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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Papillary thyroid carcinoma (PTC) accounts for
nearly 85% of all thyroid malignancies worldwide. Molecular
profiling continues to demonstrate that the BRAF V600E
mutation is the dominant oncogenic alteration, identified in
approximately 40-60% of PTC cases. Recent meta-analyses
confirm that BRAF V600E is significantly correlated with
tumor aggressiveness and resistance to radioiodine therapy,
though regional variations exist.

Objective: To investigate the BRAF V600E mutation in
patients with neoplasms and to assess its association with
clinical and cytological characteristics in indigenous people
living in the territory of the former Semipalatinsk Nuclear Test
Site (SNTS) across three generations.

Materials and Methods: A cross-sectional study was
conducted to determine the frequency of the BRAF V600E
mutation in thyroid nodules using fine-needle aspiration biopsy
(FNAB) material. The study included 157 FNAB samples
obtained under ultrasound guidance from first-, second-, and
third-generation residents of the SNTS high-radiation-risk zone.
All samples were subjected to molecular genetic analysis for
BRAF V600E using the PCR-RFLP method.

Results: The study analyzed 157 fine-needle aspiration biopsy
(FNAB) samples. Patient ages ranged from 31 to over 87 years,
with a mean age of 68 £ 6.5 years. Women comprised 63% of
the cohort and men 37%, yielding a female-to-male ratio of
1.7:1. All biopsies were performed under ultrasound guidance,
and needle washings were used for molecular genetic analysis.
Among the 157 samples, the following cytological diagnoses
were made: papillary carcinoma — 97 cases (56.2%), benign
tumors — 18 cases (13.1%), follicular neoplasia — 15 cases
(10.9%), suspected carcinoma — 15 cases (10.9%), follicular
carcinoma — § cases (5.8%), poorly differentiated carcinoma — 2
cases (1.5%), and malignant lymphoma — 1 case (0.72%). The
BRAF V600E mutation was detected exclusively in papillary
carcinoma samples.

Conclusion: The analysis revealed an association between
the BRAF V600E mutation and papillary thyroid cancer in
patients exposed to radiation from nuclear testing at the former
SNTS. These findings offer new prospects for targeted therapy
and early diagnosis of malignant thyroid neoplasms. Following
the closure of the test site, positive developments in public
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health have been observed: radiophobia has decreased and the
population’s quality of life has improved. Furthermore, the
adoption of iodine prophylaxis legislation and the country’s
industrial growth have contributed to improved well-being
and better epidemiological outcomes for thyroid cancer in
subsequent generations.

Key words. Papillary thyroid cancer, radiation exposure,
BRAF V600E mutation.

Introduction.

Papillary thyroid carcinoma (PTC) accounts for approximately
80-85% of all thyroid malignancies and is named after its
characteristic papillary architecture [1]. In recent decades, a
global increase in the incidence of thyroid cancer—particularly
the papillary subtype—has been observed, making the diagnosis
and treatment of this oncological condition an important priority
in modern medicine. PTC exhibits a wide range of clinical
presentations and morphological variants [2].

Despite a substantial body of literature addressing the
epidemiology, risk factors, clinical course, and therapeutic
outcomes of PTC, many fundamental questions remain
unresolved, particularly those related to its etiology, reliable
diagnostics, and underlying pathogenesis. Understanding the
molecular basis of thyroid carcinogenesis will enhance current
knowledge of tumor development and enable more precise
therapeutic strategies.

Recent epidemiological data confirm that papillary thyroid
carcinoma remains the predominant form of thyroid malignancy,
accounting for nearly 90 % of all cases. Oncogenic activation of
the MAPK pathway—primarily through point mutations in the
BRAF gene—plays a central role in malignant transformation
of thyrocytes [3,4].

The BRAF V600E mutation represents the most common and
clinically relevant genetic event in PTC, as shown in recent large-
scale molecular studies [5,6]. According to these studies, BRAF
V600E occurs in 40-60 % of cases worldwide and is strongly
associated with aggressive tumor features such as extrathyroidal
extension, lymph node metastasis, and recurrence.

