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Abstract. Background/Aim: Almost 15% of patients with
sporadic primary hyperparathyroidism (sPHPT) present with
multiple gland disease (MGD). The aim of this study was to
investigate the potential role of two polymorphisms of the
hsa-miR-30e, in sPHPT tumorigenesis. Patients and
Methods: One-hundred twenty sPHPT patients, 77 presenting
a single adenoma and 43 with MGD, and 54 healthy controls
were genotyped. The SNPs were identified using the allele-
specific PCR methodology, while the hsa-miR-30e expression
was analyzed by real-time quantitative reverse transcriptase
PCR. Results: Hsa-miR-30e expression was found to be
significantly higher in patients with MGD compared to
patients with single adenomas (p=0.0019), but no differences
were found regarding specific genotype carriers. The
genotype frequencies for ss178077483 and rs7556088 were
significantly different between patients and healthy controls.
Conclusion: Although the polymorphisms cannot be used as
biomarkers for the differential diagnosis of MGD, hsa-miR-
30e expression could potentially serve as a biomarker for
this purpose.
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Primary hyperparathyroidism (PHPT) is characterized by
excessive production and release of parathyroid hormone by
the parathyroid glands. Sometimes more than one gland can
be abnormal and the pathology ranges from double
adenomas to diffuse hyperplasia of the parathyroid glands,
and all fall under the umbrella term of multiple gland disease
(MGD). MGD cannot be reliably diagnosed preoperatively
in sPHPT and the distinction of the abnormal gland(s) still
depends on the experience of the surgeon, as objective
factors have not been identified (1-4), thus presenting the
risk of either over or under treatment. Overtreatment may
result in  permanent hypoparathyroidism,  while
undertreatment in disease persistence or recurrence.

No predictive genetic screening tests are currently
available to distinguish adenomas from MGD in sPHPT (5).
Moreover, multiple mutations have been implicated, making
diagnosis even more difficult (6). Although there are specific
pathways involved in adenoma tumorigenesis, there are few
data concerning the MGD pathway in sPHPT (7-15).

miRNAs have unique features suitable for biomarker use,
including an exceptional stability against degradation and
easy extraction from various specimens including tissues,
blood, faeces etc. (16). miRNAs have a regulatory role in
cellular processes such as apoptosis, proliferation and
differentiation by affecting gene expression. Differential
expression of miRNAs has been reported for various tumor
entities (16). Furthermore, the expression of miRNAs may
be affected by the presence of specific single nucleotide
polymorphisms (SNPs) (17). SNPs in miRNA target sites
may affect miRNA-binding resulting in differential
expression of miRNAs and consequently differential gene
expression and development of disease (18, 19).
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Very few studies have examined the role of miRNAs in
parathyroid neoplasia (9, 20, 21), and most focus on the
differential expression of miRNAs in parathyroid carcinoma.
Rahbari et al. have found 22 uniquely expressed miRNAs in
15 sporadic primary parathyroid MGD samples (21). We
cross-matched miRNAs that are found in databases
mirOntology, miRbase, miRTarBase and TargetScan to be
associated with genes overexpressed in sSPHPT MGD (9, 20).
This cross-matching, indicated that the most commonly
associated miRNA was hsa-miR-30e. Numerous SNPs have
been identified in this miRNA, with ss178077483 and
rs7556088 being two of the most studied ones.

To date, there is no study on the role of miRNAs in the
regulation of the molecular pathways leading to adenomas
and MGD in sPHPT. Differences in the expression of hsa-
miR-30e between patients with single adenomas and MGD
in SPHPT was the main endpoint of our study. In addition,
the association of hsa-miR-30e SNPs with sporadic primary
adenomas or MGD was evaluated.

Materials and Methods

Patients. This was a collaborative retrospective study from two
endocrine surgery departments: The Department of Thyroid and
Endocrine Surgery, Hammersmith Hospital, Imperial College London,
UK and the Endocrine Surgery Unit, Second Department of Surgery,
Aretaieion University Hospital, Athens, Greece. Patient databases
were retrospectively reviewed. The data of patients aged 18-70 years
who had undergone parathyroidectomy and found to have sporadic
primary MGD or adenomas according to the pathological diagnosis
were extracted. Patients with secondary hyperparathyroidism or
patients with genetic syndromes involving PHPT, familiar hereditary
disease or history of other malignancies were excluded. Patients with
single adenomas were included only if they were followed-up for at
least 2 years and confirmed to be disease-free.

