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THE ROLE OF NON-CODING RNAS IN THE PATHOGENESIS OF MULTIPLE ENDOCRINE

®
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Changes in the expression of non-coding ribonucleic acids (ncRNAs) takes part in the formation of various tumors. Multiple
endocrine neoplasia syndrome type 1 (MENT) is a rare autosomal dominant disease caused by mutations of the MENT gene
encoding the Menin protein. Syndrome is characterized by the occurrence of parathyroid tumors, gastroenteropancreatic
neuroendocrine tumors, pituitary adenoma, as well as other endocrine and non-endocrine tumors. The mechanisms for the
formation of MEN1-related tumors due to mutations in the MENT gene are not . In the absence of mutations of the MEN1
gene in patients with phenotypically similar features, this condition is regarded as a phenocopy of this syndrome. The cause
of the combination of several MEN-1-related tumors in these patients remains unknown. The possible cause is that changes
in the expression of ncRNAs affect the regulation of signaling pathways in which Menin participates and may contribute
to the development of MEN-1-related tumors. The identification of even a small number of agents interacting with Menin
makes a significant contribution to the improvement of knowledge about its pathophysiological influence and ways of de-
veloping tumors within the MEN-1 syndrome and its phenocopies.
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POJIb HEKOAUPYIOWNX PHK B MATONEHE3E CUHAPOMA MHOXECTBEHHbIX
3HAOKPUHHbIX HEOMIA3UW 1 TUMNA

© E.O. MameposBa, A.A. Aumutposa*, K.E. benas, 'A. MenbHUYeHKO

HauyroHanbHbIN MeANLIMHCKUIA UCCNIe[0BaTeNbCKNN LLeHTP SHAOKpuHonorum, Mockea, Poccusa

N3meHeHre 3KCnpeccny HEKOAMPYOLWIMX PUOOHYKNENHOBbIX KUCNOT (HKPHK) nrpaet ponb B 06pa3oBaHMmM pasfvyHbIX Ony-
xonen. CUHAPOM MHOXECTBEHHbIX SHAOKPUHHbIX Heornasmin 1 Tmna (MOH-1) — pepkoe ayTOCOMHO-[OMMHAHTHOE 3a60-
neBaHwue, obycnosneHHoe MyTaunamu B reHe MENT, kogupytowem 6ef1ok MeHVH. CMHAPOM Npefpacnonaraet K passutmio
Onyxosnen OKOJIOWNTOBUAHbIX »Kenes, HENPOIHAOKPUHHBIX OMyXOnel »enygoYyHO-KULWEeYHOro TpakTa, ageHoM runodumsa,
a TaKkXKe ApYrX SHAOKPUHHBIX 1 HESHAOKPUHHbBIX onyxonei. MexaHu3mbl 06pa3oBaHms MOH-1-accouumnpoBaHHbIX onyxo-
nen BcneacTsme mytauun B reHe MENT HeAcHbI. Mpu oTcyTcTBMM MyTauuin B reHe MENT y naymeHToB ¢ GeHOTUMMYECKn
CXOXMMM YepTamy JaHHOE COCTOAHME PacLeHUBAETCA Kak GpeHOKonmy 3Toro cuHapoma. lNMprynHa coyetaHnsa HECKONbKUX
M3H-1-accounmnpoBaHHbIX OMyxonen y Takmx NaLumeHTOB OCTaeTCcA HEM3BECTHOW. BO3MOXKHO, YTO M3MEHEHMA B SKCNpeccumn
HKPHK BnvAOT Ha perynauuio CUrHanbHbIX NyTel, B KOTOPbIX MPUHMMAET yyacTue MeHWH, U MOTYT Croco6CTBOBAThL pas-
BuTUI0O M3H-1-accoummpoBaHHbIX onyxonen. igeHTndumkauma faxe He3HauMTENbHOrO KOMMYeCTBa areHToB, B3aMMopen-
CTBYIOLLUX C MEHWHOM, BHOCUT CYLLIeCTBEHHbIW BKN1aJ B NOBbILEHME YPOBHA 3HaHUIM O ero natopuranonormyeckom BAMAaHUN
1 cnocobax pa3BuTMs ONyxosiei B paMKax cuHapoma MOH-1 n ero peHokonui.

KJTKOYEBbIE CJTOBA: cuHOpOM MHOXecmeeHHbIX 3HOOKpUHHbIX Heonaasuli 1 muna; meHuH; Hekooupyroujue PHK; mukpoPHK; MENT.

INTRODUCTION

Multiple endocrine neoplasia syndrome type 1

Multiple endocrine neoplasia syndrome type 1 (MEN-1)
is a rare disease with an autosomal dominant pattern
of inheritance. The syndrome is characterized by the de-
velopment of a combination of parathyroid tumors (90%),
gastrointestinal tumors (30-70%), and pituitary tumors
(30-40%) [1]. Moreover, tumors in more than 20 other en-
docrine and non-endocrine tissues (including adrenal
tumors — about 40% of cases) can develop in MEN-1 pa-
tients [1, 2]. In 1988, scientists from the Karolinska Institute
in Stockholm and Uppsala University Hospital mapped
the MENT gene on the long arm of chromosome 1113 [3],
whose germinal mutations lead to the MEN-1 syndrome.
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The gene itself was discovered in 1997 [4]. The MENT gene
encodes the menin protein the functions of which will be
discussed below. Today, more than 1,600 mutations of this
gene have been described, where 23% are nonsense mu-
tations, 20% — missense mutations, 41% — deletions and
insertions with a frameshift, 6% — in-frame deletions and
insertions, 9% — splicing mutations, and 1% — large dele-
tions [5]. About 85% of cases are familial forms of the MEN-1
syndrome, while sporadic forms (one patient is identified
in a previously unaffected family) are much less frequent
(about 15% of cases) [5].

Thereasonswhy the MENT geneis a tumor suppressor can
be explained by Knudson’s « two-hit» hypothesis [6]. In 1971,
A. Knudson proposed a hypothesis explaining the pat-
tern of hereditary and sporadic forms of retinoblastoma.
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He suggested that two consecutive mutations must occur
to trigger tumor growth in a cell: a germinal mutation fol-
lowed by a somatic mutation. In a non-hereditary form, two
mutations must occur in the same somatic cell, reducing
the probability of such a coincidence; therefore sporadic
retinoblastoma resulting from two somatic mutations oc-
curs at a more mature age [6]. Loss of heterozygosity (LOH)
on chromosome 11g13 in patients with germinal mutations
of the MENT gene is found in more than 90% of tumors,
whereas in sporadic endocrine tumors, LOH 11q13 is iden-
tified in 5-50% of cases [7]. For example, biallelic somatic
mutations in the MENT gene in sporadic parathyroid adeno-
mas were detected in 12-35% of cases [8]. Somatic muta-
tions in the MENT gene in sporadic pancreatic tumors can be
found in about 25-44% [9, 10]. The percentage of somatic
mutations of the MENT gene in sporadic pituitary adeno-
mas is low and is approximately 2-5% [11, 12], in adrenal
tumors — less than 5% [13].

