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Abstract

Objetives: To determine the mRNA expression of the COX-2, MLH1 and MSH2 genes in Papillary Thyroid Carcinoma.
Methods: This is comparative cross-sectional clinical molecular study. The study was constituted by 26 biopsies with
histopathological diagnosis of Papillary Thyroid Carcinoma, from the 450 General Hospital of Durango State. The relative gene
expression of the COX-2, MLH1 and MSHZ2 was performed by gPCR.

Results: The mean age of patients was 46 + 15.22. They were observed differences in the gene expression of COX-2 (p = 0.001),
MLHT (p = 0.06) and MSH2 (p = 0.09) in the total Papillary Thyroid Carcinoma sample. The correlation between gene expression
and patient age was r? = 0.441 (p = 0.024) for the MSHZ2 gene. The correlation of mMRNA expression between COX-2 and MLH1
was r? = 0.69 (p = 0.001); for COX-2 and MSHZ2 of r* = 0.47 (p = 0.01), while for MSH1 and MSH2 of r* = 0.94 (p = 0.001).
Conclusions: The results obtained in the present study showing the presence of gene expression of molecular targets such
as the COX-2, MLH1 and MSH2 genes, contributing to the understanding of the molecular physiopathology of the Papillary
Thyroid Carcinoma.
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Resumen

Objetivos: Determinar la expresion del mRNA de los genes COX-2, MLHT y MSH2 en Carcinoma Papilar de Tiroides.
Métodos: Se trata de un estudio clinico- molecular transversal comparativo. El estudio estuvo constituido por 26 biopsias con
diagndstico histopatoldgico de Carcinoma Papilar de Tiroides, del Hospital General 450 del Estado de Durango. La expresion
génica relativa de COX-2, MLH1 y MSH2 se realizd mediante gPCR.

Resultados: |.a edad media de los pacientes fue de 46 + 15,22 afios. Se observaron diferencias en la expresion génica de COX-
2 (p=0,001), MLH1T (p = 0,006) y MSHZ (p = 0,09) en la muestra total de Carcinoma Papilar de Tiroides. La correlacion entre la
expresion génica y la edad del paciente fue de r* = 0,441 (p = 0,02) para el gen MSH2. La correlacion de la expresion de ARNm
entre COX-2 'y MILH1 fue r* = 0,69 (p = 0,001); para COX-2 'y MSH? de r* = 0,47 (p = 0,01), mientras que para MSH1 y MSH2
der?=0,94 (p = 0,001).

Conclusiones: |os resultados obtenidos en el presente estudio muestran la presencia de expresion génica de dianas moleculares
como los genes COX-2, MLH1 y MSH2, contribuyendo al conocimiento de la fisiopatologia molecular del Carcinoma Papilar
de Tiroides.
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Introducction

Thyroid cancer (TC) is the main malignant neoplasm
of the endocrine system, which in the United States
accounts for 6% of tumors in general’, of which 80%
corresponds to papillary thyroid carcinoma (PTC)?, and
of which it has manifested greater incidence in the last
decades in different populations around the world®®, It
affects men and women, predominating in the female
sex’. The PTC belongs to the well-differentiated TC
originated from follicular cells of the thyroid gland®,
usually follows a slow and non-aggressive behavior
that generally shows a low mortality; however?,; there is
knowledge of variants with different morphological and
molecular manifestations that confer a high potential for
aggressiveness'®, There are risk factors such as age,
sex, exposure to ionizing radiation and gene alterations
so its clinical manifestation' '8, approach and prognosis
depends largely on the histopathological variants, which
are identified using hematoxylin and eosin staining':'4,
It should be mentioned that although histopathological
assessment is the gold standard for diagnosis, the
implementation of molecular tools has become important
in recent years, since previous studies have shown the
relationship between altered levels of gene expression
with the manifestation and development of several types
of cancer including PTC™® 17,