At the molecular level, BRAF activation triggers constitutive
signaling within the MAPK cascade, resulting in downregulation
of tumor-suppressor and iodine-metabolizing genes and
upregulation of pro-oncogenic molecules, including VEGF and
MMPs [7].

126



This mutation therefore acts as a key driver of tumor
dedifferentiation, therapy resistance, and disease progression.
Modern investigations combining BRAF and TERT promoter
mutations have shown synergistic effects that further worsen
prognosis [8,9].

This mutation has become a cornerstone biomarker for
molecular diagnostics and targeted therapies in differentiated
thyroid cancer. Recent molecular diagnostic trends emphasize
integrative genomic profiling that combines BRAF with
TERT promoter mutations (C228T, C250T), RET and NTRK
rearrangements, and novel artificial intelligence (Al)-assisted
tools. Studies from 2024-2025 demonstrated that co-occurrence
of BRAF and TERT mutations correlates with aggressive
histotypes and poorer clinical outcomes [10-17]. Concurrently,
Al-based radiomics and deep-learning ultrasound models now
enable non-invasive prediction of mutation status and recurrence
risk with over 90% accuracy. Such integrated approaches
redefine thyroid cancer risk stratification and open perspectives
for precision management in radiation-affected populations.

Although the BRAF V600E mutation is predominantly found
in sporadic PTC, it is infrequent in radiation-induced cases [6].
Current studies emphasize the value of integrating genetic,
environmental, and clinical data when analyzing thyroid cancer
in populations exposed to ionizing radiation.

Objective: To investigate BRAF V600E mutations in
papillary thyroid carcinoma and assess their association with
the clinicopathological characteristics of PTC in indigenous
individuals from three successive generations residing in the
territory of the former Semipalatinsk Nuclear Test Site (SNTS).

Materials and Methods.

A cross-sectional observational study was conducted to
investigate the frequency and clinical features of papillary
thyroid carcinoma (PTC) among indigenous individuals residing
in high-radiation areas of the former Semipalatinsk Nuclear Test
Site (SNTS). The study population included residents of the
Abay, Abralinsky and Beskaragai districts, which were officially
designated by the Research Institute of Radiation Medicine and
Ecology as zones of extreme radiation risk, with cumulative
equivalent radiation doses ranging from 100.0 to 447.0 cSv. The
prevalence of thyroid pathology in the population is known to
be influenced by iodine intake from the environment. According
to urinary iodine concentration data, these regions are classified
as mildly iodine-deficient. In 2003, the Republic of Kazakhstan
adopted Law No. 489 “On the Prevention of Iodine Deficiency
Disorders,” establishing a legal framework for population-wide
iodine supplementation through the production and distribution
of iodized salt and iodine-enriched food products, ensuring their
quality and safety throughout the country.

The study included individuals from three generational cohorts
based on their birth period relative to nuclear testing activity:
the first generation (born between 1949 and 1962 during
active atmospheric nuclear testing), the second generation
(born between 1963 and 1983), and the third generation (born
in 1983 or later). A total of 157 individuals aged 30 to 87
years participated in the study. Fine-needle aspiration biopsy
(FNAB) was performed under ultrasound guidance for all
participants. Cytological smears and needle washings were used
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for subsequent molecular genetic testing of the BRAF V600E
mutation.

Molecular genetic testing for BRAF V600E mutations was
conducted at the Department of Molecular Medicine, Institute
of Radiation Effects, Nagasaki University (Japan), and at the
Central Research Laboratory of Semey Medical University
(NJSC). The detection method was PCR—RFLP (Polymerase
Chain Reaction — Restriction Fragment Length Polymorphism).
DNA was extracted directly from FNAB samples, digested
with specific restriction enzymes, denatured, and separated by
polyacrylamide gel electrophoresis. A migration shift of DNA
fragments on the electrophoresis gel indicated the presence of
the BRAF V600E mutation.

