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Abstract. Medullary thyroid carcinoma (MTC) arises from non-epithelial parafollicular cells. MTC can be hereditary (25%)
or sporadic (75%). Activating germline REarranged during Transfection (RET) mutations are found in 95-98% of hereditary
MTC, while somatic RET mutations are present in 25-40% of sporadic MTC. Aim. The aim of the study was to determine
RET gene mutations in codons 634 and 918, which are associated with the highest risk of MTC. Material and methods.
Whole blood was obtained by standard venipuncture. Genomic DNA was isolated using the EliGene® Blood DNA Isola-
tion kit. DNA amplification was performed by polymerase chain reaction (PCR) using primers specific for the regions of
exons 10, 11 and 16 of the RET gene, which may contain mutations. The next-generation sequencing (NGS) for genomic
DNAs from each sample was performed using the lon Ampliseq Cancer Hotspot Panel v2 following the manufacturer's
instructions. Results. Among all the tested samples, heterozygous p.M918T mutation was detected only in sample No.
2. As an outcome of the sequencing of the genomic DNA of 7 patients diagnosed with MTC, four different pathogenic
inherited mutations of the RET gene were identified in four patients. Conclusions. Determination of mutations in the
RET gene is a promising approach for establishing a diagnosis in the treatment of hereditary forms of MTC and allows
planning further directions of therapy. The PCR-restriction fragment length polymorphism (PCR-RFLP) method makes
it possible to detect individual mutations in the RET and other genes, associated with the highest risk of MTC (M918T,
C634F and A883F). Given the population frequencies of occurrence of various pathogenic variants in the RET gene in
Ukraine, the (PCR-RFLP) method can become an effective screening tool. NGS allows analyzing the entire sequence of
the RET gene and other genes, and detecting a much larger spectrum of variants, including previously undescribed ones.
Keywords. Medullary thyroid carcinoma, RET gene mutations, next-generation sequencing.
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MTC arises from non-epithelial parafollicular
cells of the neural crest, which produces the pep-
tide calcitonin. MTC can be hereditary (25%) or
sporadic (75%). In hereditary forms, MTC is a ma-
jor component of the syndrome of multiple endo-
crine neoplasia (MEN) type 2 (MEN 2) together
with other endocrine tumors. The RET proto-onco-
gene that located on chromosome 10q11.2 and in-
cludes 21 exons is often mutated at MTC. Activat-
ing germline RET mutations are found in 95-98%
of hereditary MTC, while somatic RET mutations
are present in 25-40% of sporadic MTC [1-3]. All
RET mutations in MTC result in ligand-independ-
ent constitutive activation, but the mechanism of
action differs depending on the mutation. For ex-
ample, the RET C634R (p.Cys634Arg) mutation in
exon 11 (a mutation in the cysteine-rich region of
the extracellular domain) leads to disulfide bond
formation of RET homodimers and subsequent
constitutive activation, whereas the RET M918T
(p.Met918Thr) mutation — in exon 16 (a mutation
in the intracellular tyrosine kinase domain) leads
to autophosphorylation of tyrosine kinase domain.
In addition, different RET mutations have differ-
ent transforming activities. For example, the RET
M918T mutation has a higher transforming activi-
ty than other mutations [4].

MEN is a group of inherited clinical syndromes
that affect various endocrine glands. Three different
types of MEN syndromes can occur (MEN 1, MEN
2A,and MEN 2B). MEN syndromes are rare, occurin
people of all ages, and affect both sexes equally. MEN
1, OMIM 131100 is a rare inherited disorder that
can include combinations of more than 20 endocrine
and non-endocrine tumors [5, 6]. MEN 1 is charac-
terized by neoplastic transformation of the parathy-
roid glands, pancreatic islets, anterior pituitary, and
gastrointestinal tract. In MEN 2 syndromes, medul-
lary thyroid cancer almost always (95%) develops,
which may be associated with pheochromocytoma
and /or multiple parathyroid adenomas with hyper-
parathyroidism (up to 25% in MEN 2A) [6].

