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Abstract

Background: Medullary thyroid cancer (MTC) is rare but invasive and fatal; therefore, rapid diagnosis and treatment are
important in the management of this disease. In many types of cancer, biomarkers are secreted in response to the presence of
the tumor, i.e. they are not necessarily secreted by the tumor itself, so the Neuron-specific enolase (NSE) biomarker, which is
mostly present in neuroendocrine tissues, was selected for assay in the present study.

Objectives: The aim of this case-control study was to measure and compare NSE serum biomarker levels in patients with MTC
and healthy individuals.

Methods: In the current case-control study, patients with MTC, for whom no treatment has yet been performed, were included
in the case group as well as healthy individuals as a control group. Demographic and anthropometric data including age, sex,
marital status, smoking, history of disease and drug use, BMI of patients and healthy individuals were recorded. Five ml blood
was collected from all participants to measure serum NSE levels by using an ELISA kit. All statistical analyses were performed
with SPSS (version 16.0, SPSS Inc, Chicago, IL, USA). A “P value” less than 0.05 was considered significant.

Results: Ninety patients with MTC in the case group and 90 healthy subjects in the control group were evaluated. Demographic
and anthropometric data were matched between the case and control groups (P <0.05). The MTC group consisted of 39 men
(43.3%) and 51 women (56.7%) with a mean age of 29.7+12.8 years, and the healthy group included 42 (46.7%) men and 48
(53.3%) women with a mean age of 30.5+11.2 years. The results of ELISA test showed that the mean serum level of NSE in
patients with MTC was 23.91+2.1 pg/L and in the healthy subjects was 5.11+0.38 pg/L. Significant differences were observed
between the serum concentration of NSE in the control and MTC groups (p=0.001).

Conclusion: In the present study, the serum levels of NSE had significantly increased in patients with MTC compared to the
healthy subjects. These preliminary findings suggest that NSE can be associated with MTC, and further studies are needed.
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Introduction

Thyroid cancer is the most common endocrine
malignancy, accounting for about one percent of all
cancers. The main cause of this cancer is not exactly
known, but scientific reports suggest that exposure to
ultraviolet radiation, family history, aging, and too little or
too much iodine in the diet can increase the risk of
developing the disease. According to statistical studies, the

malignancy of this cancer in women is more than three

times that of men, which is probably related to the
production and increase of estrogen receptors in the
process of tumorigenesis. The incidence of this disease
reaches a maximum in the third and fourth decades of
life.">

There are three different types of thyroid cancer based
on histological features, including Differentiated Thyroid
Carcinoma, Medullary Thyroid Carcinoma (MTC), and
Anaplastic Thyroid Carcinoma. In general, MTC is
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responsible for approximately one-tenth of all thyroid
tumors.**

MTC is a rare malignant tumor that was first described
by Jaquet in a German article entitled "Malignant goiter
with amyloid" in 1906. MTC is a malignant tumor
originating from parafollicular C cells derived from a
sternum. About 25% of cases of medullary thyroid
carcinoma are inherited and 75% are sporadic. The
inherited type of medullary thyroid carcinoma has an
autosomal dominant trait with age-dependency. In this
form of the disease, in addition to the thyroid gland, some
other organs such as the parathyroid and adrenal glands
are also involved.”®

Although MTC is a relatively rare neoplasm, its
prevalence is increasing.® Epidemiological studies also
report a gradual increase in this cancer over the last twenty
years. The rate of metastasis in patients with MTC
increases with age. Therefore, early diagnosis of the
disease in its early stages is very important in the process
of treatment and recovery of patients. There is also the
possibility of treating MTC if they are diagnosed before
metastasis, but if metastasis has occurred, the chances of
recovery are greatly reduced. Although medullary thyroid
cancer is rare, if it is not treated, its mortality rate is high,
so prompt diagnosis and treatment are important in the
management of this disease.'

