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Abstract

Introduction: Thyroid cancer is a common endocrine malignancy, with DICER1 mutations emerging as significant
contributors to its development and progression. The identification of these mutations through molecular genetic analysis,
particularly in poorly differentiated thyroid carcinomas and pediatric follicular thyroid carcinomas, has provided valuable
insights into the pathophysiological mechanisms underlying the disease. Studies by Volante et al. and Lee et al. have
highlighted the importance of genetic testing for DICER1 mutations in guiding clinical management, enabling more precise
risk stratification, and tailoring patient-specific therapeutic approaches. Despite these advances, critical gaps remain in our
understanding of the full spectrum of DICER1-associated phenotypes and the molecular mechanisms involved. Future
research is needed to elucidate the biological pathways influenced by DICER1 mutations and to explore the potential for
targeted therapies. Additionally, developing strategies for early detection and personalized treatment plans based on genetic
profiles could significantly improve patient outcomes.

This review aims to analyze publications devoted to the significant role of DICER1 mutations in thyroid cancer.

Search strategy: The literature search was performed in the electronic databases PubMed, WoS, Scopus, Google
Scholar over the past 10 years: from 2014 to 2024, but information about topic (the Impact of DICER1 Mutations on Thyroid
Cancer) was not full. Most of the valuable information related to the problem, found in the databases, was from 2005-2007,
2009, and 2011-2013, and was included in the review. These sources do not fall into the specified depth, but were accepted
for analysis because they contain conceptual information. Criteria for inclusion of publications in the review: publications in
full text access in Russian and English, bearing statistically confirmed conclusions. Exclusion criteria: abstracts of reports,
newspaper publications, paid access articles, personal communications.

Results: This review synthesizes current insights into the mechanisms of formation of the DICER1 gene mutation.
Despite these advances, there is no complete spectrum of DICER1-related phenotypes and molecular mechanisms involved
in this process. Further research is needed to clarify the biological pathways affected by DICER1 mutations and explore the
potential of targeted therapies. In addition, the development of early detection strategies and personalized treatment plans
based on genetic profiles can significantly improve patient outcomes. This review highlights the need for continued research
on DICER1 gene mutations to fully exploit their potential in improving the diagnosis, management, and treatment of thyroid
cancer.

Conclusions: The presented data allow us to formulate a clinical and pathophysiological approach to the clinic and
treatment of thyroid cancer. Conducting genetic analysis for DICER1 gene mutations can lead to the development of
personalized and effective treatment plans. The study of DICER1 mutations will improve patient outcomes by improving the
approach to the diagnosis and treatment of thyroid cancer. Thus, the detection of the presence of a DICER1 gene mutation
in thyroid cancer is an important part in the management of patients with thyroid cancer, which will also improve the outcome
of the disease.

Keywords: papillary thyroid carcinoma, well-differentiated thyroid cancer, DICER1 mutation, DICER1 in thyroid tumor,
DICER1 in endocrine pathology.
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BeepeHune: Pak WWTOBWAHOW Xenesbl - PacnpoCTPaHEHHOE SHAOKPUHHOE 3M0KaYeCTBEHHOE HOBOODpa3oBaHue, B
pa3BUTMM 1 NPOrPECCUPOBAHIAN KOTOPOTO 3HAYNTENbHYI0 ponb urpaeT myTauus reHa DICER1. Beisienenue atux myTtauuii ¢
MOMOLLbBIO MOJEKYNAPHO-TEHETUYECKOTO aHanm3a, 0CODEHHO B HW3KO AvdEpeHLMPOBaHHbIX KapLMHOMaX LUMTOBMOHOM
Xenesbl U OeTCKMX (PONMUKYNAPHLIX KapLMHOMAaX LUWMTOBMAHOW Kenesbl, MO3BONWUNO MOMYYWTb LEHHblEe CBEAEHUs O
naTouM3MONorMYeckMx MexaHuamax, nexaiyx B 0CHoBe 3Toro 3abonesanusi. Miccneposanust Volante et al. v Lee et al.
NOAYEPKHYNN BAXKHOCTb TEHETUYECKOro TectupoBanns Ha mytaumn DICER1 gns pykoBOACTBa KMMHWMYECKMM NEYeHneM,
Bonee TOWHOM cTpaTUhMKaLmMK pucka M nogbopa TepaneBTUYECKMX MOAXOLOB C YYETOM MHOMBMAYANbHbIX 0COBEHHOCTEN
nawueHTa.

Llenbto gaHHoro o63opa sBnsnack cuctemaTusaunst gaHHbIX o ponn myTaumin DICER1 npu pake LUMTOBWAHOM
Xernesbl.

Crpaterusi noucka: ouck nutepaTypbl NPOBOAWNCA B 3NEKTPOHHbIX Basax AaHHbx PubMed, WoS, Scopus, Google
Scholar 3a nocnegnue 10 net: ¢ 2014 no 2024 rog, Ho mHcbopmauus no Teme (BnusHue mytaumin DICER1 Ha pak
LYATOBWAHON xenesbl) bbina HenonHoi. borbluas YacTb LigHHOW MHAOpMaLMK, onuckiBatLLei Npobnemy, HaigeHHylo B
Basax gaHHbIx 3a 2005-2007, 2009, 2011-2013 rogbl, Obina BkMOYEHA BBUAY OTPAXEHUS OCHOBHOM Mpobnembl TEMbI.
Kputepum BkmtodeHust nybnukaumii B 0630p: nybnmkaumm B NOMHOTEKCTOBOM JOCTYNE Ha PYCCKOM W @HITIMIACKOM S3blKax,
copepxalume CTaTUCTUYECKN NOATBEPXKAEHHBIE BbIBOALI. KpuTepun NCKIioYeHUs: Te3nchbl AOKNaAo0B, ra3eTHble nybrvkaumy,
CTaTby B MNaTHOM AOCTYNE, NMYHbIE COOBLLEHNS.

Pe3ynbTatbl: B npeActaBneHHoM 063ope CUCTEMaTU3NPOBaHbI COBPEMEHHbIE B3rNAabI HA MEXaHU3Mbl (POPMUPOBAHNS
mytaumm reHa DICER1. HecmoTps Ha 3Tu ABOCTWXKEHWS, HET MOMHOro cnektpa eHoTunos, cBs3aHHbIX ¢ DICER1, u
MOMEKYNSAPHBbIX MEeXaHU3MOB, BOBMEYEHHbIX B 3TOT npouecc. PaspaboTka cTpaTeruii paHHEro BhbISIBIEHUA W
NepCOHANM3MPOBAHHbIX NNAHOB NEYEHNst Ha OCHOBE FEHETUYECKMX NPOUNEN MOXET 3HAYMTENBHO YIyYLWMTL pes3ynbTaThl
neyeHns nauueHToB. [laHHbI 0630p nogyepkuBaeT HeOGXOAMMOCTb NPOOMKEHNS uccneaoBaHuin myTauni reHa DICER1
ANS1 NOMHOTO MCMOMb30BaHUSA UX NOTEHUMANa B YNyYLLEHUM AMArHOCTUKIA, BEAEHUS U NEYEHMS paka LUMTOBUAHOM Xenesbl.

