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Molecular Analysis of FNAB Materials

Abstract. Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer.
Molecular markers of papillary thyroid carcinoma (PTC) including the BRAFT1799A mutation,
RET/PTC1,3 rearrangements, and differentially expressed SFTPB (up-regulated) and TFF3
(down-regulated) genes were prospectively assessed in FNAB (fine needle aspiration biopsy)
material from thyroid nodules.

We examined 73 cases, of them 59 PTC (papillary thyroid carcinoma), five nodular goiters, and
nine follicular adenomas.

Concordantly with cytology, molecular diagnosis of PTC by SFTPB and TFF3 expression levels
was confirmed in 38/41 cases (92.7%); in them, 22/41 (53.6%) had BRAFT1799A mutation and
7141 (17.1%) had RET/PTC rearrangements. For benign nodules, concordance was observed in
10/12 (83.3%) cases. Among 20 cases, including 19 suspicious for malignancy and one inadequate
sample, 17 were positive for SFTPB/TFF3 test (85.0%). Of these, four were also positive for
RET/PTC rearrangements, five were positive for BRAFT1799A and all resulted in PTC at
histology. The remaining 3 cases were negative for three molecular markers. These nodules showed
benign lesions in histology.

Our results demonstrated that specific molecular tests improve the efficacy of preoperative
diagnostics of PTC.
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Introduction

Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer, with a relative
frequency of 70% to 80% [1]. Currently, fine needle aspiration biopsy (FNAB) is the best diagnostic tool
for identifying patients with malignant neoplasms of the thyroid. In most cases, PTC is usually easily
diagnosed by cytology due to characteristic nuclear features of tumor cells. However, in some
situations, papillary carcinoma cannot be found at cytological examination either because of material
insufficiency, or else cytomorphological characteristics do not clearly indicate the malignant nature of
the lesion [2, 3]. In cases of inadequate sampling, careful follow-up or repeated FNAB procedure is
recommended. In cases of suspicion of malignancy, a diagnostic hemithyroidectomy is necessary.
Intraoperative analysis of frozen sections is used as a means of the extent of surgical resection
indication. Sometimes, the correct diagnosis becomes possible only after histological analysis of the
removed tissue. If postoperative diagnosis is established as PTC, in most institutions a thyroidectomy
must be completed with a second operation. This two-step surgery has a higher incidence of
complications than initial total thyroidectomy [4]. Therefore, additional diagnostic tests are essential to
improve the preoperative assessment of thyroid nodules.

It is known that RET and BRAF protooncogenes play important roles in the pathogenesis of
PTC. The tyrosine kinase receptor RET is a component of a multiprotein complex, activated by the glial
cell line-derived neutrophic factor family molecules, that plays a crucial role in the development of the
enteric nervous system and kidneys. Fusion of the sequence coding for the tyrosine kinase domain of
RET to the 5' sequence of genes that are expressed in thyroid follicular cells leads to the generation of a
number of chimerical oncogenes known as RET/PTC. RET/PTC1 and RET/PTC3 are the most prevalent
variants. The rearrangements result in constitutive activation of RET, which is phosphorylated on
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tyrosine and translocated from the membrane to the cytoplasm [5]. BRAF is a serine/threonine kinase
that receives a mitogenic signal from RAS and transmits it to the mitogen activated protein kinase
(MAPK) pathway. The thymine-to-adenine transversion at nucleotide position 1799 of BRAF
(BRAFT™7994), which translates into valine to glutamate substitution at residue 600, occurs in PTC [6].
Recent studies have shown that mutations RET/PTC and BRAF™7%4 are present in 5-85% and 29-69% in
papillary carcinoma, respectively [5, 6]. In view of their selective expression and high prevalence, the
oncogenes RET/PTC and BRAF™7%94 are ideal diagnostic hallmarks of PTC.