Combinations of endocrine neoplasias result
in 3 syndromes: MEN 2A, MEN 2B and familial
MTC. The clinical course of MTC differs consider-
ably in the three syndromes. It is highly aggressive
in MEN 2B, almost indolent in most patients with
familial MTC and with variable aggressiveness in
patients with MEN 2A. Activating germline point
mutations of the RET proto-oncogene are present
in 98% of families with MEN 2. There is a strong
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genotype-phenotype correlation and the specific
RET mutation may be responsible for the aggres-
siveness of the clinical course. The treatment of
choice for primary MTC is total thyroidectomy
with neck lymph node dissection. The prognosis of
MEN 2 depends on the aggressiveness of the MTC
and, therefore, on the success of the initial treat-
ment [3, 7].

Distant metastases develop in 15-20% of pa-
tients, and retrospective series have reported a 10-
year survival rate of 10-40% from the time of first
metastasis [8, 9]. Lymph node metastases are com-
mon in MTC, with distant metastases being rare.
The most common sites of metastasis are the lungs,
liver, and bones. Another study reported extreme-
ly rare metastases of MTC to the bone marrow and
adrenal glands [10].

Material and methods

Permission to conduct the research was ob-
tained from the Bioethics Commission of the State
Institution «V.P. Komisarenko Institute of Endo-
crinology and Metabolism of the National Acad-
emy of Medical Sciences of Ukraine» (SI «<IEM
NAMS»). All patients signed an informed consent
to conduct scientific research with postoperative
biomaterials. Whole blood samples were obtained
in the Surgical Department of (SI «<[EM NAMS»).
The final diagnosis was obtained from the Labora-
tory of Morphology of the Endocrine System of (SI
«IEM NAMS») and the CSD Laboratory.

The study was conducted in the department of
cell signaling systems of the Institute of Molecular
Biology and Genetics of the NAS of Ukraine and
the department of fundamental and applied prob-
lems of endocrinology.

Whole blood was obtained by standard venipunc-
ture, frozen and stored at -25 °C until use. Genomic
DNA was isolated using the EliGene® Blood DNA
Isolation kit according to the manufacturer’s recom-
mendations. The quantity and quality were assessed
using a Nanodrop spectrophotometer.

In vitro DNA amplification. Genomic DNA am-
plification was performed by PCR using primers
specific for the region of exons 10 and 11, which
may contain a mutation at codon 634, and the re-
gion of exon 16, which may contain a mutation in
codon 918 of the RET gene. For this purpose, the
following primer pairs were used: forward — (1)
GGGGGATTAAAGCTGGCTAT, reverse — (2)
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TGGTAGCAGTGGATGCAGAA (for the region
with the mutation in codon 634), forward — (3)
GTGTCTACAGCACTCCTCTGG, reverse — (4)
TGTAACCTCCACCCCAAGAGA (for the region
with the mutation in codon 918). The expected
length of the PCR product is 988 and 228 bp, re-
spectively.

The reaction mixture with a total volume of
25 ul contained: 2.5 pl of 10X «DreamTaq» buffer,
0.5 pl of ANTP (10 mM), 2 ul of specific primers
(5 uM), 0.5 ug of genomic DNA, 0.65 units of
DNA polymerase («DreamTaq») and 19 pl of nu-
clease-free water. PCR conditions: DNA denatura-
tion — 98°C, 1 min, followed by 35 cycles with de-
naturation at 95°C, 30 sec, hybridization — 60°C,
30 sec, elongation — 72°C, 1 min, as well as a final
elongation stage at 72°C, 5 min. The PCR reaction
was performed on a Flex Cycler DNA amplifier
(«Analytik Jena», Germany).

Analysis of single nucleotide substitutions in the
RET gene by RFLP analysis. To determine the mu-
tation ¢.2753T>C (NM_020975.6) in codon 918
of the RET gene, the PCR product of the 16" exon
was hydrolyzed with the restriction endonuclease
FokI (Thermo Fisher Scientific, USA) or the 10"
and 11" exons with the restriction endonuclease
Hhal (Thermo Fisher Scientific, USA) to deter-
mine the mutation ¢.1902 C>G (NM_020975.6)
mutation in codon 634 of the RET gene. The reac-
tion mixture with a total volume of 25 pl contained:
amplified DNA fragment (20 of 25 pl of the reac-
tion mixture after DNA amplification from the pre-
vious reaction), 2.5 pl of 10X buffer and 1 unit of
the corresponding endonuclease. Next, the reaction
mixture was incubated for 2 h at 37°C and subse-
quently electrophoretic separation of DNA frag-
ments was performed in agarose or polyacrylamide
gels (PAGE).