Finally, 120 patients were included in the study, 43 patients with
MGD and 77 patients with single parathyroid adenomas. In
addition, 54 healthy adults served as normal controls. The control
group was tested and found to be negative for PHPT. Parathyroid
tissues received from patients with adenomas or MGD and blood
samples from the healthy controls were used. Clinical data were
collected from both Institutions’ databases.

The study was approved by the Scientific Committee of the
Medical School of Athens (National and Kapodistrian University of
Athens, Approval No B-30/27-02-2014) and found to be in
accordance with all medical and bioethical issues of the Institution.
Handling samples of human tissues was in accordance with the
bioethics committees of both Institutions. Patients had given their
informed consent preoperatively for the possibility their tissues
might be used for scientific purposes.

Clinical and Biochemical Data. Collected data included patient-
related demographics (age, gender), clinical data (history of head and
neck radiation exposure, absence of hereditary disease), biochemical
parameters [pre- and post-operative levels of calcium, phosphate,
parathyroid hormone (PTH), Vitamin D levels [25(OH)D3]] and
histopathological data.
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Genotyping. Genomic DNA was extracted from parathyroid
formalin fixed and paraffin embedded (FFPE) tissues using the
PureLink Genomic DNA Kit (Invitrogen Inc, Rockville, MD)
according to the manufacturer’s instructions, after a
deparaffinization step using xylene followed by ethanol washes
(22). The ss178077483 and rs7556088 found in hsa-miR-30e
miRNA were determined by allele-specific PCR. Primers sequences
were:
$s178077483F: 5’-GCGTCTCCGTTCTTTCTGGG-3, ss17807748
3RC: 5’CATCCGACTGAAAGCTCCTCTG-3’, ss178077483RT:
5’-CATCCGACTGAAAGCTCCTCTA-3’, and rs7556088FC: 5’-
GATTGCATGATTCACTAGGTCC-3’, rs7556088FT: 5’-GATTG
CATGATTCACTAGGTCT-3’, rs7556088R: 5’-TTAATACAGGCT
GGGATGGG-3".

The products were analyzed by electrophoresis on a 3 % agarose
gel and visualized using UV fluorescence after staining with
ethidium bromide.

Expression. The expression of hsa-miR-30e was examined in 10
representative fresh biopsy tissue samples that were available, 5 of
parathyroid adenomas and of 5 MGD tissues, and found to be
homozygous for the wild type or the polymorphisms. Total RNA
was extracted from fresh tissues using the miRNeasy Kit (Qiagen,
Hamburg, Germany). The stem—loop quantitative Reverse
Transcriptase-Polymerase Chain Reaction (QRT-PCR) was used to
determine the expression of the hsa-mir-30e and the small nuclear
RNA U6 (23).

The RT primers were 5’-GTCGTATCCAGTGCAGGGTCCGA
GGT ATTCGCACTGGATACGACCTTCCA-3’ or hsa-mir-30e and 5°-
AAC GCTTCACGAATTTGCGT-3’ for U6. Primers of 5’-GTGCA
GGGTCCGAGGT-3’ and 5’-GCTGTGTAAACATCCTTGACTGG-3’
were used to amplify has-mir-30e, and 5’-CTCGCTTCGGCAGCACA-
3’ and 5’-AACGCTTCACGAATTTGCGT-3’ were used to amplify U6
as previously described (24). All real-time reactions, including no-
template controls, were run in duplicate using the ABI 7500 Real-Time
PCR System (Applied Biosystems, Foster City, CA, USA). The
comparative Ct (2-AACT) method was used for quantification of
transcripts.

Relative expression of the has-mir-30e was calculated by
normalization with U6 gene expression.

Statistical analysis. Chi square test and Fischer’s exact test were
used to compare frequencies of alleles between the groups.
Experiments were conducted in triplicate. Correlations between
miRNA polymorphisms and clinicopathological parameters were
also statistically analyzed. All statistical analyses were carried out
using SPSS for Windows 20.0. Probability values of <0.05 were
considered significant.

Results

There was no difference in sex distribution and age between
adenomas and MGD groups (as an absolute value or a
subgroup allocation-under 65 vs. over 65 years of age).
However, there was a statistically significant difference in
the mean age of the control group (52.06+14.59) compared
with patients with adenomas (59.88+10.8, p<0.0001) or
MGD (61.81+13.74, p<0.0001). In addition, there was a
statistically significant difference in gender distribution when
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Table 1. Patient demographics.