Besides, in our previous work, we studied the expression levels of 8 genes: 5 over- and 3 under-
expressed in PTC [7]. It has been shown, that only a combination of two genes: SFTPB (codes surfactant,
pulmonary-associated protein B; up-regulated in PTC) and TFF3 (codes trefoil factor 3; down-regulated
in PTC) can be used for molecular diagnosis of PTC. The sensitivity, specificity, and accuracy of the
given method were 77.8%, 93.3%, and 89.7%, respectively.

Thus, we investigated detection of RET/PTC and BRAF™7%4 mutations and expression levels of
SFTPB and TFF3 genes in FNAB specimens. The obtained data were compared with the results of
cytological and pathological examination to evaluate the prospective efficacy of molecular analysis in
diagnostics of PTC.

Material and methods

Aspiration biopsy samples

Totally, 73 FNAB samples of thyroid nodules corresponding to 71 patients (55 females and 16
males, aged 19.1-56.6 years) were analyzed. Ultrasound-guided FNAB was performed using a 20 ml
syringe with a 22-gauge needle. After the preparation of a slide glass for cytological investigation,
leftover material from inside the needle was washed out into 0.5 ml of an RNA-later (Ambion, USA) in a
plastic tube and stored at - 20 °C until RNA and DNA extraction.

Smears were classified according to [8] as PTC, if aspirates had complex papillary structures and
psammoma bodies with distinctive nuclear features such as grooves, pseudoinclusions, and ground-
glass appearance; suspicious for malignancy, aspirates of moderate to low cellular component and
equivocal malignant atypia such as abundant nuclear folds but no pseudo-inclusions; benign nodule,
aspirates of high cellular component without nuclear atypia, the presence colloid and macrophages,
inadequate, limited cellular component or poor presentation and fixation.

The biomaterial and clinical data were received from Thyroid Cancer Center (Minsk, Belarus).
Informed consent was obtained from each patient as appropriate. The protocols of the study were
approved by the Ethical Committees of the Thyroid Cancer Center.

Extraction of nucleic acids

Total RNA isolation from FNAB samples was carried out with the Isogen reagent (Wako, Japan),
according to manufacturer’s guidelines. DNA was extracted from the interphase and organic phase with
a buffer containing from 4M guanidine thiocyanate, 50 mM sodium citrate and 1M Tris (free base). The
concentration of nucleic acids was measured with a Nanodrop ND -1000 spectrophotometer.

Reverse transcription (RT) was performed using 5 ul of total RNA (40-60 ng of RNA template
from each sample) and MuLV Reverse Transcriptase in the presence of random hexamers (all reagents
from Applied Biosystems, USA) for 1 hour at 41°C following by heat inactivation of the enzyme at 95°C
for 5 minutes. The integrity of the RNA and efficiency of the RT reaction in each sample was confirmed
by polymerase chain reaction (PCR) for porphobilinogen deaminase (PBGD) mRNA (Table 1).
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Determination of RET/PTC rearrangements

RET/PTC1 and RET/PTC3 rearrangements were detected by RT-PCR. The reaction mixture (final
volume 25 pl) was comprised of 2 ul cDNA, 1.5 mM MgClz, 0.2 mM of each of deoxynucleotide
triphosphates, 0.5 U of AmpliTaq Gold polymerase (all reagents from Applied Biosystems) and the pair
of primers specific for RET/PTC1 or RET/PTC3 fusion genes (See Table 1). The forward primer had a
sequence specific for H4 gene (in case RET/PTC1 rearrangement), or RGF (previous name Elel) gene (in
case RET/PTC3 rearrangement). The sequence of reverse primer in both reactions was specific to site of
c-ret gene. The thermal cycling conditions were: 95°C for 10 min, followed by 40 cycles at 94°C for 30 s,
57°C for 30 s (for RET/PTC3) or 56°C for 30 s (for RET/PTC1), 72°C for 30 s and a final extension step at
72°C for 5 min. After PCR amplification, 10 ul of reaction products were separated in 1.5% TAE agarose
gel and visualized by ethidium bromide staining.