BriBogb!: MpeacTtasneHHble AaHHble NO3BONSIT CHOPMYNMPOBATL KNUHUKO-NATOPU3NONOrMYECKUiA MOAX0A K KIMHIKe
1 NEeYeHUI0 paka LLMTOBUAHOM Xenesbl. [poBeeHue reHeTUYeckoro aHanusa Ha mytauuu reHa DICER1T moxeT npusect k
pa3paboTke MepCOHanNM3MPOBaHHLIX M 3((EKTMBHBLIX NNaHoOB neveHus. Mccnegosanue myTaumint DICER1 ynyuwar
pe3ynbTaThl fEYEeHNs NaLMEeHTOB 3a CYET COBEPLUEHCTBOBAHWA MOAXOAA K AWArHOCTWKE M NIEYEHMI0 paka LLMTOBUOHOM
xenesbl. Takum 0Bpasom, BbisiBneHne Hanuums mytauum reHa DICERT npu pake WwuTOBWAHON Xenesbl SIBNSETCH BaXHON
YacTbio MpU BeEHUN MALMEHTOB C PAKOM LLMTOBUOHOMN Xenesbl, KoTopas yIyuLlMT TaK e MCX0h TeueHust 3aboneBaHms.
Knroyesbie crnoea: nanunnspHas KapyuHoma wumosudHoU xenesbl, 8bICoKoOUPepeHyuposaHHbill pak WumogudHol
xenesbl, mymayuss DICER1, DICER1 npu onyxonu wumosudHol xene3sbl, DICER1 npu 3HAokpuHHOU hamosnoauu.
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Kipicne; KankaHwa GesiHiH 00blpbl KeH TapanFaH SHOOKPWHAKK KaTepni icik 6orbin Tabbinagel, Oyn petre DICER1
MyTauusnap OHblH Jamybl MeH inrepineyiHiH, eneyni aktop aTkapagbl. Byn myTauusnapgbl MOmeKynanblK-reHeTUKarblK
TangayoblH, KeMeriMeH, ocipece KanmkaHwa 0esiHiH, Hawap capanaHfFaH KapuuHOManapblHoa XoHe KankaHwa 6esiHiH
neamaTpusnblk PONIMKYNapbIK KapLyuHoManapblHaa CONKECTEHAIPY aypyablH, HeridiHae XaTkaH natomanonorusmbIK TETIKTEp
Typarbl KyHabl aknapat Gepgi. Volante et al. Jln xoHe 6Gackanap knvHWKanblK Kypridy, KayinTepai HeFypnbiM gan
cTpaTudmKkaumsnaydbl kamTamachia €Ty koHe emaenyllire ToH TepaneBTik Tacingepai Oedimpey OombiHwa DICER1
MyTauusnapblHa reHeTUKanblK TecTineymdiH, MaHpI3obibiFbiH atan etTi. Ockl xeTicTiktepre kKapamactaH, DICER1-associated
(heHOTUNTEpI MeH TapTbinFaH MOMeKynanblK MexaHu3maepaiH TOMbIK CrEeKTpiH TyCiHyAe CblHW OnKbinbIKTap 6ap. bomaluak
3eptTeynep DICER1 myTauusinap ocep €TeTiH GuonmorvsnbiK xongapdbl aHbiKTay YLH )xoHe MakcaTTbl GaFblTTanfaH
TepanusiHbIH, SNeyeTiH 3epTTey YLWiH KaxeT. byaaH Gacka, reHeTukanblk OeniHaep HerisiHae epTe aHbIKTay CTpaTersnapbl MeH
pepbecTeHaipinreH emaey xocrnapnapbiH a3iprey nauWeHTTepai emaey HOTXENepiH alTapnblKTai xakcapTybl MyMKiH. Byn
wonyga KarnkaHwa 6esi oBbipblH AMarHoCTUKanaydbl, eMAEYai XaHe emaeydi XaKkcapTy YLUH ornapdbliH, oneyeTiH TomblK
nanganany ywit DICER1 MyTaunsanapbiH 3epTTeyai XanfacTbipy KaxXeTTiri atan eTinegi.

Byn wonyabiH makcatbl: KankaHwa 6esiHiH, katepni iciriHgeri DICER1 myTaupsnapbiHbelH, peri Typansl AepekTepai
Xyheney.

I3pey ctpaterusicbl: MaHbi3abl 9aebuettepai isgeHic PubMed, Web of Science aepekkopnapblHaH eHe 3neKTpoHAb
AepekkopnapbiHga xyprisingi: 2014 xeingaH 2024 xbinFa gedid, Gipak Takpipbin 6oibiHWa aknapat (DICER1 mytaumscbiHbIH
KankaHiwa GesiHiH, KaTepni iciriHe acepi) Tonblk 6onmagsl. 2005-2007, 2009, 2011-2013 xbingapaarsl ManiMeTTep 6asackiHaa
TabblFaH MaceneHi cunaTTaiTbiH KyHabl aknapaTtTbiH, ken 6eniri TaHbICy YLiH eHrisinreH. Byn ke3nep kepceTinreH TepeHikke
conkec kenmeigi, bipak Tangay ywiH kabbingaHabl, OATKEHI onap TyKbipbiMAaManbIK aknapatTel KamTuabl. backinbimaapapl
LUomyFa KOCy KpuUTepuiinepi: CTaTUCTUKaMNbIK pacTanfaH KopbITbiHAbINAPAb! KAMTUTbIH OPbIC X8HE afblfLUbIH TingepiHaer TonbIK
MOTIHAI Kon eTimpainikteri GacbinbimMaap. Epekiwenik kputepuinepi: basHaamanap TesucTepi, raseT GacbinbiMaapsl, akbimbl
Makarnarap, xeke xabapnamanap.

Hammxkeci: YcoiHbinraH wonyna DICERT reHiHiH MyTaLusacbiH KanbinTacTbipy MEXaHU3MAEPI Typasbl 3aMaHayy keskapacTap
xyneneHreH. Ocbl xeTicTiktepre kapamactaH, DICER1-meH GaiinaHbiCTbl ¢heHOTUNTEPAIH, TOMbIK CrEKTPi *SHe MpoLecke
KaTbiCaTbiH Monekynanblk MexaHuamaep xok. DICER1 myTauwsnapbl acep eTeTiH 6ronorvsnblk xongapabl aHblKTay XaHe
MaKCaTTbl TepanusHbIH, SNeyeTiH 3epTTey YLLiH KockiMLa 3epTTeynep kaxeT. COHbIMEH KaTap, epTe aHblKTay CTpaTersnapbiv
XSHe reHeTukanblk npodunbaepre HerisaenreH XekenerAaipinred emaey xocnapnapbiH a3ipney nauueHTTepaiH, HaTuxenepiH
anTapnbiKTal akcapta anagpl. Byn wony kankaHwa 6esiHiH kaTepni icirH AuarHocTWkanayabl, 6ackapympl xaHe emaeyai
XakcapTyaa onapblH, aneyeTiH Tonblk naiganady yiliH DICER1 reHiHiH MyTauusnapbiH 3epTTeyai XanFacTblpy KaxeTTiniriH
kepceTeai.

KopbITbIHAbl: ¥CbHbIFAH [EPeKTep KMHWKaFa XoHe KankaHwa OesiHiH, KkaTepni iciiH emgeyre KIMHMKamNbIK-
natou3MonormsnbIK Tacingi TyxbipbiMaayra MymkiHaik 6epeni. DICERT reHiHiH MyTaumsicbiHa reHeTUKanbIK Tangay Xyprisy
KEKEMNEeHAIpINreH XoHe TUiMAI eMfey XocnapnapbiH xacayra akenyi MymkiH. DICER1 myTaupsichiH 3epTTey KankaHwa 6esiHin
KaTepni iciriH anarHocTukanay xoHe eMaey TaCiMiH KaKcapTy apKbifbl NaLMEHTTEPAIH, HaTWkenepiH xakcapTadbl. Ocbinana,
KankaHwa 6e3iHiH, katepni iciriHge DICER1 reHiHiH, MyTaumschiHbiH, 60MyblH aHbIKTay KankaHwa OesiHiH katepni iciri 6ap
HaykacTapgabl backapyablH MaHbi3abl Geniri 6onbin Tabbinags!, 6yn aypyablH aFbIMbIHbIH, HOTVKECIH XaKcapTaabl.

Tyliindi ce3dep: KankaHwa 6e3iHiH nanunnspibl KapUUHOMAch!, KankaHwa 6e3iHiH Xofapbl capanaHfaH Kamepii
iciei, DICER1 mymauyusicbl, KankaHwa 6e3iHiH icieiHdez2i DICER1, aHdokpuHOik namonoausdarsi DICERT.

[foatiexce3 ywiH: Epketaesa A.X, MycaxaHoga )K.b., KosbikeHoga X.Y., lNak JI.A., Hywumosa 3.[., Tokmabaega b.X.,
Kasbikbaesa J1.K., PaxmaHkynosa A.M. KankaHiwa GesiHiH, Katepni iciriHaeri reHiHiH, MyTauusicIHbIH, peni. ©aebueTTik wony //
Fbinbim xaHe [eHcaynbik caktay. 2025. Vol.27 (1), b. 157-166. doi 10.34689/SH.2025.27.1.019
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Introduction

Thyroid carcinoma one of the most prevalent malignancy
among adolescent and young adult females, with its incidence
steadily rising across all age demographics, as evidenced in
various epidemiological studies [37, 47]. Concurrently, nodular
thyroid disease is notably prevalent within the adolescent
population, with the widespread adoption of cervical
ultrasonography revealing an increasing number of previously
subclinical thyroid nodules.

The presentation of thyroid carcinoma in pediatric and
adolescent cohorts exhibits several distinctive clinical
characteristics when contrasted with the adult population.

Notably, these younger patients demonstrate a
significantly higher propensity for both regional and distant
metastasis at the time of diagnosis. Moreover, recurrence
rates are disproportionately elevated in this demographic
compared to their adult counterparts 72]. Intriguingly,
despite the more substantial initial disease burden,
prognostic outcomes for children and adolescents with
thyroid carcinoma remain exceptionally favorable [60].
Furthermore, certain histopathological subtypes of papillary
thyroid carcinoma (PTC), such as the diffuse sclerosing and
solid variants, are more frequently encountered in pediatric
and adolescent patients than in adults [32, 38]. However,
the underlying biological and molecular mechanisms that
contribute to the divergent clinical behavior of pediatric
versus adult PTC remain poorly understood and have yet to
be elucidated in the current scientific literature.