All participants underwent a standardized diagnostic work-
up, which included detailed history taking (lifestyle and disease
history), physical examination with visual and palpatory
assessment of the thyroid gland, hormonal evaluation, and
instrumental investigations such as thyroid ultrasound, fine-
needle aspiration biopsy, and cytological analysis of the aspirate.

Ethics Statement: Prior to the initiation of the study, all
documentation — including the research protocol and data
collection questionnaires — underwent expert evaluation and
received formal approval from the Local Ethics Commission of
NIJSC Semey Medical University (Minutes of Meeting, Protocol
No. 2, dated November 7, 2022).

All participants were included in the study only after receiving
full information about the research objectives, procedures, and
potential implications, and after providing written informed
consent for voluntary participation.

Results.

A total of 157 fine-needle aspiration biopsy (FNAB) samples
were analyzed from individuals representing the first, second,
and third generations. At the time of examination, patient ages
ranged from 31 to over 87 years, with a mean age of 68 + 6.5
years. The majority of participants were female, accounting
for 63% of the cohort, while males comprised 37%, yielding
a female-to-male ratio of approximately 1.7:1. In all cases,
preoperative FNAB of the thyroid nodules was performed under
ultrasound guidance. Needle washings were collected and used
for subsequent molecular genetic testing.

Molecular genetic analysis was performed on 157 cases.
The results of the FNAB samples and the subsequent BRAF
mutation analysis are presented in Table 1. The majority of cases
(97; 56.2%) were diagnosed with papillary thyroid carcinoma.
Benign tumors were detected in 18 cases (13.1%), follicular
neoplasms in 15 cases (10.9%), and suspected carcinoma in 15
cases (10.9%). In addition, 8 cases (5.8%) were diagnosed with
follicular carcinoma, 2 cases (1.5%) with poorly differentiated
carcinoma, and 1 case (0.72%) with malignant lymphoma.

In Table 2, out of the 157 cases examined, 97 were diagnosed
with papillary thyroid carcinoma. BRAF gene mutations were
detected in 19 cases. Two FNAB samples from the second-
generation group initially showed ambiguous PCR-RFLP
patterns. Both samples were reanalyzed using the same method
under optimized conditions, and the results confirmed a wild-
type (non-mutated) BRAF genotype. Therefore, no BRAF
V600E mutations were detected in the second-generation
samples (0/13) or in the third generation (0/7).



Table 1. Results of Cytological Examination of Biopsy Samples and BRAF Gene Mutation Analysis.

Forms of malignant and benign thyroid BRAF Mutations
neoplasms abs.
Benign tumors 0
Follicular neoplasm 0
Suspicion of malignancy 0
Papillary carcinoma 19
Follicular carcinoma 0
Medullary carcinoma 0
Undifferentiated carcinoma 0
Malignant lymphoma 0
Total 19

% Total
0 18

0 15

0 15
24.6+4.9* 97

0 8

0 1

0 2

0 1
12,1+£3.0 157

Note — * The difference in the frequency of BRAF gene mutations in papillary carcinoma compared to the average across all tumor types is

statistically significant (p < 0.05).

Table 2. Results of BRAF mutation studies.

Neoplasms

Generations abs. %
First generation 137 81.2
Second generation 13 11.7
Third generation 7 6.1
Total 157

Discussion.

The data presented indicate that among indigenous individuals
permanently residing in areas of extreme radiation risk, the
frequency of BRAF gene mutations was significantly higher in
the first generation compared to the second and third generations.
Among patients with papillary thyroid carcinoma (PTC), a
notably higher mutation rate was observed in individuals aged 70
years and older. At the time of radiation exposure from nuclear
testing, these individuals were in early or middle childhood
and likely consumed large amounts of locally produced dairy
products, which contributed to internal exposure.

The present findings support the hypothesis that the frequency
of BRAF V600E mutations decreases across generations
following the cessation of nuclear testing. Similar tendencies
were observed in modern large-scale epidemiological studies
comparing post-Chernobyl, Fukushima, and sporadic PTC
cases, where BRAF mutations were significantly less frequent
in radiation-induced tumors [11].

