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Abstract :

Background and objective: DNA methylation serves as an alternative to the
mutational inactivation due to epigenetic event that alters gene expression without
changing its DNA sequence. Such alterations may silence putative DNA repair genes
and tumor suppressor genes whose role is undisputed in malignant transformation.
This study was performed to detect the frequency of p53 and PTEN methylation in
different thyroid cancers.

Method: Using methylation specific PCR methods, DNA was extracted from 76
surgically resected thyroid tissues with primary cancer. The target (p53, PTEN tumor
suppressor genes) DNA was amplified with the mutation-specific primers.

Results: p53 gene complete methylation and partial methylation were 13.2%, and
17.1% respectively, whereas PTEN complete methylation and partial methylation
were 18.4% and 23.7% respectively. Complete p53 methylation was significantly
frequent among Anaplastic thyroid cancer (ATC) cases (50.0%) compared with other
thyroid cancer, followed by Follicular thyroid cancer (FTC) (33.3%). Papillary
carcinoma cases were more likely to be unmethylated for p53 gene. Despite the trend
of negatively associated PTEN complete methylation with any of the studied
clinicopathological parameters, however, merging partial with complete methylation
gave a significant association of PTEN methylation with FTC and, inversely, there
was low link with Papillary thyroid cancer (PTC).

Conclusion: Combined silencing of PTEN and p53 faithfully reproduces the
development of ATC, and may provide a compelling rationale for a future target
chemotherapy. p53 methylation appears low among early staged (T1, T2 and NO)
tumors may indicate that p53 silencing is a hallmark of advanced tumors and so has
bad ominous sign. PTEN methylation is also significantly associated with follicular
carcinoma whereas, inversely, low in papillary carcinoma.

Keyword : p53, PTEN Tumor, DNA methylation, Gene Methylation

Introduction

Despite a relatively its low prevalence, thyroid cancer accounts for a disproportionate
number of cancer-related deaths. Like other cancers, thyroid carcinoma initiation and
advancement occur through gradual accumulation of numerous genetic modulation.
Attentions have focused on p53 and phosphatase andtensin homolog (PTEN)
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inactivation, through deletion, mutation or gene methylation, which has been found to
be associated with advanced cancer type and stage . A notice at a later stage
disease, progressive loss of differentiation in high grade and advanced thyroid
carcinomas are evolved by inactivation of p53 and PTEN genes &% 6789

The field of epigenetics refers to the genomic changes that alter gene expression
without changing the DNA sequence itself. Such alterations may cause silencing of
several putative DNA repair genes and tumor suppressor genes, whose role is
undisputed during malignant transformation. DNA methylation that can serve as an
alternative to mutational inactivation is a going to be a well-known epigenetic event
in cancer . Therapy researches on inactivated genes include transfection with wild-
type gene enable to increase the therapeutic effect of radioiodine through regulating
the expression of the Sodium/lodide Symporter (NIS) ®* ') The current study might
provide an insight into methylation signature of p53 and PTEN tumor suppressor gene
in thyroid carcinoma in Duhok-Iraq.

METHODS

Patient selection and histologic evaluation: The study was conducted during a
period extended from April, 2016 to February, 2017 in the General Laboratory and
Research Center, Duhok-Iragq. Methylation was performed on 76 formalin fixed/
paraffin embedded thyroid cancer tissue collected from archives of the
Histopathology Unit of General Central Laboratory and Vin Private Laboratory in
Duhok-Irag. No patient had received chemotherapy or radiation therapy prior to
surgery. Clinical information about the patient's age, sex, tumor size and lymph nodes
was obtained from the available histopathological reports and from patient’s files in
Azadi Teaching Hospital and Vin Private Hospital. Three mm-thick tissue sections
were taken. Hematoxylin and Eosin (H&E) stained sections were re-examined by the
pathologist for definite confirmation. Cases diagnosed histopathologically as
anaplastic carcinoma were further subjected to immunohistochemistry (IHC) to
confirm the diagnosis.

After definite diagnosis, cases were grouped into lymphocyte rich thyroiditis
associated tumors and those without inflammation.

