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Abstract: Objective: Thyroid cancer is a common malignant tumor occurred in head and neck. Studies also shown
that the occurrence and development of thyroid cancer is related with some genes and gene polymorphisms. In this
study, we used case control to test the polymorphisms of rs1799939 in RET gene exon 11. Methods: A total of 350
cases of papillary thyroid carcinoma (PTC) were collected, 320 healthy control were recruited from subject received
routine medical examination. Their PCR product from blood sample and gene sequencing were performed to con-
firm their polymorphism distribution of rs1799939 in RET gene. Results: There is no difference in age and gender
distribution between the 2 groups. correlation analysis showed the three genotypes frequency distribution (G/G,
G/A and A/A) have no significant difference between PTC group and control group. There is statistical difference
between PTC patients with different gender in gene frequency of rs1799939 site distributions (G/G, G/A and A/A)
but not healthy control. In addition, the allele frequency distribution of G/A also have statistical difference (in gender
frequency). “A” allele in rs1799939 did not increase the risk of PTC occurrence in female group. Conclusions: The
polymorphism of rsI799939 locus is associated with the occurrence and development of PTC in the Han population
in southern China.
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Introduction tion, the clinical manifestations of thyroid carci-
noma in early stage is similar to benign thyroid

Thyroid cancer is a common malighant tumor tumor, this easily lead to misdiagnosis and

occurred in head and neck [1]. Thyroid cancer
accounted for 1% in all of the body malignant
tumor, and mainly includes 4 kinds of types:
papillary thyroid carcinoma (PTC), medullary
thyroid carcinoma (MTC), follicular carcinoma
and undifferentiated carcinoma, of them, PTC
is the most common type [2, 3]. The key point
of treating thyroid cancer relying on timely early
diagnosis. Neck ultrasonography, thyroid scin-
tigraphy, fine needle aspiration cytology and CT
examination are commonly usedclinical diagno-
sis methods for thyroid carcinoma [4-7].
However, the clinical diagnostic accuracy of thy-
roid cancer needs to be improved,even with the
help of imaging, preoperative diagnosis rate of
thyroid cancer is only about 50% [8]. An addi-

missed diagnosis of thyroid cancer [9, 10].

Tumor marker detection has the advantages of
easy operation, high sensitivity and high speci-
ficity, and it has gradually become one of the
important methods for the early diagnosis of
thyroid cancer. The commonly used hematologi-
cal markers in clinical ismainly the functional
marker of thyroglobulin, such as Tg, T3, T4, FT3,
FT4, TSH and TPO, etc., while the specific mark-
ers are rare for the diagnosis of benign and
malignant thyroid cancer. The pathogenesis of
thyroid cancer has not yet entirely clear, a study
showed that women, Asians, highly educated, a
history of thyroid goiter, neck received radiation
and a family history of thyroid disease are risk
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Table 1. Tested result of Hardy-Weinberg
genetic equilibrium of rslI799939 sites

Group HO HE X2 P
Control 0.168 0.157 1.121 0.277
PTC 0.191 0.174 1.419 0.251

Note: HO means “observed heterozygosity”, HE means
expected heterozygosity, df=1.

factors for thyroid cancer [11]. Studies also
shown that the occurrence and development of
thyroid cancer is related with some genes and
gene polymorphisms, single nucleotide poly-
morphism (SNP) refers to the difference in the
same sequence of single nucleotide (single ba-
se conversion, insertion and deletion) between
different individuals, and SNP the generally-
means the two and other single nucleotide sub-
stitution. Researches have reported that RET
proto oncogene, TSHR gene, BRAF gene and
Ras gene were related with the occurrence of
thyroid cancer.

RET protein is a transmembrane tyrosine ki-
nase receptor protein, its coding gene is locat-
ed in chromosome 10q11.2. The shearing of
the 3’ end of RET gene in different ways form
three different forms of protein: RET9, RET43,
and RET51. RET protein is activated through
binding to ligands protein of glial cell line-
derived neurotrophic factor [12, 13]. Now, it
has been found that RET associated tumor
pathogenesis mainly is the abnormal expres-
sion of RET gene and the mutations of wild-type
RET gene. Lonn [14] and Ho [15] et al and have
reported RET gene polymorphism is related
with the occurrence of thyroid cancer. The
mutationsof RET proto oncogene can cause the
occurrence of thyroid papillary carcinoma, mul-
tiple endocrine adenoma type 2 (men2) and
sporadic medullary thyroid carcinoma (MTC)
[16, 17]. RET proto oncogeneis activated in thy-
roid papillary carcinoma through gene rear-
rangement, and is in activated in type 2 multi-
ple endocrine adenoma and sporadic medullary
thyroid carcinoma via point mutations [18]. The
mutation in men2 wereoccurredin species
level, and it can be passed on to the offspring.
In this study, we used case control to test the
polymorphisms of rs1799939 in RET gene exon
11, and investigatedits association with PTC to
provide a genetic basis for the pathogenesis
study of thyroid cancer.
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Patients and methods
Patients