Table 1
Primers used in the PCR analysis
Ampicon siz Annealing
Primers Sequence, 5- 3’, forward and reverse pr})) S12€ temperature, °C

TGCCAGAGAAGAGTGTGGTG

PBGD AACTGTGGGTCATCCTCAGG 534 60
ACCTGCCAGTGGTTATCAAGCT

RET/PTC3 CTCTGCCTTTCAGATGGAA 210 57
GCCTGGAGGAGCTCACCAA

RET/PTCI CTCTGCCTTTCAGATGGAA 255 56

BRAF ACATACTTATTGACTCTAAGAGGAAAGATGAA 400 60
GATTTTTGTGAATACTGGGAACTATGA
AATTCCCCATTCCTCTCCCCTAT

SFTPB GATGCCGCCCGCCAC 137 61

TFF3 TGGTGTTTCAAGCCCCTGCA 147 61
CAAAGGGACAGAAAAGCTGAGATGA

KPNA4 AAGTTGTGCAAGTAGTACTCGATGG 170 61
ATCAATGATCTCATAGGCCAATTT

Determination of RET/PTC rearrangements

RET/PTC1 and RET/PTC3 rearrangements were detected by RT-PCR. The reaction mixture (final
volume 25 pl) was comprised of 2 ul cDNA, 1.5 mM MgCl;, 0.2 mM of each of deoxynucleotide
triphosphates, 0.5 U of AmpliTaq Gold polymerase (all reagents from Applied Biosystems) and the pair
of primers specific for RET/PTC1 or RET/PTC3 fusion genes (See Table 1). The forward primer had a
sequence specific for H4 gene (in case RET/PTC1 rearrangement), or RGF (previous name Elel) gene (in
case RET/PTC3 rearrangement). The sequence of reverse primer in both reactions was specific to site of
c-ret gene. The thermal cycling conditions were: 95°C for 10 min, followed by 40 cycles at 94°C for 30 s,
57°C for 30 s (for RET/PTC3) or 56°C for 30 s (for RET/PTC1), 72°C for 30 s and a final extension step at
72°C for 5 min. After PCR amplification, 10 ul of reaction products were separated in 1.5% TAE agarose
gel and visualized by ethidium bromide staining.
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Detection of BRAF point mutation

Analysis of a portion of BRAF exon 15 was performed by PCR followed by direct sequencing.
Genomic DNA (approximately 50-80 ng of DNA template) was amplified using 0.5 U of AmpliTaq
Gold polymerase (Applied Biosystems) and specific forward and reverse primer (See Table 1). The
cycling conditions were the following: 94°C for 10 min, followed by 40 cycles at 94°C for 30 s, 60°C for
30 s, 72°C for 30 s and 72°C for 5 min as a final extension. The PCR products were resolved in 1.5% TAE
agarose gel and stained with ethidium bromide. After visualization of a gel in UV-light (final fragment
size 400 bp), the remaining PCR products (4 ul) were treated with ExoSAP-IT PCR clean-up reagent
(USB Corp., USA) and sequenced on an ABI PRISM 3100 automated capillary sequencer (Applied
Biosystems) using BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) with the
aforementioned forward primer as a sequencing oligonucleotide.

Analysis of expression SFTPB and TFF3 genes

SFTPB and TFF3 expression levels were determined as described by Hamada et al. [7]. Briefly,
expression of the target genes was estimated in relation to a housekeeping gene level (KPNA4) by means
of duplex PCR followed by the band intensity measurement using image processing software Gel-Pro
ANALYZER (Media Cybernetics Inc., USA).

Statistical analyses
Sensitivity, specificity and accuracy were calculated to assess the diagnostic efficacy of each test.
A P-value of less than 0.05 was considered statistically significant.

Results

Cytological and final pathological findings

Cytological examination revealed PTC in 41 cases, suspicions of malignancy in 19, benign
nodules in 12, and it was non-informative in 1. Histology was 59 PTC, five nodular goiters, and nine
follicular adenomas. All removed nodules during the operation were diagnosed according to the World
Health Organization histological typing of thyroid tumors classification [9].