Tumor staging was based on the pathology report as well as the microscopic
examination of the primary tumor, thyroid capsule, adjacent tissue and any associated
structure if available (T). Sections from all the lymph nodes (N) were examined
microscopically, this in addition to the clinical data concerning extrathyroid
radiologic assessment for distant metastasis (M). Pathologic staging was given
according to the WHO pathological (TNM) staging system %
Immunohistochemistry was carried out to confirm the diagnosis of anaplastic
carcinoma and equivocal papillary and follicular carcinomas, using the fully
automated immunostainers (Dako Denmark, Link48 and automated Ventana
Benchmark) according to the instructions supplied by the manufacturer’s (Ventana)
and as described previously by some researchers “*>'%_Initially, a basic panel of
antibodies (Vimentin, pankeratin and S-100 protein) was applied. Subsequently, an
additional panel of antibodies (CK7, CK20, CK19, HBME, CD56, TG and TTF1) was
used. For MTC, calcitonin, CD56, NSE and chromogranin were added >,
Molecular Biology: Tumor DNA was extracted by proteinase K digestion (6 ng/mL
at 55C for 18 to 24 hours under continuous stirring) and a QlAamp DNA FFPE
Tissue Kit (QAlamp DNA FFPE Tissue Handbook, 2012). Then DNA was measured
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by Nano Drop and Gel electrophoresis. The methylation specific PCR was used to
analyze p53 and PTEN methylation in 76 thyroid cancer samples. The molecular
findings were monitored using electrophoresis on 1 % agarose gel containing
Ethidium Bromide dye and directly visualized under UV illumination. Data analysis
was achieved according to the instructions provided by the Kits.

Statistical analysis.

Statistical analysis were performed by Statistical Package for Social Sciences 24
(SPSS 24; IBM Corp; USA). Pearson Chi-square and Fishers’ exact test. The
predictors of p53 and PTEN methylation and un-methylation positivity was examined
in univariate analysis of variance. The P-value of less than 0.05 was considered
statistically significant difference.

RESULTS

The mean patient’s age was 41.04 years (ranged, 19-72; median, 40) with 1:2 male to
female ratio. Pathologically, 63 (82.9%) cases were papillary carcinoma, 9 (11.8%)
follicular carcinoma, 4 (5.3%) anaplastic carcinoma. Concerning the stage, 30
(39.5%) cases were at T1 followed by 27 (35.5%) at T4, 12 (15.8%) at T3 and 7
(9.2%) at T2. Forty three (56.6 %) cases were at NO and 33 (43.4%) were at N1.
Metastasis couldn’t be assessed in 75 (98.7 %) cases (MX). Only one case was
reported to have M1 that is positive distant metastasis.

PTEN complete methylation, partial methylation and unmethylation were 18.4%,
23.7% and 57.9% respectively. Whereas p53 gene complete methylation, partial
methylation and unmethylation in thyroid cancer were 13.2%, 17.1% and 69.7%
respectively (Figure 1).
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Figure 1. Methylation statuses of p53 and PTEN genes in thyroid cancer cases
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P53 methylation
Depicted gels of p53 methylation are illustrated in Figure 2.

U

Figure 2. Methylation-specific PCR of the p53 promoter region in tumor
samples.

Plus symbol universally methylated positive control DNA, minus symbol
universally negative control DNA without DNA. The presence of a visible PCR
product in the lane U indicates the presence of unmethylated p53 genes, the
presence of product in the lane M indicates presence of methylated p53 genes.
Sample no. 1, 6 have complete methylated promoter region of p53 gene and
sample no. 2, 3 has partial methylated promoter region of p53 gene and sample
no. 4, 5, 7, 8 unmethylated.

A shown in Table 1, complete methylation of p53 gene was significantly high among
ATC cases (50.0%), followed by FTC (33.3%). Papillary carcinoma cases were more
likely to harbor unmethylated p53 gene (p=0.004). This methylation was significantly
low among low tumor stages, T1/T2 and negative lymph node metastasis (p< 0.001
and 0.002) respectively. Descending frequency of Phi refers to the likelihood
methylation of p53 gene among ATC with its decline among T1/T2 and NO and (Phi:
0.552, Phi: 0.407 and Phi: 0.421) respectively. No statistical differences could be
detected between the mentioned methylation and any of sex, thyroiditis-associated
cancers and papillary variants.

