperatively
by histological examination,** presenting an important opportunity
to identify new preoperative PC markers to aid in the success of ini-
tial operations, thus improving the disease-free survival of patients.

Increasing evidence suggests that microRNAs (miRNAs) may be
a new group of biomarkers for various cancers. MiRNAs are small,
endogenous, noncoding RNAs about 23 nucleotides long. To date,
around 2500 miRNA sequences have been identified in humans
(miRBase database 20.0).} In theory, one miRNA can target hun-
dreds of genes and one gene can be targeted by multiple miRNAs.
They are involved in almost all biological processes, such as cell pro-
liferation, apoptosis and tumorigenesis, and play a crucial biological
role in tumorigenesis and progression, as they affect cell prolifera-
tion, differentiation, adhesion, migration, invasion and apoptosis.15
Moreover, alterations in miRNA expression have been observed in
many diseases, including various types of cancer, indicating that
miRNAs might be useful for cancer management. Unlike long mol-
ecules of RNA (eg mRNA), circulating miRNAs are highly stable in
the majority of fluids. In recent years, much attention has been paid
to the detection of such biomarkers in body fluids.*® An import-
ant feature of miRNAs is their ability to circulate within the blood,
which makes it possible to use them as high-quality biomarkers of
human cancer.'”'® Several studies analysed miRNA expression in
parathyroid tissue, including PC,*"22 but there is a lack of research

investigating circulating miRNA levels in PC patients. The main ob-
jective of this study was to compare the serum miRNA expression
profiles between benign and malignant parathyroid tumours. To the
best of our knowledge, this study is the first report on serum miRNA
profiles derived from PC patients.

2 | MATERIALS AND METHODS

2.1 | Patients and sample collection

All patients gave their informed consent for inclusion before they
participated in the study. The study was conducted in accordance
with the Declaration of Helsinki, and the Ethics Committee of the
Endocrinology Research Centre approved the protocol (Moscow,
Russia; protocol #1 of 01/25/2017).

Fasting blood samples were collected from the patients with
biochemically confirmed active PHPT, centrifuged within two hours
of collection at 3500 rpm for 15 min at +4°C. Subsequently, serum
was aliquoted and stored at -80°C until further use. We included
13 patients with PC and 11 patients with PA after retrospective
analysis based on morphological diagnosis (results confirmed by two
independent morphologists) according to inclusion and exclusion
criteria. Histopathological diagnosis of parathyroid tumours was es-
tablished according to the WHO classification criteria.?® Exclusion
criteria comprised of accompanying terminal chronic kidney disease,
malignant neoplasms of other organs, severe comorbidities (heart
failure stage Il and IV by the New York Heart Association (NYHA)),
diabetes mellitus type 1 or 2, mental illness, acute respiratory viral
infections, exacerbation of chronic disease during the last month,
pregnancy and lactation, and intake of calcium-phosphorus-related
medications. Biochemical parameters of fasting blood (serum
total calcium (reference interval (RI) 2.15-2.55 mmol/L), ionized
calcium (Rl 1.03-1.29 mmol/L), and creatinine (Rl 63-110 mc-
mol/L)) were determined using the automatic biochemical analyser
ARCHITECT ¢8000 (Abbott). Intact parathyroid hormone (iPTH, RI
15-65 pg/mL) was evaluated using the second-generation electro-

chemiluminescent analyser Cobas 6000 (Roche).

2.2 | MiRNA isolation from serum

The miRNAs were isolated from the serum samples using the mir-
Vana PARISTM kit (Life Technologies) as per the total RNA isolation
procedure for liquid samples according to the manufacturer's recom-
mendations. Briefly, 300 pl of each serum was mixed with 300 pl of
2 x denaturing solution at room temperature, combined with 600 pl
of acid-phenol: chloroform and mixed thoroughly with vortex. Then,
the sample lysate was centrifuged at 15,000 g for 5 min to separate
the mixture into aqueous and organic phases. The aqueous phase
was transferred to a fresh tube, mixed with 750 pl of 96% ethanol
and applied to a filter cartridge. The filter cartridge was washed once
with 700 pul of miRNA wash solution and twice with 500 ul of wash
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solution 2/3. The RNA was eluted from the filter in 100 pl of pre-
heated (95°C) elution solution and stored at -70°C.