Enolase is a glycolytic enzyme that catalyzes the
conversion of 2-phosphoglycerate to phosphoenol
pyruvate. Enolase exists in the form of several tissue-
specific isoforms, consisting of homo and heterodimers of
three monomeric isoforms of alpha, beta, and gamma.
Gamma enolase, also known as enolase 2 or neuron-
specific enolase (NSE), is a phosphopyrroate hydratase
enzyme encoded in humans by the ENO2 gene. It is one of
the three isoenzymes found in mammals. This isoenzyme
is a homodimer found in adult neurons and the origin of
neuronal cells and neuroendocrine tissue and is not
present in tissues other than erythrocytes, and this tissue
specificity has made it a potential marker for some
diseases. Gamma enolase is 27 kDa and its half-life in body
fluids is 24 hours. Elevated serum NSE levels have been
observed in lung cancer cells and patients with

neuroblastoma and neuroendocrine-derived cancers,

which is used as a tumor marker in these patients,
however, there are limited and contradictory studies to
measure it in patients with MTC.!"'2

In fact, given that MTC is an invasive thyroid carcinoma,
its recovery depends to a large extent on its early
diagnosis.”® Today's diagnoses are mostly molecular and
genetic, and doing so is costly and time-consuming.
Therefore, in addition to genetic testing of cancers, non-
genetic biomarkers are being studied today,'*'” so in the
present study, we are looking to study and find a new
biochemical biomarker, perhaps with more diagnostic
power and in a shorter time and at a lower cost to help
identify patients with MTC. In many types of cancer,
biomarkers are secreted in response to the presence of the
tumor, ie they are not necessarily secreted by the tumor
itself, so the NSE biomarker was selected in the present

study.

Objectives
Therefore, in the present study, we sought to measure the
serum level of NSE as a biochemical biomarker for the

diagnosis of MTC in patients.

Methods

This case-control study was approved by the Ethics
Committee of Hamadan University of Medical Sciences,
then performed in collaboration with the Center for
Cellular and Molecular Research, Endocrinology and
Metabolism Research Institute of Shahid Beheshti
University of Medical Sciences. In this study, patients with
MTC referred to the clinic of the Endocrine Sciences
Research Institute of Shahid Beheshti University of
Medical Sciences, whose cancer was confirmed by
tomography, CT scan and pathology findings and had not
yet undergone treatment, entered the study as a case group
after obtaining written and informed consent. Then,
healthy individuals were invited to cooperate and written
and informed consent was obtained from them and
entered the study as a control group.

Inclusion criteria: The patient was diagnosed with
medullary thyroid carcinoma based on pathological
results.

Exclusion criteria: Based on non-confirmation of

pathological findings of medullary thyroid carcinoma.
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Inclusion criteria of healthy individuals: no pathological
confirmation for the presence of medullary thyroid
carcinoma or no history of thyroid disease.

Exclusion criteria for healthy people: the presence of
thyroid disease based on clinical symptoms or abnormal
T3, T4, TSH tests.

Demographic and anthropometric characteristics of
participants including age, sex, marital status, smoking,
history of disease and drug use, height and weight were
recorded.

In this study, in order to eliminate the possible effects of
confounding variables (age, sex, marital status, smoking,
history of disease and drug use, height and weight), group
matching was performed between case and control
groups.

Then, 5 ml of blood was taken from all participants to
measure the serum level of NSE.

In the end, the collected information was compared with

appropriate statistical methods between the two groups.

