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Abstract: Background: The BRAF6%E mutation is the most common genetic alteration found in papillary thyroid
carcinoma (PTC). Although several studies have demonstrated that this mutation occurs more frequently in patients
with PTC showing aggressive clinicopathologic features, its significance in Uyghur Chinese population remains un-
clear. The aim of this study was to evaluate the prevalence of the BRAFYS°°E mutation in tumor samples and its
association with clinicopathologic features in Uyghur Chinese patients with PTC. Methods: Formalin fixed paraffin
embedded tissue specimens taken from 66 patients undergoing thyroidectomy from June 2007 to August 2011, at
the First Affiliated Hospital of Xinjiang Medical University, Urumqi, China were investigated. PCR was used to amplify
exon 15 of the BRAF gene from the specimens, followed by direct sequencing to detect the BRAF'6° mutation.
Results: The BRAFY6%% mutation was found in 19/26 (73.1%) patients with PTC, but not detected in other types of
malignant and benign thyroid lesions. The rate of BRAF'6°F mutation was different in classic PTC (15/19 (78.9%))
and other types of PTC (4/4 (100%) in tall-cell variant and 0/3 (0%) in follicular variant). The BRAF'6°°f mutation was
associated with extrathyroidal extension (15/17 (88.2%) with extension and 4/9 (44.4%) without, P = 0.028). Age,
sex, lymph node metastases and advanced disease stage were not significantly different between the patients with
and without the BRAFY6%%E, Conclusion: The BRAFY6% mutation is common in Uyghur PTC patients. The BRAFY600F
mutation may be a potential prognostic factor for PTC in these patients.
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Introduction

Thyroid cancer ranks first in the head and neck
neoplasms, and is the most common malignant
tumor of the endocrine system [1]. Papillary thy-
roid carcinoma (PTC) accounts for 80-90% of
all thyroid cancer [2]. The incidence of thyroid
cancer is currently around 2%, and this is con-
tinuing to rise [3], so vigorous efforts have been
given to improve its diagnosis and treatment.
PTC generally shows low malignancy and inva-
siveness. Up to 80% of patients can live 10
more years. However, in some cases the dis-
ease can recur, transform and cause death [4].
The increasing incidence of thyroid cancer is
mostly due to increased PTC [5]. Consequently,
current thyroid cancer medicine has mostly
focused on diagnosis and treatment of PTC.

In many countries, the standard treatments for
PTC include surgical thyroidectomy and subse-
quent radioiodine ablation [3]. Although mortal-
ity of patients with PTC has reduced with these
treatments, the recurrence rate has not been
changed, and it often develops into advanced
disease that cannot be surgically treated and
lacks iodine affinity [4]. Appropriate design of
the initial treatment is the key to prevent recur-
rence of PTC [5]. PTC can be classified into dif-
ferent variants according to prognostic implica-
tions these include classic PTC, follicular, tall
cell, columnar cell, diffuse sclerosing, oxyphilic
(Hurtle cell), and de-differentiated papillary [6].
Consequently, accurate preoperative assess-
ment of the risk, predicting prognosis, is very
important to optimize the management of
patients with PTC. This is usually accomplished


http://

BRAF mutation in Uyghur patients with PTC

by using the traditional risk stratification sys-
tem, based on clinicopathological characteris-
tics, including age and gender of patients,
tumor size, extrathyroidal extension status and
lymph node metastasis, and tumor stages [7].
However, it is often neither reliable nor com-
plete to use this system to assess the PTC prog-
nosis, especially in apparently low-risk patients
[8]. This unreliability results in controversies
over the treatment of PTC, so more reliable
methods for predicting thyroid cancer progno-
sis are constantly being investigated [9].