Adenoma MGD Sig. Control Sig. Sig.
N=77 N=43 Ademona vs. MGD N=54 Adenoma vs. Control ~ MGD vs. Control
Gender
Male 15 (19.5%) 8 (18.6%) p=0.907 19 (35.2%) p=0.044 p=0.070
Female 62 (80.5%) 35 (81.4%) 35 (64.8%)
Age subgroup
Under 65 (years old) 53 (68.8%) 24 (55.8%) p=0.154 42 (77.8%) p=0.259 p=0.021
Over 65 (years old) 24 (31.2%) 19 (44.2%) 12 (22.2%)
Age (years) 59.88+10.8 61.81+13.74 p=0.399 52.06 +£14.59 p=0.001 p=0.001
Table II. Biochemical parameters.
Adenoma MGD Sig Control Sig. Sig.
N=77 N=43 ademona vs. MGD N=54 adenoma vs. control MGD vs. control
Calcium (mg/dl) 11.28+0.97 11.18+0.53 p=0.492 9.37+0.31 p<0.0001 p<0.0001
Phosphate (mg/dl) 2.73+0.42 2.58+0.39 p=0.067 3.59+0.53 p<0.0001 p<0.0001
PTH (pg/ml) 176.6+183.9 198.8+127.3 p=0.484 37+14.23 p<0.0001 p<0.0001
25(OH)D3 (ng/ml) 20.69+8.12 20.33+£7.28 p=03811 37.75+£10.25 p<0.0001 p<0.0001
Affected gland(s) 1.14+1.25 1.22+1.49 p=0.760 Not applicable Not applicable Not applicable
maximum weight (gr)
Affected gland(s) 1.78+1.04 2.08 +2.41 p=0.341 Not applicable Not applicable Not applicable

maximum size (cm)

comparing patients with adenomas to healthy subjects and a
different age subgroup allocation between patients with
MGD and the control group. All demographic details are
listed in Table I.

As expected, serum calcium, phosphate, plasma PTH and
25(OH)D3 concentrations were significantly different in
patients with adenomas or MGD compared with controls
(»<0.0001). When comparing patients with adenomas and
MGD, there was no significant difference in these
parameters. There was also no difference between weight
and size of the resected glands in these two groups. The
biochemical parameters analyzed are presented in Table II.

hsa-miR-30e expression levels were significantly higher
in MGD patients than in adenoma patients independently of
the polymorphisms (p=0.019, Figure 1). The limited number
of samples used for the expression analysis was due to the
rarity of the disease and the availability of fresh biopsy
tissues. However, despite the small number of samples tested
and the potential influence of selection bias, reproducible
results were obtained.

The genotype and allele frequencies of the ss178077483
polymorphism are presented in Table III. Although the
ss178077483 C/T genotype carriers did not differ between
the adenoma and MGD patients’ groups (p=0.18, OR=1.74,
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Figure 1. Relative expression levels of hsa-miR-30e in PHPT patients
with adenomas and MGD.

95%CI=0.80-3.76), there was a significant difference when
comparing PHPT patients with the control group (adenoma
vs. control group, p<0.0001, OR=11.58, 95%CI=4.13-32.45
and MGD vs. control group, p=0.0005, OR=6.67,
95%CI=2.2-20.17).

As for ss178077483 T/T genotype frequency, there was no
statistically significant difference in the frequency of the
ss178077483 T/T genotype between adenoma and MGD
patients’ groups (p=0.39, OR=3.79, 95%CI=0.41-34.51) or
between MGD patients and the control group (p=0.35,
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Table II1. Frequencies of the allele presence in SNPs ss178077483 and rs7556088 of hsa-miR-30e.