Serum level of NSE

To measure the serum level of NSE, the assay kit was
prepared from the German company ZellBio (ZellBio
GmbH (Germany), Cat.No: ZB-0937-H9648) which was
based on the ELISA Sandwich (Enzyme Linked-
Immunosorbent Assay) method. The measurement was
done according to the company's instructions, by using
the ELISA reader at a wavelength of 450 nm as follows:

The plate is coated with NSE-specific monoclonal
antibodies. Standards and specimens are added to each
microplate well and incubated with special biotinized
antibodies to NSE and avidin-HRP conjugated. After
washing by a wash buffer, polyclonal antibodies specific
for NSE are added to the wells to detect nonspecific
bindings and detect NSE. After washing with the wash
buffer, a nonspecific polyclonal antibody called HRP-
conjugated immunoglobulin G antibody is added to the
wells. After final washing, peroxidase activity is
determined using substrates A and B, which are
chromogenic. Only wells containing NSE, biotinized
antibody, and enzymatically conjugated avidin showed
discoloration. The reaction of the enzymatic substrate is

terminated by adding the sulfuric acid solution and the

color change is measured spectrophotometrically at 455
nm. The NSE concentration in the samples is determined
by comparing the OD of the samples with the standard
curve.

The minimum detectable amount of human NSE
(sensitivity) is 0.05 ng/ml and the diagnostic range was
0.1-40 ng/ml and the final absorbance was read at 450 nm

and unit conversion was performed.

Statistical analysis

Paired t-test was used to compare quantitative variables
and McNemar test was used to compare qualitative
variables. All statistical analyzes were used at 95%

confidence level using Stata software version 11.

Ethical considerations

In this study, explaining the objectives and research
process to the voluntary participants, obtaining written
and informed consent from all individuals, and keeping

information confidential was observed.

Results

In the present case-control study, according to the
inclusion and exclusion criteria, 90 individuals with
medullary thyroid carcinoma were included in the case
group and 90 healthy individuals in the control group.

The group of patients with medullary thyroid carcinoma
included 39 men (43.3%) and the control group (healthy)
included 42 men (46.7%) and there was no significant
difference between the two groups (Table 1). The mean
age of patients with medullary thyroid carcinoma was
29.7+12.8 years and in the control group (healthy) was
30.5+11.2 years, both groups were matched in terms of age
(Table -2).

Regarding other variables such as marital status,
smoking, history of disease and drug use, height, and
weight, the two groups of case and control were matched
(data not shown).

NSE Serum level: Independent t-test showed that the
mean serum level of NSE in patients was 23.91+2.10 ug/l
and in healthy individuals was 5.11+0.38 pg/l. There was a
statistically significant difference between the serum
concentrations of NSE in the control group and the group
with thyroid cancer (Figure-1) (P=0.001).
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Table 1. Gender in two groups of control (healthy) and
patients with medullary thyroid carcinoma
Control (n=90) Case (n=90)
Male 42 (46.7 %) 39 (43.3 %) 0.65
48 (53.3 %) 51 (56.7 %)

P value

Female

Table 2. Age in two groups of control (healthy) and patients
with medullary thyroid carcinoma
Control (n=90)

Case (n=90) P value

Age (years) 30.5+11.2 29.7+12.8 0.65
Min 11 12
Max 60 59
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Healthy indiviuals Patients with medullary thyroid cancer
Figure 1. Comparison of serum NSE concentrations in
control group (n=90) and patients (n=90) with medullary

thyroid cancer by ELISA sandwich (P=0.001).

Discussion

The results of the present study showed a significant
increase in serum NSE in patients with medullary thyroid
carcinoma compared with healthy individuals. Therefore,
measuring the NSE biomarker in the serum of individuals
seems to be helpful in the diagnosis, confirmation or
recurrence of medullary thyroid carcinoma. It is not clear
exactly why serum NSE levels increase in medullary
thyroid carcinoma and some other previously mentioned
cancers, and further studies are needed.

In a study by Pacini et al., serum NSE levels were
measured in patients with MTC. In this study, 25 patients
were followed for about 45 months. In 5 patients, NSE
concentration was in the normal range before each
treatment intervention. After complete thyroidectomy, an

abnormally high NSE level was observed in patients with

high calcitonin and metastasis. The long follow-up period
showed that NSE levels were higher in patients with larger
tumor volumes and also usually had a pattern similar to
calcitonin levels. Therefore, effective treatment can be
aimed at reducing serum NSE levels. Thus, serum NSE can
serve as a hormonal marker for medullary thyroid cancer,
and its increased level is associated with metastatic,
although it is a poor prognosis for the tumor.'?