According to the literature, the probability of recurrence
of thyroid cancer in children after primary surgical treatment
depends on the morphological structure of the tumor and
ranges from 7 to 47%. The study of the molecular
mechanisms of these tumors is becoming extremely
relevant, providing the opportunity to improve diagnosis,
prognosis, and the future development of new targeted
chemotherapeutic agents.

Thyroid cancer arise from the follicular epithelial cells or
parafollicular C cells. The most common neoplasms arising
from follicular cells with 4 histological types are papillary
thyroid carcinomas (PTC; 80-85%), follicular thyroid
cancers (FTC; 10-15%), poorly differentiated thyroid cancer
(PDTC; less than 2%), and anaplastic thyroid cancer (ATC;
less than 2%). PTC and FTC are termed well-differentiated
thyroid cancer (WDTC), the commonest in thyroid tumor
cases. The genetic landscape of differentiated thyroid
cancer comprises alterations, such as BRAF and RAS
mutations, and RET/PTC rearrangements, which in turn
converge to activate the MAPK oncogenic pathway [72, 60].
The notion that advanced tumors dedifferentiate from
WDTC towards PDTC or ATC, as is suggested by the
existence of both differentiated and anaplastic foci within
undifferentiated tumors, is experienced. Of particular
importance is the presence of the BRAFV600E mutation or
RAS mutation in about 23% and 20% of the cases of ATC,
respectively. However, other mutations, such as TP53 and
TERT promoter ones, along with these earlier mentioned
driver mutations, are more often found in ATC [32, 42]. It is
thus postulated that this accumulation of additional
pathogenic alterations within oncogenes and tumor
suppressor genes is a key driver of the advancement from
WDTC towards PDTC and ATC.

In additon to these well-characterized mutations,
emerging evidence highlights the role of DICER1 mutations
in thyroid carcinogenesis. DICER1, an essential enzyme in
microRNA (miRNA) processing, plays a critical role in gene
regulation [2]. Mutations in DICER1 have been identified in
various types of thyroid cancer, particularly in FTC and
PDTC, where they contribute to the dysregulation of miRNA
processing and subsequent aberrant gene expression [21,
49]. Patients harboring DICER1 mutations often present
with more aggressive disease phenotypes and poorer
clinical outcomes, and these mutations have been
associated with familial thyroid cancer syndromes [28, 56].
Ongoing research continues to explore the interaction of
DICER1 mutations with other genetic alterations, such as
BRAF and RAS mutations, further elucidating their role in
thyroid cancer progression [41, 51].

PTC, the most prevalent form of thyroid cancer,
constitutes over 80% of all thyroid malignancies [9]. The
rising incidence of thyroid cancer is largely attributed to
increased diagnoses of small PTCs, which, although
generally indolent and highly curable, exhibit a significant
recurrence rate—about 20% at 10 years and 30% at 30
years post-treatment [43, 62]. This recurrence can have
profound psychosocial and economic impacts, diminishing
the quality of life for patients.

Despite the overall low mortality associated with thyroid
cancer, standard treatments—such as surgical resection
combined with radioiodine ablation therapy—are highly
effective for most patients [8]. However, an increased risk of
mortality exists when the cancer becomes surgically
inoperable or loses its ability to take up radioiodine [66].
Currently, the mortality rate for thyroid cancer in the United
States stands at approximately 1,530 cases per year [59].
Consequently, accurate risk stratification and prognostic
evaluation are critical in managing patients and reducing
both recurrence and mortality rates associated with thyroid
cancer [48].

Search strategy. The literature search was performed
in the electronic databases PubMed, WoS, Scopus, Google
Scholar over the past 10 years: from 2014 to 2024, but
information about the topic (the Impact of DICER1
Mutations on Thyroid Cancer) was not full. Most of valuable
information which is described the problem founded in
databases were from 2005-2007, 2009, 2011-2013, they
were included to review. These sources do not fall into the
specified depth, but were accepted for analysis because
they contain conceptual information. Criteria for inclusion of
publications in the review: publications in full text access in
Russian and English, bearing statistically confirmed
conclusions. Exclusion criteria: abstracts of reports,
newspaper publications, paid access articles, personal
communications. From the remaining articles, a plan was
formed to write a literature review according to the following
sequence: «DICER 1 gene mutationsy, «DICER1 mutations
on thyroid cancer», «Molecular genetic alterations in thyroid
cancer». The search was performed by keywords like "well
differentiated  thyroid cancer," "DICER1 endocrine
pathology". According to the topic, depth of research, and
keywords, 94 articles were found, of which 73 were
selected for review. The source selection algorithm is
presented in Figure 1.
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Drawing up a review plan, searching
by keywords

.

Searching articles (94) in electronic database Web of Science
Core Collection, Scopus, Google scholar, forthe last 10 years
from 2014 to 2024. However some informations from 2005-2007,
2009, 2011-2013 have valuable data for this topic, thatis why
was includedtoreview.

Inclusion criteria systematic,
reviews, original articles
Literature reviews of peers-reviewed

Exc
mis

publications

lusion criteria articles of poor mythological, duplication,
sing orincompletedatain articles, case reports, letters,
editorials, and expert opinion

A total of 73 articles were
analyzedandincludedin the review

Systematic review-25
Original researches-44
Publications-4

Not relevant to the topic-12
Duplicate articles-4
Lack of access to articles-5

Figure 1. Article selection algorithm.

DICER1 Mutation and Its Role in Endocrine Tumors

The thyroid gland is the least studied of tumors with
respect to mutations in DICER1 because, although tumors
of the thyroid are the most common among the endocrine
glands. The DICER1 gene, which is important for the
maturation of microRNAs (miRNAs) has undergone serious
work on endocrine tumors such as thyroid neoplasia.
DICER1 is localized on the long arm of chromosome
14(14932.13) and has 36 exons. Interest in DICER and its
encoding protein has steadily increased in light of miRNA
research, a class of short non-coding RNA molecules of
roughly 22 nucleotides in length originally discovered by
Ambros V. in 1993. MicroRNAs inhibit gene expression
negatively at the post-transcriptional level and are involved
in various biological processes such as cell proliferation and
apoptosis [42].

At present, in the world literature, there is no reliable
data on the impact of inactivating mutations of the DICER1
gene on the development of malignant tumors of the
thyroid. Some authors have proposed that exposure to
previous chemotherapy may be one of the possible factors
that contribute to differentiated thyroid cancer development
in such patients [2]. Other researchers suggested that

DICER1 promotes thyrocyte proliferation. DICER1
mutations can actually correlate with well-differentiated
thyroid carcinoma. Moreover, DICER1 protein is

downregulated in papillary thyroid carcinomas, and basal
expression of DICER1 is crucial for thyroid differentiation.
Currently, at least two heterozygous germ-line mutations
mapping to exons 8 or 25 of the DICER1 gene have been
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reported in patients with PTC. PTC was described in a
family with papillary thyroid cancer: in a mother and her two
daughters aged 12 and 14 years [4-7, 11, 21]. Michael
Solarski presents an overview illustrating how mutations in

DICER1 impair normal miRNA biogenesis, thereby
significantly ~ modifying  gene  expression.  These
disturbances have considerable influences on cell

proliferation and differentiation, which constitute critical
processes in the determination of the inception and
progression of thyroid tumors. In fact, the consequence of
DICER1 mutations on thyroid cancer appears particularly
significant within the full spectrum of tumors, prominently
FTC and PDTC, whereby aberrations in miRNA processing
may promote tumor aggressiveness. In this malignancy, by
modulating the aggressiveness of the tumors, DICER1
mutations could lead to the occurrence of more aggressive
phenotypes, generally with poor clinical outcomes.
Furthermore, mutations could also influence a tumor's
response to the therapy, providing crucial opportunities for
targeted treatment. For example, the extent to which normal
miRNA processing is restored could render DICER1 mutant
forms of thyroid cancers less aggressive. It may also open
up options for targeted treatments.