Combining partial and complete p53 methylation together, emphasized the
significantly high association of p53 methylation with ATC in addition to its
significant low frequency among PTC and FTC (p=0.002), T1 and T2 (p< 0.001) and
nodal negativity NO (p= 0.002).
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Table 1: p53 methylation and clinicopathological parameters

‘p/

p53 gene methylation

IC::ImlcaI Complet | Partiall | Negativ Combined p-Value
eatures
e y e p-Value | (complete +
partial)
Thyroid
cancer 1(25.0) | 0.004** | 3(75.0 0.002**
ATC 2600 11290 150" | 100 | oo
PTC 3 (3'3 3 |3 (33'3) (77.8) | 0.421 6 (66.7) 0.387
FTC ' 7 13(33.3)
Sex 1(4.5) 19 0.120** | 3(13.6) 0.044**
Male 2(9.1) 1o (86.4) | Phi: 20 (37.0) Phi: -
Female 8 (14.8) (22.2) 34 0.243 0.231
' (63.0)

Tumor (T) 28
Sats 0(0.0) |2(67) §93'3) <0.001** | 2 (6.7) <0.001**
o 0 (0.0) 0 (0.0) (100.0) Phi: 0 (0.0) Phi:
T3 2(16.7) |4(33.3) 5 (50' 0) 0.552 6 (50.0) 0.530
o 8(296) |7(259) |, 15 (55.6)

(44.9)
z—Ny)mph node | 570y |3(7.0) |37 0.002* 0.002*
o 7(12) |10 (86.0) | Phi: 6 (14.0) Phi:-
N1 (30.3) |16 0.407 17 (51.5) 0.405

(48.5)
'(V'I\j’)taStas's i s 0.132%* 0.303%*
et 9 (12.0) 173) | (707) Phi: 22 (29.3) Phi: -
i 1(100.0) |5 ©0) |0(0.0) 0.297 1 (100.0) 0.175
Associated
ngygﬁ'fe't's r21) 12 39 o |10 (32.8) b
Hashimoto 2(18.2) 1 (20.7) | (67.2) 0 1§7 2 (18 é) 0 1i1
Lymphocytic 1(143) |0(0.0) |9(818) | 5 (28.6) '

1(14.3) | 5 (71.4) '
PTC variant
Conventional 5(106) 1 5(10.6) | 37 0.208** | 10 (21.3) 0.241**
Microscopic 0(0.0) 1(10.0) 1(78.7) P.hi' 1(10 6) P.hi'
Follicular 0(00)  12(50.0)19(0.0) | 4456 |5 50,0) 0.238
0 (0.0) 1(50.0) | 2(50.0) | ™ ' '

Columnar 1 (50.0) 1 (50.0)

*Pearson Chi-square and **Fishers’ exact tests were performed for statistical analyses.

NO: No spread to nearby lymph nodes; N1: Positive spread to nearby lymph nodes;
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| MX: Metastasis cannot be assessed; M1: Positive distant metastasis.

PTEN methylation
Depicted gels of PTEN methylation is illustrated in Figure 3.

M

U

Figure 3. Methylation-specific PCR of the PTEN promoter region in tumor
samples. (+) universally methylated positive control DNA, (-) universally
negative control without DNA. The presence of a visible PCR product in the lane
U indicates the presence of unmethylated PTEN genes, the presence of product
in the lane M indicates presence of methylated p53 genes. Sample no. 1, 5, 7 have
partial methylated promoter region of PTEN gene and sample no. 2, 4, 6, 8 has
complete methylated promoter region of PTEN gene and sample no. 3,
unmethylated.

Despite the trend of negative PTEN methylation toward T1, NO, associated thyroiditis
and papillary carcinoma, no significant association of PTEN gene complete
methylation with any of the studied clinicopathological parameters. Merging partial
with complete methylation, gave a significant association of PTEN methylation with
FTC and, inversely, low link with PTC (p= 0.028). As well, although statistically not
significant, a trend of negative PTEN methylation was found toward T1 and NO and
PTC variants with a relatively favorable prognosis “conventional, follicular and
microcarcinoma” (Table 2).
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Table 2: PTEN gene methylation in regards to clinicopathological status of the
cases (n=76).

PTEN gene methylation

Clinical Complet Combined

features e b Partial | Negative | p-Value | (complete + | p-Value
partial)

Thyroid cancer "ok ok

- 1(25.0) |1(25.0) |2(50.0) |0.104 2 (50.0) 0.028

e 10 (15.9) |13 40 (63.5) | Phi: o1 (3'3 3) Phi: 0.297

3(33.3) |(206) |2(22.2) |0.273 '

FTC 4 (44.4) 7 (77.8)