A total of 350 cases of papillary thyroid carci-
noma (PTC) were collected, the patients were
all diagnosed as PTC by pathology after surgery
in Taizhou Municipal Hospital during 2010 to
2015, PTC was diagnosed according to diagno-
sis treatment guidelines of 2009 American
Thyroid Association of thyroid nodules and dif-
ferentiated thyroid carcinoma [19]. 320 healthy-
control were recruited from subject received
routine medical examination in Taizhou Muni-
cipal hospital from same periods, the age, gen-
der and ethnic distribution and geographic
location in health control were matched with
selected PTC patients. Our research subjects
were all Han population of south China.

The study has been approved and registered in
Ethics Committeeof Taizhou Municipal Hospit-
al Affiliated with Taizhou University in January
2015, the Ethics committee approved relating
screening, and data collection of these pati-
ents, all subjects signed written informed con-
sent form. All works were undertaken following
the provisions of the Declaration of Helsinki.

Sample collection and DNA extraction

5 ml of peripheral venous blood was drawn to
vacuum blood tube containing ethylene diamine
tetraacetic acid (EDTA) from each subject. The
samples were then stored at -20°C to prepare
for the extraction of genomic DNA. The DNA
was extracted bya Promega trace DNA Extr-
action Kit (Madison, WI, USA); the DNA content-
was used to detected using UV spectrophotom-
eter (Beckman DUG40, Brea, CA, USA). The
absorbance value of A260/A280 ratio should
be 1.6~2.0; extracted DNA was preserved in
4°C refrigerator.

Primer design and gene sequencing for geno-
type confirmation

The primers were designed by Premier Primer 5
software according to the template sequence
of rsl799939 site of RET gene in NCBI SNP
database. Upstream primer: 5-CACAAGCCAC-
CCATCTCC-3’, downstream primer: 5’-GAACGG-
CACCTCATCATAGTC-3’, the length of PCR prod-
uct fragment is 342 BP. The PCR product was
send for direct gene sequencing to confirm
their polymorphism distribution, the sequenc-
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Table 2. Distribution of genotypes frequency and the al-
lele frequency of rs1799939 sites (N(%)] in PTC patients

The average age of PTC patients was
45.3249.24 year; 73 of them were male

and healthy control

and 277 of them were female. The aver-

Control N (%) PTC N (%)

age of healthy control were 43.86+10.28

Genotypes frequency GG 239 (74.7%) 252 (72.0%)
GA 62(19.4%) 74 (21.1%)
AA 19 (5.94%) 24 (6.86%)
G 540(84.4%) 578(82.6)
A 100 (15.6%) 122 (17.4%)

Allelic frequency

0.725

year; 86 of them were male and 234 of
them were female. Comparison results
showed there is no difference in age and
gender distribution between the 2 gro-
ups (P=0.466 and 0.714, respectively).

0.379

Table 3. Distribution of genotypes frequency
and the allele frequency of rs1799939 sites
N (/%) in PTC patients with different gender
Male Female
N (%) N (%)
Genotypes frequency GG 59 193
GA 13 61
AA 1 23 0.029
Allelic frequency G 131 447
A 14 107  0.006

P

Table 4. Distribution of genotypes frequency
and the allele frequency of rs1799939 sites
N (/%) in healthy control with different gender
Male Female
N (%) N (%) P
86 234
Genotypes frequency GG 61 178
GA 16 46
AA 6 13 0.845
Allelic frequency G 138 402
A 28 72 0.620

ing company is Life Technology Ltd (Shang Hai,
China).

Statistical analysis

Data analysis was performed using SPSS 19.0
statistical software, chi square test of good-
ness - of - fit testswhether the genotype distri-
bution of the 2 groups were consistent with the
Hardy-Weinberg's law of equilibrium, and
whether the genotype of the locus, allele fre-
quency distribution of allele was associated
with PTC.