Furthermore, Michael ~Solarski emphasizes the
importance of DICER1 in the broader context of endocrine
tumors, noting that the gene’s role extends beyond thyroid
cancer to include other endocrine-related malignancies. The
review also discusses how DICER1 mutations, when
present alongside other genetic alterations such as BRAF
or RAS mutations, may exacerbate tumorigenesis and
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contribute to resistance to conventional therapies. This
interaction highlights the complexity of genetic and
epigenetic factors in thyroid cancer progression. Given
these findings, DICER1 mutations could serve as both a
prognostic marker and a potential therapeutic target in
thyroid cancer. Understanding the specific mechanisms by
which DICER1 mutations drive thyroid cancer progression
remains a critical area of ongoing research. The insights
from Michael Solarski underscore the need for further
studies to explore how restoring miRNA processing in
DICER1-mutant tumors could lead to improved treatment
outcomes. Additionally, the potential for personalized
treatment strategies that specifically target the molecular
consequences of DICER1 mutations is an exciting area of
therapeutic development. This review aims to analyze
publications devoted to the significant role of DICER1
mutations in thyroid cancer, further elucidating their
implications for recurrence, diagnosis, and personalized
treatment strategies. [46]

DICER1 Syndrome and Thyroid Cancer

DICER1 syndrome is a hereditary condition
characterized by a predisposition to various neoplasms,
including thyroid cancer. De Kock L. emphasizes that
pathogenic variants of DICER1 are linked to a broad
spectrum of tumors, with significant implications for the
thyroid gland. The study by De Kock L. provides valuable
insights into how these genetic mutations contribute to
thyroid cancer development, particularly in individuals with a
familial history of the disease. DICER1 syndrome offers a
unique framework for understanding the inherited patterns
of thyroid cancer, which can differ significantly from
sporadic cases.

One of the key findings in De Kock L. is the importance
of early genetic testing for individuals with a family history of
DICER1-related tumors. Identifying these pathogenic
variants early on can lead to more effective monitoring and
management strategies, potentially reducing the risk of
aggressive thyroid cancer. The study also highlights how
DICER1 mutations may affect the therapeutic responses in
thyroid cancer patients, particularly those with hereditary
cancer syndromes. Understanding these variations is
crucial for developing personalized treatment plans that
account for the genetic background of the patient.

De Kock L. also discusses the broader implications of
DICER1 mutations beyond thyroid cancer, noting that these
mutations are linked to a variety of endocrine and non-
endocrine tumors. This broad spectrum of associated
neoplasms underscores the complexity of DICER1
syndrome and the need for a multidisciplinary approach to
patient care. The research points to the potential benefits of
integrating genetic counseling into routine clinical practice
for patients at risk of DICER1-related cancers. Moreover,
Kock et al. suggest that further studies are needed to
explore the long-term outcomes of individuals with DICER1
mutations, particularly regarding their risk for developing
multiple types of cancer over their lifetime.

The findings of De Kock L. underscor the critical role of
DICER1 in both the development and progression of thyroid
cancer. This study contributes to the growing body of
evidence that highlights the importance of genetic factors in
cancer biology. As such, the insights from this research
may lead to improved screening protocols and more

targeted therapeutic interventions for patients with DICER1
syndrome. This review aims to analyze publications focused
on the significant role of DICER1 mutations in thyroid
cancer, further elucidating their implications for recurrence,
diagnosis, and personalized treatment strategies. [10, 12-
15] DICER1 is now accepted as a driver of pediatric thyroid
nodules. Research has demonstrated an association
between DICER1 somatic or germline mutations and
pediatric follicular thyroid carcinoma. Can be low-risk
malignancies in papillary thyroid carcinoma associate with
DICER1-mutation. Some researchers approved that poorly
differentiated thyroid carcinomas (PDTC) in pediatric
patients are associated with DICER1 mutations, and some
may be part of a DICER1 tumor syndrome. PDTC of
childhood and adolescence is very rare and information is
limited. Findings of some authors indicate that pediatric
DICER1 mutation genetically different from adult PDTC that
is strongly associated with DICER1 mutations. [12]
Medullary thyroid cancer (MTC) in children poses the
necessity to rule out multiple endocrine neoplasia syndrome
(MEN type 2). It's noteworthy that familial cases of follicular
cell-derived tumors, aside from MTC, are uncommon.
Exploring the role of microRNAs as potential biomarkers in
pediatric thyroid carcinomas is an emerging area of
research, and expanding our understanding in this realm
could pave the way for more nuanced diagnostic
approaches and tailored treatments in pediatric thyroid
cancer DICER 1 gene expression associated with
aggressive features in patients with PTC, while with
DICER1 syndrome associated DTC, which is mostly define
in patients young age, and form low risk group with low
probability for metastasis. [1-7, 11, 51].

Prevalence and Diagnosis of Implications for
Clinical Practice

The identification of DICER1 mutations provided by
molecular genetic analysis, such as next-generation
sequencing, which is plays a crucial role in the clinical
management of thyroid cancer, particularly in cases with
poorly differentiated features. Volante et al. conducted a
clinicopathologic study of 183 patients with poorly
differentiated  thyroid carcinomas characterized by
trabecular, insular, and solid patterns, highlighting the
aggressive nature of these tumors. The study underscored
the importance of accurate histopathologic assessment in
conjunction with genetic testing to better understand the
prognosis and potential for recurrence in thyroid cancer
patients.[68, 18-19]

Lee et al. further emphasized the significance of
DICER1 mutations, particularly in pediatric follicular thyroid
carcinomas, where these mutations are predominant. The
identification of these pathogenic variants is paramount for
assessing the risk of differentiated thyroid cancer
recurrence, particularly in younger patients. The genetic
insights provided by these studies are crucial for tailoring
patient-specific  therapeutic  approaches, which can
significantly improve clinical outcomes.[20-24]

In clinical practice, integrating genetic testing for DICER1
mutations into the diagnostic and treatment planning process
allows for more precise risk stratification. For instance, patients
with DICER1 mutations may require more intensive monitoring
and potentially more aggressive treatment to mitigate the
higher risk of recurrence and progression. Volante et al.
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highlighted the need for early and accurate identification of
poorly differentiated thyroid carcinomas, which can inform the
choice of therapeutic strategies and improve survival rates. [25-
27,30, 31, 39, 68]

Molecular genetic analysis with next generation
sequencing (NGS) narrowed down (for the particular family)
the association of PTC with germline DICER1 mutations in
the family under consideration. An experiment with a knock-
in mice model validated these studies and clearly
demonstrated that the thyroid condition occurred mainly
through the knockout of Dicer1 in thyroid cells. According to
new studies, some cell types have been shown to carry low
levels of DICER1 and high levels of the associated proteins
suggested to play a role in the development of thyroid
cancer. Nevertheless, as indicated by one study, such cells
when combined with environmental agents got transformed
into a disorganized state that is typical of cancer tissue,
before manifesting the pure cancer phenotype. Likewise,
actually the role of DICER1 in cancer is dual: the mutation
either enhances the protein or reduces its phosphopeptides.
This occurs through the VAV1 kinase regulated DICER1 as
it phosphorylates at a tyrosine residue to form a
phosphopeptide that reduces the cis-modifications. NGS-
based cancer gene panels can be included in childhood
patients with different genetic syndromes to accurately
detect the patient's disease and also to prevent cancer
diseases from developing. The clinical management that
includes a genetic cancer test remains the perfect course of
action to take as among other things, the patient receives a
clear prognosis and also, the risk predispositions are
additionally understood. Children who undergo genetic tests
and periodic tests might have a higher chance of resolving
DNA issues and thus they will show a reduced amount of
cancer diseases and more of those cases that appear will
have a clear predisposing genetic factor [31,33-36, 40]

The next generation sequencing and other advanced
molecular procedures in the clinical setting leads to
diagnosing DICER1 mutations at early stages which is
especially the case for pediatric patients. On this note. as
per observations of Lee et al., they have suggested that
short inhibitory RNA molecules can be designed specifically
for the targets as they have a particular inferable transcript
complex with the RNA molecule. Also, the RNAI technology
when used in therapy cells is better than in the usual cells;
RNAi technology is being developed for gene silencing as a
radiation-free treatment technology. [63-67] Besides, the
things that have to be kept in mind are: the regular patient
monitoring of those with DICER1 mutations and the prompt
detection of the recurrence or the progression of the
disease through active intervention.