Sex * -

Male 4(182) |7 4(18'2) 14(636) | T | 7(3L8) 239

Female 10 (18.5) (25.9) 30 (55.6) | g7 23 (42.6) T

Tumor (T)

status 3(10.0) |5(16.7) |22(733) | 0.202** | g (26.7) 0.342**

T1 2(28.6) |1(14.3) |4(57.1) | Phi: ) (28'6) Phi: 0.297

T2 4(33.3) [2(16.7) |6(50.0) |0.332 5 ( 41'7)

T3 5(185) |10 12 (44.4) 15 (55 6

T4 (37.0) (55.6)

Lymph  node

(N) 7(163) |7(16.3) |29(674) |0.129% | 4 (302) 0.060*

NO 7(12) |11 15 (45.5) | Phi: 17 (51'5) Phi: -

N1 (33.3) 0.232 ' 0.216

Metastasis (M) o o

MX 14 (18.7) %284_0) 13(573) | 520 | 30 (40.0) o s

M1 000 | 0.0) 1(100.0) | ;008 0 (0.0)

Negative 12 (20.7) (1220 | 34688 g 2'8:() 22 (37.9) Phi: 0.246

Hashimoto 2 (18.2) 5 (45 5) 4 (36.4) ' 7 (63.6)

Lymphocytic 0 (0.0) 1 (14:3) 6 (85.7) 1(14.3)

crevanant 749 |12 28 (50.6) | 0.045*% | o oo 0.327%*

MiCrosconic 0 (0.0) (25.5) 9(90.0) | Phi: 1(10 d) Phi: 0.230

roscop 2(50.0) |1(10.0) |2(50.0) |0.393 '
Follicular 1(50.0) |0(0.0) 1(50.0) 1 (25.0)
Columnar ' 0 (0:0) ' 1 (50.0)

*Pearson Chi-square and **Fishers’ exact tests were performed for statistical analyses.
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As illustrated in Table 3, absence of both PTEN and p53 methylation was statistically
more pronounced among T1 status, negative nodal metastasis, thyroiditis-carcinoma
coexistence (p= 0.001, < 0.001, 0.02) respectively. As well, this double lack of

methylation was more dominant among papillary type carcinoma.

In contrast,

coexistence of both gene methylation was more prominent among follicular type

carcinoma (p=0.001).

Table 3. Coexistence of p53 and PTEN methylation in the studied cases (n= 76).

'\

&-f/

Methylation status

Database P53+/ P53+/ P53-/ P53-/ P-Value

PTEN+ PTEN- PTEN+ PTEN-
Sex N (%)
Male 1 (4.5) 6(27.3) | 2(9.1) 13(59.1) | 0.231**
Female 11(204) | 12(22.2) | 9(16.7) | 22(40.7)
Tumor N (%)
T1 1(3.3) 7 (23.3) 1(3.3) 21 (70.0)
T2 0 (0.0) 2(286) | 0(0.0) 5(71.4) | 0.001**
T3 3(25.0) 2(16.7) | 3(25.0) | 4(33.3)
T4 8 (29.6) 7(25.9) | 7(25.9) | 5(18.5)
'I-\Iyomph nodeN (%) | 5116) |8(86) | 1(23) 29 (674) | _o g+
N1 7(21.2) 10(30.3) | 10(30.3) | 6(18.2) '
Metastasis N (%0)
MX 12 (16.0) | 18 (24.0) | 10(13.3) | 35(46.7) | 0.145**
M1 0 (0.0) 0 (0.0) 1(100.0) | 0(0.0)
Thyroiditis N (%)
Negative 11(19.0) | 11(19.0) | 8(13.8) | 28(48.3) | 0.021**
Positive 1(14.3) 7(63.6) | 3(325) | 7(89.6)
PapillaryN (%)
Conventional PTC | 3(6.4) 15(31.9) | 7(14.9) | 22(46.8)
Microcarcinoma 0(0.0) 1 (10.0) 1 (10.0) 8 (80.0)
PTC-follicular 1 (25.0) 0 (0.0) 1(25.0) | 2(50.0) | 0.001**
PTC Columnar 1 (50.0) 0 (0.0) 0 (0.0) 1 (50.0)
ATC 1 (25.0) 1(25.0) | 2(50.0) | 0(0.0)
FTC 6 (66.7) 1(11.1) | 0(0.0) 2 (22.2)

47.00 41.3 45.2 36.7
AR (MEETSID) (7.9) (143) | (168 | (118 | 00817

*Pearson Chi-squared,

**Fishers’

exact, and *** Independent t-tests were
performed for statistical analyses. +: Methylation, -: No methylation
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Discussion

p53 Methylation

Inactivation of p53 has been identified as a serious tumor suppressor gene in a variety
of other human cancers “"*®. Surprisingly, little has been published in the literature
about p53 methylation in thyroid malignancy. This methylation was identified in
30.3% of the tested thyroid cancers.