In 10-30% of familial cases and 60-80% of sporadic cases
of MEN-1, there are no mutations inthe MEN1 geneidentified,
which may be due to large deletions of this gene, mutations
in the promoter region, or other untranslated regions that
are usually not analyzed in «routine» genetic testing [5, 14].
CpG island hypermethylation in the promoter regions of tu-
mor suppressor genes is known to lead to loss of function
of these genes [15]. Thus, hypermethylation of the promoter
region of the MENT gene was observed in the tissues of par-
athyroid adenomas at the 24-31 sites of CpG islands in pa-
tients with MEN-1, and the severity of clinical manifestation
depended on the methylation rate [16]. Besides, the devel-
opment of MEN-1-associated tumors in such patients may
be due to other reasons: mutations in other genes that have
not been discovered yet, epigenetic changes, and proba-
bly, a random combination of several tumors in one patient
[1,17,18]. Detailed information about the MEN-1 syndrome
phenocopies can be found in our review [19].

Menin protein and its functions

The menin protein consists of 610 amino acid residues
whose sequence is not homologous to any known pro-
tein. Menin is expressed in all organs and tissues, but its
expression varies depending on the type of tissue [20].
At the cellular level, it is mainly found in the nucleus, and
a small amount can also be found in the cytoplasm and cell
membrane. Menin is subject to post-translational modifica-
tions, such as phosphorylation (amino acid residues Ser394,

Table 1. Menin-interacting proteins [20, 21].
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Thr397, Thr399, Ser487, Ser543, Ser583), sumoylation, and
palmitation. There are two main nuclear localization signals
in the menin structure (NLS) — NLS1 (amino acid residues
479-497) and NLS2 (amino acid residues 588-608), plus
the third additional NLS (NLSa, amino acid residues 546-572)
[21]. When germinal and somatic mutations in the MENT
gene result in a shortened protein (nonsense mutations and
frameshift mutations) and the loss of one or both main NLS,
protein inactivation occurs. In missense mutations, protea-
somes cause degradation of the synthesized protein pre-
venting its functional activity. Menin does not have enzyme
activity [21].

Studies have shown that menin interacts with many pro-
teins (more than 50) in various protein complexes. Generally,
menin-interacting proteins can be classified into four large
groups: 1) transcription activators; 2) transcription repres-
sors; 3) cell signaling proteins; and 4) other proteins with
different functions (for example, regulation of DNA repair
and the cell cycle, structural support, etc.) [20, 22]. Menin-
interacting proteins are listed in Table 1.

Menin regulates multiple signaling pathways (Table 2).
Besides, menin is regulated by various proteins and signaling
pathways, including the ones that it itself regulates (Table 3).
Interacting with different protein complexes, menin can par-
ticipate in epigenetic regulation [37, 38].

The mechanisms by which the MENT gene mutations
(leading to the synthesis of the defective menin protein)
cause the development of specific tumors, remain unclear.

NON-CODING RNAS IN MEN1

Non-coding RNAs (ncRNAs) do not have open read-
ing frames and therefore, as their name implies, do not
encode proteins. MicroRNA (miR) are short ncRNAs and
consist of 20-24 base pairs. MicroRNAs repress gene ex-
pression with two mechanisms: complementary DNA
binding in chromatin leading to RNA-induced suppression
of gene transcription, or complementary binding of mes-
senger RNA (mRNA) leading to its degradation and trans-
lation blocking [38]. microRNA encoding genes make up
1-5% of the human genome and control the expression
of thousands of mMRNAs, and several microRNAs can partic-
ipate in the expression of a single mRNA [39]. Long ncRNAs
(IncRNAs) are transcripts of about 200 or more base pairs
that can interact with DNA and proteins, thereby partici-
pating in epigenetic regulation [40].

¢-MYB, MLL1, PEM, RUNX2, DAXX, HDACs mSIN3A, LEDGF, PRMTS5,
SuV39H1, DNMT1, FBP1, FOXA2, HLXB9/MNX1, JUND, c-MYC;

Transcription activators and repressors

NFkB - p50, p52, p65; nuclear receptors (AR, ERa, LXRa, PPARq,
PPARYy, RXR, VDR); SMADs (SMAD1, SMAD3, SMAD5), SIRT1, SON,

TCF3, TCF4, 3-catenin;
RNA-Pol-ll (pSer5, pSer2) isoforms; SKIP

Signaling pathway proteins

AKT1, FOXO1, NM23f, GRB2, RAS, SOST1

RPA2, ASK, CHES1, FANCD2, GFAP, Vimentin, NMMHC-IIA,

Other proteins

IQGAP1, ARS2, CHIP,
HSP70
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Table 2. Menin-regulated signaling pathways.
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Signaling pathway Menin effect Sources
TGFB (transforming growth factor beta) T [23]
BMP (bone morphogenetic protein) T [24]
Wnt 1 [25]
Nuclear receptor 1 [26,27, 28]
Ras (small G proteins) l [29, 30]
PI3K/Akt (protein kinase B) and FOXO l [31,32]
Hedgehog ! [33]
Note: | — repression; T — activation.
Table 3. Menin-regulating proteins and signaling pathways.
Signaling pathway Effect on menin expression Sources
Prolactin and its signaling pathways l [34]
TGFp (transforming growth factor beta) 1 [24]
Somatostatin signaling pathway i [35]
PI3K/Akt signaling pathway ! [36]
K-Ras-induced DNA methylation l [29]

Note: | — repression; T — activation.

The change in microRNA expression is considered impor-
tant in tumor initiation and progression, and there is already
extensive data indicating its pathogenetic significance. For
example, the literature describes differences in microRNA
expression between normal tissues, benign and malignant
pituitary tumors [41], parathyroid tumors [42], and adreno-
cortical tumors [43].