In  this regard, it has been proposed that
cyclooxygenases belonging to the family of enzymes
that catalyze arachidonic acid resulting in prostaglandins
have pain and inflammation regulatory functions, there
are two isozymes COX-1 and COX-2, of these the
COX-2 (cyclooxygenase 2) represents an inducible
inflammatory initiating enzyme that is mediated under
normal conditions, but under pathological  stimuli
such as inflammatory mediators and kinases shows
an increased activity. Different studies have shown
an overexpression of this protein in a large variety of
tumors in humans, and its altered presence suggests
an important action on progression, transformation and
even tumor angiogenesis'®#?,

Similarly, the alterations that the repair mechanism of the
DNA called Reparative System or Mismatch Repair®®
controlled by the MLH1, MSH2, MSH6 and PMS2
genes can undergo mainy?*, When there is damage
to the DNA, the reparative system acts by activating
the cell cycle, stopping it or sending the cell to a
programmed death. However, it has been observed
that the inactivation or alteration of this system is
related to the presence of hereditary or spontaneous
cancer® because the main function of MLHT is to
form a ternary complex with DNA in mismatch and the
MutSa complex, increasing discrimination between
heteroduplexes and homoduplexes, which also works
in meiotic recombination; whereas MSHZ recognizes
the mismatches between base-base and the insertion-

deletion loops®®. It is for all of the above that in the
present study the objective was to determine the mRNA
expression of the COX-2, MLH1 and MSHZ2 genes in
papillary thyroid carcinoma.

Methods

A comparative cross-sectional study was carried out, in
which a total of 26 samples included in paraffin blocks
(previous signature of informed consent and biopsy),
corresponding to  patients with a histopathological
diagnosis of PTC in the period 2007-2014 were included.
Those samples included in paraffin that did not present
a complete clinical file were excluded. From the clinical
files, sociodemographic data were collected such as age,
sex, place of birth and residence, the definitive diagnosis
of PTC, time of evolution, type of biopsy used, size of the
lesion and its statification according to the tumor- nodule-
metastasis system (TNM). This work was approved by
the ethics committee of the General Hospital 450 of the
Health Services of the State of Durango with a unique
registration number assigned 405/014.

Procedures

Tissue Obtention

A histological cut was made with a thickness of 4 um
which was placed on a slide to proceed with the mRNA
extraction.

mRNA extraction

To obtain the mRNA, the QuickExtract ™ FFPE RNA
Extraction Kit mRNA extraction kit from EPICENTRE
(Madison, WI, USA) was used according to the
manufacturer’s instructions.

Synthesis of cDNA.

The cDNA has obtained by the iScript ™ cDNA Synthesis
Kit from BIO-RAD (Hercules, CA, USA), following the
manufacturer’s instructions.

Analysis of COX-2, MLH1

and MSH2 gene expression

The sense and antisense primers were designed in the
PRIMER BLAST program of NCBI (Bethesda, MD, USA),
and were synthesized by Integrated DNA Technologies
(Coralville, 1A, USA). The sequence and the size of
the product for each gene are shown in table I. The
PPIA gene was applied as a normalizing gene. The
intercalating dye used was QuantiFast SYBR Green PCR
Kit from BIO-RAD (Hercules, CA, USA) according to the
manufacturer’s instructions. The evaluation of the relative
quantification of gene expression was carried out in an
Eco Real-Time PCR System of lllumina (San Diego, CA,
USA). The polymerase activation it started at 95°C for
15 min, followed for the initial denaturalization at 95°C
for 15s, and anneling-extension at 65°C for 15s for 40
gPCR cycles.
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Table I: The sequence and the amplicon size of the product of COX-2, MLH1, MSH2 genes.

GENE MOLECULAR LOCUS EXON
COX-2 1 025.2-925.3 10
MLH1 3p21.3 21
MSH2 2 p21 19

OLIGONUCLEOTID SECUENCE

F'TCT CAG ACG CTC AGG AAATAG A-8’
R'GTC GTT GAC CTC GTC TGT TAT G-3’
F’GTC CAC TGT AAC CTG CCT AAT C-3’
R'CCA GCC CAA GAT GTC TCT TAA C-3’

F'GAA GAT GGT GAG TGA GGA TAG G-3’
R'GTG GAC TGA AAC TGT GCT AAT G-3’

AMPLICON SIZE
113 bp

99 bp

94 bp

Statistical analysis.