An interesting finding in the present study was the identification of p53 methylation
in three (two complete and one partial) out of four anaplastic carcinoma which
belongs to the most aggressive thyroid cancers. Although the tested number was too
small, however p53 methylation in 75% of ATC and its low frequency among PTC
and FTC (which belong to the low grade thyroid cancers) may reflect the association
of p53 silencing with ominous thyroid cancers. Studies have investigated p53
mutation rather than methylation among thyroid cancers, mainly anaplastic
carcinoma. The frequency of this mutation ranged from 55%-88%, which is rather too
high among anaplastic thyroid carcinoma despite the generally small sample sizes
(Table 3).

Another important finding was that p53 gene methylation was obviously low or nearly
absent among early staged (T1 and T2) tumors and negative nodal metastasis (NO).
Studies have shown that p53 inactivation, as a result of genetic alteration or epigenetic
silencing, is frequent in advanced and aggressive thyroid cancer phenotypes * % 2%
?2.23) " In oncology prospect, our results are consistent with the findings of the effect
of p53 methylation on the progress of different human cancers “* .

Table (3): p53 methylation in thyroid cancer in the literature.

(7ED

&) Online ISSN: 2311-6544 (5 W)
gl

Study p53 Sample | Country | Cancer type and frequency

Alteration | number Totall | PTC | FTC | ATC
y

Current, 2019 Methylatio | 76 Iraq 30.3 22.2 | 66.7 | 75.0
n

Liu etal, 2017"Y [ Mutation | 51 China |- - - 56.86

Landa et al, | Mutation 33 USA - - - 73.0

2016

Latteyer et al, | Mutation 39 German | - - - 60.0

2016%% y

Smallridge et al, | Mutation 22 USA - - - 55.0

2009

Quiros et al, | Mutation 8 USA - - - 88.0

2005

In two separate studies, Yamashita, et al have found that usually full methylation of
the DNA promoter (rich in CpG bi- nucleotides) is crucial for complete gene
deactivation, but although small fractions of unmethylated alleles might strongly
induce gene expression “® ?” In primary tumor cells, super high methylation (SHM)
represents complete methylation in the cancer cells, and SHM in those primary cancer
tissues was actually presenting with low protein expression of the genes of interest.
Their results concluded that SHM of p53 gene pathway might be functionally similar
to p53 functioning defect. Although positive prognostic impact of p53 mutation is
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controversial, some researchers have supported this relationship “® while others were
dissenters of this possibility “?. The significant association between the p53
methylation and the ATC status that has been found in the current study, is supported
by other studies, in a study conducted by Adrian et al, they analyzed the changes in
the methylation profile of the CpG dinucleotides within the TP53 gene promoter in -
139 and -132, they revealed the presence of methylated cytosines in these places and
the majority of the tested DNA samples in their study showed the presence of
methylation of both alleles (complete methylation), while the methylation of a single
allele (partial methylation) was seen in lower rate among the studied patients .
From those results, it can be postulated that a complete methylation (involving both
alleles) can demonstrate higher predisposition toward malignant tumor development.
As well, hypermethylation of the promoter region of the TP53 tumor suppressor gene
is usually related with impaired its activity, and may results in its suppression, which
in turn leads to function loss.

PTEN Methylation

Experts in this field assumed that PTEN absence is associated with tumor progression
(L7232 n this study, PTEN methylation (complete and partial) was significantly
associated with follicular carcinoma (77.8%). The second major finding was that
anaplastic carcinoma (50%). Inversely, 66.7% of papillary carcinomas lacked PTEN
methylation, although both tested follicular variant PTC showed PTEN methylation.
Research issue with respect to PTEN, its deletion was reported in 28-83% of thyroid
malignancies with PTEN silencing by aberrant promoter methylation in more than
80% of follicular carcinoma and 69% of anaplastic carcinoma (Table 4).