Molecular analysis of FNAB samples

RET/PTC rearrangements were diagnosed in 11 of 73 samples (15.1%). Five cases were positive
for RET/PTC1, and six were positive for RET/PTC3. The point mutation T1799A of the BRAF gene was
found in 27 cases (37.0%). No cases both RET/PTC rearrangements and BRAF™7%4 mutation were
identified. Up-regulated of SFTPB and down-regulated of TFF3 genes, i.e. a PTC-like pattern was
documented in 78.1% of FNAB specimens (57/73), including all RET/PTC- and BRAF-positive cases.

In the group of lesions classified as PTC at routine cytology, RET/PTC rearrangements were
found in 7 (17.1%) cases, and BRAFT™7%°4 mutation was found in 22 (53.6%) cases, i.e. 12 cancers were not
detected by these molecular tests (29.3%). While the results of the SFTPB/TFF3 test were in agreement
with cytological diagnosis in 92.7% of investigated cases (38/41). The analyses of surgical specimens
confirmed the FNAB findings. From 19 FNAB suspicious for malignancy, sixteen cases proved to be
papillary carcinoma (84.2%). Among these, four (25.0%) contained RET/PTC rearrangements, five
(31.2%) contained the thymine to adenine BRAF mutation, and sixteen (100%) were positive for
SFTPB/TFEF3 test. In this group, three nodules were negative for all molecular markers and showed PTC
at histology. Up-regulated of SFTPB and down-regulated of TFF3 genes was also identified in an
inadequate biopsy, which showed the absence of RET/PTC rearrangements and BRAFT79°4 mutation. In
12 cases classified as benign lesions at cytology, no oncogenes were detected and a PTC-like pattern was
documented in two aspirates (16.7%). However, 11 nodules proved to be benign and one tumor proved
to be PTC at histopathology after surgical resection. The results of this study are summarized in Table 2.
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Table 2
Results molecular test were compared with cytological and histological diagnosis

SFTPB/TFF3 Histology
Cytol RET/PTC1,3 BRAFT7994
yrolo8y L PTC | Non-PTC | PTC | benign

PTC (n=41) 7 22 38 3 41 0
Suspicions for 4 5 16 3 16 3
malignancy (n=19)

Benign nodules 0 0 2 10 1 11
(n=12)

Inadequate (n=1) 0 0 1 0 1 0
Total (n=73) 11 27 57 16 59 14

PTC; papillary thyroid carcinoma.

Thus, PTC FNAB samples were identified in 69.5% of cases by cytological examination, in 18.6%
of cases by RET/PTC1,3 detection, in 45.8% of cases by BRAF™7%4 detection, and in 94.9% of cases by
expression levels of the marker genes. The diagnostic value for each preoperative method, as calculated
from the above-described results, is shown in Table 3. It was established, that specificity of molecular
tests for the presence of RET/PTC rearrangements or BRAF7%94 mutation was 100%, but the sensitivity
and accuracy of both of them were very low. At the same time sensitivity and accuracy of SFTPB/TFF3
test were significantly higher than those obtained for the cytological method. The predictive value of the
positive result of the given molecular test has made 98.2%, predictive value of the negative result is
81.3%.

Table 3
Efficacy cytological and molecular preoperative diagnostics of papillary thyroid carcinoma

Cvtol Molecular test
y g)ogy RET/PTC1,3 BRAFT17994 SFTPB/TFF3
2) 3) 4)
Sensitivity, % 69.5 18.62 45.8b 94.9¢
Specificity, % 78.6 100 100 92.9
Accuracy, % 71.2 34.22 56.2 94.5¢
2p1,2<0.0001; Pp1,3=0.02; <p1,4<0.0005
Discussion

A thyroid nodule is very common in the general population. Approximately 5-10% of adults
have palpable thyroid nodules, and 30-50% of them have nodules identified by ultrasound. Although
the majority of these neoformations are benign, about 5-7% of thyroid nodules are malignant [10].
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FNARB is a very important test for the initial diagnostics of thyroid nodules. However, its effectiveness is
highly dependent on the qualification of the operator performing the procedure and the adequacy of the
sample for interpretation of the cytological features.