Results
Demographic data

A total of 350 cases of patient with PTC and
320 health control were recruited successfully.
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PCR amplification and enzyme cutting

The rsI799939 sites of RET gene is a dimorphic
SNPs containing 2 allelic genes: G and A. The
PCR amplified length for gene fragments is 342
bp. We send the PCR product for gene sequenc-
ing, and detected three genotypesrespectively:
homozygous incised G/G genotype, heterozy-
gous incised G/A genotype and thehomozygous
unincisedgenotype of A/A.

Hardy-Weinberg genetic equilibrium test

Goodness - of - fit test showed the genotype fre-
quency distribution in the PTC group and con-
trol group are in line with the Weinberg - Hardy
genetic equilibrium law (P>0.05, Table 1).

Correlation analysis of rs1799939 sites with
PTC

Correlation analysis showed the threegeno-
types frequency distribution (G/G, G/A and A/A)
have no significant difference between PTC
group and control group (Table 2); the allele fre-
quency distribution of G/A also did not have sig-
nificant difference between PTC group and con-
trol group (Table 2).

Rs1799939 sites distribution in patients with
different gender

We divided PTC patients into two groups acco-
rding to their gender: male and female group.
The gene frequency and allele frequency dis-
tribution results showed that there is statisti-
cal difference between PTC patients with differ-
ent gender in gene frequency of rs1799939
site distributions (G/G, G/A and A/A). In addi-
tion, the allele frequency distribution of G/A
also have statistical difference (Table 3). Alt-
hough the genotype frequency on rs1799939
site is significant different between male and
female in PTC patients, we did not find same
result in healthy control (Table 4), there is no
significant difference between genders in
healthy control.

Int J Clin Exp Pathol 2016;9(10):10707-10713
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Table 5. Relationship between rs1799939 polymorphisms of RET with PTC risk in female group

Female control N (%)

Female PTC N (%) P

OR (95% Cl)

Genotypes frequency GG 178
GA 46
AA 13

Allelic frequency G 402
A 72

193
61 0.381 1.223 (0.793-1.887)
23 0.221 1.632 (0.802-3.319)
447
107 0.084 1.337 (0.963-1.855)

“‘A” allele in rs1799939 did not increase the
risk of PTC occurrence in female group

As shown in Table 5, among PTC female
patients, although there was higher ratio of AA
genotype and A allele compared to male group,
there is no significant difference of genotype
distribution between PTC female patients and
female healthy control. Although there is pos-
sibility of A allele could increase the risk of PTC
in female population, but the p value is 0.084,
above 0.05.

Discussions

The international agency for research for can-
cer of World Health Organization: the thyroid
cancer incidence rate of male increased from
of 1.2/million to 1.5/10 million from year 2000
to 2008; the female incidence rate increased
from 3.0/10 million to 4.7/million from year
2000s to 2008 word widely (http://www.iarc.
fr/). Theincidence rate of thyroid cancer shows
an increasing trend in recent years, and the
incidence rate of female were higher than male
all over the world [20].

Early detection and early diagnosis of thyroid
cancer are very important for patients with thy-
roid cancer, because the early treatment of thy-
roid cancer could improve the cure rate signifi-
cantly [21, 22]. There are mainly 3 kind of
methods for the diagnosis of thyroid cancer
currently: physics, histocytology and chemical
methods [23-25]. Carotid ultrasonography, CT,
fine needle aspiration cytology, thyroid radionu-
clide scanning inspection methods are com-
monly used inclinical, they all belong to the-
physics and histocytology method. However,
theyare mostly used for advanced thyroid can-
cer diagnosis, the operationsare complex and
the cost are high, and there is a certain degree
of misdiagnosis. Tumor marker detection has
the advantages of easy operation, high sensi-
tivity and high specificity, and it has gradually
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become one of the important methods for the
early diagnosis of thyroid cancer.