Menin mRNA is affected by various microRNAs. Besides,
there is evidence that menin is involved in microRNA syn-
thesis as a transcription factor (see Menin and microRNA
below). Thus, changes in the epigenetic regulation of sign-
aling pathways in the MEN-1 syndrome via microRNA may
promote tumor growth.

Menin and microRNA

It has long been suggested that microRNA expression
can be controlled by a transcription factor/factors or oth-
er microRNAs forming negative feedback loops, or that
microRNAs together with transcription factors regulate
the expression of target genes forming positive feedback
loops [44]. Luzi et al. in their study have demonstrated
that miR-24-1 directly binds to the 3’-untranslated region
(3’-UTR) of menin mRNA and suppresses its expression [45].
They have also demonstrated that miR-24-1 is expressed
only in the LOH-negative parathyroid adenomas in patients
with genetically confirmed MEN-1 syndrome (with an intact
wild-type allele) and is not expressed in the LOH-positive
adenomas suggesting that menin is essential for the ex-
pression of this microRNA. Despite the residual expression
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of mRNA in the LOH-negative parathyroid adenomas in pa-
tients with MEN-1 (due to the intact wild-type allele), com-
pared to the LOH-positive adenomas with no expression
of the MENT gene mRNA, there was no expression of menin
itself in both subtypes indicating that the miR-24-1 overex-
pression has a negative effect on the menin mRNA. Thus,
the authors have suggested a negative feedback loop with
menin being essential for the expression of miR-24-1, while
the latter suppresses menin expression in the absence
of the LOH of the second allele of the MENT gene, that is,
«silences» this allele, which is consistent with Knudson'’s
hypothesis [45]. Further on, Vijayaraghavan et al. have es-
tablished that miR-24 directly reduces menin expression
in the MING cell lines (mouse insulinoma cell lines) and Blox5
(immortalized human B cell lines), and also have confirmed
a negative feedback loop between menin and miR-24 [46].
Besides this study has demonstrated that miR-24-induced
decrease in menin expression leads to decreased expression
of the cell cycle inhibitors p27%P! n p18in [46]. Ehrlich et al.
in their study have demonstrated the increased expression
of miR-24 in human cholangiocarcinoma cell lines as well
as suppression of menin expression by this microRNA [47].
In another study, Luzi et al. have shown that menin binds
directly to the primary RNA sequence of the precursor
of this microRNA (pri-miR-24-1) and increases the expression
of miR-24-1 [48].

In addition to miR-24, some other microRNAs were
found that could suppress the expression of menin in differ-
ent tissues. Yet another Luzi et al. study has demonstrated

Problems of Endocrinology. 2020;66(2):4-12
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that by interacting with the promoter of the miR-26a
gene, menin induces the expression of this microRNA.
The «silencing» of menin mMRNA leads to decreased expres-
sion of miR-26a [49]. It is known that miR-26a is a regulator
of SMAD1 protein, which plays a critical part in the cell cy-
cle and growth [49]. Li et al. in their study have found that
miR-421 expression in neuroblastoma tissues is increased
compared to healthy tissues, which contributes to the pro-
liferation, migration, and invasion of its cells [50]. In the neu-
roblastoma cell lines SHSY5Y, SHEP, and IMR-32, menin has
shown to be a target of miR-421, which suppresses its ex-
pression by binding to the 3'-UTR of its mRNA. Whereas
in the human neuroblastoma cell line SHSY5Y an increase
in menin concentration leveled out the effects of miR-421
overexpression [50]. Lu et al. in their study on the MING cell
line have found that miR-17, whose expression is increased
by high glucose levels in pancreatic -cells, directly sup-
presses the expression of menin by binding to its 3'-UTR
mMRNA, thereby promoting the proliferation of pancreatic
B-cells [51]. Hou et al. in their study have found a nega-
tive correlation between miR-762 and menin in the tissues
of ovarian cancer. According to the data, miR-762 can di-
rectly suppress menin expression by binding to its 3'-UTR
mMRNA and activating the Wnt/B-catenin signaling pathway
and thereby can boost the proliferation and metastasis
of ovarian cancer cells [52]. A study by Gurung et al. has
demonstrated that menin interacts with the ARS2 protein,
a component of the nuclear CAP-binding complex that is
crucial for the synthesis of certain microRNAs, and increas-
es the processing of pri-let-7a and pri-miR-155 in prelet-7a
and pre-miR-155, respectively, having no effect on the lev-
el of the precursors themselves [53]. The target of let-7a
microRNA is the IRS2 protein, which plays an essential part
in insulin signaling and insulin-induced pancreatic cell
proliferation. These results show how menin suppresses
cell proliferation, at least partially, by stimulating the pro-
cessing of let-7a microRNA [53]. Ouyang et al. have demon-
strated that miR-29 inhibits menin expression in the rat in-
testinal epithelial cell line [54]. Data on the mutual effect
of menin and different microRNAs are presented in Table 4.