2.3 | Reverse transcription of RNA with
Megaplex ™ Trademark RT Primers and pre-
amplification of RT products

Megaplex Trademark (TM) reverse transcription (RT) Primers
and Human Pools A and B v3.0 (PN 4444282) were used accord-
ing to their matching TagMan Open Array Human miRNA Panel
Quant StudioTM 12K Flex. Each pool contained reverse transcrip-
tion primers for 377 unique miRNAs; the miRNA targets repre-
sented in Pool A tended to be better characterized, more broadly
expressed, and/or expressed at the higher levels compared with
Human Pool B. Each RNA sample was reverse-transcribed sepa-
rately with Pools A and B, according to QuantStudio™ 12K Flex
OpenArray microRNA Starter Kit protocol (Life Technologies,
Publication Part Number 4470935 Rev. C, April 2014). A total of
3 ul of isolated miRNA samples were reverse-transcribed using the
Megaplex. The content of miRNA fractions in the indicated RNA
is very small (not detectable); therefore, the protocol recommends
using a fixed volume (3 ul) of the isolated RNA in the reverse tran-
scription reaction.

RT Primer Pool A or B stayed in a final volume of 7.5 ul. The RT
reaction was performed in a thermal cycler (40 cycles: 2 min at 16°C,
1 minat42°C, 1sat50°Cand 5 min at 85°C for enzyme inactivation).

A total of 2.5 pl of each RT reaction was combined with 12.5 l
of 2xTagMan PreAmp Master Mix (PN 4391128), with 2.5 pl of its
corresponding Megaplex PreAmp Primer Pool A or B (PN4444304)
and 7.5 pl of nuclease-free water in a final volume of 25 ul. A pre-
amplification reaction was run under the following conditions: (1)
hold for 10 min at 95°C, 2 min at 55°C and 2 min at 72°C; (2) perform
12 cycles: 15 sec at 95°C, 4 min at 60°C; (3) hold for 10 min at 99°C;
and (4) keep at 4°C. A total of 4 pl of each pre-amplification product,
corresponding to the RNA samples of three patients, was diluted
to 1:40 with a low TE buffer (Low Tris/EDTA buffer) =10mM TrisCl
(8.0), 0.1mM EDTA for RT PCR. Other pre-amplified products were
stored at -20°C for up to 1 week.

2.4 | Real-time PCR on QuantStudio™ 12K Flex

To prepare PCR mixes A and B, 22.5 ul of each diluted pre-
amplification product was combined with 22.5 ul of the 2x TagMan
OpenArray Real-Time PCR Master Mix (PN 4462159). A total of 5 pl
of each PCR mix was transferred to the OpenArray 384-well sample
plate in the combination as described in the microRNA Starter Kit
protocol mentioned above. The QuantStudio OpenArray AccuFill™
System was used to transfer the reaction mixes from the 384-well
sample plate to the QuantStudio™ 12K Flex TagMan OpenArray
plate, as described in the protocol mentioned above. The loaded
OpenArray plate was run on a QuantStudio™ 12K Flex System

M

under the preprogrammed cycling conditions that applied to the

OpenArray experiments.

2.5 | DNA sequencing

Genomic DNA was extracted from peripheral leukocytes using
PureLink1Genomic DNA Mini Kits (Thermo Scientific). A custom
SeqCap EZ Prime Choice panel (Roche Sequencing Solutions) tar-
geting 22 genes (AIP, AP251, CDC73, CDKN1A, CDKN1B, CDKN1C,
CDKN2A, CDKN2C, CDKN2D, DICER1, GATA3, GCM2, GNA11, GNAS,
MEN1, PRKAR1A, PRKCA, PTTG2, SDHA, SDHB, SDHC, SDHD) was
used for the preparation of the DNA library using NimbleGen
(SeqCap EZ Prime Choice Library) technology (Roche Sequencing
Solutions). Sequencing was performed using an lllumina MiSeq se-

quencer (lllumina).