In an attempt to explore biomolecular markers that is assumed to help identifying
the behavior of PTC, Beg et al in their large cohort of more than one thousand Saudi
patients with PTC, reported that PTEN loss to be significantly associated with the
follicular variant subset of papillary thyroid cancer, Also they found in their study the
loss of expression of PTEN was significantly associated with follicular variant PTC.
Although this variant tends to behave clinically similar to classical PTC but
genetically similar to follicular carcinoma. This collaborates the concept of genetic
connections between follicular carcinoma and follicular variant — papillary carcinoma
G Although statistically not significant, there was a trend of lacking PTEN
methylation early tumor status (T1 and T2) and negative nodal metastasis (NO).

Table (4): PTEN methylation in thyroid cancer in the literature.

Al-Kufa University Journal for B 48 J oy / VOL.11 / NO.3 / Year: 2019 6&
Online ISSN: 2311-6544 \ J
\Nit%

Sample Cancer type and frequency
Study PTEN number | Countr | Totall | PTC | FTC | ATC
Alteration y y
Current study, 2019 Methylation 76 Iraq 42.1 33.3 | 77.8 | 50.0
Beg et al, 2015 Methylation 1000 | Saudi |- 245 | - -
Arabia
Smallridge et al, 2009 Mutation 22 USA |- - - 12.0
Hou et al, 2008 Methylation 143 USA |- - 51.0 | 69
Alvarez-Nunez et al, 2006 | Methylation | 98 Spain 457 1833 |-
Frisk et al, 20027 Mutation 87 Sweden | - - - 28.6
— ?’ﬁ’*«z —
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Exclusively in this study, cases with combined lacking of PTEN and p53 methylation
was statistically more pronounced among early staged cancers (T1 and NO) and in
cases of associated thyroiditis. Such finding raises the argument that combined
lacking of PTEN and p53 methylation is associated with better prognostic parameters.
As well, double lack of methylation was more dominant among the papillary type
carcinoma in contrast to the more prominent coexistence of both gene methylation
with the follicular type carcinoma, a finding that may weigh the follicular carcinoma
toward a less favorable outcome than PTC.

Conclusion

The methylation of p53 was identified in high frequency of ATC, low frequency
among PTC and FTC with obviously low or nearly absent among early staged (T1, T2
and NO) tumors, may indicate that p53 silencing is a bad omen and reflects advanced
tumors. PTEN methylation is significantly associated with follicular carcinoma.
Notwithstanding the relatively limited sample, this work also offers valuable insights
PTEN into anaplastic carcinoma. The combined lacking of PTEN and p53
methylation among early staged cancers (T1 and NO) and in cases of associated
thyroiditis, can be taken as a good prognostic parameter.

Reference

1. Antico Arciuch VG, Russo MA, Dima M, Kang KS, Dasrath F, Liao XH, et al.
Thyrocyte-specific inactivation of p53 and Pten results in anaplastic thyroid
carcinomas faithfully recapitulating human tumors. Oncotarget. 2011;2(12):1109-26.
2. Alvarez-Nunez F, Bussaglia E, Mauricio D, Ybarra J, Vilar M, Lerma E, et al.
PTEN promoter methylation in sporadic thyroid carcinomas. Thyroid. 2006;16(1):17-
23.

3. Mcfadden DG, Vernon A, Santiago PM, Martinez-mcfaline R, Bhutkar A,
Crowley DM, et al. P53 constrains progression to anaplastic thyroid carcinoma in a
Braf-mutant mouse model of papillary thyroid cancer. Proc Natl AcadSci U S A.
2014;111(16):1600-09.

4. Nikiforov YE, Nikiforova MN. Molecular genetics and diagnosis of thyroid
cancer. Nat Rev Endocrinol. 2011; 7(10):569-80.

5. Gauchotte G, Philippe C, Lacomme S, Léotard B, Wissler MP, Allou L, et al.
BRAF, p53 and SOX2 in anaplastic thyroid carcinoma: Evidence for multistep
carcinogenesis. Pathology. 2011;43(5):447-52.

6. Alimonti A, Carracedo A, Clohessy JG, Trotman LC, Nardella C, Egia A, et al.
Subtle variations in PTEN dose determine cancer susceptibility. Nat Genet.
2010;42(5):454-8.

7. Ricarte-Filho JC, Ryder M, Chitale DA, Rivera M, Heguy A, Ladanyi M et al.
Mutational profile of advanced primary and metastatic radioactive iodine-refractory
thyroid cancers reveals distinct pathogenetic roles for BRAF, PIK3CA, and AKT1.
Cancer Res. 2009;69(11):4885-93.

8. Hou P, Ji M, Xing M. Association of PTEN gene methylation with genetic
alterations in the phosphatidylinositol 3-kinase/AKT signaling pathway in thyroid
tumors. Cancer. 2008;113(9):2440-7.