In a study by Grauer et al., NSE levels were assessed in 32
patients with medullary thyroid cancer. Calcitonin levels
were elevated in all of these patients. Positive
immunocytochemical results for NSE and calcitonin were
recorded in C cells in all patients. Elevated serum NSE
levels were observed in only 5 out of 32 patients and no
association was found between NSE and calcitonin
concentrations. Long-term follow-up was also performed
in this study and again no relationship was observed
between serum NSE and serum calcitonin. The
researchers concluded that although the results of NSE
immunocytochemistry could be useful, but could not be a
suitable serum tumor marker for medullary thyroid

cancer,!

which contradicts the findings of the present
study.

As mentioned earlier, the effective treatment and surgery
of patients with medullary thyroid carcinoma depends to
a large extent on its early diagnosis. In almost all cases of
medullary thyroid carcinoma, calcitonin secreted by C
cells, as a specific and sensitive marker, plays an important
role in the diagnosis of this disease.® Biochemical
screening based on the serum calcitonin-enhancement
scheme is also used to diagnose patients at risk for
hereditary medullary thyroid carcinoma. Unfortunately,
false results in biochemical screening lead to some people
with mutated genes not being identified.'® Therefore,
studies are running to find and present biomarkers with
high sensitivity and specificity to reduce the cost of
diagnosis and treatment.?*"®

The present study had some limitations that can be
referred to the small sample size in the study groups. For
better results regarding the use of NSE biomarker, as an
indicator in the diagnosis and/or confirmation of
medullary thyroid carcinoma as well as the prognosis of

cancer, it is better to examine a larger sample size.
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Although the number of populations studied was
determined using the relevant formula, however, this
population may not represent the total population of
people with medullary thyroid carcinoma, and it is better
to test more populations in future studies.

Finally, due to the increase in serum NSE levels in
patients with medullary thyroid carcinoma compared to
the control group, it is recommended that the exact
mechanism of this increase in this type of cancer be
investigated and other biochemical parameters are

measured in these patients.

Conclusions

In this study, serum NSE levels were increased in patients
with medullary thyroid carcinoma. These preliminary
findings suggest that NSE may be associated with
medullary thyroid carcinoma or increase the risk of
developing the disease. Further studies are needed to
investigate more closely so that this biomarker may be
used to diagnose or confirm the diagnosis of medullary

thyroid cancer and to predict the occurrence of cancer.

Acknowledgment

The authors take this opportunity to thank Hamadan
University of Medical Sciences for financial support and
Cellular and Molecular Endocrine Research Center, Research
Institute for Endocrine Sciences, Shahid Beheshti University

of Medical Sciences for technical support.

Competing interests

The authors declare that they have no competing interests.

Abbreviations
Medullary Thyroid Carcinoma: MTC;
Neuron-specific Enolase: NSE;
Thyroid Stimulating Hormone: TSH;
Triiodothyronine: T3;
Thyroxine: T4;

Enzyme-linked immunosorbent assay: ELISA.

Authors’ contributions

MH and NS were responsible for study concept and design.
RA wrote the first draft. SAE contributed to the writing of the
second and third draft. MH and NS provided comments on

initial drafts and coordinated the final draft. All authors read
and approved the final manuscript. All authors take
responsibility for the integrity of the data and the accuracy of
the data analysis.

Funding
The authors received a grant from Hamadan University of

Medical Sciences.

Role of the funding source

None.

Availability of data and materials
The data used in this study are available from the

corresponding author on request.

Ethics approval and consent to participate
The study was conducted in accordance with the

Declaration of Helsinki.