2.6 | Statistical analysis

Statistical analysis was performed using the software packages
STATISTICA 13 (StatSoft) and SPSS (IBM). The quantitative results
were reported as the median and the 1st and 3rd quartiles [Q1;
Q3]. Spearman's rank test was conducted to assess the correlation
between miRNA and laboratory indicators. A ROC curve was con-
structed, and the AUC was calculated to evaluate the diagnostic
value of the selected miRNA and it combination with serum calcium
and iPTH levels. The cut-off point was selected so that the sum of
the diagnostic sensitivity and diagnostic specificity was the maxi-
mum for it. Differences in the expression of miRNA and age between
groups were evaluated using the Mann-Whitney test (U test) as well
as differences in terms of quantitative characteristics. The frequen-
cies of the signs were compared with each other using the chi-square
test (;(2). The Yates amendment was applied when it was necessary.
A p-value less than 0.05 was considered statistically significant. For
multiple comparisons, the Bonferroni correction and Benjamini-
Hochberg adjustment were applied. The confidence intervals of the

frequencies are calculated by the Klopper Pearson method.

2.7 | Quantification of miRNA

Raw data files (.eds) were analysed using the ExpressionSuite v1.1
data analysis software (Life Technologies). Ct values were nor-
malized using a global normalization algorithm as an option of the
ExpressionSuite v1.1 which uses the mean expression value of all
expressed miRNAs in each sample as a normalization factor for
miRNA real-time quantitative PCR data.?* Targets with amplification
scores of <1 and with Cq confidence values of <0.8 were rejected
during analysis. For comparison of the miRNA-level delta cycle rela-
tive threshold (ACRT) between the PC and PA samples, the differ-
ences were considered to be significant when p-values were less

than 0.05 after Benjamini-Hochberg adjustment.?® Note, that in data



40f10 Endocrinology, Diabetes
O_I_W ILEY- gy,

KRUPINOVA ET AL.

& Metabolism _ ooy

modelling with ExpressionSuite, the Benjamini-Hochberg algorithm
was used as one of the options and the differences in the fold change

of log2 <-1 or >1 were considered relevant.

3 | RESULTS

3.1 | Clinical and laboratory characteristics of the
study population

Twenty-four patients with PHPT were included in this study (8 males
and 16 females). The mean age of patients in the PC group (n = 13)
was 58 years [28; 63] and 55 years [32; 68] in the parathyroid ad-
enoma (PA) group (the control group, n = 11). These groups were age
[p=.99 (U test)] and sex [p = .99 (y2 with Yates correction)] matched.

The median level of iPTH in the PC group was 4.7 times higher
than in the control group, 988 pg/ml [543; 1289] vs 211 pg/ml [80;
520], respectively (p < .01, U test). The median serum calcium level
for the PC group was 3.5 mmol/L [3.17; 4.19] and 2.82 mmol/L [2.68;
3.05] in the PA group (p < .01, U test). Metastases were observed in
eight participants at the diagnosis or during the follow-up. Germline
mutations in the CDC73 gene were identified in three patients with
PC (2% (95% ClI, 5%-54%)) and all of them developed metastases.
The clinical suspicion of HPT-JT syndrome could be made in only
one patient who has a familial history of PA and none of the patients
had characteristic manifestations of this syndrome. The clinical, bio-
chemical, histological, and genetic characteristics of the patients are
listed in Table 1.