There are few studies on the evaluation of microRNA
expression in tumors with the MEN-1 syndrome. Using mi-
croarrays, Luzi et al. have compared the expression of mi-
croRNA in seven parathyroid adenomas in patients with ge-
netically confirmed MEN-1 syndrome (four adenomas have
demonstrated LOH at locus 11q13, with the intact wild-type
allele found in three adenomas) with two sporadic parathy-
roid adenomas (without any somatic mutations in MENT)
and two samples of healthy parathyroid tissues (fresh fro-
zen material) [55]. The study has demonstrated that the ex-
pression of eight microRNAs (hsa-miR-4258, hsa-miR-664,
hsa-miR-299-5p, hsa-miR-625, hsa-miR-877-5p, hsa-miR-
3614-5p, hsa-miR-23¢c, hsa-miR-3938) differs between
the LOH-negative parathyroid adenomas and the control,
as well as the expression of two microRNAs (hsa-miR-1301,
hsa-miR-664) differs between the LOH-positive parathyroid
adenomas and the control. The expression of six microR-
NAs (hsa-miR-4258, hsa-miR-1301, hsa-miR-485-5p, hsa-
miR-3944, hsa-miR-135b, hsa-miR-1261) differs between
the LOH-positive and LOH-negative parathyroid adenomas.
Meanwhile differences in expression of three microRNAs
(miR-4258, miR-664 1 miR-1301) found in the LOH-positive
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and LOH-negative parathyroid adenomas in patients with
MEN-T1are noteworthy. Thus, the expression of miR-4258
is suppressed in the LOH-positive parathyroid adenomas
compared to the LOH-negative parathyroid adenomas,
demonstrating that at least one wild-type allele is required
for the expression of this microRNA. The expression of miR-
4258 is higher in the LOH-negative parathyroid adenomas
compared to the control. The expression of miR-664 is high-
er in the LOH-negative adenomas and is lower in the LOH-
positive adenomas compared to the control. The expres-
sion of miR-1301 is higher in the LOH-positive parathyroid
adenomas compared to the LOH-negative parathyroid and
the control. Thus, the authors have concluded that the ex-
pression of some microRNAs requires at least one wild-type
allele encoding the menin protein and that miR-4258, miR-
1301, and miR-664 are the best prognostic and diagnostic
markers to distinguish MEN-1-associated parathyroid ade-
nomas, sporadic parathyroid adenomas, and healthy para-
thyroid tissues, as well as to distinguish MEN-1-associated
parathyroid adenomas with or without LOH at locus 11g13
[55]. In the same study, the authors have searched for pos-
sible target genes known in the parathyroid tumor patho-
genesis for the identified microRNAs with altered expression
using the ComiR tool computer algorithm. MiR-4258, in par-
ticular, suppresses the expression of the CCND1 gene encod-
ing cyclin D1 (a positive regulator of cell cycle progression).
Thus, a decrease in miR-4258 expression following the loss
of the wild-type allele of the MENT gene may be responsible
for the induction of uncontrolled parathyroid cell growth.
Increased expression of miR-1301 with the loss of the wild-
type allele of the MENT gene suppresses the expression
of the CDKN1B, RB1, CTNNB1, and RET genes. MiR-664 sup-
presses the expression of the CDKN2C gene and the parafi-
bromin-encoding tumor suppressor gene CDC73 [55].

Grolmusz et al. have compared 16 parathyroid gland
lesions in patients with genetically confirmed MEN-1 syn-
drome and 40 sporadic parathyroid gland lesions [56].
The authors have analyzed the potential presence of an in-
tact wild-type allele of the MENT gene with an immunohis-
tochemical (IHC) test. The results have not shown nuclear
menin staining in all MEN-1-associated parathyroid lesions
and in 28% (11/40) of sporadic parathyroid lesions.

The study of somatic mutations in the tissues of sporad-
ic parathyroid lesions of the glands has revealed mutations
in the MENT gene in 25% of cases (10/40). Thus, the authors
have calculated the sensitivity (86%) and specificity (87%)
of the IHC method for the identification of somatic muta-
tions. The expression of microRNAs (hsa-miR-24, hsa-miR-28,
hsa-miR-326, hsa-miR-484, hsa-miR-637, hsa-miR-744)
was analyzed using the material from paraffin-embedded
blocks by real-time quantitative PCR. The expression of hsa-
miR-637 was not identified in all samples. There were no
significant differences in the remaining microRNAs between
the menin-positive and menin-negative tissues of parathy-
roid lesions, regardless of the presence or absence of a ger-
minal mutation in the MENT gene. However, the expression
of hsa-miR-24 and hsa-miR-28 was higher in sporadic par-
athyroid lesions compared to MEN-1-associated lesions.
Besides, when the group of sporadic parathyroid lesions was
further divided into menin-positive and menin-negative
ones, the expression of these microRNAs was higher in both
groups than in MEN-1-associated lesions [56].

Problems of Endocrinology. 2020;66(2):4-12
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Table 4. Mutual effect of menin and microRNAs.
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Menin-affecting MicroRNAs

Biological research

MicroRNAs Effect Interaction sample, source
reference
miR-24-15 | expression Binds to the 3’'UTR of menin mRNA BONT1 [45]

miR-24° | expression Binds to the 3'UTR of menin mRNA MING, Blox5 [46]
Mz-ChA-1, TFK-1,

miR-24 | expression Correlation of expression levels SG231, CCLP-1, HUCC-T1,
HuH-28 [47]

. . . , . SHSY5Y, SHEP,
miR-421 | expression Binds to the 3'UTR of menin mRNA and IMR-32 [50]
miR-17 | expression Binds to the 3'UTR of menin mRNA MING6 [51]
miR-762 | expression Binds to the 3'UTR of menin mRNA SKOV3 [52]
miR-29b | expression Binds to a single site of the coding sequence of menin IECs [54]

mRNA

Menin-affected MicroRNAs
Biological research
MicroRNAs Effect Interaction sample, source
reference
miR-24° 1 expression Increased expression due to menin overexpression MING, Blox5 [46]
. . Menin binds to the RNA of the precursor of this
_24-18

miR-24-1 1 expression microRNA, pri-miR-24-1 BONT1 [48]

Decreased expression of this microRNA caused

. . by the «silencing» of menin mRNA.
miR-26a T expression Menin binds to the promoter of the miR-26a gene and hADSCs [49]

induces its expression
let-7a* 1 pri-miR processing
into pre-miR,
increasing the level Let-7a and miR-155 levels were reduced by MEFs [53]
miR-155% of mature microRNA.  the excision of the Men1 gene in the cell line

Has no effect on
the pri-miR level

Cell lines listed: BON1 - human pancreatic neuroendocrine tumor cell line; MIN6 — mouse insulinoma cell line; Blox5 — immortalized human pancreatic 3 cells;
Mz-ChA-1, TFK-1, SG231, CCLP-1, HuCC-T1, HuH-28 - human cholangiocarcinoma cell lines; SHSY5Y, SHEP, and IMR-32 - neuroblastoma cell lines; SKOV3 -
human ovarian adenocarcinoma cell line; IECs - rat intestinal epithelial cells; hADSCs — human stem cells isolated from adipose tissue (in this case, induced

into osteoblasts by differentiation); MEFs — mouse embryonic fibroblasts.
| - decrease, 1 - increase.

§ - miR-24 transcription from chromosome 9 (miR-24-1) and chromosome 19 (miR-24-2), both miR-24 (miR-24-1 and miR-24-2) are identical in structure and

differ only in the chromosome of origin [46].

* — affects the level of mature microRNA, but not the level of its precursor (see in the text).