DNA electrophoresis in agarose and PAGE. Elec-
trophoretic separation of DNA in agarose or PAGE
was performed according to generally accepted
methods. Briefly, for agarose gel electrophoresis, a
1.5% agarose gel was prepared in 1XxTAE (Tris-ac-
etate) buffer. For DNA visualization, ethidium
bromide (EtBr) was added to the agarose gel at a
rate of 0.5 mg/ml. DNA samples were mixed with
six-fold loading buffer (0.25% bromophenol blue,
0.25% xylene cyanol, 30% glycerol) and added to
the gel wells. The size of DNA fragments was de-
termined by DNA markers (GeneRuler 1kb DNA
Ladder, «Thermo Fisher Scientifics, USA). As an

alternative, a 12% PAGE was used to separate DNA
fragments.

NGS. The NGS of genomic DNAs from each
sample was performed using the Ion Ampliseq
Cancer Hotspot Panel v2, which covers approxi-
mately 2800 mutational hotspot regions from 50
cancer-related genes following the manufacturer’s
instructions [11]. In brief, 10ng of genomic DNAs
were used to construct barcoded DNA libraries
using an Ion Ampliseq Library Kit Plus («Ther-
mo Fisher Scientific», USA). Quantification of the
final libraries was performed using an Ion Library
TagMan™ Quantitation Kit («Thermo Fisher Sci-
entificy, USA) on the QuantStudio™ 5 Real-Time
PCR System («Thermo Fisher Scientific», USA),
following the manufacturer’s protocols. The ob-
tained libraries were diluted to ~70 pM and then
pooled together for further processing. Template
preparation was performed on the Ton Chef System
(«Thermo Fisher Scientific», USA) using the Ton
540 Kit-Chef («Thermo Fisher Scientific», USA).
Samples were loaded onto an Ton 540 Chip («Ther-
mo Fisher Scientific», USA) for sequencing using
the Ton GeneStudio S5 Plus Sequencer («Thermo
Fisher Scientific», USA). Data were processed and
analyzed through the Ion Reporter pipeline [12].

Sanger sequencing. The cycle sequencing analy-
sis of the PCR products of samples positive for RET
gene mutations was performed with the above-men-
tioned primers 1,2,3 and 4. The PCR products were
purified from residual primer mix using Exonucle-
ase I and Shrimp Alkaline Phosphatase («Thermo
Fisher Scientific», USA) according to the manufac-
turer’s protocol. Cycle sequencing was performed
using BigDye™ Terminator v3.1 Cycle Sequencing
Kit («Thermo Fisher Scientific»>, USA) accord-
ing to manufacturer instructions. Bidirectional
sequencing was performed on the Applied Biosys-
tems™ 3500 Genetic Analyzer («Thermo Fisher
Scientific», USA). Sequencing traces were analyz-
ed by Applied Biosystems SeqScape Software v2.5
(«Thermo Fisher Scientific», USA).

Results and discussion

In order to identify hereditary pathogenic var-
iants of the RET gene, we conducted a molecular
genetic study of biomaterial from 7 operated pa-
tients diagnosed with MTC using PCR-RFLP and
NGS (Table 1). The average age of the patients was
37.5 years (14 - 52 years).
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Table 1. Characteristics of patients with MTC who underwent surgery

# Operation data Gender Birth data Age Diagnosis Form

1 18.08.2022 w 29.08.1984 37 MTC Sporadic
2 30.08.2022 m 20.03.2006 21 MTC MEN 2B
4 19.09.2022 w 18.06.1977 45 MTC Familial
7 25.11.2022 m 29.12.1992 29 MTC Familial
12 16.10.2023 w 22.05.1995 14 MTC Familial
14 21.03.2024 m 19.04.1975 48 MTC Familial
16 08.05.2024 w 04.11.1971 52 MTC Familial

Note. The number represents the individuality of the patient (a total of 17 individuals were analyzed).