SNPs Adenoma MGD p adenoma Adenoma vs. Control  p adenoma Adenoma Sig. MGD MGD vs.
N=77 N=43 vs. MGD MGD N=54 vs. control vs. control vs. control control
OR 95%CI OR 95%CI OR 95%CI
ss178077483
C/C 33 (42.9%) 25 (58.1%) 1 (Ref.) 1.74;0.80-3.76 49 (90.7%) 1 (Ref.) 11.58; 1 (Ref) 6.67;2.2-20.17
C/T 39 (50.6%) 17 (39.5%) 0.18 3.79;041-3451  5(9.3%) <0.0001 4.13-32.45 0.0005 5.82;0.23-
T/T 5 (6.5%) 1 (2.3%) 0.39 0 (0%) 0014 16.25;0.87-30403 0.35 148.23
ss178077483 105 (68.18%) 67 (77.91%) 1 (Ref.) 1.64; 103 (95.37%) 1 (Ref.) 9.61; 1 (Ref.) 5.84;2.08-16.4
C Allele 0.89-3.03 3.68-25.1
$s178077483 49 (31.82%) 19 (22.09%) 0.13 5(4.63%) <0.0001 0.0003
T Allele
rs7556088
C/C 47 (61%) 20 (46.5%) 1 (Ref)) 0.52;023-1.17 50 (92.6%) 1 (Ref.) 5.85;1.88-1825 1 (Ref.) 11.25;3.38-37.39
T/C 22 (28.6%) 18 (41.9%) 0.14 0.68; 0.2-2.33 4 (7.4%) 0.0008 18.07; <0.0001 27.1; 1.43-513.05
T/T 8(104%) 5 (11.6%) 0.53 0 (0%) 0.006 1.01-322.05 0.003
rs7556088 116 (75.32%) 58 (67.44%) 1 (Ref.) 0.68; 104 (96.3%) 1 (Ref.) 8.51; 1 (Ref.) 12.55;4.19-37.56
C Allele 0.38-1.21 2.94-24.68
rs7556088 38 (24.68%) 28 (32.56%) 0.23 4 (3.7%) <0.0001 <0.0001
T Allele

OR=5.82, 95%CI1=0.23-148.23). However, adenoma patients
had a higher frequency of the ss178077483 T/T genotype
compared to the control group (p=0.014, OR=16.25,
95%C1=0.87-304.03).

The frequency of ss178077483 T allele was not found to
be significantly different between adenoma and MGD
patients (p=0.13, OR=1.64, 95%CI=0.89-3.03). However, it
differed significantly when comparing adenoma or MGD
patients with the control group (p<0.0001, OR=9.61,
95%CI=3.68-25.1 and p=0.0003, OR=5.84, 95%CI=2.08-
16 .4, respectively).

Regarding the rs7556088 polymorphism, the frequency of
1s7556088 T/C genotype carriers did not differ between
adenoma and MGD patients (p=0.14, OR=0.52, 95%CI=0.23-
1.17). However, there was statistically significant difference
between any group of PHPT patients and the control group
(adenoma vs. control group, p=0.0008, OR=5.85, 95%CI=1.88-
18.25 and MGD vs. control group, p<0.0001, OR=11.25,
95%Cl1=3.38-37.39).

The same statistical pattern was observed when examining
the rs7556088 T/T genotype frequency. There was no
statistically significant difference between adenoma and MGD
patients (p=0.53, OR=0.68, 95%CI=0.2-2.33), but there was
a statistically significant difference between any group of
PHPT patients and the control group (adenoma vs. control
group, p=0.006, OR=18.07, 95%CI=1.01-322.05 and MGD
vs. control group, p=0.003, OR=27.1, 95%CI=1.43-513.05).
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The frequency of T allele in the rs7556088 polymorphism,
was not found to be statistically significant different between
adenoma and MGD patients (p=0.23, OR=0.68,
95%C1=0.38-1.21). However, it differed significantly when
comparing adenoma or MGD patients with the control group
(»<0.0001, OR=8.51, 95%CI=2.94-24.68 and p<0.0001,
OR=12.55, 95%CI=4.19-37.56, respectively).

It is important to notice that blood specimens of the
healthy control population were analyzed since, due to
bioethical reasons, parathyroid tissue cannot be collected
from healthy subjects. However, considering that the SNPs
tested are germline polymorphisms, blood cells should also
include these genetic alterations.

Discussion

The study hypothesis was that SPHPT resulting from single
adenomas or multiple gland disease (MGD) incorporates
different molecular pathways. This study attempted to
evaluate the role of hsa-miR-30e and its SNPs in patients
with sporadic parathyroid adenomas and MGD. Hsa-miR-
30e has been associated with most of the genes reported by
Morrison et al. and Velazquez et al. (9, 20) to predict MGD
(FOXGI1B, SORBSI1, NRXN3, ENCI1, HNT, NRPI,
MANBA, PHF16, ZMAT4, CDH1, HOOKI1 and EGFR).
These genes have been found to be involved in the
pathogenesis of MGD but not in the development of