Lines et al. in their study have analyzed the expression
of miR-15a, miR-16-1 and let-7a in miR-15a, miR-16-1 and let-
7a in pituitary adenomas in mice with heterozygous knock-
out of the Men1 gene [57]. The expression of all three microR-
NAs was significantly suppressed compared to the control
group (healthy mouse pituitary glands). The study has also
demonstrated a significantly increased expression of Ccnd1
gene mRNA and cyclin D1 protein in pituitary adenomas
of Menil+/- mice compared to healthy mouse pituitary
glands. An inverse correlation was found between the lev-
els of miR-15a and miR-16-1 and Ccnd1 mRNA, indicating

a potential regulation of cyclin D1 by these microRNAs. This
opinion was confirmed in cell cultures when the introduced
antagonists to miR-15a and miR-16-1 led to a significant
increase in the expression of cyclin D1 [57]. The analysis of
mMRNA expression of the let-7a microRNA target - Kras -
revealed a significant increase in Kras expression in pituitary
adenomas of MenT +/- mice, without a significant inverse
correlation between Kras and let-7a expression. The authors
of this study have also found that the lack of menin expres-
sion in cell culture leads to decreased expression of miR-15a,
but not of miR-16-1. Besides, miR-15a and miR-16-1 do not
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directly affect the expression of menin, indicating the ab-
sence of feedback loops [57].

Today, the search for microRNAs affecting menin and its
functions continues. Nagy et al. in their study have analyzed
the literature and compared data on significantly different
microRNA expression in healthy tissues and the pituitary,
parathyroid, and adrenocortical tumors (benign and ma-
lignant), and noticed changes in the expression of microR-
NAs caused by DLK1-MEG3 — one of the largest microRNA
clusters in the human genome. MicroRNAs from this cluster
regulate signaling pathways that are often involved in tu-
mor genesis, i.e, mTOR, MAPK, Wnt/B-catenin, p53, where
the menin protein is also involved. However, there are no
experimental data on the potential association between
the DLK1-MEG3 cluster microRNAs and MEN1[58]. Nagy et al.
in their article have suggested another potential association
between MENT and microRNA via the miR-142-3p microRNA
gene, which is regulated by the menin protein in human os-
teosarcoma tissues [58]. The adrenocorticotropic hormone
is known to induce the expression of miR-142-3p microRNA,
which in turn affects glucocorticoid receptors in the adrenal
glands.There are also data showing an increased expression
of the glucocorticoid receptor alpha in cortisol-producing
adrenocortical adenomas compared to hormone-inactive
adenomas and healthy tissues [59]. Thus, a hypothesis has
beensuggested aboutregulatoryloops promoting oncogen-
esis in the adrenal tissues in the absence of the menin pro-
tein: a decrease in the expression of menin in adrenocortical
tumors would lead to a decrease in the production of miR-
142-3p microRNA and thereby to an increase in the gluco-
corticoid receptors, causing tumor growth. To confirm this
potential pathway, the authors have proposed to conduct
studies demonstrating the regulation of miR-142-3p expres-
sion by menin in the adrenocortical tissues [58].

Menin and IncRNAs

Some IncRNAs are known to be found in chromatin-re-
modeling protein complexes that can suppress gene ex-
pression [60, 61]. There are only scarce data in the literature
on the interaction of menin and IncRNAs. So, Modali et al.
in their study have described the epigenetic regulation
of Meg3 IncRNA by menin in pancreatic 3-cells and identi-
fied the c-Met proto-oncogene (hepatocyte growth factor
receptor) as a target gene for Meg3 [62]. Using a mouse
insulinoma cell line (MIN6 cells), menin was found to acti-
vate the Meg3 IncRNA causing its increased expression by
histone H3 lysine 4 trimethylation and CpG hypomethyl-
ation at the CRE site of the Meg3 gene promoter. Such an
effect did not occur in the absence of the menin protein.
Increased expression of the Meg3 IncRNA caused a de-
crease in the expression of the c-Met proto-oncogene lead-
ing to suppressed tumor cell activity in MIN6. Comparison
of the pancreatic cells in wild-type mice and MenT1 +/- mice
has proven the same (a significant decrease in the expres-
sion of Meg3 IncRNA in tumor cells in Men1 +/- mice and,
therefore, increased c-Met staining compared to normal
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B-cells in the same pancreatic tissue slice). The regulation
of MEG3 and c-MET was further evaluated in frozen samples
of pancreatic -cell tumors from patients with and without
MENT mutations: four of the five samples with MENT mu-
tations and all three mutation-free samples demonstrated
a significant decrease in the expression of MEG3 IncRNA,
whereas all five pancreatic tumors with mutations and two
of the three mutation-free pancreatic tumors showed a sig-
nificant increase in the expression of the c-MET protein. It is
interesting that the expression of MEG3 and c-MET changed
in sporadic human insulinomas with hypermethylation
at the CRE site of the MEG3 promoter, as well as in patients
with MENT mutations [62].

CONCLUSION

Therefore, recent studies have revealed the mech-
anisms of tumor growth with the MENT gene inactiva-
tion due to its mutations, as well as the likely epigenetic
mechanisms of the MENT gene «silencing», which can ex-
plain both the growth of MEN-1-associated tumors and
the MEN-1 syndrome phenocopies. So, menin was found
to regulate the expression of several ncRNAs, which in turn
regulate the transcription of genes encoding growth fac-
tors that affect cell proliferation. Thus, this may be one
of the mechanisms of tumor growth in the MENT gene
mutations. Besides, several ncRNAs that regulate the ex-
pression of menin and their abnormal expression may ex-
plain menin inactivation without the identified muta-
tion in the MENT gene. Of course, we should not rule out
the possibility of undetected mutations in other genes,
or a chance of a random combination of several tumors
within the MEN-1 syndrome phenocopies. The identifica-
tion of any menin-interacting agents significantly increases
the knowledge of its physiopathology and tumor growth
within the MEN-1 syndrome. Menin is involved in epige-
netic processes, and its inactivation may lead to epigenetic
changes promoting tumor growth. Given that epigenetic
changes can be reversible, it is possible to return the epig-
enome to its original (normal) state by tackling with them.
Therefore, nowadays, the development of targeted drugs is
being proposed for the correction of epigenetic changes.
Studies of the complex networks of the menin molecular
pathway will contribute to the development of new thera-
peutic methods for the treatment of MEN-1 syndrome.

ADDITIONAL INFORMATION

Source of funding. The search and analysis of the data and the
preparation of the article were carried out at the expense of a grant from
the Russian Science Foundation (project No. 19-15-00398).

Conflict of interest. The authors declare no obvious and potential
conflicts of interest related to the publication of this article.

Contribution of authors. All the authors have made a significant
contribution to the preparation of the article, reading and approval of the
final manuscript before publication.

Problems of Endocrinology. 2020;66(2):4-12



10 | Mpo6nembl sSHAOKPUHONorun / Problems of Endocrinology

20.