Papillary thyroid carcinoma (PTC) is the most
common type of malignant thyroid tumors origi-
nated from thyroid follicular epithelial cells, and
PTC accounted for 80% of the thyroid cancer
[26]. RET proto oncogene mainly involved in
regulating the normal physiological function of
cells. It plays an important role in regulating the
proliferation, differentiation and migration of
neural crest cells and the development of
enteric nervous system [18]. The activation
mechanism of RET proto oncogene in papillary
thyroid carcinoma is gene rearrangement.
There are mainly 3 kinds of gene rearrange-
ment: the ret gene rearranged with H4 and RFG
gene at the same chromosome produces onco-
gene ret/ptcl and ret/ptc3; and ret gene rear-
ranged with Rla gene at chromosome 17 pro-
ducesoncogene ret/ptc2 gene. Rearrangement
of ret gene causecontinuous activation of tyro-
sine kinase function area of its encoding pro-
tein, thus caused malignant transformation of
cells through the downstream signaling path-
ways [27, 28].

Researches have demonstrated that missense
germline mutations in the RET proto-oncogene
is the susceptibility gene for familial medullary
thyroid cancer (FMTC) and multiple endocrine
neoplasia type 2 (MEN2) [29]. Elisei et al [30]
detected rs1799939 locus gene type in 106
healthy people and 106 MTC patients, they
found the occurrence of MTC was correlated
with rs1799939; A meta-analysis performed by
Figlioli et al [31] also confirmed that polymor-
phisms of rsI799939 locus increase the risk of
thyroid cancer. However, in our study, we did
not find genotypes frequency distribution (G/G,
G/A and A/A) have statistical difference
between PTC group and control group, this
result is different from some other studies.
Although we did not prove the role rs1799939
polymorphism in PTC, we did demonstrate that

Int J Clin Exp Pathol 2016;9(10):10707-10713
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there is significantly difference between female
and male population in PTC group, and female
has higher ratio of A allele. It has possibility that
A allele can increase the risk of PTC in female
population, of course, this hypothesis need fur-
ther study to be confirmed.

Interestingly, research performed by Ho et al
showed the genotype distributions were similar
between differentiated thyroid carcinoma (DTC)
cases and benign thyroid disease (BTD) cases;
Polymorphic allele frequencies were similar
between the cases and controls in exons 11 of
the RET proto-oncogene. His research is incon-
sistent with our results, this may cause by the
following reason: firstly, the sample size is rela-
tive small, which limited the quantity of provid-
ed information, and could not draw the conclu-
sion that the results were statistically signifi-
cant, Ho’s research include 163 patients par-
ticipant, of whom 101 had DTC and 62 had
BTD, the relatively small sample size may have
a certain impact on the conclusion. Secondly,
the pathogenesis of thyroid cancer is not very
clear, in addition to the known signal transduc-
tion pathway of RAF/MEK/ERK and PI3K/Akt,
there may still exist other unknown pathway pl-
ays an important role. Thirdly, except for genet-
ic factors, environmental factors also play imp-
ortant role in the occurrence and development
of thyroid cancer, the differences between re-
search object with the control in the geographi-
cal location, genetic background, race and liv-
ing environment may cause the negative res-
ults. In addition, the recruited subject was PTC
patients, this also has difference with DTC
patient and could cause different conclusions.

To sum up, our study finds that the polymor-
phism of rsl799939 locus is associated with
the occurrence and development of PTC in the
Han population in southern China. Further
study is needed to expand the sample size and
increase studied polymorphic loci site and
simultaneous detecting thyroid carcinoma
related genes and analyzing gene-gene interac-
tions and gene-environment interaction, to fur-
ther explore the pathogenesis of thyroid
cancer.

Disclosure of conflict of interest

None.

10711

Address correspondence to: Dong-Guo Wang, De-
partment of Clinical Laboratory Medicine, Taizhou
Municipal Hospital Affiliated with Taizhou University,
381 East Road of Zhongshan, Taizhou 318000,
Zhejiang, China. E-mail: dongguowang65@163.com

References

[1]  Wei WJ, Shen CT, Song HJ, Qiu ZL and Luo QY.
MicroRNAs as a potential tool in the differen-
tial diagnosis of thyroid cancer: a systematic
review and meta-analysis. Clin Endocrinol (Oxf)
2016; 84: 127-33.

[2] DaviesL, Morris LG, Haymart M, Chen AY, Gold-
enberg D, Morris J, Ogilvie JB, Terris DJ, Netter-
ville J, Wong RJ, Randolph G; AACE Endocrine
Surgery Scientific Committee. American Asso-
ciation of Clinical Endocrinologists and Ameri-
can College of Endocrinology Disease State
Clinical Review: The Increasing Incidence of
Thyroid Cancer. Endocr Pract 2015; 21: 686-
696.

