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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 – 8 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 

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].
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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 
NJSC 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).

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 (AI)–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, 
AI-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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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 

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/PTC1 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]. 

Forms of malignant and benign thyroid 
neoplasms 

BRAF Mutations Totalabs. %
Benign tumors 0 0 18
Follicular neoplasm 0 0 15
Suspicion of malignancy 0 0 15
Papillary carcinoma 19 24.6±4.9* 97
Follicular carcinoma 0 0 8
Medullary carcinoma 0 0 1
Undifferentiated carcinoma 0 0 2
Malignant lymphoma 0 0 1
Total 19 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 1. Results of Cytological Examination of Biopsy Samples and BRAF Gene Mutation Analysis.

Generations Neoplasms PTC (n) BRAF V600E 
mutation positive (n)

Mutation frequency 
(%)abs. %

First generation 137 81.2 77 19 24,6
Second generation 13 11.7 13 0 0
Third generation 7 6.1 7 0 0
Total 157 97 19 19,6

Table 2. Results of BRAF mutation studies.
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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 

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 AI-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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