The clinical studies of Volante et al., for example and
Lee et al. As also noted by Lee et al., Volante et al., the
management of thyroid cancer is a multidisciplinary
challenge that should consider both histopathologic and
genetic data to aid treatment decisions. Clinical implications
are considerable as they allow for tailored, patient-centered
care in patients with thyroid cancer. This strategy elevates
the odds of getting the best, and highest quality care while
at the same time minimizing overtreatment in patients with
very low-risk profiles. [53-58, 61] Second, genetic testing as
part of a clinical trial offers patients with an increased risk to
thyroid cancer (DICER1 mutation) the best possibility in

counseling and the management of their mutation carrier
status. Exploiting genetic findings to individualize therapy is
an important advance in oncology that facilitates target-
based, yet minimally invasive strategies for chemotherapy.
Conclusion: Molecular genetic analysis is essential to
improve thyroid cancer diagnosis and therapy, and DICER1
mutations should be assessed [39,68,69,71]

Conclusion

The literature on DICER1 mutations underscores their
significant impact on the development and progression of
thyroid cancer. Basic- molecular alterations provide clues to
pathophysiologic basis providing new distinguishing points
of prospective clinical management as well as therapeutics.
Nevertheless, despite the advances made, substantial
ignorance of DICER1-associated phenotypes and molecular
mechanisms still exists. In-depth exploration of the role of
DICER1 in thyroid cancer will still demand rigorous and
targeted research. Here is the suggested functional link of
mutation gene DICER 1 active state of cancer approved
with this review. Molecular genetic studies with NGS will
allow one to deduce an unequivocal link between PTC and
a DICER1 defect, by which can be defined both risk of
malignant activation, type-of Mutations and recurrents,
available; of treating disease in patient based on which
treatment. Future work should focus on distinguishing
affected biological pathways due to DICER1 mutations and
defining a window to develop targeted therapies.
Furthermore, the development of candidate molecular tests
for identifying patient sub-populations in which genetic
profiles could be useful may facilitate more personalized
and effective treatment regimes. Also, these data suggest a
primary driver of oncogenic activation for the DICER1 in
pediatric low-risk PTCs pushed the molecular pathogenesis
of PTCs. Future studies of DICER1 mutations are likely to
lead to improved management practices for thyroid cancer
diagnosis and treatment in patients. To sum up: DICER1 in
thyroid cancer is an urgent field to address studies that can
have a substantial impact on patient outcome.

Conflict of Interest

The authors declare no conflicts of interest. Additionally, no
part of this article has been previously published or is under
consideration by other publishers.

Author Contributions

As this is a review article, all authors contributed to the
literature search using separate methodologies, and the decision
to exclude certain materials was made collectively.

Funding

This study was funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. AP19680262: "Clinical and epidemiological
characterization of risk factors for osteoporosis prevalence across
different age groups, with an assessment of bone tissue
composition using dual-energy X-ray absorptiometry").

References:

1. Apellaniz-Ruiz M, de  Kock, L., Sabbaghian
N., Guaraldi F., Ghizzoni L., Beccuti G., Foulkes, W.D. Familial
multinodular goiter and Sertoli-Leydig cell tumors associated
with a large intragenic in-rame DICER1 deletion. European
Journal  of  Endocrinology,  2018.  178(2), K11-
K19. https://doi.org/10.1530/EJE-17-0904.

2. Bahubeshi A., Bal N., Rio Frio T. DICER1 mutations in
a broad range of follicular cell-derived thyroid cancers: Genetic
and clinical implications. J Clin Endocrinol Metab, 2011. 96(9).

163


https://doi.org/10.1530/EJE-17-0904

Reviews

Science & Healthcare, 2025 Vol. 27 (1)

3. Blokziil F.,de Ligt J., Jager M., Sasselli V., Roerink
S., Sasaki N.,van Boxtel R.Tissue-specific mutation
accumulation in human adult stem cells during life. Nature,
2016. 538 (7624), 260-
264. https://doi.org/10.1038/nature19768.

4. Brenneman M., Field A., Yang J., Williams G., Doros
L., Rossi C., Hill .A. Temporal order of RNase lllb and loss-of-
function mutations during development determines phenotype
in pleuropulmonary blastoma/DICER1 syndrome: A unique
variant of the two-hit tumor suppression model. F1000
Research, 2015. 214. hitps://doi.org/10.12688/f1000research.

5. Burger K., Gullerova M. Swiss army knives: Non-
canonical functions of nuclear Drosha and Dicer. Nature Re s
Molecular Cell Biology, 2015.16(7), 417-
430. https://doi.org/10.1038/nrm3994.

6. Chen J,Wang Y., Monechy M.K, Anglesio
M.S., Yang W., Senz J., Huntsman D.G.Recurrent DICER1
hotspot mutations in endometrial tumours and their impact on
microRNA biogenesis. Journal of Pathology,
2015. 237(2), 215-225. https://doi.org/10.1002/path.4569.

7. Consoli C., Moss C., Green S., Balderson D., Cooper
D.N., Upadhyaya M. Gonosomal mosaicism for a nonsense
mutation (R1947X) in the NF1 gene in segmental
neurofibromatosis type 1. Journal of Investigative Dermatology,
2005. 125(3), 463-466. https://doi.org/10.1111/j.0022-
202X.2005.23834.x.

8. Cooper D.S., Doherty G.M., Haugen B.R. Revised
American Thyroid Association management guidelines for
patients with thyroid nodules and differentiated thyroid cancer."
Thyroid, 2009. 19(11):1167-1214.

9. Davies L., Welch H.G. Increasing incidence of thyroid
cancer in the United States, 1973-2002. JAMA, 2006.
295(18):2164-2167.

10. De Kock L., Wu V.R., Foulkes W.D. Ten years of
DICER1 mutations: Provelance, distribution and associated
phenotypes. Hum Mutant, 2019; 40(11) 1939-53.

11. De Kock L., Geoffrion, D., Rivera, B., Wagener,
R., Sabbaghian, N., Bens, S., Foulkes, W.D. Multiple DICER1-
related tumors in a child with a large interstitial 14q32
deletion. Genes, Chromosomes Cancer, 2018.57(5), 223-
230. https://doi.org/10.1002/gcc.22523.

12. De Kock L., Hillmer M., Wagener R., Soglio D.
B., Sabbaghian N., Siebert R., Foulkes W.D. Further evidence
that full gene deletions of DICER1 predispose to DICER1
syndrome. Genes Chromosomes Cancer, 2019. 58(8), 602—
604. https://doi.org/10.1002/gcc.22728.

13. De Kock L., Priest J.R., Foulkes W.D., Alexandrescu
S. An update on the central nervous system manifestations of
DICER1 syndrome. Acta Neuropathologica,
2019. https://doi.org/10.1007/s00401-019-01997-y.

14. De Kock L., Rivera B., Revil T., Thorer P., Goudie
C., Bouron-Dal  Soglio D., Foulkes W.D. Sequencing of
DICER1 in sarcomas identifies biallelic somatic DICER1
mutations in an adult-onset embryonal
rhabdomyosarcoma. British Journal of Cancer, 2017.116
(12), 1621-1626. https://doi.org/10.1038/bjc.2017.147.

15. De Kock L., Sabbaghian N., Druker H., Weber
E., Hamel N., Miller S., Foulkes W.D. Germ-line and somatic
DICER1 mutations in pineoblastoma. Acta Neuropathologica,
2014. 128(4), 583-595. https://doi.org/10.1007/s00401-014-
1318-7.

16. De Kock L., Terzic T., McCluggage W.G., Stewart C.
J.R., Shaw P., Foulkes, W.D., Clarke, B.A. DICER1 mutations
are consistently present in moderately and poorly differentiated
Sertoli-Leydig cell tumors. The American Journal of Surgical
Pathology, 2017.41(9), 1178-
1187. https://doi.org/10.1097/PAS.0000000000000895.

17. De  Kock Ldo., Wang Y.C,Revil T., Badescu
D., Rivera B., Sabbaghian N., Foulkes W.D. High-sensitivity
sequencing reveals multi-organ somatic mosaicism causing
DICERT  syndrome.Journal of Medical  Genetics,
2016. 53(1), 43-52. https://doi.org/10.1136/medgenet-2015-
103428.

18. Domchek S.M., Tang J., Stopfer J., Lilli D.R., Hamel
N., Tischkowitz M., Greenberg R.A. Biallelic deleterious BRCA1
mutations in a woman with early-onset ovarian cancer. Cancer
Discovery, 2013. 3(4), 399-405. https://doi.org/10.1158/2159-
8290.Cd-12-0421.

19. Evans, D. R. Neurofibromatosis type 2 (NF2): A clinical
and molecular re. Orphanet Joumal of Rare Diseases,
2009. 4, 16. https://doi.org/10.1186/1750-1172-4-16.

20. Findlay G.M., Daza R.M., Martin B., Zhang M.D., Leith
A.P., Gasperini M., Shendure, J. Accurate classification of
BRCA1 variants with saturation genome editing. Nature, 2018.
562(7726), 217-222. https://doi.org/10.1038/s41586-018-0461-
z

21. Foulkes W.D., Priest J.R., Duchaine T.F. DICER1:
Mutations, microRNAs and mechanisms. Nat Rev Cancer,
2014. 14(10):662-672.

22. Foulkes W.D., Gore M., Cluggage W.G.Rare non-
epithelial ovarian neoplasms: Pathology, genetics and
treatment. Gynecologic Oncology, 2016. 142, 190
198. https://doi.org/10.1016/j.ygyn0.2016.04.005.

23. Foulkes W. D., Priest, J. R., Duchaine T. F. DICER1:
Mutations, microRNAs and mechanisms. Nature Re s Cancer,
2014. 14(10), 662-672. https://doi.org/10.1038/nrc3802.