Study design. Fig. 1 and Fig. 2 show the sequenc-
es of both PCR products studied, the recognition
sites for restriction endonuclease and mutations.

Detection of mutations in exons 11 and 16 of the
RET gene by PCR followed by restriction fragment
length polymorphism analysis. The C634W muta-
tion, located in exon 11 of the RET gene, is a trans-
version — a single-nucleotide substitution of cyto-
sine for guanine. The result of this substitution is
the emergence of an additional recognition site for
the Hhal restriction endonuclease. Therefore, in
individuals without a single-nucleotide substitu-
tion C>G, after hydrolysis of a PCR product with
a length of 989 base pairs (bp), we expect to detect
2 fragments with a length of 779 and 210 bp, and
the PCR product with the mutation should be hy-
drolyzed into 3 fragments — 779, 129 and 81 bp. In
heterozygous carriers of a single-nucleotide substi-
tution, we expect to detect fragments of 779, 210,
129 and 81 bp.

The presence of amplification products and sep-
aration of PCR fragments of the RET gene product,
after hydrolysis with the specific restriction endo-

nuclease Hhal, was analyzed by electrophoresis in a
2% agarose gel (Fig. 3).

In all 7 analyzed samples, according to the PCR-
RFLP analysis data, after hydrolysis by the specific
restriction endonuclease Hhal, 2 fragments with
a length of 779 and 210 bp were observed (as can
be seen from Fig. 3), which is characteristic only
for wild-type homozygotes, i.e., we did not detect
129 bp PCR the C634W mutation of the RET gene.

The M918T mutation, localized in exon 16 of the
RET gene, is a transition — a mononucleotide sub-
stitution of thymine for cytosine. The result of this
substitution is the emergence of a recognition site
for the FoklI restriction endonuclease. Therefore, in
individuals without a mononucleotide substitution
T>C, after hydrolysis of the PCR product with a
length of 228 bp should remain intact, and the PCR
product with the mutation should be hydrolyzed
into 2 fragments — 153 and 75 bp. In heterozygous
carriers of the mononucleotide substitution, we ex-
pect to detect fragments of 228, 153 and 75 bp.

The presence of amplification products and sep-
aration of PCR fragments of the RET gene product

GGGGGATTAAAGCTGGCTATGGCACCTGCAACTGCTTCCCTGAGGAGGAGAAGTGCTTCTGCGAGCCCGAAGACATCCAGGGTGAGTGGGTGGCGGCCGGGACCACCACCACCTCCCA
GCCCCACAGAGGTCTCAACAGCACATCTGAGGTCCCAACAAGGGAGGAAATTGCTGGGAGGCGAGTGGGCCCCATGAAACTTCCCTCCCTCCCTCTGGGCCTCTGTTACTCCACCCAGG
AGAGGGGCCAGGGCCCCTGTAAAGTGTCTTCTGGCCATAAGTTCTATGATGGACAGGCCAGAAAAGCAGTTCTTCCACCAAACAACTTGTCAGCCTGACAAGTCACTGTCCCTGTGACCA
TGCAGCTGGGACCCACCCAGGAACACATTTCAAGGTCAGCAGGTATGGTGGGTTGCACAGCCACACTGACTACACTCAGGGGTGCTGTTCTGCCTGAGCATAGGGACACGTTTCTGTCAT
TGAGTTTTCTGGTATTATATAGCCCTACGTCCCTAGCCACTTAGCATTTTCATAAAGAAAATGCCAAAGACATTTGGAACAGAGGAAAATTTTGACCTCCCCTGCCAGCCCTCCAGTGCCAG
CTGGTGTAATGAGCACAGCCTCTGCTGTGTGACCTTGGCAGGCTGCTCAGCCTCTCTGAGCCTCTGTCTCCATCTGTAAGAGGGCAATAGTGGTCTAGGAGGGGGCAGTAAATGGCAGTA
CCCATGCTCGATGGGGTGTTCTCAGGCCTTCCCACACCTCCATGGCCACTTCCCAGCTGEEGCGGACACGGCAGGCTGGAGAGCCATGAGGCAGAGCATACGCAGCCTGTACCCAGTGG
TGCCGAGCCTCTGGCGGTGCCAAGCCTCACACCACCCCCACCCACAGATCCACTGTGCGACGAGCTGTGREGEACGGTGATCGCAGCCGCTGTCCTCTTCTCCTTCATCGTCTCGGTGCTG

CTGTCTGCCTTCTGCATCCACTGCTACCA

Fig. 1. PCR product sequence of exons 10 and 11 (Seq: https://www.ncbi.nlm.nih.gov/nuccore/171184431) with Hhal restriction sites highlighted.