Searching for molecular markers of malignancy in biopsies may increase the accuracy of the
cytological method and avoid delayed or incomplete surgical intervention. Several potential genetic
biomarkers have been proposed for differential diagnostics of thyroid nodules such as LGALS3, MUC1,
MET, and RAS [11]. Unfortunately, the results of the studies showed limitations of these markers
because of a lack of specificity or sensitivity, or both.

Modern technologies of genetic analysis allowed for extending knowledge about molecular
characteristics of PTC. The thymine-to-adenine transversion at nucleotide position 1799 of BRAF, which
results in a valine-to-glutamate substitution at residue 600, is the most common genetic event in this
type of thyroid cancer. The high prevalence makes BRAF™7°4 mutation an attractive genetic marker for
preoperative diagnostics of PTC [11-13]. In our study, BRAF analysis of FNAB has properly identified
45.8% of PTC. There were no false-negative results for T1799A transversion detection in biopsies
compared with the analysis of follow-up surgical samples. There were no false-positive results because
neither adenomas nor goiters scored BRAF as positive.

Translocations of the tyrosine kinase domain of the RET gene to a series of other genes are
another genetic lesion that are often found in a subset of PTC [5, 11]. We analyzed 73 thyroid aspirates
for the presence of either RET/PTC1 or RET/PTC3 and found that 18.6% of papillary carcinoma samples
were RET/PTC positive. Samples bearing chimeric RET genes were negative for BRAF. Thus, taken
together, the detection of BRAFT7%94 mutation and RET/PTC rearrangements in FNAB diagnosed PTC in
38 (64.4%) samples, including 9 (five with BRAF™7%4 mutation and four with RET/PTC rearrangements)
of 19 suspicious for malignancy. Of course, the search for BRAF™7%4 and RET/PTC oncogenes in
biopsies may increase the accuracy of FNAB but has some important limitations. While the presence of
one of these oncogenes is indicative of cancer, their absence will not exclude a malignant lesion. So, the
molecular diagnosis of PTC wasn’t established in 35.6% of tumors. Besides, in contrast to BRAFT17994
mutation, which appears to be restricted to PTC, RET/PTC rearrangements can be also present in benign
conditions, including trabecular adenomas and Hashimoto thyroiditis [14, 15]. However, these
molecular markers have 100% specificity. Therefore, in suspicious nodules, the finding of BRAFT7994
mutation or RET/PTC rearrangements can support decision-making about the extent of surgical
intervention, indicating the need for total thyroidectomy performing rather than hemithyroidectomy.

Recently, novel molecular targets of potentially high diagnostic value have been proposed based
on gene expression in normal and malignant tissues [16]. Nowadays, biomarkers for other malignancies,
cervical and prostate cancers, have been successfully developed and adopted to cytological specimens
similar to FNAB [17, 18]. In this work, we examined of the relative expression levels of the SFTPB and
TFF3 genes in thyroid aspirates using a conventional duplex PCR. We received the matched molecular
and histological data in the majority of cases (94.9% of cases of PTC and 92.9% of cases of benign
nodules). In 20 (27.4%) cases, including 19 suspicious for malignancy and one inadequate sample,
results of genetic examination based on the expression levels of the SFTPB and TFF3 genes have allowed
establishing the true diagnoses. Only in 5 (6.8%) cases discrepancy between molecular and cytological
diagnoses was revealed. In three of five samples with PTC cytological and histological diagnosis, the
absence of characteristic expression of the SFTPB and TFF3 genes indicated PTC absence. It is
noteworthy, that in two of them not only marker genes low expression, but also a gene of internal
control was recorded. Perhaps, it was a principal cause leading to a false-negative result of the
molecular test. In the remaining two observations without cytological evidence of malignancy, the
molecular test results were interpreted as having a PTC-like pattern. After histological examination PTC
was diagnosed in the first patient, but in the second one — the follicular adenoma of oxyphilic cells.
Thus, a false-positive result was reported only in one sample, while three cancers were not detected by
this molecular method.
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Behind exception PTC an up-regulation of the SFTPB gene was observed in cases of lung cancer
[19]. TFF3 underexpression has been fixed in follicular thyroid carcinoma [20] and, on the contrary, its
over-expression has been found in breast and colon carcinoma [21, 22].