24. Gurtan AM., Lu, V., Bhutkar A., Sharp P.A. In vivo
structure-function analysis of human Dicer reveals directional
processing of precursor miRNAs. RNA, 2012. 18(6), 1116-
1122. https://doi.org/10.1261/ma.032680.112.

25. Heravi-Moussavi  A., Anglesio  M.S., Cheng  S.W.
G, Senz J., Yang W., Prentice L., Huntsman D. G. Recurrent
somatic DICER1 mutations in  nonepithelial  ovarian
cancers. New England Journal of
Medicine, 2012. 366(3), 234
242. https:/idoi.org/10.1056/NEJMoa1102903.

26. Herriges  J.C., Brown S, Longhurst M., Ozmore
J., Moeschler J.B., Janze A., Andersen E.F. ldentification of
two 14932 deletions involving DICER1 associated with the
development of DICER1-related tumors. European Journal of
Medical Genetics, 2019. 62, 9-
14. https://doi.org/10.1016/j.ejmg.2018.04.011.

27. Hes F.J., Nielsen M., Bik E.C., Konvalinka D., Wijnen
J.T., Bakker E., Tops C.M.J. Somatic APC mosaicism: An
underestimated cause of polyposis coli. Gut, 2007. 57(1), 71—
76. https://doi.org/10.1136/gut.2006.117796.

28. Hill D.A., lvanovich J., Priest J.R. DICER1 mutations in
familial thyroid cancer: Clinical and molecular features. Thyroid,
2011.21(10):1233-1241.

29. Hill D.A., Ilvanovich J., Priest J.R., Gurnett C.
A., Dehner L.P., Desruisseau D., Goodfellow P.J. DICER1
mutations in familial pleuropulmonary blastoma. Science, 2009.
325(5943), 965. https://doi.org/10.1126/science. 1174334

164


https://doi.org/10.1038/nature19768
https://doi.org/10.12688/f1000research
https://doi.org/10.1038/nrm3994
https://doi.org/10.1002/path.4569
https://doi.org/10.1111/j.0022-202X.2005.23834.x
https://doi.org/10.1111/j.0022-202X.2005.23834.x
https://doi.org/10.1002/gcc.22523
https://doi.org/10.1002/gcc.22728
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=%2Fdoi%2F10.1002%2Fgcc.22728&doi=10.1002%2Fhumu.23877&doiOfLink=10.1002%2Fgcc.22728&linkType=VIEW_NO_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1007/s00401-019-01997-y
https://doi.org/10.1038/bjc.2017.147
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fct.prod.getft.io%2Fd2lsZXksc3ByaW5nZXIsaHR0cDovL25hdHVyZS5jb20vYXJ0aWNsZXMvZG9pOjEwLjEwMzgvYmpjLjIwMTcuMTQ3P3V0bV9zb3VyY2U9Z2V0ZnRyJnV0bV9tZWRpdW09Z2V0ZnRyJnV0bV9jYW1wYWlnbj1nZXRmdHJfcGlsb3Q.LJZqGqGi8--GWjLuc2vUC5Twol64k8THWxKYpDYQtE4&doi=10.1002%2Fhumu.23877&doiOfLink=10.1038%2Fbjc.2017.147&linkType=VIEW_FULL_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1007/s00401-014-1318-7
https://doi.org/10.1007/s00401-014-1318-7
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00401-014-1318-7&doi=10.1002%2Fhumu.23877&doiOfLink=10.1007%2Fs00401-014-1318-7&linkType=VIEW_NO_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1097/PAS.0000000000000895
https://doi.org/10.1136/jmedgenet-2015-103428
https://doi.org/10.1136/jmedgenet-2015-103428
https://doi.org/10.1158/2159-8290.Cd-12-0421
https://doi.org/10.1158/2159-8290.Cd-12-0421
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fct.prod.getft.io%2Fd2lsZXksYWFjcixodHRwczovL2FhY3Jqb3VybmFscy5vcmcvR2V0RnRyQ29udGVudC9HZXRSZXNvdXJjZUJ5RG9pQW5kUmVzb3VyY2VUeXBlP2RvaT0xMC4xMTU4JTJmMjE1OS04MjkwLkNELTEyLTA0MjEmcmVzb3VyY2V0eXBlPTM.LedbAEcpSOlf7C71KxAb_9mlXa7wfiA_xWFdClmH17o&doi=10.1002%2Fhumu.23877&doiOfLink=10.1158%2F2159-8290.CD-12-0421&linkType=VIEW_FULL_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1186/1750-1172-4-16
https://doi.org/10.1038/s41586-018-0461-z
https://doi.org/10.1038/s41586-018-0461-z
https://doi.org/10.1016/j.ygyno.2016.04.005
https://doi.org/10.1038/nrc3802
https://doi.org/10.1261/rna.032680.112
https://onlinelibrary.wiley.com/servlet/linkout?suffix=ref&dbid=16&doi=10.1002%2Fhumu.23877&key=10.1261%2Frna.032680.112&getFTLinkType=true&doiForPubOfPage=10.1002%2Fhumu.23877&refDoi=10.1261%2Frna.032680.112&linkType=Crossref&linkSource=FULL_TEXT&linkLocation=Reference
https://doi.org/10.1056/NEJMoa1102903
https://doi.org/10.1016/j.ejmg.2018.04.011
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ejmg.2018.04.011&doi=10.1002%2Fhumu.23877&doiOfLink=10.1016%2Fj.ejmg.2018.04.011&linkType=VIEW_NO_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1136/gut.2006.117796
https://doi.org/10.1126/science.1174334

Hayxka u 3apaBooxpanenne, 2025 T.27 (1)

0030p JuTEpaTYpbI

30. Hu W, Coller J. What comes first: Translational
repression or mRNA degradation? The deepening mystery of
microRNA  function. Cell  Research, 2012.  22(9), 1322—
1324. https://doi.org/10.1038/cr.2012.80.

31. Huryn L.A., Turriff A., Hamey L.A., Carr A.G., Chevez-
Barrios P, Gombos  D.S., Stewart, D.R.  DICERT1
syndrome. Ophthalmology, 2019. 126, 296-

304. https://doi.org/10.1016/j.ophtha.2018.09.038.

32. lbrahimpasic T, Xu B., Landa I. Genomic alterations in
fatal forms of non-anaplastic thyroid cancer: Identification of
MED12 and FGF3/4 amplifications as candidate drivers. Sci
Rep, 2015. 5:11332.

33. Khan N.E.,, Bauer  A.J,, Doros, L., Schultz
KA.P., Decastro RM., Harney, L.A., Stewart, D.
R. Macrocephaly ~ associated ~ with  the  DICER1
syndrome. Genetics in Medicine, 2016. 19, 244
248, https://doi.org/10.1038/gim.2016.83.

34. Khan N.E, Lin, A, Raske M.E. Harney LA, Carr
A.G, Field A., Stewart D.R. Structural renal abnormalities in
the DICER1 syndrome: A family-based cohort study. Pediatric
Nephrology, 2018. 33(12), 2281-
2288. https://doi.org/10.1007/s00467-018-4040-1.

35. Kim J, Field A, Schuliz KA.P., Hill D.A., Stewart
D.R. The prevalence of DICER1 pathogenic variation in
population databases. International Journal of Cancer,
2017. 141(10), 2030-2036. https://doi.org/10.1002/ijc.30907.

36. Klein S.,Lee  H, Ghahremani  S. Kempert
P., Ischander M., et al. Expanding the phenotype of mutations
in DICER1: Mosaic missense mutations in the RNase llIb
domain of DICER1 cause GLOW syndrome. Journal of Medical
Genetics, 2014.51(5), 294-
302. https://doi.org/10.1136/jmedgenet-2013-101943.

37. Kondo T, Ezzat S, Asa S.L Pathogenetic
mechanisms in thyroid follicular-cell neoplasia. Nat Rev
Cancer, 2006. 6(4):292-306.

38. Landa I, Ganly I, Chan T.A. "Frequent somatic TERT
promoter mutations in thyroid cancer: Higher prevalence in
advanced forms of the disease." J Clin Endocrinol Metab,
2013.98(9).

39. Lee Y.A. Predominant DICER1 pathogenic variants in
pediatric follicular thyroid carcinomas. Thyroid, 2020. 30:1120—
1131.

40. Lee J.C., Mazor T., Lao R., Wan E., Diallo A.B., Hill
N.S., Solomon D.A. Recurrent KBTBD4 small in-frame
insertions and absence of DROSHA deletion or DICER1
mutation differentiate pineal parenchymal tumor of intermediate
differentiation (PPTID) from pineoblastoma. Acta
Neuropathologica, 2019. 137, 851-

854. https://doi.org/10.1007/s00401-019-01990-5.