9. Quiros RM, Ding HG, Gattuso P, Prinz RA, Xu X. Evidence that one subset of
anaplastic thyroid carcinomas are derived from papillary carcinomas due to BRAF
and p53 mutations. Cancer. 2005;103(11): 2261-8.

—x ?’“1‘”1"*9 —

URL: http://www.uokufa. edu?ﬁoumols/index.php/ojb/index
http://iasj.net/iasj?func =issues&jld=129&uiLlanguage=en

Email: biomgzn.sci@uokufa.edu.iq
| C— | —



https://www.ncbi.nlm.nih.gov/pubmed/24711431

Al-Kufa University Journal for @% gy / VOL.11 / NO.3 / Year: 2019
Print ISSN: 2073-8854

10. Jones PA and Baylin SB. The epigenomics of cancer. Cell. 2007; 128(4):683-92.
11. Liu Y, Su L, and Xiao H. Review of Factors Related to the Thyroid Cancer
Epidemic. Int J Endocrinol. 2017; 9-1.

12. Xiang J, Wang X, Wang Z, Wu Y, Li D, Shen Q, et al. Effect of different iodine
concentrations on well-differentiated thyroid cancer cell behavior and its inner
mechanism. Cell Biochem Biophys. 2015;71(1):299-305.

13. Rosai J. Thyroid gland in: Rosai and Ackerman's Surgical pathology. 10th ed. St
louis: Mosby. 2010; 488-538.

14. Zuhdi SS, Salih AM, Mohammad ZA, Pity IS. MTHFR C677T polymorphism and
thyroid cancer risk in Duhok, Kurdistan Region —Iraq. ZJPAS. 2018;30(1):85-94.

15. Salih AS, Nagshabandi MM, Hassan NA, Hadji DA, Pity IS, Al-Dohoky WM,
Pity RS. BRAF gene mutation and CD56 immunoexpression in papillary thyroid
carcinoma in Duhok-Iraq. JSMC, 2017;7(1):1-8.

16. Pity IS, Salih AM, Hassan NA. BRAFV600 gene mutation in thyroid cancer in
Duhok-Irag. Duhok Med J. 2015; 9(2):30-6.

17. Amatya VJ, Naumann U, Weller M, Ohgaki H. TP53 promoter methylation in
human gliomas. ActaNeuropathol. 2005;110(2):178-84.

18. Agirre X, Vizmanos JL, Calasanz MJ, Garci'a-Delgado M, Larra’yoz MJ, Novo
FJ. Methylation of cpg dinucleotides and/or CCWGG motifs at the promoter of TP53
correlates with decreased gene expression in a subset of acute lymphoblastic leukemia
patients. Oncogene. 2003;22(7):1070-72.

19. Khatami F, Larijani B, Heshmat R, Nasiri S, Saffar H, Shafiee G, et al. Promoter
Methylation of Four Tumor Suppressor Genes in Human Papillary Thyroid
Carcinoma. lran J Pathol. 2019; 14(4): 290-8.

20. Lee JH, Kim Y, Choi JW, Kim YS. The association between papillary thyroid
carcinoma and histologically proven Hashimoto’s thyroiditis: a meta-analysis. Eur J
Endocrinol 2013; 168:343-9.

21. Smallridge RC, Marlow LA, Copland JA. Anaplastic thyroid cancer: molecular
pathogenesis and emerging therapies. Endocr. Relat Cancer. 2009;16:17-44.

22. Wiseman SM, Griffith OL, Deen S, Rajput A, Masoudi H, Gilks B, et al.
Identification of molecular markers altered during transformation of differentiated
into anaplastic thyroid carcinoma. Arch Surg. 2007;142(8):717-27.

23. Hu S, Liu D, Tufano RP, Carson KA, Rosenbaum E, Cohen Y, et al. Association
of aberrant methylation of tumor suppressor genes with tumor aggressiveness and
BRAF Mutation in papillary thyroid cancer. Int J Cancer. 2006;119(10): 2322-9.

24. Waraya M, Yamashita K, Ema A, Katada N, Kikuchi S, Watanabe M. Exclusive
Association of p53 Mutation with Super-High Methylation of Tumor Suppressor
Genes in the p53 Pathway in a Unique Gastric Cancer Phenotype.2015: PLOS
ONE/journal.pone. | DOI:10.13710139902.