These findings contrast with previously published results
from the Chernobyl accident zone, where post-Chernobyl PTCs
demonstrated a significantly lower frequency of BRAF V600E
mutations (Lima et al. 2004). In Ukrainian cohorts studied over
30 years post-exposure, authors observed that BRAF-mutant
PTCs emerged later in latency, were more likely in older age
at diagnosis, and had distinct clinicopathologic feature [12,13].

Our findings indicate that the frequency of BRAF V600E
mutations among individuals exposed to radiation in the
Semipalatinsk Nuclear Test Site (SNTS) region (24.6%) is
lower than the 40-60% typically observed in sporadic papillary
thyroid carcinoma. This pattern corresponds to international data
from post-Chernobyl and Fukushima studies, where radiation-
induced PTCs exhibit a reduced frequency of BRAF mutations
and are more often associated with RET/PTC and other gene
rearrangements. Therefore, SNTS-associated PTCs are likely
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BRAF V600E Mutation frequency
PTC (m) mutation positive (n) (%)
77 19 24,6
13 0 0
0 0
97 19 19,6

not driven by BRAF-related oncogenic mechanisms but rather
by alternative molecular pathways characteristic of radiation-
induced tumorigenesis.

The potential involvement of radiation in the pathogenesis
of thyroid cancer in BRAF-mutant patients may also be
linked to the age at which the exposure occurred. Following
the Fukushima Daiichi nuclear accident, a thyroid ultrasound
screening program for individuals aged 0—18 years at the time of
the accident was launched in October 2011. The prevalence of
thyroid carcinoma in this population was found to be relatively
high (84 cases per 296,253 individuals). To explore the
tumorigenic mechanisms, Japanese researchers examined driver
mutations in the tumors. Among the analyzed cases were 61
classical PTCs, two follicular variants, four cribriform-morular
variants, and one poorly differentiated thyroid carcinoma. BRAF
V600E was detected in 43 cases (63.2%), RET/PTCI in six
(8.8%), RET/PTC3 in one (1.5%), and ETV6/NTRK3 in four
cases (5.9%). Among classical and follicular variants of PTC,
BRAF V600E was significantly associated with smaller tumor
size. The genetic profile of these tumors differed markedly from
post-Chernobyl PTCs, suggesting a non-radiogenic etiology.
This study is the first to report oncogene profiles in thyroid
cancer cases detected through mass screening, likely reflecting
the genetic background of all sporadic and latent tumors in the
younger Japanese population [14].

It has been proposed that BRAF V600E may not confer a
growth advantage in pediatric PTC, and that many of these
tumors grow slowly. This implies that additional factors may be
necessary for tumor progression in childhood PTC.

Given that the most radiation-intensive nuclear tests at the
SNTS occurred in 1949 and the early to mid-1950s, thyroid
doses were predominantly formed due to internal exposure to
radioactive isotopes ingested through the consumption of milk
and dairy products [15].



Thus, the data indicate that BRAF mutations occur exclusively
in malignant thyroid tumors and are not observed in benign
thyroid lesions. Among all thyroid cancers, BRAF mutations
were detected only in papillary carcinomas. The presence of
BRAF mutations may serve as a diagnostic criterion for thyroid
carcinoma, particularly for its papillary subtype. Detection of
this genetic marker is associated with a more aggressive disease
course and reduced iodine uptake, which may result in lower
sensitivity to radioactive iodine (I-131) therapy. Conversely,
the absence of the BRAF V600E mutation in later generations
suggests preserved or enhanced radioiodine sensitivity
and a more favorable prognosis. In BRAF-negative cases,
alternative molecular alterations such as RAS or RET/NTRK
rearrangements should be considered for targeted diagnostics
and therapy.

In our study, BRAF mutations were found in 21 out of 97
papillary thyroid carcinoma cases. Identification of BRAF
mutations may be useful in the differential diagnosis of thyroid
tumors and serve as a diagnostic marker for PTC. In cases
involving thyroid adenomas or indeterminate cytological
findings suspicious for cancer, molecular genetic testing for
BRAF mutations may be advisable.