Frequencies and central tendency measures were used
for the analysis of the descriptive data. To determine
the differences between means, the relationship and
correlation between variables, the Student's t-test,
Chi-square test, and Pearson’s correlation were used,
respectively. The statistically significant differences were
estimated with a p <0.05 value. The statistical program
IBM SPSS version 22 (Chicago, Inc.) was used. For the
analysis of relative expression, the REST program of
QIAGEN v.2009 was used.

Results

Twenty six samples of PTC were analyzed. The mean
age in patients was 46.1 = 15.52, being the youngest of

22 and the oldest of 82 years; 63% of the patients were
bomn in the capital of the State of Durango, Mexico; of
which 81% had a permanent residence in the mentioned
location. The clinical manifestations of PTC in patients
younger than 456 vyears of age are shown in table Il. It
is important to mention that the approach for biopsy
was 46% thyroidectomy, 31% hemi-thyroidectomy, 19%
excisional approach and only 4% incisional.

The reference PPIA gene allowed to observe differences
in the expression of MRNA of COX-2 (p = 0.001), MLH1
(p =0.06) and (p = 0.09) in CPT, presented in figure 1.

A statistically non significant correlation was observed
(" = 0.037, p = 0.85) between the expression of
COX-2 mRNA and the age of the patient at the time of

Table Il: Clinical manifestation of the papillary thyroid cancer in patients younger than 456 years of age.

CPT Clinical Manifestation <45 years
%(n=13)
Tumor Clinical Extention
<1cm -
>1-<4cm 30(4)
> 4cm 70(9)
Diameter of CPT
<1cm 15(2)
1-2cm 47(6)
>2 - <4cm 38(5)
> 4cm -
Metastasis to lymph nodes
Present 23(3)
Ausent 77(10)
TNM** Estadificacion
TNM | 77(10)
TNM I 23(3)
TNM I
TNM IV

*Fisher’s exact test for statistical analysis. **Tumor-nodule- metastasis.

Figure 1: Results of the mRNA expression
of COX-2, MLH1, MSH2; PPIA* mRNA
expression was used to reference gene.

*The results are calculated according to the
average of the Ct values. Whiskers represent
mean + standard deviation for each group.
Boxes represent mean + SEM (standard error
of mean). #T-Student test.

>45 years Total P< 0.05*
%(n=13) %(n=26)

70(9) 50(18) 0.05
30(4) 50(13)

15(2) 16(4) 0.67
62(8) 54(14)

23(3) 30(8)

8(1) 16(4) 0.27
92(12) 84(22)

8(1) 42(11) 0.001
62(8) 42(11)

30(4)

16(4)

Relative Expression

cox2 [ usH2
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Figure 2: Correlational analysis between the age patients and gene expression of (a) COX-2 (2= 0.037, p=0.85%), (o) MLHT (r2= 0.34, p=0.08) and (c) MLH2

(P=0.441, p= 0.02).

Gene Expresion Ratio
8
Gene Expresion Ratio

Gene Expresion Ratio
8

diagnosis (Figure 2a), while the expression of MLH1T
mRNA and age of the patient at the time of diagnosis
shows a statistically non significant correlation (* =
0.34, p = 0.08) as seen in figure 2b. On the other
hand, the expression of MSH2 MRNA against the age
of the patient at the time of diagnosis shows a mean
and statistically significant correlation (* = 0.44, p =
0.02), which is observed in figure 2c.

When the age was evaluated based on the clinical
extension of the PTC, a statistically significant inverse
correlation was found, since the patient's older age
showed a smaller clinical lesion size (# = -0.393, p =
0.04).); otherwise, when evaluating the age and diameter
of PTC (* = 0.08, p = 0.67).