The C634W mutation site is indicated by a lowercase g.

GTGTCTACAGCACTCCTCTGGTTACTGAAAGCTCAGGGATAGGGCCTGGCCTTCTCCTTTACCCCTCCTTCCTAGAGAGTTAGA
GTAACTTCAATGTCTTTATTCCATCTTCTCTTTAGGGTCGGATTCCAGTTAAATGGAtGGCAATTGAATCCCTTTTTGATCATATCT
ACACCACGCAAAGTGATGTGTAAGTGTGGGTGTTGCTCTCTTGGGGTGGAGGTTACA

Fig. 2. PCR sequence of exon 16 product with Fokl restriction site highlighted. The M918T mutation site is indicated by a lowercase t.
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Fig. 3. Electrophoregram of the separation of fragments of the PCR product of exon 11 (primer 1 and 2) of the RET gene, before (A) and after (B)
cleavage by the specific restriction endonuclease Hhal, in a 2% agarose gel: M is a molecular weight marker (with a step of 100 bp).

2 2K 4 7 M

228bp
153bp

75bp

12 14K 14 16 M

Fig. 4. Electrophoregram of the separation of fragments of the exon 16 (primers 3 and 4) PCR product of exon 16 (primers 3 and 4) of the
RET gene, before and after hydrolysis by the specific restriction endonuclease Fokl, in 12% PAGE: M — molecular weight marker (with a step of
100 bp); 2K and 14K - control without the addition of restriction endonuclease; 1,4, 7,12, 14 and 16 — individuals with the homozygous TT genotype;

2, — individual with the heterozygous TC genotype.

after hydrolysis by the specific FokI restriction
endonuclease was analyzed by electrophoresis in a
12% PAGE (Fig. 4).

Among all the tested samples, only sample No. 2
retains an intact 228bp fragment, although restric-
tion products of 153bp and 75bp are also present,
which indicates the presence of a heterozygous
p.M918T mutation, i.e. only in one of the two al-
leles of the gene, in the maternal or paternal.

Detection of RET gene mutations by next-gener-
ation semiconductor ion sequencing. We performed
molecular genetic analysis of the genomic DNA of
7 previously mentioned patients diagnosed with
MTC, also by next-generation semiconductor ion
sequencing (Ion Torrent, Thermo Fisher Scientif-
ic, USA) using the Ampliseq Hotspot Cancer Panel
(Thermo Fisher Scientific, USA), in order to imple-
ment its use in a format suitable for clinical prac-
tice. The Ampliseq Hotspot Cancer Panel primer
set allows analysis of 5 loci of the RET gene coding
sequence, including the most common clinically
relevant variants.

As an outcome of the sequencing of the genomic
DNA of 7 patients diagnosed with MTC, four dif-

ferent pathogenic inherited mutations of the RET
gene were identified in four patients (Table 2).

Table 2. Description of the RET gene mutations that were identified by NGS

P oGender [ ion abstiatan 57 OSNPID
2 m €.2753T>C p.Met918Thr 16 1574799832
4 w C.1853G>A p.Cys618Tyr 10 1579781594
7 m €.1900T>C p.Cys634Arg 11 1575076352
16 w €.1860C>G p.Cys620Trp 10 1579890926

The presence of all four detected mutations was
further confirmed by direct Sanger sequencing
of the PCR products of the 10th and 11th exons
(primers 1 and 2), which may contain mutations in
codons 618, 620, 634, and the 16th exon (primers 3
and 4), which may contain a mutation in codon 918
of the RET gene (Fig. 5).

According to the Sanger sequencing of PCR
products, the presence of all four detected RET gene
mutations in the heterozygous state was confirmed.