All participants diagnosed with PTC had resided in the affected
regions during the period of atmospheric nuclear weapons testing
and were exposed to radiation during childhood or puberty. An
analysis was conducted to examine the association between
thyroid cancer incidence and patient sex. The results also suggest
that age is a contributing factor to thyroid cancer frequency,
with a notable number of cases observed in individuals aged
80 years and older. This includes both those directly exposed to
radiation (cumulative effective equivalent doses of 100.0-447.0
cSv) and their second- and third-generation descendants.

The East Kazakhstan Region, including territories adjacent to
the former Semipalatinsk Nuclear Test Site, shows significant
deviations from national trends, with marked fluctuations in
thyroid cancer incidence and mortality. These patterns may
reflect region-specific factors related to past radiation exposure
and warrant further epidemiological investigation [16].

Overall, our findings indicate that thyroid neoplasm rates are
highest in areas classified as having maximum radiation risk—
populations that experienced direct radiation exposure. In these
extreme radiation-risk zones, BRAF mutations were detected in
24.6% of first-generation individuals. While radiation-induced
papillary thyroid carcinomas exhibit a lower overall frequency
of BRAF V600E mutations compared with sporadic cases,
occasional coexistence of BRAF mutation and prior radiation
exposure may contribute to more aggressive tumor behavior.
This suggests that BRAF activation is not a radiation-initiating
event but rather a secondary modifier within radiation-altered
thyroid tissue. Such synergy could explain why, despite the
reduced mutation frequency, some first-generation individuals
exposed to high cumulative doses display more clinically
aggressive disease.

Conversely, BRAF mutations were not detected in cases of
follicular or medullary thyroid carcinoma, or in benign thyroid
tumors [4-7]. Furthermore, Knauf et al. demonstrated that PTC
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formation can be induced in transgenic mice by directing the
expression of mutant BRAF (V600E) specifically to thyroid
cells [10]. Therefore, the BRAF mutation in PTC is considered
a specific genetic event that may play a fundamental role in
tumor initiation or progression of tumor development.

In summary, BRAF V600E mutation remains a critical
prognostic biomarker for papillary thyroid carcinoma. Recent
population-based analyses confirmed its diagnostic reliability
in indeterminate thyroid nodules and its association with
aggressive variants, while co-mutations with TERT promoter
genes further refine risk stratification.

Integration of genetic, radiological, and Al-based diagnostic
methods may substantially improve individualized management
for patients with PTC [4].

The presence of the BRAF mutation can be used as a
diagnostic criterion for thyroid cancer, particularly for its
papillary form. Detection of this marker indicates a more
aggressive course of papillary thyroid carcinoma (PTC), which
requires a differentiated approach to treatment—possibly
including adjuvant radiotherapy following surgery. These
results demonstrate that BRAF (V600E)-positive PTCs exhibit
more aggressive behavior. This mutation may be an important
prognostic factor for identifying patients at higher risk of
adverse outcomes.

Conclusion.

Among 157 FNAB samples analyzed, the BRAF V600E
mutation was detected exclusively in papillary thyroid carcinoma
(PTC). The mutation occurred in 19 out of 97 PTC cases
(19.6%), all belonging to first-generation individuals who had
been exposed to radiation during atmospheric nuclear testing at
the former Semipalatinsk Nuclear Test Site (SNTS). No BRAF
mutations were found in the second and third generations.

The absence of BRAF V600E in later generations, as well as
in benign and non-papillary cytological samples, confirms the
mutation’s diagnostic specificity for PTC in radiation-affected
populations and may indicate a more favorable biological
behavior of tumors in these groups. Patients lacking the BRAF
mutation generally demonstrate a lower risk of recurrence and
metastasis, preserved or enhanced sensitivity to radioactive
iodine (I-131) therapy, and may not require BRAF-targeted
therapy. In contrast, the presence of the mutation in the first
generation suggests a possible molecular signature associated
with earlier radiation exposure and potentially reduced iodine
avidity. Further investigation of alternative molecular drivers
such as RAS and RET rearrangements is warranted in BRAF-
negative cases.
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