3.2 | Differential expression of serum miRNAs
between PC and PA groups

From a simultaneous comparative analysis of 754 serum miRNA
types, significantly different expression levels between the PC group
and the control PA group (p < .05, U test) were detected in 17 miR-
NAs (Supplementary). miRNA-342-3p is significantly different, and
a further 16 miRNAs demonstrated a p-value of <.05 (Figure 1).
Among these levels, after Benjamini-Hochberg adjustment criteria
for multiple comparisons miRNA-342-3p demonstrated the greatest
value of downregulation (p = .02, U test). The cycle relative thresh-
old (CRT) of miRNA-342-3p was 28.297 [27.943; 29.386] in the PC
group and 27.012 [26.199; 27.309] in the PA group (Figure 2).

3.3 | Diagnostic value of miRNA-342-3p

Receiver operator characteristic (ROC) curve analysis was used to
evaluate the diagnostic accuracy of the serum miRNA-342-3p level
for the PC group. The ROC curve was constructed for the expres-
sion of mMiRNA-342-3p (CRT). The area under the curve (AUC) of
the serum miRNA-342-3p was 0.888 (95% Cl, 0.749-1; p = .001,
Figure 3A) which indicates the average diagnostic efficiency. The

cut-off point of the miRNA-342-3p is 27.5 (specificity = 92%, sen-
sitivity = 81%). Also, ROC curve analysis was used to evaluate the
diagnostic accuracy of the serum PTH and calcium levels for the
PC. The AUC of the new ROC curve was 0.846 (95% Cl, 0.688-1;
p = .004; Figure 3B) which indicates the average diagnostic ef-
ficiency. The corresponding cut-off point of PTH is 531.5 pg/ml
(specificity =77%, sensitivity =82%). The AUC of the serum calcium
was 0.846 (95% Cl, 0.684-1; p = .004; Figure 3C) which indicates
the average diagnostic efficiency. The cut-off point of calcium is
3.39 mmol/I (specificity = 62%, sensitivity = 100%). The ROC curve
of the combination Ca and iPTH serum levels showed that the AUC
was 0.985 (95% Cl, 0.762-1; p = .001; Figure 3D). The ROC curve of
the combination CRT of the miRNA-342-3p and serum calcium and
iPTH serum levels showed that the AUC was 0.951 (95% Cl, 0.863-
1; p < .001; Figure 3E). The ROC curves do not differ statistically
significantly, because confidence intervals are crossed. However,
ROC curve of the combination CRT of the miRNA-342-3p and serum
calcium and iPTH serum levels is a better result because its AUC has
a more narrow confidence interval than the AUC of the only CRT of
the miRNA-342p.

Combination CRT of the miRNA-342-3p and serum calcium and
iPTH serum levels has sensitivity = 92% and specificity = 91%.

The PC patients were divided into two subgroups [patients
with (n = 8) and without metastases (n = 5)]. The analysis between
subgroups did not reveal any significant difference in the CRT of
the miRNA-342-3p (p = .34, U test). 5 out of 8 carcinomas metas-
tasized to the lung. The analysis between the patients (n = 5) with
metastasis to the lungs and the patients (n = 3) with metastasis to
another organs did not reveal significant difference in the CRT of
the miRNA-342-3p (p = 0.57, U test). There is no difference in the
CRT of miRNA-342-3p between patients with ( n = 3) and without
CDC73 mutations (n = 10) (p = .57, U test). Also, analysis between
patients with (n = 5) and without vascular invasion (n = 8) showed no
difference in the CRT of miRNA-342-3p (p = .35, U test).

3.4 | Correlations between miRNA-342-3p and
clinical data

Associations between the serum miRNA-342-3p level and clinico-
pathological parameters were determined using Spearman's cor-
relation analysis, which showed an average positive correlation
between preoperative calcium with miRNA-342-3p (r, = .52, p = .01)
(Figure 4A) and preoperative iPTH, as determined by the miRNA-
342-3p CRT (r,= .68, p <.01) (Figure 4B).