HAYYHbI OB30P

CMUCOK JINTEPATYPbI | REFERENCES

Thakker R, Newey P, Walls G, et al. Clinical practice guidelines for
multiple endocrine neoplasia Type 1 (MEN1). J Clin Endocrinol Metab.
2012;97(9):2990-3011. doi: 10.1210/jc.2012-1230.

PoxunHckaa J1.A., Xangaesa MN.M., Jlyuerko A.C, v ap. Peumans
afleHoMbI TMModKi3a C U3MEHEHVIEM FOPMOHANIbHON aKTVBHOCTM

Y MaLMEHTKN C CUHAPOMOM MHOXECTBEHHOW SHAOKPUHHOW
Heonnasnu 1-ro Tuna // AnbMaHax KnmMHU4eckom MeauLmHbl. —
2018. — T.46. — N°3. — C. 270-275. [Rozhinskaya LY,

Khandaeva PM, Lutsenko AS, et al. Relapse of the pituitary
adenoma with a change of its hormonal activity in a female
patient with multiple endocrine neoplasia syndrome type 1.
Almanac of Clinical Medicine. 2018;46(3):270-275. (In Russ).]

doi: 10.18786/2072-0505-2018-46-3-270-275.

Larsson C, Skogseid B, Oberg K, et al. Multiple endocrine neoplasia
type 1 gene maps to chromosome 11 and is lost in insulinoma.
Nature. 1988;332(6159):85-87. doi: 10.1038/332085a0.
Chandrasekharappa SC, Guru SC, Manickam P, et al. Positional
cloning of the gene for multiple endocrine neoplasia-type 1. Science.
1997,276(5311):404-407. doi: 10.1126/science.276.5311.404.
Falchetti A. Genetics of multiple endocrine neoplasia type 1
syndrome: what's new and what's old. F1000Res. 2017,6(73):F 1000
Faculty Rev-73. doi: 10.12688/f1000research.7230.1.

Knudson AG Jr. Mutation and cancer: statistical study of
retinoblastoma. Proc Natl Acad Sci U S A. 1971,68(4):820-823.

doi: 10.1073/pnas.68.4.820.

Lemos MC, Thakker RV. Multiple endocrine neoplasia type 1
(MENT): analysis of 1336 mutations reported in the first decade
following identification of the gene. Hum Mutat. 2008;29(1):22-32.
doi: 10.1002/humu.20605.

Costa-Guda J, Arnold A. Genetic and epigenetic changes in
sporadic endocrine tumors: parathyroid tumors. Mol Cell Endocrinol.
2014;386(1-2):46-54. doi: 10.1016/j.mce.2013.09.005.

JiaoY, Shi C, Edil BH, et al. DAXX/ATRX, MEN1, and mTOR pathway
genes are frequently altered in pancreatic neuroendocrine tumors.
Science. 2011;331(6021):1199-1203. doi: 10.1126/science.12006009.
CorboV, Dalai |, Scardoni M, et al. MENT in pancreatic endocrine
tumors: analysis of gene and protein status in 169 sporadic
neoplasms reveals alterations in the vast majority of cases. Endocr
Relat Cancer. 2010;17(3):771-783. doi: 10.1677/ERC-10-0028.

Karhu A, Aaltonen LA. Susceptibility to pituitary neoplasia related
to MEN-1, CDKN1B and AIP mutations: an update. Hum Mol Genet.
2007;16 Spec No 1:R73-79. doi: 10.1093/hmg/ddm036.

Evans CO, Brown MR, Parks JS, et al. Screening for MENT tumor
suppressor gene mutations in sporadic pituitary tumors. J Endocrinol
Invest. 2000;23(5):304-309. doi: 10.1007/BF03343727.

Gortz B, Roth J, Speel EJ, et al. MEN1 gene mutation analysis of
sporadic adrenocortical lesions. Int J Cancer. 1999;80(3):373-379. doi:
10.1002/(sici)1097-0215(19990129)80:3<373::aid-ijc7>3.0.co;2-b.
Falchetti A, Brandi ML. Multiple endocrine neoplasia type

| variants and phenocopies: more than a nosological

issue? J Clin Endocrinol Metab. 2009;94(5):1518-1520.

doi: 10.1210/jc.2009-0494.

Esteller M. Epigenetics in cancer. N Engl J Med.
2008;358(11):1148-1159. doi: 10.1056/NEJMra072067.

De Paoli-Iseppi R, Prentice L, Marthick JR, et al. Multiple endocrine
neoplasia type 1: clinical correlates of MEN1 gene methylation.
Pathology. 2018;50(6):622-628. doi: 10.1016/j.pathol.2018.05.006.
Alrezk R, Hannah-Shmouni F, Stratakis CA. MEN4 and CDKN1B
mutations: the latest of the MEN syndromes. Endocr Relat Cancer.
2017;24(10):T195-T208. doi: 10.1530/ERC-17-0243.

Turner JJ, Christie PT, Pearce SH, et al. Diagnostic challenges

due to phenocopies: lessons from Multiple Endocrine

Neoplasia typel (MEN1). Hum Mutat. 2010;31(1):E1089-1101.

doi: 10.1002/humu.21170.

Mawmenoga E.O., Mokpsbliwesa H.I, Mpxuankosckas EI, n ap.
BapwiaHTbl 1 GeHOKOMMM CUHAPOMA MHOXECTBEHHbIX SHAOKPUHHbIX
Heonna3sui 1 tvna // Tepanesmudyeckuti apxus. — 2014. — T.86. —
N210. — C. 87-91. [Mamedova EO, Mokrysheva NG, Przhiialkovskaia
EG, et al. Multiple endocrine neoplasia type 1 variants and
phenocopies. Ter Arkh. 2014;86(10):87-91. (In Russ).]

Matkar S, Thiel A, Hua X. Menin: a scaffold protein that controls gene

expression and cell signaling. Trends Biochem Sci. 2013,38(8):394-402.

doi: 10.1016/j.tibs.2013.05.005.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

Agarwal SK. The future: genetics advances in MEN1 therapeutic
approaches and management strategies. Endocr Relat Cancer.
2017;24(10):T119-T134. doi: 10.1530/ERC-17-0199.