[3] Kobaly K, Mandel SJ and Langer JE. Clinical
review: Thyroid cancer mimics on surveillance
neck sonography. J Clin Endocrinol Metab
2015; 100: 371-375.

[4] Poehls JL, Chen H and Sippel RS. Preoperative
ultrasonography findings predict the need for
repeated surgery in papillary thyroid cancer.
Endocr Pract 2012; 18: 403-409.

[5] Lee SM, Lee JW, Kim SY, Han SW and Bae WK.
Prediction of risk for symptomatic sialadenitis
by post-therapeutic dual (131)I scintigraphy in
patients with differentiated thyroid cancer. Ann
Nucl Med 2013; 27: 700-709.

[6] Choi WJ and Baek JH. Role of core needle bi-
opsy for patients with indeterminate, fine-nee-
dle aspiration cytology. Endocrine 2014; 45:
1-2.

[7]1  LiuX,OuyangD, LiH, ZhangR, LvY, Yang Aand
Xie C. Papillary thyroid cancer: dual-energy
spectral CT quantitative parameters for preop-
erative diagnosis of metastasis to the cervical
lymph nodes. Radiology 2015; 275: 167-176.

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

[9] Buryk MA, Simons JP, Picarsic J, Monaco SE,
Ozolek JA, Joyce J, Gurtunca N, Nikiforov YE
and Feldman Witchel S. Can malignant thyroid
nodules be distinguished from benign thyroid
nodules in children and adolescents by clinical
characteristics? A review of 89 pediatric pa-
tients with thyroid nodules. Thyroid 2015; 25:
392-400.

[10] Daoud SA, Esmail RS, Hareedy AA and Khalil A.
Stromal modulation and its role in the diagno-

Int J Clin Exp Pathol 2016;9(10):10707-10713


mailto:dongguowang65@163.com

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

RET gene polymorphism and papillary thyroid carcinoma

sis of papillary patterned thyroid lesions. Asian
Pac J Cancer Prev 2015; 16: 3307-3312.
Iribarren C, Haselkorn T, Tekawa IS and Fried-
man GD. Cohort study of thyroid cancer in a
San Francisco Bay area population. Int J Can-
cer 2001; 93: 745-750.

JuYS, Lee WC, Shin JY, Lee S, Bleazard T, Won
JK, Kim YT, Kim JI, Kang JH and Seo JS. A
transforming KIF5B and RET gene fusion in
lung adenocarcinoma revealed from whole-ge-
nome and transcriptome sequencing. Genome
Res 2012; 22: 436-445.

American Thyroid Association Guidelines Task-
force on Thyroid N, Differentiated Thyroid C,
Cooper DS, Doherty GM, Haugen BR, Kloos RT,
Lee SL, Mandel SJ, Mazzaferri EL, Mclver B,
Pacini F, Schlumberger M, Sherman SI, Stew-
ard DL and Tuttle RM. Revised American Thy-
roid Association management guidelines for
patients with thyroid nodules and differentiat-
ed thyroid cancer. Thyroid 2009; 19: 1167-
1214.

Lonn S, Bhatti P, Alexander BH, Pineda MA,
Doody MM, Struewing JP and Sigurdson AJ.
Papillary thyroid cancer and polymorphic vari-
ants in TSHR- and RET-related genes: a nested
case-control study within a cohort of U.S. radio-
logic technologists. Cancer Epidemiol Biomark-
ers Prev 2007; 16: 174-177.

Santos M, Azevedo T, Martins T, Rodrigues FJ
and Lemos MC. Association of RET genetic
polymorphisms and haplotypes with papillary
thyroid carcinoma in the Portuguese popula-
tion: a case-control study. PLoS One 2014; 9:
€109822.

Nakao KT, Usui T, Ikeda M, Mori Y, Yamamoto T,
Kawashima ST, Nanba K, Yuno A, Tamanaha T,
Tagami T, Naruse M, Asato R and Shimatsu A.
Novel tandem germline RET proto-oncogene
mutations in a patient with multiple endocrine
neoplasia type 2B: report of a case and a lit-
erature review of tandem RET mutations with
in silico analysis. Head Neck 2013; 35: E363-
368.

Neocleous V, Skordis N, Portides G, Efstathiou
E, Costi C, loannou N, Pantzaris M, Anastasi-
adou V, Deltas C and Phylactou LA. RET proto-
oncogene mutations are restricted to codon
618 in Cypriot families with multiple endocrine
neoplasia 2. J Endocrinol Invest 2011; 34:
764-769.