Mizamtsidi et al: hsa-miR-30e Polymorphisms in Sporadic Parathyroid Adenomas and Multiple Gland Disease

adenoma (9, 20). In addition, MGD tumorigenesis has been
associated with other genetic pathways that affect cell cycle
regulation (PCNA gene), apoptosis (TRAIL, FAS, BCL-2,
MDM2, P53, TBXA2R, FHIT, PTGDS, EGFR genes) and
growth factor regulation (VEGF, FGF, TGFf, IGF-1 genes)
(15). Hsa-miR-30e has been confirmed to target some of
these genes according to multiple databases. In detail,
FOXGI1 (forkhead box G1) which is a transcription factor,
acting as a repressor gene that affects tumorigenesis (25) is
a target for hsa-miR-30e. In addition, NRXN3 (encoding
neurexin 3 protein), NRPI (neuropilin 1), PHFI16 (PHD
finger protein 16), BCL2 (B-cell CLL/lymphoma protein 2),
FGF (fibroblast growth factor) and IGF-I (insulin like
growth factor 1) are also target genes for hsa-miR-30e.
Considering that hsa-miR-30e targets all the aforementioned
genes, the presence of hsa-miR-30e variants could cause
genetic modifications by altering binding of miRNA on its
target genes, resulting in the emergence of MGD. This
hypothesis needs to be further studied.

Hsa-miR-30e has been found to have numerous SNPs as
stated in genetic databases. The selection of the specific
SNPs was based on the available literature data. In detail,
recently Xu et al. described an association of variant
ss178077483 combined with rs7556088, with schizophrenia
(26) and of variant ss178077483 with major depression
disorder (27). Patients with PHPT may often suffer from
atypical neuropsychiatric disorders ranging from mild
cognitive disorders to severe psychosis (28). The presence of
the hsa-miR-30e variants may imply the incidence of
neuropsychiatric disorders in patients with PHP, however this
hypothesis needs to be further examined.

Analysis of the expression of hsa-miR-30e revealed
increased expression in patients with MGD compared to
patients with adenomas. This is an important finding of our
study as it implies that hsa-miR-30e may play a significant
role in the pathogenesis of MGD, but this finding needs to
be verified in further larger studies.

There is a paucity of studies investigating miRNA
expression in parathyroid disease. To date, there is no other
study specifically investigating differential expression of
miRNAs in patients with sporadic adenomas and
hyperplasia. Corbetta et al. have showed that miR-296, miR-
222, and miR-503 are overexpressed in parathyroid cancers
compared to adenomas, signifying miR-296 as a potential
oncosupressor gene implicated in the pathogenesis of
parathyroid carcinoma (29). Likewise, Vaira et al. have
demonstrated an up-regulation of miR517C and respective
C19MC (a cluster on chromosome 19q13.4) alterations in
parathyroid carcinomas compared to adenomas (30). Finally,
Rahbari et al. have showed that miR-126*, miR-30b and
miR-26b were dysregulated in parathyroid carcinomas
compared to adenomas. In addition, they have found 22
uniquely expressed miRNAs in 15 sporadic primary

parathyroid hyperplasia samples (21). Although detailed data
were not presented in their paper, personal communication
with the senior author confirmed that hsa-mir-30e was
included in these miRNAs, showing that their findings were
similar with our study.

On the other hand, SNPs ss178077483 and rs7556088 of
hsa-miR-30e gene were not found to differ significantly
between tissue samples from adenoma and MGD patients.
However, they were found to differ significantly between
patients with sporadic PHPT and controls. A possible
explanation may be that hsa-mir-30e over-expression could
be associated with different SNP genotypes. This could not
be assessed in our study due to the small number of samples
and should be incorporated in future studies. Another
explanation could be that MGD is a heterogenous group of
pathologies incorporating diffuse hyperplasia, asymmetrical
hyperplasia and double or triple adenomas. This certainly
further complicates interpretations of our results.

There are several limitations in our study. The main one
is the study of a single miRNA. Future studies should
incorporate other miRNAs, as well. Another limitation is the
complexity of distinguishing sporadic from hereditary
disease. Known syndromic patients were excluded, but
genetic testing was not routinely performed for all familial
mutations of PHPT in all patients.

Conclusion

Knowing prior to parathyroidectomy surgery whether the
patient has single or MGD is desirable. This most likely can
be achieved with molecular and genetic criteria given the
limitations of preoperative imaging and the fact that
histological criteria remain controversial (15). In addition,
recent literature has suggested the potential use of circulating
miRNAs as diagnostic markers of malignancy (31). In view
of these reports, our research will focus on the evaluation of
the role of circulating miRNAs in the prediction of MGD in
sPHPT and in patients with persistent and recurrent disease.
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