4 | DISCUSSION

In previous studies, miRNA signatures were examined in parathy-

roid tissues. For instance, miRNA was analysed in the PC tissue

19-21

samples compared with the normal parathyroid glands and

benign parathyroid tumours?>?! that revealed significant miRNA
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downregulation in the PC versus normal parathyroid glands. Among
these samples, the most consistently downregulated miRNAs were
MiRNA-296-5p, miRNA-139-3p, miRNA-126-5p, miRNA-26b and
miRNA-30b'7%%; miRNA-222, miRNA-503 and miRNA-517c were
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FIGURE 2 Expression of the serum
cycle relative threshold (CRT) miRNA-
342-3p in the PC group and the PA group
(control)

upregulated.’’ 2! The inhibition of the miRNA-296-5p expression
was detected in distant metastases, while the miRNAs C19MC and

Vaira and colleagues,

unlike previous researchers, focused only on two miRNA clusters
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FIGURE 4 (A)Spearman's correlation analysis of calcium levels and relative miRNA-342-3p expression in human serum samples (n = 24).

(B) Spearman's correlation analysis of intact parathyroid hormone (iPTH) levels and relative miRNA-342-3p expression in human serum
samples (n = 24)

on chromosome 19 in a series of normal parathyroid glands, adeno- PC and accurately distinguished carcinomas from the PA. Moreover,
mas, carcinomas and distant metastatic lesions. They showed that the matched metastasis and primitive PC showed similar miRNA ex-
C19MC miRNA aberrant expression was significantly enriched in the pression patterns.
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Recently, circular RNA profiles were described in the PC for the
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first time, suggesting that those also play a role in parathyroid tu-
morigenesis.26 A number of molecular mechanisms may deregulate
miRNA expression in the PCs. The loss of parafibromin, which inter-
acts with the RNA polymerase Il (Pol 11),>” may potentially alter the
miRNA expression due to its role as a key molecule in the miRNA
transcription. The relationship between the loss of parafibromin in
the PCs and the miRNA expression has not been investigated yet.
Our results showed significant downregulation of the miRNA-
342-3p expression in the PC group. In previous studies of the miRNA
in the parathyroid tissue, the differences in the miRNA-342-3p ex-
pression were not found. The poor reproducibility of the results on
the miRNA in parathyroid glands’ disorders between available stud-
ies could be related to different types of normal controls (or to the
absence of control at all) as well as to different analysis platforms
used. The results would need to be tested on additional independent
cohorts to provide evidence of potential utility in further research.
Among the other 16 miRNAs in our study, downregulation of the
miRNA-126 (p = .039, before multiple comparisons) was overlap with
results of Reza Rahbari's study at all. In that work of three of the
13 selected miRNAs were significantly downregulated between ade-
noma and carcinoma (miR-126, miR-26b and miR-30b; p < 0.05). The
miRNA with the highest accuracy was miR-126* (AUC = 0.766).2°
Various studies have demonstrated that the miRNA-342-3p is cru-
cial for numerous physiological and pathological processes and neg-
atively regulates the cell viability by repressing the anti-apoptotic
gene network in human and mouse macrophages,28 by enhancing
adipogenesis?’ and by playing a role in the osteogenic differentia-
tion of umbilical cord mesenchymal stem cells.%° In vitro and in vivo
studies have shown that exogenous overexpression of the miRNA-
342-3p in colorectal, cervical, prostate, breast, hepatocellular and
non-small-cell lung cancer (NSCLC) induced apoptosis and inhibited
the tumorigenicity, cell growth, invasion and migration through the
establishment of diverse cancer regulatory networks, suggesting po-
tential tumour suppressor activity and sensitivity of malignant cells
to anticancer medicines.®! It has also been reported that the miRNA-
342-3p can be a tumour suppressor miRNA in different malignancies,
including hepatocellular carcinoma, cervical cancer and lung cancer.
However, some results demonstrated that its suppression was as-
sociated with poor cancer prognosis (Supplementary Material).
However, at present, the role of miRNA-342-3p in the PC is still not
well understood. Interestingly, most of the deregulated miRNAs in
the PC were repressed, including the revealed miRNA342-3p in this
study, suggesting onco-suppressive roles in this disease.
Interestingly, noncoding RNAs (ncRNAs) could be also applied as
potential therapeutics in the near future. The replacement of the tu-
mour suppressor miRNA-34a by using MRX34, the synthetic prod-
uct, exhibited promising initial results in the first phase | study in
humans.3? Since then, the usage of ncRNAs in cancer therapy is per-
manently improving. The data are available suggesting that ncRNAs
could be implicated in predicting the chemo- and radio-resistance,
as well as the therapeutic targets‘33 Interactions between the miR-
NAs and Toll-like receptors have been reported underlining the

implication of ncRNAs in the cancer immunology.* miRNA expres-
sion patterns were also analysed to better understand and direct the
immune checkpoint inhibitor therapy.35