25.Lim BH, Soong R, Grieu F, Robbins PD, House AK, lacopetta BJ. p53
accumulation and mutation are prognostic indicators of poor survival in human gastric
carcinoma. Int J Cancer. 1996; 69: 200-4. PMID: 8682588

26. Yamashita K, Upadhyay S, Osada M, Hoque MO, Xiao Y, Mori M et al.
Pharmacologic unmasking of epigenetically silenced tumor suppressor genes in
esophageal squamous cell carcinoma. Cancer Cell. 2002; 2: 485-95. PMID:
12498717.

27. Yamashita K, Kim MS, Park HL, Tokumaru Y, Osada M, Inoue H et al.
HOP/OB1/NECC1 promoter DNA is frequently hypermethylated and involved in

) ""’m —

URL: http://www.uokufa. eduTg‘/Toumols/lndex php/ajb/index
http://iasj.net/iasj?func =issues&jld=129&uiLlanguage=en

Email: biomgzn.sci@uokufa.edu.iq
| C— | C—

(7ED

&) Online ISSN: 2311-6544 (5 W)
gl


https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25120024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25120024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25120024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25120024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25120024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=25120024
https://www.ncbi.nlm.nih.gov/pubmed/25120024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiseman%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=17709725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Griffith%20OL%5BAuthor%5D&cauthor=true&cauthor_uid=17709725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17709725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajput%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17709725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masoudi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17709725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilks%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17709725
https://www.ncbi.nlm.nih.gov/pubmed/17709725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waraya%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26447864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamashita%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26447864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ema%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26447864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katada%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26447864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kikuchi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26447864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watanabe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26447864

Al-Kufa University Journal for ®% gy / VOL.11 / NO.3 / Year: 2019
Print ISSN: 2073-8854 J Online ISSN: 2311-6544

tumorigenic ability in esophageal squamous cell carcinoma. Mol Cancer Res. 2008; 6:
31-41.

28. Kubicka S, Claas C, Staab S, Kuhnel F, Zender L, Trautwein C et al. p53 mutation
pattern and expression of c-erbB2 and c-met in gastric cancer: relation to histological
subtypes, Helicobacter pylori infection, and prognosis. Dig Dis Sci. 2002; 47(1):114—
21.

29. Bataille F, Rimmele P, Dietmaier W, Gaag D, Klebl F, Reichle A et al.
Alterations in p53 predict response to preoperative high dose chemotherapy in
patients with gastric cancer. Mol Pathol. 2003; 56(5):286-92. PMID: 14514923

30. Adrian Jarzynski, Katarzyna Papiernik, Malgorzata Polz-Dacewicz. Analysis of
mutation and promoter methylation of TP53 gene in tumors of the head and neck.
Curr. Issues Pharm. Med. Sci. 2016; 29(2):53-6.

31. Beg S, Siraj AK, Jehan Z, Prabakaran S, Al-Sobhi SS, Al-Dawish M, et al. PTEN
loss is associated with follicular variant of Middle Eastern papillary thyroid
carcinoma. Br J Cancer. 2015;112(12):1938-43.

32. Frisk T, Foukakis T, Dwight T, Lundberg J, H66g A, Wallin G, et al. Silencing of
the PTEN tumor-suppressor gene in anaplastic thyroid cancer. Genes Chromosomes
Cancer. 2002;35(1):74-80.

33. Landa I, Ibrahimpasic T, Boucai L, Sinha R, Knauf JA, Shah RH, et al. Genomic
and transcriptomic hallmarks of poorly differentiated and anaplastic thyroid cancers. J
Clin Invest. 2016; 126(3):1052-66.

34. Latteyer S, Tiedje V, Konig K, Moeller LC, Targeted next-generation sequencing
for TP53, RAS, BRAF, ALK and NF1 mutations in anaplastic thyroid cancer.
Endocrine. 2016;54(3):733-41.

— ?"1‘”3"*9 —

URL: http://www.uokufa. edumoumols/mdex php/ajb/index
http://iasj.net/iasj?func =issues&jld=129&uiLlanguage=en

Email: biomgzn.sci@uokufa.edu.iq
| — | C—



https://www.ncbi.nlm.nih.gov/pubmed/?term=Frisk%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12203792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foukakis%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12203792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dwight%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12203792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lundberg%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12203792
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B6%C3%B6g%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12203792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wallin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12203792
https://www.ncbi.nlm.nih.gov/pubmed/27696251