A more accurate preoperative prediction of PTC
prognosis, has been suggested by BRAFV'60E
mutation detection [10-12]. BRAF6°°E mutation
as a novel and highly specific prognostic molec-
ular markers has important clinical practical
value in helping optimize the diagnosis and
treatment of the PTC. Many well-designed stud-
ies have confirmed a correlation between BRAF
mutation and the occurrence, development
and prognosis of PTC [13-19]. The BRAF gene
(also known as murine sarcoma viral oncogenic
homolog B1) belongs to the RAF gene family,
located on human chromosome 734, T1799A
single point mutation is the most common type
of BRAF mutation, that is a single conversion of
T—A on the 1799 nucleotide in exon 15, lead-
ing Glutamic acid to substitute to Valine at
codon 600 in protein products (V60OOE).
BRAFY6%%E kinase has a strong carcinogenic
effect, because of aberrantly and constitutively
activating the Ras—Raf—MAP kinase/ERK
pathway (MAP kinase pathway) [20]. The role of
preoperative assessment of BRAFY°%F muta-
tion status is still controversial, but this method
can assist with the treatment decision making
process when considered alongside other con-
ventional risk factors [21].

Meanwhile, studies have shown that molecular
markers are race-specific. Many recent studies
confirm that the BRAF gene in different coun-
tries and nationalities has different mutation
rates, mainly between 29% and 83% [22]. For
example Korean, BRAFY6°°E mutation rates are
relatively high, ranging from 58% to 83% [23-
26]; Western countries have lower rates from
31% to 49% [27-31], Saudi Arabia has 51.7%
[32], Taiwan 47% [33], and Japan 23.8% to
38.4% [34, 35].

China is very multiethnic country while the
majority of the population belongs to the Han
ethnic group, in Xinjiang on the northwest bor-
der of China where silk road trade occurred his-
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torically, the Uyghur ethnic group is more com-
mon at around half the population [36]. The
Uyghur are considered to have eastern and
western Eurasian lineages [36].

The aim of this investigation was to evaluate
the prevalence of the BRAFY6°°E mutation in
Uyghur Chinese patients with PTC and to ana-
lyze the association between clinicopathologic
characteristics and the BRAFY6%E mutation in
Uyghur PTC patients.

Materials and methods

Patients and sample collection

In total, 92 formalin fixed paraffin embedded
(FFEP) tissue specimens were obtained from
66 Uyghur patients who underwent thyroidec-
tomy surgery from 2007 to 2011 at the First
Affiliated Hospital of Xinjiang Medical University,
Urumgqi, China, including 26 specimens of papil-
lary thyroid carcinoma (PTC), 26 specimens of
normal thyroid tissues surrounding the PTC tis-
sues, 12 specimens of nodular goiter, 9 speci-
mens of thyroid adenoma, 7 specimens of
Hashimoto’s thyroiditis, 5 specimens of follicu-
lar carcinoma, 4 specimens of medullary carci-
noma and undifferentiated carcinoma in 3
specimens. All tissue samples were FFEP tis-
sue and were confirmed by histopathological
examination. All of the patients from whom the
samples were taken had not received chemo-
therapy, radiation therapy or other cancer ther-
apy prior to surgery. The study was approved by
the Ethics and Research Committees in the
hospital and was conducted in accordance with
the Declaration of Helsinki Principles. All par-
ticipants provided written informed consent.

DNA extraction

DNA from different thyroid paraffin-embedded
tissue specimens was extracted using QlAamp
DNA FFPE Tissue Kit (Qiagen, USA), DNA extrac-
tion was performed according to the manufac-
turer’s instruction. Quality and quantity of suc-
cessfully extracted DNA samples were deter-
mined spectrophotometrically by Nucleic acid
protein analyzer.

PCR amplification

224 basepair (bp) fragments of the BRAF gene
(Genbank accession number: NG_007873.3)
exon 15 were amplified by PCR. The primers
were as follows: forward: 5-TCATAATGCTTGCT-
CTGATAGGA-3’; reverse: 5'-GGCCAAAAATTTAAT-

Int J Clin Exp Pathol 2016;9(1):200-207



BRAF mutation in Uyghur patients with PTC

70
GT CTAGC TATC

i

|
|
A | k’

Figure 1. BRAFY6°%F mutation sequencing. A. Nodular goiter, BRAF®°t mutation negative. B. Papillary thyroid carci-
noma (PTC) tissue, BRAFY6°E mutation positive. The arrow indicates T-to-A mutation at nucleotide 1799.