The purpose of this study is not to compare the value of calcium,
PTH and miRNA with each other, but to find a new marker or model
for PC generally and to confirm the hypothesis that the circulating
miRNA can act as a preoperative marker to distinguish the PC from
the PA. Currently, the cut-off points of calcium and iPTH for the dif-
ferential diagnosis of malignant and benign parathyroid neoplasms
have not been determined. More specific markers of PC are required
for preoperative differential diagnosis since PA could be accompa-
nied by severe course of PHPT with severe hypercalcemia and a sig-
nificant increase in PTH, and vice versa, PC with a mild course and
even normocalcaemia. A logistic regression models seem to be more
reliable with the inclusion of several clinical important parameters
for preoperative diagnostics (including serum calcium, PTH, but not
limited to them).24% In the present pilot study, circulating miRNA
was proposed as a potential surrogate marker of the PC. Indeed, the
AUCs of miRNA-342-3p, serum calcium and PTH levels are equiva-
lent; in the same time, the combination of them appears to be the
most promising preoperative models to distinguish the PC from the
PA in individuals with increased risk of malignant tumour. Thus, the
miRNA-342-3p is significantly different and a further 16 miRNAs
demonstrated a p-value of <0.05 and thus may become of interest

in a larger study.

4.1 | Benefits and limitations of the study

Our study is hypothesis setting, and thus, it will require further vali-
dation including the assessment of the circulating miR-342-3p level
variations in the healthy control group as well as intra-individual,
circadian and food intake variations. The sample size in the study is
relatively small, as the PC is an extremely rare disease and patients in
most cases had undergone multiple interventions. However, we had
recruited a cohort of 13 PC patients on the diagnosis phase and be-
fore the surgical intervention. Thus, we aimed to obtain the pilot data
to understand whether there are promising differences, which can
be used in further biomarker research and should be confirmed in
tissue samples. However, we must consider several limitations of the
circulating miRNAs as the biomarkers in cancer patients. First, the
miRNA expression levels cannot be used as biomarkers of specific
cancers, because dysregulation of the same miRNA can be observed
in different types of cancer and diseases (Supplementary Material).
In addition, the differences between the two groups could be related
to other, non-cancer-related, differences, for example height of Ca
or iPTH levels. Second, some miRNAs may have opposite expression
patterns depending on the cancer type. Thus, the miRNA could be
an additional tool for the preoperative diagnosis of the PC and to
identify the groups with increased cancer risk (high serum Ca and
iPTH levels). Despite these limitations, this approach has several
benefits. All the included patients were clinically well-characterized.
All the samples were collected at the same time period using the
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same collection technique and the identical lot number of blood-
collection tubes. The exact reagent set was used for all analysed
samples. Moreover, differences in the miRNA-342-3p expression
have remained significant after Benjamini-Hochberg adjustments,
which is a promising result for further investigation.

5 | CONCLUSION

The main objective of this study was to compare the serum miRNA
expression profiles between the patients with benign and malignant
parathyroid tumours. Our results demonstrated significant down-
regulation of the miRNA-342-3p expression in the PC group. In
this way, the serum miRNA-342-3p levels may serve as a potential
preoperative biomarker of the PC in patients with high risk for the
malignant tumour, as well as postoperative monitoring of the dis-
ease coupled with the iPTH and calcium levels. This work motivates
further investigations required to prove the efficiency and reliability

of the proposed biomarkers.
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