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Abstract
Objective: In this study, we aimed to study BRAFV600E and NRAS mutations among thyroid tumor patients 

in the Mongolian population.

Methods: Immunohistochemical staining was performed using CD56 antibodies on 59 formalin-fixed paraffin-
embedded (FFPE) tissue sections. DNA extractions from FFPE and fresh thyroid tumor tissues were extracted 
using a genomic DNA kit. An ABI 3730xl genetic analyzer was used for DNA sequencing.

presents in 5–30% of total thyroid nodule. It can be classi�ed into 
papillary thyroid carcinoma (PTC), follicular thyroid carcinoma 
(FTC), medullary thyroid carcinoma (MTC), and poorly di�erentiated, 
undi�erentiated or anaplastic carcinoma. �e great majority of thyroid 
cancers are PTC, representing approximately 65–85% of total thyroid 
cancers. Recently, the incidence of thyroid tumors has gradually 
increased in Mongolia, doubling in the last 10 years [1-4]. 

Several genetic mutations have been detected in thyroid tumors, 
among which BRAF and RAS mutations are well known. BRAF 
mutations occur in approximately 8% of all types of cancers, with a 
high mutation frequency in malignant melanoma (50–70%), classic 
PTC (40–70%), colorectal cancer (CRC, 5–15%), ovarian cancer and 
hairy cell leukemia (5–100%). �e c.1799T>A mutation results in a 
valine-to-glutamate substitution (p.V600E) at amino acid position 600. 
�is prevalent mutation accounts for over 80% of all BRAF mutations 
and almost every mutation in thyroid tumors [5-9].

�e RAS mutation is found in 10 to 20% of PTCs, but this mutation 
is slightly more common in follicular neoplasms, including follicular 
carcinoma (40–50%) and follicular adenoma (20–40%). Identifying 
these mutations is important for choosing a suitable type of treatment, 
predicting disease prognosis, and providing detailed diagnostic 
information. However, no studies have been performed to assess 
the frequency of BRAF and RAS mutations in thyroid tumors in the 
Mongolian population [10-13]. 

CD56 is a neural cell adhesion molecule (NCAM) that mediates 
homotypic and heterotypic cell-cell adhesion through homophilic 
binding mechanisms and is widely used in the di�erential diagnosis 
of follicular neoplasms. In addition, CD56 is considered a prognostic 

marker in various cancers, including pancreatic cancer, colon 
carcinoma and astrocytoma. In cases of thyroid cancers, the expression 
of CD56 is diminished and correlates with metastatic potential and 
poor prognosis in some malignant tumors [14].

�erefore, we aimed to study BRAFV600E and NRAS mutations 
among patients with thyroid tumors and their correlations with 
histopathological features and CD56 expression related to the 
prognostic pro�le in the Mongolian population [15-17].

Materials and Methods
Sample source

We collected 9 fresh thyroid tissue samples and 50 formalin-fixed 
paraffin-embedded (FFPE) tissue samples from patients who underwent 
radical surgery at the National Cancer Center (NCC) of Mongolia from 
2017 to 2019. All pathologic slides, along with the pathologic reports and 
clinical records, were reviewed by two expert pathologists [18].

Immunohistochemical staining and evaluation
Staining methods

Immunohistochemical staining was performed using primary 
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antibodies against CD56 (mouse, 123C3.D5, dilution 1:500, Sigma–
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were diagnosed with PTC, and 1 (10%) was diagnosed with follicular 
adenoma. All of these mutations were heterozygous (Figure 2). Of the 9 
cases with the BRAFV600E mutation, 8 were women, and 5 were older 
than 45. However, the mutation was not associated with patient age or 
sex (p>005) [33].

All CD56-positive cases of PTC with the BRAFV600E mutation 
were classical variants. Of these, 8 (25.8) were more than 1 cm in size, 
5 (16.1%) were stage TI-II, 8 (24.2%) had vascular invasion, 8 (24.2%) 
had lymphatic vessel invasion, and 6 (17.6%) had extra thyroidal 
invasion. However, there was no statistically significant difference in 
the presence of the BRAFV600E mutation between the CD56-positive 
and CD56-negative groups (Table 1) [30].

Heterozygous BRAFV600E mutations were detected in 8 CD56-
negative cases and 1 CD56-positive case. No significant differences in 

the BRAF mutation and CD56 expression were shown to be associated 
with prognosis (Table 1) [31].

The risk factors for the BRAFV600E mutation were explored. 
(Table 2) shows the ORs for positive expression of CD56 (OR=0.295, 
95%CI=0.033–2.654, p=0.276, (Figure 1), pathologic tumor stage III-
IV (OR=1.891, 95%CI=0.425–8.406, p=0.403), tumor size greater than 
1 cm (OR=4.87, 95%CI=0.549–43.183, p=0.155), presence of lymphatic 
vascular invasion (OR=3.84, 95%CI=0.43–34.306, p=0.229), presence 
of tumor capsular invasion (OR=3.84, 95%CI=0.43–34.306, p=0.229), 
presence of extra thyroidal extension (OR=1.75, 95%CI=0.356–
8.609, p=0.491), and regional lymph node invasion (OR=1.217, 
95%CI=0.262–5.661, p=0.802) [32].

Of the 59 cases examined in the study, the NRAS mutation was 
positive in only 2 (3.4%) cases of PTC (Figure 3). Both cases of NRAS 
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of deaths from thyroid cancer was 43,646, making it the 24th leading 
cause of cancer-related deaths. By region, the prevalence of thyroid 
cancer is 59.7% in Asia, 20% in North and South America, and 15% in 
Europe, with the highest rates in Korea, Canada, and Italy. According 
to the statistics of the Mongolian National Cancer Center, 32 new 
cases of thyroid cancer were registered in 2010, but 73 new cases were 
diagnosed in 2020 [34].

In our study, we included 59 patients diagnosed with thyroid 
tumors who underwent surgery, and most of these patients (78%) had 
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