41. LuH., He Y., Lin L. "DICER1 gene mutations in thyroid
carcinoma and their association with BRAF V600E mutation
and microRNA expression profiles." Cancer Genet Cytogenet,
2010. 203(3):204-208.

42. Mao T.L., Yu J.S., Wu C.H. The role of RAS mutations
in thyroid follicular neoplasia and the effect of RET/PTC and
PAX8/PPARy on RAS-induced growth  suppression.
Oncogene, 2014. 33(38):4873-4880.

43. Mazzaferri E.L. Management of low-risk differentiated
thyroid cancer. Endocr Pract, 2007. 13(5):498-512.

44. Messinger Y.H., Stewart D.R., Priest J.R., Williams
G.M., Harris A.K., Schultz KAP, Dehner L
P. Pleuropulmonary blastoma: A report on 350 central

pathology-confirmed pleuropulmonary blastoma cases by the
International Pleuropulmonary Blastoma
Registry. Cancer, 2015. 121(2), 276

285. https://doi.org/10.1002/cncr.29032 .

45. Miao D., Margolis C.A., Vokes N.I, Liu, D., Taylor-
Weiner A., Wankowicz S.M., Van Allen EM. Genomic
correlates of response to immune checkpoint blockade in
microsatellite-stable solid tumors. Nature
Genetics, 2018. 50(9), 1271-

1281. https://doi.org/10.1038/s41588-018-0200-2.

46. Michael Solarski, Fabio Rotondo, William D. Foulkes,
John R. Priest, Luis V. Syro, Henriett Butz, Michael D.
Cusimano and Kalman Kovacs. DICER1 gene mutations in
endocrine  tumors.  Endocrine-Related  Cancer,  2018.
https://doi.org/10.1530/ERC-17-0509.

47. Nikiforov Y.E., Nikiforova M.N. Molecular genetics and
diagnosis of thyroid cancer. Nat Rev Endocrinal,
2011.7(10):569-580.

48. Nixon I.J., Whitcher M.M., Palmer F.L. The impact of
distant metastases at presentation on prognosis in patients with
differentiated thyroid carcinoma. Thyroid, 2012. 22(9):884-889.

49. Priya S., Patro P.K, Malyavantham K. DICER1
mutations and dysregulated microRNA pathways in thyroid
cancer. Endocr Pathol, 2014. 25(3):232-243.

50. Pugh T.J,Yu W, Yang J, Field A.L., Ambrogio
L,Carter S.L, Hilll DA Exome sequencing of
pleuropulmonary blastoma reveals frequent biallelic loss of
TP53 and two hits in DICER1 resulting in retention of 5p-
derived miRNA hairpin loop sequences. Oncogene, 2014.
33(45), 5295-5302. https://doi.org/10.1038/0nc.2014.150.

51. Ragazzi M., Ciarrocchi A., Sancisi V. The role of
miRNA in thyroid carcinogenesis: A meta-analysis. Endocr
Relat Cancer, 2015. 22(5).

52. Rakheja D., Chen K.S., Liu Y., Shukla A. A., Schmid
V.,,Chang T. C., Amatruda, J. F. Somatic mutations in
DROSHA and DICER1 impair microRNA biogenesis through
distinct  mechanisms in  Wilms  tumours. Nature
Communications, 2014. 5, 4802. https://doi.org/10.1038/ncom
ms5802.

53. Richards S., Aziz N., Bale S., Bick D., Das S., Gastier-
Foster J., Rehm H.L. Standards and guidelines for the
interpretation of sequence variants: A joint consensus
recommendation of the American College of Medical Genetics
and Genomics and the Association for Molecular
Pathology. Genetics in Medicine, 2015.17(5), 405
423. https://doi.org/10.1038/gim.2015.30.

54. Sabbaghian N., Srivastava A., Hamel N., Plourde
F., Gajtko-Metera M., Niedziela M., Foulkes W.D. Germ-line
deletion in DICER1 revealed by a novel MLPA assay using
synthetic  oligonucleotides. European Joumnal of Human
Genetics, 2014. 22(4), 564—
567. https://doi.org/10.1038/ejhg.2013.215.

55. Scheithauer ~ B.W., Horvath E., Abel T.W., Robital
Y., Park S.H., Osamura R.Y., Kovacs K. Pituitary blastoma: A
unique embryonal tumor. Pituitary, 2012. 15(3), 365—
373. https://doi.org/10.1007/s11102-011-0328-x.

56. Schuliz KA., Stewart D.R., Bahubeshi A. DICER1
syndrome: Clarifying the diagnosis, clinical features, and
management of a pleiotropic tumor predisposition syndrome." J
Clin Oncol, 2014. 32(7):728-734.

57. Schuliz KA.P., Williams G.M., Kamihara J., et al.
DICER1 and associated conditions: Identification of at-risk

165


https://doi.org/10.1038/cr.2012.80
https://doi.org/10.1016/j.ophtha.2018.09.038
https://doi.org/10.1038/gim.2016.83
https://doi.org/10.1007/s00467-018-4040-1
https://doi.org/10.1002/ijc.30907
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=%2Fdoi%2F10.1002%2Fijc.30907&doi=10.1002%2Fhumu.23877&doiOfLink=10.1002%2Fijc.30907&linkType=VIEW_NO_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1136/jmedgenet-2013-101943
https://doi.org/10.1007/s00401-019-01990-5
https://doi.org/10.1002/cncr.29032
https://doi.org/10.1038/s41588-018-0200-2
https://doi.org/10.1530/ERC-17-0509
https://doi.org/10.1530/ERC-17-0509
https://doi.org/10.1038/onc.2014.150
https://doi.org/10.1038/ncomms5802
https://doi.org/10.1038/ncomms5802
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/ejhg.2013.215
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fct.prod.getft.io%2Fd2lsZXksc3ByaW5nZXIsaHR0cDovL25hdHVyZS5jb20vYXJ0aWNsZXMvZG9pOjEwLjEwMzgvZWpoZy4yMDEzLjIxNT91dG1fc291cmNlPWdldGZ0ciZ1dG1fbWVkaXVtPWdldGZ0ciZ1dG1fY2FtcGFpZ249Z2V0ZnRyX3BpbG90.YkguTupGqIxAn0Q8dsRYNPp6Apu0bbjDs_NGLVuMMRw&doi=10.1002%2Fhumu.23877&doiOfLink=10.1038%2Fejhg.2013.215&linkType=VIEW_FULL_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1007/s11102-011-0328-x
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11102-011-0328-x&doi=10.1002%2Fhumu.23877&doiOfLink=10.1007%2Fs11102-011-0328-x&linkType=VIEW_NO_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT

Reviews

Science & Healthcare, 2025 Vol. 27 (1)

individuals and recommended surveillance strategies. Clinical
Cancer Research, 2018. 24, 2251-
2261. https://doi.org/10.1158/1078-0432.Ccr-17-3089.

58. Seki M., Yoshida K., Shiraishi Y., Shimamura T., Sato
Y., Nishimura R., Takita J. Biallelic DICER1 mutations in
sporadic pleuropulmonary blastoma. Cancer
Research, 2014. 74(10), 2742-

2749. https://doi.org/10.1158/0008-5472.can-13-2470.

59. Siegel R.L., Miller K.D., Jemal A. Cancer statistics. CA
Cancer J Clin. 2020;70(1):7-30.

60. Soares P., Lima J., Preto A. Genetic alterations in
poorly differentiated and undifferentiated thyroid carcinomas.
Curr Genomics, 2011.12(8):609-617.

61. Stewart D.R, Best A. F., Williams G.M., Hamey
LA, Carr A.G., Harris AK, Schultz KA.P. Neoplasm risk
among individuals with a pathogenic germline variant in
DICER1. Journal of Clinical Oncology, 2019. 37(8), 668—
676. https://doi.org/10.1200/jc0.2018.78.4678.

62. Sugitani |, Fujimoto Y., Yamada K. Prospectively
enrolled, consecutive series of papillary thyroid carcinoma
patients who underwent surgery for less than 2 cm tumors;
Outcomes and prognostic factors in 1000 consecutive cases. J
Clin Oncol, 2010. 28(17):2793-2798.

63. Takeshita D., Zenno S.,Lee W.C., Nagata K., Saig
K., Tanokura M. Homodimeric structure and double-stranded
RNA cleavage activity of the C-terminal RNase Il domain of
human dicer. Journal of Molecular Biology, 2007. 374(1), 106—
120. https://doi.org/10.1016/}.jmb.2007.08.069.