CAGTGGA-3'. PCR was performed in 25 uL of
reaction mixture containing 2.0 yL of genomic
DNA, 10xPCR reaction buffer 2.5 yL, 0.6 pL of
each primer, 2.0 yL of each deoxynucleotide,
2.5 mM MgCL,, and 0.2 uL Platinum Tag DNA
Polymerase (Fermentas, China), with ddH,0 to
25 ul. The PCR reactions were carried out with
following conditions: an initial denaturation
step at 95°C for 5 minutes, followed by 45
cycles of denaturation at 94°C for 45 seconds,
annealing at 58°C for 45 seconds, elongation
at 72°C for 45 seconds, and a final extension
at 72°C for 5 minutes. PCR products were sep-
arated by a 2% agarose gel and visualized by
ethidium bromide staining. The relative posi-
tion of the marker bands determined a positive
result. Direct DNA sequencing was performed
using the dideoxy chain termination method
(Sanger sequencing). Sequencing results were
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compared with the normal BRAF gene sequenc-
es in the NCBI genbank to determine whether
the mutation was present.

Statistical analysis

All the statistical analyses were performed by
SPSS software (version 18.0, SPSS Inc.,
Chicago, IL, USA). The fisher’'s exact test was
used for association of BRAF mutational status
and clinicopathological features of PTC in
Uyghur patients. A P value < 0.05 was consid-
ered statistically significant.

Results

BRAFVS%F mutation detection in various thyroid
diseases

Of 92 samples, 19 were BRAFY6°°E-mutated
and all of them were PTC, the remaining 66
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Table 1. BRAF69%¢ mutation status in various thyroid diseases

clinicopathologic character-

istics. The results of this

Histological type NO.' of  BRAFT mutation, n (%) study showed that the overall

Specimens _Positive Negative BRAFY60%E mutation rate in
Papillary thyroid carcinoma 26 19 (73.1) 7 (26.9) PTC in Uyghur was 73.1%.
Normal tissues surrounding the PTC 26 0 (0.0) 26 (100.0) There was a close associa-
Nodular goiter 12 0(0.0) 12 (100.0) tion between the BRAFV600E
Thyroid adenoma 9 0(0.0)  9(100.0) mutation and extrathyroidal
Hashimoto’s thyroiditis 7 0(0.0) 7 (100.0) extension, but no significant
Thyroid follicular carcinoma 5 0(0.0) 5(100.0) correlation with gender, age,
Anaplastic thyroid carcinoma 3 0 (0.0) 3(100.0) lymph node metastasis and
Medullary thyroid carcinoma 4 0 (0.0) 4 (100.0) tumor clinical staging. This

samples did not have this mutation. The overall
mutation rate was 20.7% (19/92) in all types of
thyroid diseases and 73.1% in PTC (19/26).
Mutations were located at the 1799 nucleotide
changing the adenine (A) to thymine (T) muta-
tion (Figure 1). All mutations were heterozy-
gous. The prevalence of the BRAFY6°°E mutation
in histologic subtypes of PTC was 78.9 %
(15/19), 100% (4/4) and 0% (0/3) in classic
variant, tall-cell variant, follicular variant,
respectively. No BRAFY6°°F mutation was found
out in other types of thyroid samples including
normal thyroid tissues surrounding the PTC tis-
sue (Table 1).

BRAFY69%%E mutation and clinicopathological
features of PTC

The fisher’s exact test between BRAF mutation-
al status and clinicopathological characteris-
tics of the PTC patients shows that there was
no correlation between the BRAF mutation and
gender, age, lymph node metastasis and tumor
node metastasis (TNM) stage of PTC (P>0.05).
BRAF mutation was closely associated with
extrathyroidal extension, and the difference
was statistically significant (P = 0.028). Corre-
lation between BRAF mutation and clinico-
pathological features of PTC are shown in Table
2.