We therefore detected the M918T mutation
(c.2753T>C, p.Met918Thr) in exon 16 of the RET
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Fig. 5. Sanger sequencing chromatogram of PCR products of the 10™and 11" exon loci (B, C, D) and the 16™ exon locus (A) of the RET gene in DNA
samples of patients diagnosed with MTC. A — patient #2, B — patient #7, C — patient #16, D — patient #14.

gene in the DNA sample of patient #2 by all three
applied molecular genetic methods. In the DNA
sample of patient #7, we detected the C634R mu-
tation (¢.1900T>C, p.Cys634Arg) by NGS but not
by PCR-RFLP because the restriction endonu-
clease Hhal that was selected allows detection of
different mutations in codon 634, namely C634W
(c.1902C>G, p.Cys634 Trp). In the present study, a
RET gene mutation was detected in four out of sev-
en patients, yielding a detection rate of 57%. The
employment of the PCR-RFLP method enabled
the identification of a single mutation; however, the
utilisation of NGS facilitated the detection of four
pathogenic hereditary mutations in the RET gene.
More than 20 RET gene mutations associated
with the development of MTC have now been iden-
tified, which occur in different populations with
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different frequencies. In MEN 2A, the most com-
mon mutations are present in exon 10 (codons 609,
611,618 and 620) or exon 11 (codons 630 and 634).
In particular, mutations in codon 634 account for
~87% of all RET mutations implicated in MEN 2A,
with p.Cys634Arg and p.Cys634Tyr being the most
frequent events (52.5% and 25.4%, respectively)
[13]. In contrast, in MEN 2B and in most sporadic
MTCs, RET mutations are located in exons 15 and
16 (codons 883, 891, and 918) [14]. Different RET
mutations are associated with different age of onset
and aggressiveness of MTC, as well as the presence/
absence of other endocrine tumors accompanying
syndromic MTC [15, 16].

Most RET germline variants in familial MTC are
identified in both extracellular codons (other than
codon 634) and intracellular codons (768, 790,
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and 791 in exon 13, 804 in exon 14, or 891 in exon
15) [17]. Mutations in exons 8, 10, 11, 13, 14, and
15 overlap with those identified in MEN 2A [18].
The American Thyroid Association (ATA) has de-
veloped a risk classification system for MTC. The
highest risk category includes patients with MEN
2B syndrome and the RET M918T mutation. Pa-
tients with the C634F and A883F mutations are
considered high risk. A statistically significant cor-
relation was found between the presence of RET
mutations (especially M918T) and advanced dis-
ease stage, higher T category, and the presence of
lymph node and distant metastases [2, 6].

For those at the highest risk, total thyroidecto-
my with central compartment lymph node dissec-
tion should be performed within the first year of
life. Preventive thyroidectomy performed in chil-
dren with confirmed RET mutations can prevent
the development of MTC and its complications,
which is the main cause of mortality in this group
of patients [6, 15].

Conclusions

Determination of mutations in the RET gene is
a promising approach for establishing a diagnosis
in the treatment of hereditary forms of MTC and
allows planning further directions of therapy. With
proper monitoring planning and responsible atti-
tude on the part of the patient, this makes it possi-
ble to implement an early diagnostic strategy that
allows diagnosing a potential oncological disease at
an early stage or avoiding its development.

The PCR-RFLP method makes it possible to
detect individual mutations in the RET and other
genes, for example, the most common and associat-
ed with the highest risk of MTC (M918T, C634F
and A883F). Given the population frequencies of
occurrence of various pathogenic variants in the
RET gene in Ukraine, the PCR-RFLP method can
become an effective screening tool. At the same
time, NGS allows analyzing the entire sequence of
the RET and other genes and detecting a much larg-
er spectrum of variants, including previously unde-
scribed ones.
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MEN (1, 2A, 2B) — multiple endocrine neoplasia (type 1,
2A, 2B)

MTC — medullary thyroid carcinoma

NGS - next-generation sequencing

PAGE - polyacrylamide gel

PCR - polymerase chain reaction

RET - REarranged during Transfection

RFLP - restriction fragment length polymorphism

BusnayexHa myTauiii 8 redi RET ana
NiarHOCTUKIA CUHAPOMIB MEAYNAPHOT KAPLUNHOMM
wuTonoaibHoi 3ano3n