Hedayati M, Yeganeh MZ, Sheikholeslami S
and Afsari F. Diversity of Mutations in the RET
proto-oncogene and its Oncogenic Mechanism
in Medullary Thyroid Cancer. Crit Rev Clin Lab
Sci 2015; 1-35.

Perros P; American Thyroid Association. 2009
American Thyroid Association guidelines on

10712

[20]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

thyroid nodules. Clin Oncol (R Coll Radiol)
2010; 22: 469-471.

Pellegriti G, Frasca F, Regalbuto C, Squatrito S
and Vigneri R. Worldwide increasing incidence
of thyroid cancer: update on epidemiology and
risk factors. J Cancer Epidemiol 2013; 2013:
965212.

O’Grady TJ, Gates MA and Boscoe FP. Thyroid
cancer incidence attributable to overdiagnosis
in the United States 1981-2011. Int J Cancer
2015; 137: 2664-2673.

Feng X, Milas M, O’Malley M, LaGuardia L, Ber-
ber E, Jin J, Metzger R, Mitchell J, Shin J, Burke
CA, Kalady M, Church J and Siperstein A. Char-
acteristics of benign and malignant thyroid dis-
ease in familial adenomatous polyposis pati-
ents and recommendations for disease sur-
veillance. Thyroid 2015; 25: 325-332.

Andrioli M and Persani L. Elastographic tech-
niques of thyroid gland: current status. Endo-
crine 2014; 46: 455-461.

Huger S, Graff P, Harter V, Marchesi V, Royer P,
Diaz JC, Aouadi S, Wolf D, Peiffert D and Noel
A. Evaluation of the Block Matching deform-
able registration algorithm in the field of head-
and-neck adaptive radiotherapy. Phys Med
2014; 30: 301-308.

Eszlinger M, Krogdahl A, Munz S, Rehfeld C,
Precht Jensen EM, Ferraz C, Bosenberg E, Dri-
eschner N, Scholz M, Hegedus L and Paschke
R. Impact of molecular screening for point mu-
tations and rearrangements in routine air-
dried fine-needle aspiration samples of thyroid
nodules. Thyroid 2014; 24: 305-313.

Chruscik A and Lam AK. Clinical pathological
impacts of microRNAs in papillary thyroid carci-
noma: A crucial review. Exp Mol Pathol 2015;
99: 393-398.

Thomas GA, Bunnell H, Cook HA, Williams ED,
Nerovnya A, Cherstvoy ED, Tronko ND, Bogda-
nova Tl, Chiappetta G, Viglietto G, Pentimalli F,
Salvatore G, Fusco A, Santoro M and Vecchio
G. High prevalence of RET/PTC rearrange-
ments in Ukrainian and Belarussian post-Cher-
nobyl thyroid papillary carcinomas: a strong
correlation between RET/PTC3 and the solid-
follicular variant. J Clin Endocrinol Metab
1999; 84: 4232-4238.

Salvatore G, Chiappetta G, Nikiforov YE, De-
caussin-Petrucci M, Fusco A, Carney JA and
Santoro M. Molecular profile of hyalinizing tra-
becular tumours of the thyroid: high preva-
lence of RET/PTC rearrangements and ab-
sence of B-raf and N-ras point mutations. Eur J
Cancer 2005; 41: 816-821.

Machens A, Lorenz K, Sekulla C, Hoppner W,
Frank-Raue K, Raue F and Dralle H. Molecular
epidemiology of multiple endocrine neoplasia
2: implications for RET screening in the new

Int J Clin Exp Pathol 2016;9(10):10707-10713



RET gene polymorphism and papillary thyroid carcinoma

millenium. Eur J Endocrinol 2013; 168: 307- [31] Figlioli G, Landi S, Romei C, Elisei R and Gemi-
314. gnani F. Medullary thyroid carcinoma (MTC)

[30] eElisei R, Cosci B, Romei C, Bottici V, Sculli M, and RET proto-oncogene: mutation spectrum
Lari R, Barale R, Pacini F and Pinchera A. RET in the familial cases and a meta-analysis of
exon 11 (G691S) polymorphism is significantly studies on the sporadic form. Mutat Res 2013;
more frequent in sporadic medullary thyroid 752: 36-44.

carcinoma than in the general population. J
Clin Endocrinol Metab 2004; 89: 3579-3584.

10713 Int J Clin Exp Pathol 2016;9(10):10707-10713