Conclusion

In conclusion, we propose to employ an estimation of the expression levels of the marker genes
in thyroid aspirates as a useful tool to improve the efficacy of preoperative diagnostics of PTC. A larger
and prospective study will be necessary to confirm the diagnostic utility of FNAB molecular analysis.
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C.B. MaubKOBCcKas
Beaapyco ¥Yammuik zviavim axademudacviroly; gusuorozus urncmumymot, Munck, beaapyco

FNAB maTepnaagapbiH MOA€KYASIPABIK Taajay apKbLAbI IaNMAASIPABI KaaKaHIa Oe3iHig
Karepai icirinig oreparmst aaabIHAA¥FbI AVIAaTHOCTMKACHI

Anaarma. Kaakanma 6esinig manmnaaspasik kapryaomacs! (KBIIK) kaakanmra OesiniH Karepai
icirinig eH kem TapaaraH Typi Ooabm TaOblaaabl. BRAFT1799A wmyranmsacers, RET/PTC1,3 kaiira
KypyaapsiH >xoHe SFTPB (;xorapsr perrey) >xoHe TFF3 (Temen perrey) reHaepinin auddepenimaiist
SKCIPeCCHACBIH KOCa aAfaHAa, KaJdkKaHIna OesiHiH mnmammaaspaslk KapnuHoMacsiHelH — (KBIIK)
MoaeKkyaaablk Mapkepaepi FNAB (>kyka mHe acnimpaliusiablK OMOIICKHs) TPOCIEeKTNBTI TY1iHAL Oe3aep
TypAe OaraaaHABI.

3eprrearen 73 xaraariabiy 59-b1 KBIIK (kaakaHIa OesiHiH manmaAspAbIK KapLIMHOMAch), 5-i
TYMiHAl 300 >kaHe 9-bI POAAUKYAAPABIK aleHOMa.

Iuroaorusra covikec 38/41 >xaraaniga (92,7%) SFTPB >xone TFF3 skcmpeccmst aenreiiaepi
6orteiama KBITK MoaeKyaaablK AMarHOCTMKAChl pacraaAbl; oaapabiH 22/41 (53,6%) BRAFT1799A
MyTanusceiHa >xoHe 7/41 (17,1%) RET/PTC xaiita KypyaapsiHa ne 00aabl. Kartepcis TyiiHaep ymiin
covikectik 10/12 (83,3%) >xaraaitga Gaitkaaasl. 20 Taasay >KYMBICH >KacaaAbl, OHbIH 19-bIHAA KaTepai icik
Kaymi Oarikaaael, 17-ae SFTPB/TFF3 ceHarer oH 6044wt (85,0%). Kaiira enaey ymin 4 RET/PTC, 5
BRAFT1799A on kepcetkimreri rucroaorusia KBIIK natmokecin Oepai. Kaaran 3 >xargait yin
MOJeKyJaAblK MapKep YIIiH Tepic ©oaabl. bya TyitiHzep Imucroaormsja KaTepcis 3aKbIMAaHYABI
KOPCETTi.

bisain HeTMKeaepiMi3 apHalibl MoAeKyasApablK cbiHakTap KBIIK omepanmsa aaablHAQFbI
AVIaTHOCTMKACBIHBIH TUiMALAITiH apTThIpaTbIHBIH KOPCeTTi.
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S.V. Mankovskaya

Tyiiin ce3aep: KaakaHIa Oe3iHIH IANMAASIPABIK iciri, omepamust aAAbIHAAFBl AMATHOCTUKA,
MOAEKYAaABbIK TeCT.