64. Van Engelen K., Villani A., Wasserman J.D., Aronoff
L., Greer M.L.C., Tierin Bueno M. Druker H. DICER1
syndrome: Approach to testing and management at a large
pediatric ~ tertiary  care center. Pediatric Blood
Cancer, 2018. 65(1),
€26720. https://doi.org/10.1002/pbc.26720.

65. Vedanayagam J., Chatila W.K., Aksoy B.A., Majumdar
S., Skanderup A.J., Demir E., Lai E.C. Cancer-associated
mutations in DICER1 RNase llla and lllb domains exert similar

Information about authors:

effects on miRNA biogenesis. Nature
Communications, 2019. 10(1), 3682. https://doi.org/10.1038/s4
1467-019-11610-1.

66. Verburg F.A., Reiners C., Hanscheid H. Long-term
survival in differentiated thyroid cancer: What has changed?
Nat Rev Endocrinol, 2015.11(10):642-644.

67. Vogelstein  B., Papadopoulos  N., Velculescu V.
E,Zhou S.,Diaz LA, Kinzler KW. Cancer genome
landscapes. Science, 2013. 339(6127), 1546
1558. https://doi.org/10.1126/science.1235122 .

68. Volante M., Landolfi S., Chiusa L., Palestini N., Motta
M., Codegone A., Torchio B., Papotti M.G. Poorly differentiated
carcinomas of the thyroid with trabecular, insular, and solid
pattemns: a clinicopathologic study of 183 patients. Cancer,
2004. 100:950-957. doi: 10.1002/cncr.20087.

69. Wang Y., Chen J., Yang W., Mo F., Senz J., Yap D,
Huntsman D. G. The oncogenic roles of DICER1 RNase b
domain  mutations in ovarian  Sertoli-Leydig  cell
tumors. Neoplasia, 2015. 17(8), 650
660. https://doi.org/10.1016/j.ne0.2015.08.003.

70. Wu MK, de Kock L. Conwell L.S., Stewart C.J.
R, King B.R. Choong C.S., Foulkes W.D. Functional
characterization of multiple DICER1 mutations in an
adolescent. Endocrine-related Cancer, 2016. 23(2), L1-
L5. https://doi.org/10.1530/ERC-15-0460.

71. Wu M., Sabbaghian N, Xu B., Addidou-Kalucki
S.,Bernard C.,Zou D., Foulkes, W. Biallelic DICER1
mutations  occur in Wilms  tumours. Journal  of
Pathology, 2013. 230(2), 154—

164. https://doi.org/10.1002/path.4196.

72. Xing M. BRAF mutation in thyroid cancer. Endocr Relat
Cancer, 2005. 12(2):245-262.

73. Zehir A., Benayed R., Shah R.H., Syed A., Middha S.,
Kim H.R., Berger M.F. Mutational landscape of metastatic
cancer revealed from prospective clinical sequencing of 10,000
patients.  Nature  Medicine, 2017.  23(6), 703-
713. https://doi.org/10.1038/nm.4333.

Mussazhanova Zh.B.— associated professor, phD Al-Farabi Kazakh National University, Almaty, Kazakhstan e-mail:
mussazhanova.zh@gmail.com; Department of Tumor and Diagnostic Pathology, Atomic Bomb Disease Institute,
https://orcid.org/0000-0002-7315-7725, Nagasaki, Japan

Dushimova Z.D. — k.m.s. in department of fundamental medicinemedical department and healthcare, https://orcid.org/0000-
0003-0791-4246, Al-Farabi Kazakh National University, e-mail: dushimova.zaure@kaznu.edu.kz, Aimaty, Kazakhstan
Kozykenova Zh.Y. — phD, head of department pathological physiology, https://orcid.org/0000-0001-7420-2279, NCJSC
"Semey Medical University, e-mail: zhanna.kozykenova@smu.edu.kz, Semey, Republic of Kazakhstan

Pak L.A. - professor, phD head of Department of Clinical Oncology and Nuclear Medicine https://orcid.org/0000-0002-5249-
3359, NCJSC "Semey Medical University," e-mail: laura.pak@smu.edu.kz, Semey, Republic of Kazakhstan

Toktabayeva B.Zh. — Candidate of Medical Sciences, Acting Associate Professor, Department of Propaedeutics of
Children's Diseases NCJSC «Semey Medical University», 103 Abay street, Semey, 071400, Kazakhstan;
Email:bakytkul.toktabayeva@smu.edu.kz; Phone number:+7(701)150-84-20. https://orcid.org/0000-0001-5899-1247
Zhazykbayeva L.K. — k.m.s internal diseases department, https://orcid.org/0000-0001-6529-284X, NCJSC "Semey Medical
University," e-mail: lashyn.zhazykbayeva@smu.edu.kz, Semey, Republic of Kazakhstan

Rakhmankulova A.M. - a PhD student of the Department of Clinical Oncology and Nuclear Medicine, https://orcid.org/0000-
0003-3307-413X, NCJSC "Semey Medical University," e-mail: rakhmankulova.aidana1992@gmail.com, Semey, the
Republic of Kazakhstan;

Corresponding Author:

Yerketayeva A.Kh. — a Ph.D. student of the Department of Clinical Oncology and Nuclear Medicine, NCJSC "Semey
Medical University," Semey, Republic of Kazakhstan

Address: 071400, Republic of Kazakhstan, Semey, Abay Street, 103.

E-mail: aki04121994@gmail.com

Phone: +7 775722 60 91.

166


https://doi.org/10.1158/1078-0432.Ccr-17-3089
https://doi.org/10.1158/0008-5472.can-13-2470
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fct.prod.getft.io%2Fd2lsZXksYWFjcixodHRwczovL2FhY3Jqb3VybmFscy5vcmcvR2V0RnRyQ29udGVudC9HZXRSZXNvdXJjZUJ5RG9pQW5kUmVzb3VyY2VUeXBlP2RvaT0xMC4xMTU4JTJmMDAwOC01NDcyLkNBTi0xMy0yNDcwJnJlc291cmNldHlwZT0z.qxTmdNgyExQBsielaNEOx5FYcjumULUZeB9A_VqBkDo&doi=10.1002%2Fhumu.23877&doiOfLink=10.1158%2F0008-5472.CAN-13-2470&linkType=VIEW_FULL_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1200/jco.2018.78.4678
https://doi.org/10.1016/j.jmb.2007.08.069
https://doi.org/10.1002/pbc.26720
https://doi.org/10.1038/s41467-019-11610-1
https://doi.org/10.1038/s41467-019-11610-1
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fct.prod.getft.io%2Fd2lsZXksc3ByaW5nZXIsaHR0cDovL25hdHVyZS5jb20vYXJ0aWNsZXMvZG9pOjEwLjEwMzgvczQxNDY3LTAxOS0xMTYxMC0xP3V0bV9zb3VyY2U9Z2V0ZnRyJnV0bV9tZWRpdW09Z2V0ZnRyJnV0bV9jYW1wYWlnbj1nZXRmdHJfcGlsb3Q.wxYtU524rbRKKgxiEXbfntafsdX7JFVr3Mxf54oVHOY&doi=10.1002%2Fhumu.23877&doiOfLink=10.1038%2Fs41467-019-11610-1&linkType=VIEW_FULL_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1126/science.1235122
https://doi.org/10.1126/science.1235122
https://doi.org/10.1016/j.neo.2015.08.003
https://onlinelibrary.wiley.com/action/getFTRLinkout?url=https%3A%2F%2Fct.prod.getft.io%2Fd2lsZXksZWxzZXZpZXIsaHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMTQ3NjU1ODYxNTAwMDk5OD9wZXM9dm9y.Az7R7uG0cSG5pincLp_cFfF7wejhZwwBV0nEbTOl_7Q&doi=10.1002%2Fhumu.23877&doiOfLink=10.1016%2Fj.neo.2015.08.003&linkType=VIEW_FULL_ACCESS&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1530/ERC-15-0460
https://doi.org/10.1002/path.4196
https://doi.org/10.1038/nm.4333
https://orcid.org/0000-0002-7315-7725
https://orcid.org/0000-0002-7315-7725
https://orcid.org/0000-0003-0791-4246
https://orcid.org/0000-0003-0791-4246
mailto:dushimova.zaure@kaznu.edu.kz
https://orcid.org/0000-0001-7420-2279
mailto:zhanna.kozykenova@smu.edu.kz
https://orcid.org/0000-0002-5249-3359
https://orcid.org/0000-0002-5249-3359
mailto:bakytkul.toktabayeva@smu.edu.kz
https://orcid.org/0000-0001-5899-1247
https://orcid.org/0000-0002-5249-3359
mailto:lashyn.zhazykbayeva@smu.edu.kz
https://orcid.org/0000-0003-3307-413X
https://orcid.org/0000-0003-3307-413X
https://orcid.org/0000-0003-3307-413X
mailto:rakhmankulova.aidana1992@gmail.com