Statistically significant difference was found between
the clinical extension of the PTC and the age groups
(p=0.05), table Il. On the other hand, the diameter of
the PTC was not statistically different between patients
older and younger than 45 vyears (p= 0.67); table Il. A
correlation of r’= 0.69 (p = 0.001) was obtained between
the expression of mMRNA of COX-2 and MLHT; for COX-
2 and MSH2 of r’= 0.47 (p = 0.01), and for MSH1 and
MSH2 of r’=0.94 (p = 0.001).

Discussion

The papillary thyroid carcinoma (PTC) is the most
frequent malignancy of the thyroid gland, in general it
tends to have a good biological behavior, however it is
a disease that has a wide range of histological variants
which confers changes in the prognosis of the lesion and
it is important to focus your study with a molecular point
of view. There are limitations for early diagnosis of PTC,
which makes it difficult to understand how the lesion is
differentiated in histological variants, resulting in late and
radical treatments that compromise the patient's health.

The results found in this study show that the average
age of the patients is consistent with the results shown
in other studies where they are 45 years old?’, as the
most frequent at the time of diagnosis compared to

Age Age

the one found in this study that was 46 years old. The
age of the patient at the time of diagnosis has been
established by the scientific literature as a risk factor for
the development of thyroid carcinoma and in the same
way as a prognostic factor, within the risk factor the
presence of thyroid nodules is frequent in individuals that
exceed the fourth decade of life and shows an increase
in the incidence in patients within 40-50 years, it is worth
mentioning that there have been cases in patients under
the age of 16 years®?°, As a prognostic factor, age is
used by the TNM system to stage the lesion solely and
exclusively in thyroid carcinoma, and it is known that after
45 years, local aggressiveness and metastatic capacity
increase at a distance’'"*%¢!, Some studies conducted in
the United States show that women are mostly affected
by PTC at a female: male ratio that ranges from 2; 1 to
4: 1%, while in Mexico the ratio is 4: 1 as reported by
the National Institute of Cancerology?’. In addition to
being the most frequent PCT in women, they also have
a better prognosis compared to men'28, |t should be
mentioned that the literature reports that ethnicity plays
an important role as a risk factor, in the United States
the white race has greater affectation than the black race
at a ratio of 11: 5 respectively®*. In Hispanic, Hawaiian,
Chinese and Japanese populations, women are more
affected, and such differences can be attributed to
genetic factors or to the type of diet without being
completely clear®*®®, In the present study, 63% of the
patients affected with PTC were bom in the capital of
the State of Durango, Mexico; and that 81% had a
permanent residence in the mentioned location. The
importance of the COX-2 gene in the development of
malignant neoplasms is well established and its presence
promotes cell invasion and growth. It can be present
in many cancers such as colon, pancreas, stomach,
cervix, esophagus, breast, lung and melanoma; some
studies mention a high expression of COX-2 in thyroid
carcinomas compared with thyroid adenomas, similarly
there was greater expression in undifferentiated thyroid
carcinomas than in CPT in a study conducted in the
Chinese population®, Regarding the results obtained in
this study, they indicate that there is an overexpression
of COX-2in 77%. Likewise, the presence of an increase
in the COX-2 gene has been reported in patients aged>
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50 vears suffering from papillary thyroid carcinoma®’,
DNA repair genes are important in the prevention of
genetic instability, MLH7T and MSH2 have been detected
with over expression in neoplasms with a tendency to
malignancy more than in benign neoplasms®, The results
of this study show that only about MLHT expression was
found in only 15% while MSHZ2 was present in 35% of
the analyzed samples, In addition, this study allows us
to identify the behavior of this disease in the population
of Durango, Mexico, which will lead to future studies
for a better understanding and management of the
lesion in patients susceptible to this susceptible to this
condition®, That is why the use of molecular tools that
serve for the identification, diagnosis and monitoring of
patients with susceptibility to the development of PTC
will allow a timely and appropriate intervention in order
to offer the best prognosis and provide quality care®.
Despite the size of the small sample used in the present
study, we were able to identify gene expression levels
of importance for the development of the disease. The
results obtained coincide with what is reported in the
scientific literature, which is extremely important. The
behavior of the disease in the population of Durango,
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