Discussion

BRAF mutation status in PTC is now well estab-
lished as a prognostic marker [10-12]. However,
the prevalence of the BRAFY6°°E mutation in dif-
ferent populations apparently varies according
to their genetic background [22]. The aim of
this study was to investigate the prevalence of
the BRAFY69E mutation in Uyghur patients with
PTC and to analyze the association with
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study also showed that in a
variety of thyroid diseases,
BRAFVY89%E mutation occurs only in PTC, as the
other thyroid specimen had no mutations in the
BRAF gene. This is in agreement with previous
studies [30-35]. Prevalence of BRAFY¢°°F muta-
tion in histologic subtypes of PTC was 78.9%,
100% and 0% in classic variant, tall-cell vari-
ant, follicular variant, respectively.

The overall prevalence of the BRAFY6°%E muta-
tion in the Uyghur PTC patients was probably
higher than might have been expected, the rea-
son for this is unclear, but we think that genetic
or geographic factors could lead to such differ-
ences. While Uyghur eating habits may also
account for high BRAFY¢%%E mutation rate of PTC
patients. The association between BRAFY60CE
mutation and eating habits, genetic or geo-
graphic factors of the Uyghur population will;
however, have to be investigated by further
studies.

This study also explored the relationship
between BRAFY6°%t mutation and clinicopatho-
logical parameters of patients with PTC.
Nikiforova and colleagues studied 104 cases of
PTC patients, found a significant association of
the BRAFY82%E mutation with higher TNM stage
(I-1V) and extrathyroidal extension of PTC [37].
Namba and his colleagues reported a close
association between the BRAFY6°%E mutation
and advanced tumors and distant metastasis
of PTC [34]. Xing demonstrated a strong asso-
ciation of the BRAFY%°°f mutation with the high-
risk clinicopathologic characteristics of PTC,
such as lymph node metastasis, advanced
tumor, extrathyroidal extension and recurrence
[38]. In addition, many recent studies have con-
firmed the correlation between BRAFY6°°E muta-
tion and poor prognosis of PTC [30, 32, 39-43].
Even in papillary thyroid microcarcinoma
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Table 2. Correlation between BRAFY6%°t Mutation and Clinicopathologi-

cal features of PTC

BRAFY6°%E muytation,

mutation. BRAFY6°°E muta-
tion only occurred in the
PTC tissue. Our study sug-
gests that the BRAFV60CE

N n (%) P-value ) . .
" - mutation is associated
Positive  Negative . .

Gend Vil s 6(75.0) 2(25.0 with  pathological sub-
enaer ale (75.0) (25.0) 1.000 types and extrathyroidal
Female 18 13(72.2) 5(27.8) extension of PTC, but

Age, (years) <45 10 8(80.0) 2(20.0) 0.668 not with the patient’s
>45 16 11(68.8) 5(31.2) age, gender, or lymph

Histologic subtypes Classic variant 19 15(78.9) 4 (21.1) - node metastasis. These

Tall-cell variant 4 4 (100.0)
Follicular variant 3 0(0.0)

Lymph node metastasis Present 5 4(80.0)
Absent 21 15(71.4)
Extrathyroidal extension Present 17 15(88.2)
Absent 9 4(44.4)
TNM stage -1 21 16(76.2)
-1V 5 2(40.0)

0(0.0) results also suggest that
BRAFY6%%E muytation is a

3(100.0) . o
1(20.0 highly specific molecular
(20.0) 1.000 marker for PTC in the
6(28.6) Uyghur Chinese popula-
2(11.8) 0.028 tion, in agreement with
5(55.6) many other studies in
5(23. other population.
(23.8) 0.281 pop
3 (60.0)

Abbreviations: PTC = papillary thyroid carcinoma; TNM = tumor node metastasis.

(PTMC), BRAFY6°°E mutation is still considered
to be associated with invasive pathological fea-
tures of the tumor, such as lymph node metas-
tasis, extrathyroidal extension, and high TNM
stages [28, 44, 45]. In contrast, some research
reports no significant correlation between
BRAFY89%E mutation and clinicopathological fea-
tures of PTC [46]. The present study also
showed a close association of BRAFY6°°E muta-
tion with extrathyroidal extension, but no sig-
nificant correlation with gender, age, lymph
node metastasis and tumor clinical staging.
The number of cases (26) is relatively small, so
this may be the reason for the difference with
previous studies.