Dreijerink KM, Timmers HT, Brown M. Twenty years of menin: emerging
opportunities for restoration of transcriptional regulation in MEN1.
Endocr Relat Cancer. 2017;24(10):T135-T145. doi: 10.1530/ERC-17-0281.
Kaji H, Canaff L, Lebrun JJ, et al. Inactivation of menin, a Smad3-
interacting protein, blocks transforming growth factor type

beta signaling. Proc Natl Acad Sci U S A. 2001;98(7):3837-3842.

doi: 10.1073/pnas.061358098.

Kaji H. Menin and bone metabolism. J Bone Miner Metab.
2012;30(4):381-387. doi: 10.1007/500774-012-0355-3.

Chen G, Wang M, Farley S, et al. Menin promotes the Wnt
signaling pathway in pancreatic endocrine cells. Mol Cancer Res.
2008;6(12):1894-907. doi: 10.1158/1541-7786.MCR-07-2206.
Imachi H, Murao K, Dobashi H, et al. Menin, a product of the

MENI gene, binds to estrogen receptor to enhance its activity

in breast cancer cells: possibility of a novel predictive factor for
tamoxifen resistance. Breast Cancer Res Treat. 2010;122(2):395-407.
doi: 10.1007/510549-009-0581-0.

Dreijerink KM, Varier RA, van Beekum O, et al. The multiple
endocrine neoplasia type 1 (MENT) tumor suppressor regulates
peroxisome proliferator-activated receptor gamma-dependent
adipocyte differentiation. Mol Cell Biol. 2009;29(18):5060-5069.

doi: 10.1128/MCB.01001-08.

Dreijerink KM, Varier RA, van Nuland R, et al. Regulation of vitamin D
receptor function in MEN1-related parathyroid adenomas. Mol Cell
Endocrinol. 2009;313(1-2):1-8. doi: 10.1016/j.mce.2009.08.020.
Wu'Y, Feng ZJ, Gao SB, et al. Interplay between menin and

K-Ras in regulating lung adenocarcinoma. J Biol Chem.
2012;287(47):40003-40011. doi: 10.1074/jbc.M112.382416.

Feng ZJ, Gao SB, WuY, et al. Lung cancer cell migration is regulated
via repressing growth factor PTN/RPTP /¢ signaling by menin.
Oncogene. 2010;29(39):5416-5426. doi: 10.1038/0nc.2010.282.
Wang Y, Ozawa A, Zaman S, et al. The tumor suppressor

protein menin inhibits AKT activation by regulating

its cellular localization. Cancer Res. 2011;71(2):371-382.

doi: 10.1158/0008-5472.CAN-10-3221.

Wuescher L, Angevine K, Hinds T, et al. Insulin regulates menin
expression, cytoplasmic localization, and interaction with

FOXO1. Am J Physiol Endocrinol Metab. 2011,301(3):E474-E483.

doi: 10.1152/ajpendo.00022.2011.

Gurung B, Feng Z, Iwamoto DV, et al. Menin epigenetically represses
Hedgehog signaling in MEN1 tumor syndrome. Cancer Res.
2013;73(8):2650-2658. doi: 10.1158/0008-5472.CAN-12-3158.
Hughes E, Huang C. Participation of Akt, menin, and p21

in pregnancy-induced beta-cell proliferation. Endocrinology.
2011;152(3):847-855. doi: 10.1210/en.2010-1250.

Mensah-Osman E, Zavros Y, Merchant JL. Somatostatin stimulates
menin gene expression by inhibiting protein kinase A. Am

J Physiol Gastrointest Liver Physiol. 2008;295(4):G843-G854.

doi: 10.1152/ajpgi.00607.2007.

Zhang H, Li W, Wang Q, et al. Glucose-mediated repression of
menin promotes pancreatic 3-cell proliferation. Endocrinology.
2012;153(2):602-611. doi: 10.1210/en.2011-1460.

Feng Z, Ma J, Hua X. Epigenetic regulation by the menin pathway.
Endocr Relat Cancer. 2017;24(10):T147-T159. doi: 10.1530/ERC-17-0298.
lyer S, Agarwal SK. Epigenetic regulation in the tumorigenesis

of MENT-associated endocrine cell types. J Mol Endocrinol.
2018;61(1):R13-R24. doi: 10.1530/JME-18-0050.

Macfarlane LA, Murphy PR. MicroRNA: biogenesis, function

and role in cancer. Curr Genomics. 2010;11(7):537-561.

doi: 10.2174/138920210793175895.

Kung JT, Colognori D, Lee JT. Long noncoding RNAs:

past, present, and future. Genetics. 2013;193(3):651-6609.

doi: 10.1534/genetics.112.146704.

Dileva A, Butz H, Niamah M, et al. MicroRNAs as biomarkers

in pituitary tumors. Neurosurgery. 2014;75(2):181-189.

doi: 10.1227/NEU.0000000000000369.

Corbetta S, Vaira V, Guarnieri V, et al. Differential expression of
microRNAs in human parathyroid carcinomas compared with
normal parathyroid tissue. Endocr Relat Cancer. 2010;17(1):135-146.
doi: 10.1677/ERC-09-0134.

MNpo6nembl s3HAOKpUHONOrnn 2020;66(2):4-12

doi: https://doi.org/10.14341/probl12413

Problems of Endocrinology. 2020;66(2):4-12



REVIEW Mpo6nembl sHAOKpUHONorun / Problems of Endocrinology | 11

43.  Szabd PM, Butz H, Igaz P, et al. Minireview: miRomics menin in ovarian cancer. Onco Targets Ther. 2017;10:2127-2137.
in endocrinology: a novel approach for modeling doi: 10.2147/0TT.5127872.
endocrine diseases. Mol Endocrinol. 2013;27(4):573-585. 53.  Gurung B, Muhammad AB, Hua X. Menin is required for
doi: 10.1210/me.2012-1220. optimal processing of the microRNA let-7a. J Biol Chem.

44.  Herranz H, Cohen SM. MicroRNAs and gene regulatory networks: 2014,289(14):9902-9908. doi: 10.1074/jbc.M113.520692.
managing the impact of noise in biological systems. Genes Dev. 54.  QOuyang M, SuW, Xiao L, et al. MiR-29b modulates intestinal
2010;24(13):1339-1344. doi: 10.1101/gad.1937010. epithelium homeostasis by repressing menin translation.

45.  Luzi E, Marini F, Giusti F, et al. The negative feedback-loop Biochem J. 2015;465(2):315-323. doi: 10.1042/BJ20141028.
between the oncomir Mir-24-1 and menin modulates the Men1 55.  Luzi E, Ciuffi S, Marini F, et al. Analysis of differentially expressed
tumorigenesis by mimicking the «Knudson’s second hit». PLoS One. microRNAs in MENT parathyroid adenomas. Am J Trans! Res.
2012;7(6):€39767. doi: 10.1371/journal.pone.0039767. 2017,9(4):1743-1753.