C.B. MaHbKOBCKas
Mnemumym dusuorozuu Hayuonaronos axademuu nayx beaapycu, Munck, beaapyco

IIpeaonepanyonHast AVarHOCTMKA NANMAASPHOTIO paKa IIMTOBNAHONM XXeAe3bl MeTOA0M
MOAeKyAsIpHOro aHaan3a Matepuaaos FNAB

Annorarms. Ilanmmaaspras kapunHoMa mmtosugHo keaesnl (ITKIIDK) sBasercs Hanboaee
pacIpocTpaHeHHBIM THUIIOM paka IIMTOBMAHON >Keae3bl. MoaeKyaAspHble MapKepbl MalnAAsSpHON
KapruHOMbl mutoBuaHou >xeaesbl (ITKIIDK), Bkamouas mytanmio BRAFT1799A, peapamxupoBku
RET/PTC1,3 n audpdepennnaabuyio skcnpeccuio reHos SFIPB (mospimennas peryasmus) n TFE3
(moHIMKeHHAs1 peryAsuus), OblAM IIPOCIIEKTUBHO oOlleHeHb B Martepuade FNAB (ToHkomroamHas
acrpaljioHHas OMOIICHS) OT Y3408 IIUTOBUAHOM JKeAe3Hl.

Ob6caeaosano 73 caydas, ns Hux 59 caydaes ITKIDK (mammaaspHas KapuyHOMa IIMTOBUAHON
>Keae3bl), 5 y310BbIX 30008 11 9 POAAMKYASIPHBIX a4€HOM.

B coorBerctBum ¢ nmroaoruent moaexkyaspHas avarnocruka IKIIDK mo yposHsaM skcrpeccun
SFTPB n TFF3 6p1aa moarsepkadeHa B 38/41 caydae (92,7%); ns Hux 22/41 (53,6%) nmean MyTanmio
BRAFT1799A n 7/41 (17,1%) mnmean peapamwxuposku RET/PTC. JAasa aAoOpokadyecTBeHHBIX Y310B
KOHKOPAAaHTHOCTh Habamogaaace B 10/12 (83,3%) caygasix. Cpeanm 20 caydaes, B ToM umcae 19 c
II0/03peHNeM Ha 310KauyecTBeHHOCTb U OAVIH HeaJeKBaTHBIN oOpaserl, 17 OblAM ITOAO0XXUTEABHBIMM Ha
tect SFIPB/TFF3 (85,0%). M3 Hmx derblpe OBlAM TakKe IIOAOKUTEABHBIMM B OTHOIIEHNI
peapamxuposku RET/PTC, marts Obiam moaoxuteapHbiMu B oTHOmeHun BRAFT1799A, n Bce onn
npusean K TIKHODK mnpwm  macroaormueckom  mccaejosanmm. OcraapHble 3 caydass OblAM
OTpUIIaTeABHBIMM II0 TPeM MOAEKYASpPHBIM MapKepaM. DTHU y3eAKM IOKasaau A0OpOKadyecTBeHHbIe
IOpa>keHMsI B TUCTOAOTUI.

Hamm pesyabpraTsl IOKazaay, 4YTO cHeruduyeckue MOAEKyAsSpHbIe TeCThl IIOBBIIIAIOT
¢ PpexTuBHOCTS MpesoneparmonHoi anarHoctuky [TTK.

KaioueBble caoBa: manmAAsSpHBI pak INUTOBUAHONM  >Keae3bl, IIpejollepalliiOHHas
AVIaTHOCTVIKa, MOAEKYASIPHBII TecT.
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