This study has some limitations. The number of
patients involved in the study was relatively
small in particular there were only 26 PTC
patients therefore we could not fully investigate
risk factors for PTC by methods such as multi-
variate analysis. We did not perform any sur-
vival analysis to relate the BRAF mutation sta-
tus with prognosis. Further studies with
increased number of cases will be needed to
explore the association of BRAFY69%F mutation
with clinicopathological parameters in patients
with PTC in Uyghur patients.

In conclusion, in this study, we analyzed the
BRAFY6°%E mytation status in a variety of thyroid
diseases in an Uyghur population in Xinjiang,
China. PTC had a high prevalence of BRAFV600E

204

Disclosure of conflict of
interest

None.

Address correspondence to: Hao Wen, State Key
Lab Incubation Base for Xinjiang Major Diseases
Research, Xinjiang Key Laboratory of Echino-
coccosis, The First Affiliated Hospital of Xinjiang
Medical University, Urumgi 830054, China. Tel:
+86-9914820778; Fax: +86-9914820778; E-mail:
haowen013@sina.com

References

[1] Jemal A, Siegel R, Xu J and Ward E. Cancer sta-
tistics, 2010. CA Cancer J Clin 2010; 60: 277-
300.

[2] Davies L and Welch HG. Increasing incidence
of thyroid cancer in the United States, 1973-
2002. JAMA 2006; 295: 2164-2167.

[3] American Thyroid Association Guidelines
Taskforce on Thyroid Nodules Differentiated
Thyroid Cancer, Cooper DS, Doherty GM,
Haugen BR, Kloos RT, Lee SL, Mandel SJ,
Mazzaferri EL, Mclver B, Pacini F, Schlumberger
M, Sherman SI, Steward DL and Tuttle RM.
Revised American Thyroid Association man-
agement guidelines for patients with thyroid
nodules and differentiated thyroid cancer.
Thyroid 2009; 19: 1167-1214.

[4] Loh KC, Greenspan FS, Gee L, Miller TR and
Yeo PP. Pathological tumor-node-metastasis
(PTNM) staging for papillary and follicular thy-
roid carcinomas: a retrospective analysis of
700 patients. J Clin Endocrinol Metab 1997;
82: 3553-3562.

[5] Sugitanil, FujimotoY, Yamada K and Yamamoto
N. Prospective outcomes of selective lymph

Int J Clin Exp Pathol 2016;9(1):200-207


mailto:haowen013@sina.com

(6]

(7]

(8]

(10]

(11]

[12]

[13]

(14]

(15]

[16]

205

BRAF mutation in Uyghur patients with PTC

node dissection for papillary thyroid carcinoma
based on preoperative ultrasonography. World
J Surg 2008; 32: 2494-2502.

Khan AR and Abu-Eshy SA. Variants of papillary
carcinoma of the thyroid: experience at Asir
Central Hospital. J R Coll Surg Edinb 1998; 43:
20-25.

Sprague BL, Warren Andersen S and Trentham-
Dietz A. Thyroid cancer incidence and socio-
economic indicators of health care access.
Cancer Causes Control 2008; 19: 585-593.
McLeod DS, Sawka AM and Cooper DS.
Controversies in primary treatment of low-risk
papillary thyroid cancer. Lancet 2013; 381:
1046-1057.

Xing M, Haugen BR and Schlumberger M.
Progress in molecular-based management of
differentiated thyroid cancer. Lancet 2013;
381: 1058-1069.

Yip L, Nikiforova MN, Carty SE, Yim JH, Stang
MT, Tublin MJ, Lebeau SO, Hodak SP, Ogilvie JB
and Nikiforov YE. Optimizing surgical treat-
ment of papillary thyroid carcinoma associated
with  BRAF mutation. Surgery 2009; 146:
1215-1223.

Handkiewicz-Junak D, Czarniecka A and Jarzab
B. Molecular prognostic markers in papillary
and follicular thyroid cancer: Current status
and future directions. Mol Cell Endocrinol
2010; 322: 8-28.