46. Vijayaraghavan J, Maggi EC, Crabtree JS. miR-24 regulates 56. Grolmusz VK, Borka K, Kovesdi A, et al. MENT mutations and
menin in the endocrine pancreas. Am J Physiol Endocrinol Metab. potentially MEN1-targeting miRNAs are responsible for menin
2014;307(1):E84-92. doi: 10.1152/ajpend0.00542.2013. deficiency in sporadic and MEN1 syndrome-associated primary

47. Ehrlich L, Hall C, Venter J, et al. MiR-24 inhibition increases hyperparathyroidism. Virchows Arch. 2017;471(3):401-411.
menin expression and decreases cholangiocarcinoma doi: 10.1007/500428-017-2158-3.
proliferation. Am J Pathol. 2017;187(3):570-580. 57.  Lines KE, Newey PJ, Yates CJ, et al. MiR-15a/miR-16-1 expression
doi: 10.1016/j.ajpath.2016.10.021. inversely correlates with cyclin D1 levels in Men1 pituitary NETs.

48.  Luzi E, Marini F, Ciuffi S, et al. An autoregulatory network between JEndocrinol. 2018;240(1):41-50. doi: 10.1530/JOE-18-0278.
menin and pri-miR-24-1 is required for the processing of its specific 58.  Nagy Z, Szabd PM, Grolmusz VK, et al. MENT and microRNAs: The link
modulator miR-24-1in BON1 cells. Mol BioSyst. 2016;12(6):1922-1028. between sporadic pituitary, parathyroid and adrenocortical tumors?
doi: 10.1039/c6mb00118a. Med Hypotheses. 2017;99:40-44. doi: 10.1016/j.mehy.2016.12.007.

49.  Luzi E, Marini F, Tognarini |, et al. The regulatory network 59. Boyle B, Butz H, Liko |, et al. Expression of glucocorticoid
menin-microRNA 26a as a possible target for RNA-based receptor isoforms in human adrenocortical adenomas. Steroids.
therapy of bone diseases. Nucleic Acid Ther. 2012,22(2):103-108. 2010;75(10):695-700. doi: 10.1016/j.steroids.2010.04.008.
doi: 10.1089/nat.2012.0344. 60. Kopp F, Mendell JT. Functional classification and experimental

50. LiY,LiW,Zhang JG, et al. Downregulation of tumor suppressor dissection of Long Noncoding RNAs. Cell. 2018;172(3):393-407.
menin by miR-421 promotes proliferation and migration doi: 10.1016/j.cell.2018.01.011.
of neuroblastoma. Tumour Biol. 2014;35(10):10011-10017. 61. Cao J.The functional role of long non-coding RNAs and epigenetics.
doi: 10.1007/513277-014-1921-1. Biol Proced Online. 2014;16:11. doi: 10.1186/1480-9222-16-11.

51. LuY,Fei XQ Yang SF, et al. Glucose-induced microRNA-17 promotes 62.  Modali SD, Parekh VI, Kebebew E, et al. Epigenetic regulation
pancreatic beta cell proliferation through down-regulation of Menin. of the INcRNA MEG3 and its target c-MET in pancreatic
Eur Rev Med Pharmacol Sci. 2015;19(4):624-629. neuroendocrine tumors. Mol Endocrinol. 2015;29(2):224-237.

52. Hou R, Yang Z,Wang S, et al. miR-762 can negatively regulate doi: 10.1210/me.2014-1304.

The manuscript was received on: April 29, 2020. Recommended for publication on: June 15, 2020. Published online on:
August 28, 2020.

AUTHORS INFO

*AumutpoBa [InaHa ApwanyiicoBHa [Diana A. Dimitrova, M.D.]; agpec: Poccua, 117036, r. MockBa,
yn. Am. YnbsaHoBa, A. 11 [address: 11 Dm. Ulyanova street, 117036 Moscow, Russia];
ORCID: http://orcid.org/0000-0002-1359-8297; eLibrary SPIN: 5618-8971; e-mail: diadavtyan@gmail.com.

MamepgoBa EnnzaBeTta OKTaeBHa, K.M.H. [Elizaveta O. Mamedova, MD, PhD]; e-mail: lilybet@mail.ru;

ORCID: http://orcid.org/0000-0002-9783-3599; eLibrary SPIN: 3904-6017

Benas XaHHa EBreHbeBHa, .M.H., npodeccop [Zhanna E. Belaya, MD, PhD, Professor]; e-mail: jannabelaya@gmail.com;
ORCID: http://orcid.org/0000-0002-6674-6441; eLibrary SPIN: 4746-7173

MenbHuyeHko NnuHa AdpaHacbeBHa, A.M.H., npodeccop, akagemnk PAH [Galina A. Melnichenko, MD, PhD, acad.];
eLibrary SPIN: 8615-0038; ORCID: https://orcid.org/0000-0002-5634-7877; e-mail: teofrast2000@mail.ru

Mpo6nembl 3HAOKPMHONOIMMN 2020;66(2):4-12 doi: https://doi.org/10.14341/probl12413 Problems of Endocrinology. 2020;66(2):4-12



12 | Mpo6nembl sHAOKpPUHONorun / Problems of Endocrinology HAYYHbI OB30P

TO CITETHIS ARTICLE:

Mamedova EO, Dimitrova DA, Belaya ZE, Melnichenko GA The role of non-coding RNAs in the pathogenesis of multiple
endocrine neoplasia type 1. Problems of Endocrinology. 2020;66(2):4-12. doi: https://doi.org/10.14341/probl12413

LUUTUPOBATb:

Mameposa E.O., Onmntposa [.A. Benaa K.E., MenbHuyeHko IA. Ponb Hekopgupytowmx PHK B matoreHese cuHapoma
MHOXECTBEHHbIX SHAOKPUHHbIX Heomnasnii 1 Tnna // Mpobnembl sHAOKpuHonorun. — 2020. — T. 66. — N22. — C.4-12.
doi: https://doi.org/10.14341/probl12413

Mpo6nembl sHAOKPMHONOTMK 2020;66(2):4-12 doi: https://doi.org/10.14341/probl12413 Problems of Endocrinology. 2020;66(2):4-12


https://doi.org/10.14341/probl12413
https://doi.org/10.14341/probl12413