L.I. KomicapeHnko', b.b. T'yga’, I.B. Kpyncbka? A.B. Ma3os?,
P.B. T'ynkoBcbkui?, I.B. lepaweHko?, B.M. lNywkapboB’,
H.l. NeBuyk', H.A. KobpunHcbKa'

'Y «IHCTUTYT eHpoKprHonorii Ta 06MiHy peyoBKH im. B. M. KomicapeHka
HAMH YkpaiHu»
2JHCTUTYT MonekynApHoi 6ionorii i reHeTnkn HAH Ykpainu

Pestome. MegynapHa KapuuHoma wuTtonofioHoi 3ano3u  (MTC)
BVMHWKaE 3 HeeniTenianbHWX NapadonikynapHuX KNiTUH (C-KMiTuH).
MTC moxe 6yTn cnagkoBoto (25%) abo cnopagnuHoo (75%).
AKTUBYtOUI 3apoakosi myTauii RET suAsnaTb y 95-98% cnagkosux
MTC, Tomi Ak comatnuHi myTauii RET npucyTHi B 25-40% cnopaany-
Hux MTC. MeTa. MeTolo AOCHImKEHHA OYNO BU3HAUEHHA MyTaLii
reHa RET y KopoHax 634 i 918, Aki acouiloioTbCA 3 HaMBULWMUM PU3K-
kom MTC. MaTepiann Ta metoam. LlinbHy KpOB OTpUMyBanu CTaH-
[apTHOWO BeHenyHkuieto. leHomHy [HK sumainanu 3a gonomoroo
Habopy EliGene® Blood DNA Isolation kit. Amnnidikaviio AHK npo-
Boaunu Metofom /1P 3 BUKOPWUCTaHHAM Mpaimepis, cneundiuHmx
ana pinAaHok exk3oHiB 10, 11116 reHa RET, AKi MOXYTb MICTUTK MyTaLil.
CekBeHyBaHHA HACTYMHOrO MOKOMIHHA ANA reHoMHMX [IHK KoxHoro
3pa3ka Oyno BrKoHaHo 3a gonomoroio lon Ampliseq Cancer Hotspot
Panel v2 3rigHo 3 HCTPyKUiAaMY BUpObHIKa. PesynbraTmn. Cepep ycix
LOOCNILXEHVX 3pa3KiB Nnwe 3pa3ok N2 2 Mae reTepo3nroTHy myTadilo
p.M918T. Y pe3synbrati cekBeHyBaHHA reHomHoi IHK 7 nauieHTis i3
piarHo3om MTC y uoTMpbOX NauieHTiB GyN0 BUABNEHO YOTUPU Pi3Hi
NaToreHHi CnagkoBi MyTauii reHa RET. BUCHOBKW. Bur3HauyeHHA
MyTauin y reHi RET € nepCnekTMBHUM MiAXOAOM ANA BCTAHOB/EHHA
AiarHo3y npu nikysaHHi cnagkosux dopm MTC i fo3sonsae nnaHysa-
TV nopansuwi Hanpamky Tepanii. Metog PCR-RFRP (polymerase chain
reaction-restriction fragment length polymorphism) no3sonse sus-
BUTV OKpemi MyTaLlii B reHi RET Ta iHLIMX reHax, NOB'A3aHNIX i3 HalBK-
WM prsnkom MTC (M918T, C634F i A883F). Bpaxoyioun nonynauinHi
YacTOTW PI3HMX MATOreHHWX BapiaHTiB reHa RET B YkpaiHi, metoA
PCR-RFRP moxe cTati ehekTUBHUM IHCTPYMEHTOM CKPUHIHTY. Cek-
BEeHyBaHHA HaCTYyMHOrO MOKOMIHHA [O3BOMIAE NPOaHanisyBaTu BCIO
NOCNIAOBHICTb reHa RET Ta iHWMX reHiB i BUABUTY HabaraTo OinbLuni
CMEKTP BapIiaHTIB, BKOYAOUM PaHile HeonmcaHi.

KniouoBi cnoBa. MeaynapHa KapuuHOMa LWMTOMNOAIOHOI 3ano3w,
MyTauii reHa RET, cekBeHyBaHHA HaCTYMHOIO NOKOMNIHHA.
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