Pelizzo MR, Boschin IM, Barollo S, Pennelli G,
Toniato A, Zambonin L, Vianello F, Piotto A, Ide
EC, Pagetta C, Sorgato N, Torresan F, Girelli
ME, Nacamulli D, Mantero F and Mian C. BRAF
analysis by fine needle aspiration biopsy of thy-
roid nodules improves preoperative identifica-
tion of papillary thyroid carcinoma and repre-
sents a prognostic factor. A mono-institutional
experience. Clin Chem Lab Med 2011; 49:
325-329.

Kim TH, Park YJ, Lim JA, Ahn HY, Lee EK, Lee
YJ, Kim KW, Hahn SK, Youn YK, Kim KH, Cho
BY and Park do J. The association of the
BRAF(V600E) mutation with prognostic factors
and poor clinical outcome in papillary thyroid
cancer: a meta-analysis. Cancer 2012; 118:
1764-1773.

Xing M. BRAF mutation in papillary thyroid can-
cer: pathogenic role, molecular bases, and
clinical implications. Endocr Rev 2007; 28:
T42-762.

Nikiforova MN and Nikiforov YE. Molecular di-
agnostics and predictors in thyroid cancer.
Thyroid 2009; 19: 1351-1361.

Tufano RP, Bishop J and Wu G. Reoperative
central compartment dissection for patients
with recurrent/persistent papillary thyroid can-
cer: efficacy, safety, and the association of the
BRAF mutation. Laryngoscope 2012; 122:
1634-1640.

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

Basolo F, Torregrossa L, Giannini R, Miccoli M,
Lupi C, Sensi E, Berti P, Elisei R, Vitti P, Baggiani
A and Miccoli P. Correlation between the BRAF
V600E mutation and tumor invasiveness in
papillary thyroid carcinomas smaller than 20
millimeters: analysis of 1060 cases. J Clin
Endocrinol Metab 2010; 95: 4197-4205.
Elisei R, Viola D, Torregrossa L, Giannini R,
Romei C, Ugolini C, Molinaro E, Agate L, Biagini
A, Lupi C, Valerio L, Materazzi G, Miccoli P,
Piaggi P, Pinchera A, Vitti P and Basolo F. The
BRAF (V60OE) mutation is an independent,
poor prognostic factor for the outcome of pa-
tients with low-risk intrathyroid papillary thy-
roid carcinoma: single-institution results from
a large cohort study. J Clin Endocrinol Metab
2012; 97: 4390-4398.

Davies H, Bignell GR, Cox C, Stephens P, Edkins
S, Clegg S, Teague J, Woffendin H, Garnett MJ,
Bottomley W, Davis N, Dicks E, Ewing R, Floyd
Y, Gray K, Hall S, Hawes R, Hughes J, Kosmidou
V, Menzies A, Mould C, Parker A, Stevens C,
Watt S, Hooper S, Wilson R, Jayatilake H,
Gusterson BA, Cooper C, Shipley J, Hargrave D,
Pritchard-Jones K, Maitland N, Chenevix-
Trench G, Riggins GJ, Bigner DD, Palmieri G,
Cossu A, Flanagan A, Nicholson A, Ho JW,
Leung SY, Yuen ST, Weber BL, Seigler HF,
Darrow TL, Paterson H, Marais R, Marshall CJ,
Wooster R, Stratton MR and Futreal PA.
Mutations of the BRAF gene in human cancer.
Nature 2002; 417: 949-954.

Lee JW and Koo BS. The prognostic implication
and potential role of BRAF mutation in the de-
cision to perform elective neck dissection for
thyroid cancer. Gland Surg 2013; 2: 206-211.
Nucera C, Goldfarb M, Hodin R and Parangi S.
Role of B-Raf (V60OOE) in differentiated thyroid
cancer and preclinical validation of com-
pounds against B-Raf (V60OE). Biochim
Biophys Acta 2009; 1795: 152-161.

Kim KH, Kang DW, Kim SH, Seong 10 and Kang
DY. Mutations of the BRAF gene in papillary
thyroid carcinoma in a Korean population.
Yonsei Med J 2004; 45: 818-821.

Kim TY, Kim WB, Rhee YS, Song JY, Kim JM,
Gong G, Lee S, Kim SY, Kim SC, Hong SJ and
Shong YK. The BRAF mutation is useful for pre-
diction of clinical recurrence in low-risk pa-
tients with conventional papillary thyroid carci-
noma. Clin Endocrinol (Oxf) 2006; 65: 364-
368.

Lee JH, Lee ES, Kim YS, Won NH and Chae YS.
BRAF mutation and AKAP9 expression in spo-
radic papillary thyroid carcinomas. Pathology
2006; 38: 201-204.

Kim KH, Suh KS, Kang DW and Kang DY.
Mutations of the BRAF gene in papillary thyroid
carcinoma and in Hashimoto’s thyroiditis.
Pathol Int 2005; 55: 540-545.

Int J Clin Exp Pathol 2016;9(1):200-207



[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

(34]

206

BRAF mutation in Uyghur patients with PTC

Park SY, Park YJ, Lee YJ, Lee HS, Choi SH, Choe
G, Jang HC, Park SH, Park do J and Cho BY.
Analysis of differential BRAF (V60OE) muta-
tional status in multifocal papillary thyroid car-
cinoma: evidence of independent clonal origin
in distinct tumor foci. Cancer 2006; 107: 1831-
1838.

Xing M, Westra WH, Tufano RP, Cohen Y,
Rosenbaum E, Rhoden KJ, Carson KA, Vasko V,
Larin A, Tallini G, Tolaney S, Holt EH, Hui P,
Umbricht CB, Basaria S, Ewertz M, Tufaro AP,
Califano JA, Ringel MD, Zeiger MA, Sidransky D
and Ladenson PW. BRAF mutation predicts a
poorer clinical prognosis for papillary thyroid
cancer. J Clin Endocrinol Metab 2005; 90:
6373-6379.

Lupi C, Giannini R, Ugolini C, Proietti A, Berti P,
Minuto M, Materazzi G, Elisei R, Santoro M,
Miccoli P and Basolo F. Association of BRAF
VB600OE mutation with poor clinicopathological
outcomes in 500 consecutive cases of papil-
lary thyroid carcinoma. J Clin Endocrinol Metab
2007; 92: 4085-4090.

Kebebew E, Weng J, Bauer J, Ranvier G, Clark
OH, Duh QY, Shibru D, Bastian B and Griffin A.
The prevalence and prognostic value of BRAF
mutation in thyroid cancer. Ann Surg 2007;
246: 466-470; discussion 470-461.

Elisei R, Ugolini C, Viola D, Lupi C, Biagini A,
Giannini R, Romei C, Miccoli P, Pinchera A and
Basolo F. BRAF (V600OE) mutation and out-
come of patients with papillary thyroid carci-
noma: a 15-year median follow-up study. J Clin
Endocrinol Metab 2008; 93: 3943-3949.
Trovisco V, Soares P, Preto A, de Castro IV, Lima
J, Castro P, Maximo V, Botelho T, Moreira S,
Meireles AM, Magalhaes J, Abrosimov A,
Cameselle-Teijeiro J and Sobrinho-Simoes M.
Type and prevalence of BRAF mutations are
closely associated with papillary thyroid carci-
noma histotype and patients’ age but not with
tumour aggressiveness. Virchows Arch 2005;
446: 589-595.

Abubaker J, Jehan Z, Bavi P, Sultana M, Al-
Harbi S, Ibrahim M, Al-Nuaim A, Ahmed M,
Amin T, Al-Fehaily M, Al-Sanea O, Al-Dayel F,
Uddin S and Al-Kuraya KS. Clinicopathological
analysis of papillary thyroid cancer with PIK3CA
alterations in a Middle Eastern population. J
Clin Endocrinol Metab 2008; 93: 611-618.

Liu RT, Chen YJ, Chou FF, Li CL, Wu WL, Tsai PC,
Huang CC and Cheng JT. No correlation be-
tween BRAFVE0OE mutation and clinicopatho-
logical features of papillary thyroid carcinomas
in Taiwan. Clin Endocrinol (Oxf) 2005; 63: 461-
466.

Namba H, Nakashima M, Hayashi T, Hayashida
N, Maeda S, Rogounovitch TI, Ohtsuru A,
Saenko VA, Kanematsu T and Yamashita S.

[35]

[36]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Clinical implication of hot spot BRAF mutation,
V599E, in papillary thyroid cancers. J Clin
Endocrinol Metab 2003; 88: 4393-4397.

Ito Y, Yoshida H, Maruo R, Morita S, Takano T,
Hirokawa M, Yabuta T, Fukushima M, Inoue H,
Tomoda C, Kihara M, Uruno T, Higashiyama T,
Takamura Y, Miya A, Kobayashi K, Matsuzuka F
and Miyauchi A. BRAF mutation in papillary
thyroid carcinoma in a Japanese population:
its lack of correlation with high-risk clinicopath-
ological features and disease-free survival of
patients. Endocr J 2009; 56: 89-97.

Xu S and Jin L. A genome-wide analysis of ad-
mixture in Uyghurs and a high-density admix-
ture map for disease-gene discovery. Am J
Hum Genet 2008; 83: 322-336.

Nikiforova MN, Kimura ET, Gandhi M, Biddinger
PW, Knauf JA, Basolo F, Zhu Z, Giannini R,
Salvatore G, Fusco A, Santoro M, Fagin JA and
Nikiforov YE. BRAF mutations in thyroid tumors
are restricted to papillary carcinomas and ana-
plastic or poorly differentiated carcinomas
arising from papillary carcinomas. J Clin
Endocrinol Metab 2003; 88: 5399-5404.
Xing M. BRAF mutation in thyroid cancer.
Endocr Relat Cancer 2005; 12: 245-262.

Kim SK, Song KH, Lim SD, Lim YC, Yoo YB, Kim
JS and Hwang TS. Clinical and pathological
features and the BRAF (V60OE) mutation in
patients with papillary thyroid carcinoma with
and without concurrent Hashimoto thyroiditis.
Thyroid 2009; 19: 137-141.

Nakayama H, Yoshida A, Nakamura Y, Hayashi
H, Miyagi Y, Wada N, Rino Y, Masuda M and
Imada T. Clinical significance of BRAF (V60OE)
mutation and Ki-67 labeling index in papillary
thyroid carcinomas. Anticancer Res 2007; 27:
3645-3649.

Henderson YC, Shellenberger TD, Williams
MD, El-Naggar AK, Fredrick MJ, Cieply KM and
Clayman GL. High rate of BRAF and RET/PTC
dual mutations associated with recurrent pap-
illary thyroid carcinoma. Clin Cancer Res 2009;
15: 485-491.

Oler G and Cerutti JM. High prevalence of BRAF
mutation in a Brazilian cohort of patients with
sporadic papillary thyroid carcinomas: correla-
tion with more aggressive phenotype and de-
creased expression of iodide-metabolizing
genes. Cancer 2009; 115: 972-980.

Lee X, Gao M, JiY,YuY, Feng Y, Li Y, Zhang Y,
Cheng W and Zhao W. Analysis of differential
BRAF (V60OE) mutational status in high ag-
gressive papillary thyroid microcarcinoma. Ann
Surg Oncol 2009; 16: 240-245.

Rodolico V, Cabibi D, Pizzolanti G, Richiusa P,
Gebbia N, Martorana A, Russo A, Amato MC,
Galluzzo A and Giordano C. BRAF V60OOE muta-
tion and p27 kipl expression in papillary carci-

Int J Clin Exp Pathol 2016;9(1):200-207



BRAF mutation in Uyghur patients with PTC

nomas of the thyroid < or = 1 cm and their [46] Fugazzola L, Mannavola D, Cirello V, Vannucchi
paired lymph node metastases. Cancer 2007; G, Muzza M, Vicentini L and Beck-Peccoz P.
110: 1218-1226. BRAF mutations in an Italian cohort of thyroid

[45] Xu X, Quiros RM, Gattuso P, Ain KB and Prinz cancers. Clin Endocrinol (Oxf) 2004; 61: 239-
RA. High prevalence of BRAF gene mutation in 243.

papillary thyroid carcinomas and thyroid tumor
cell lines. Cancer Res 2003; 63: 4561-4567.

207 Int J Clin Exp Pathol 2016;9(1):200-207