Consent for publication
By submitting this document, the authors declare their
consent for the final accepted version of the manuscript to be

considered for publication.

References

1. Brown RL, de Souza JA, Cohen EE. Thyroid cancer: burden of
illness and management of disease. Journal of Cancer.
2011;2:193. doi:10.7150/jca.2.193 PMid:21509149
PMCid:PMC3079916

2. Marotta V, Bifulco M, Vitale M. Significance of RAS mutations
in thyroid benign nodules and non-medullary thyroid cancer.
Cancers. 2021;13(15):3785. doi:10.3390/cancers13153785
PMid:34359686 PMCid:PMC8345070

3. Capezzone M, Robenshtok E, Cantara S, Castagna MG.
Familial non-medullary thyroid cancer: a critical review.
Journal of Endocrinological Investigation. 2021;44(5):943-50.
doi:10.1007/s40618-020-01435-x PMid:33025555
PMCid:PMC8049908

4. Papaleontiou M, Haymart MR. New insights in risk
stratification of differentiated thyroid cancer. Current opinion
in oncology. 2014;26(1):1.
doi:10.1097/CCO.0000000000000022 PMid:24285100
PMCid:PMC4102253

5. Hifncza-Nowak K, Kowalik A, Walczyk A, Patyga I, Gasior-
Perczak D, Plusa A, et al. Immune Profiling of Medullary
Thyroid Cancer-An Opportunity for Immunotherapy. Genes.
2021;12(10):1534. doi:10.3390/genes12101534
PMid:34680929 PMCid:PMC8536131

6. Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R.
Worldwide increasing incidence of thyroid cancer: update on
epidemiology and risk factors. Journal of cancer
epidemiology. 2013. doi:10.1155/2013/965212
PMid:23737785 PMCid:PMC3664492

7. Sosa JA, Udelsman R. Papillary thyroid cancer. Surgical
oncology clinics of North America. 2006;15(3):585.
doi:10.1016/j.s0¢.2006.05.010 PMid:16882499

8. Nikiforov YE, Nikiforova MN. Molecular genetics and

30 | Novelty in Clinical Medicine. 2022;1(1):26-31


https://doi.org/10.7150/jca.2.193
https://doi.org/10.3390/cancers13153785
https://doi.org/10.1007/s40618-020-01435-x
https://doi.org/10.1097/CCO.0000000000000022
https://doi.org/10.3390/genes12101534
https://doi.org/10.1155/2013/965212
https://doi.org/10.1016/j.soc.2006.05.010

Neuron-specific Enolase (NSE) Serum Level in Patients with Medullary Thyroid Carcinoma

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

diagnosis of thyroid cancer. Nature Reviews Endocrinology.
2011; 7(10):569-80. doi:10.1038/nrendo.2011.142
PMid:21878896

Sobrinho-Simxes M, Eloy C, Magalhres J, Lobo C, Amaro T.
Follicular thyroid carcinoma. Modern Pathology. 2011;24:
S10-S8. doi:10.1038/modpathol.2010.133 PMid:21455197
Nozhat Z, Hedayati M, Azizi F. Thyroid Cancer Epidemic: A
Peril or an Alarm?. International journal of endocrinology and
metabolism. 2015;13 (4). doi:10.5812/ijem.28491
PMid:26633981 PMCid:PMC4659334

.Grauer A, Raue F, Rix E, Tschahargane C, Ziegler R. Neuron-

specific enolase in medullary thyroid carcinoma:
immunohistochemical demonstration, but no significance as
serum tumor marker. J Cancer Res Clin Oncol. 1987;
113(6):599-602. doi:10.1007/BF00390873 PMid:3316243
Pacini F, Fugazzola L, Basolo F, Elisei R, Pinchera A.
Expression of calcitonin gene-related peptide in medullary
thyroid cancer. Journal of endocrinological investigation.
1992;15(7):539-42. doi:10.1007/BF03348802
PMid: 1447491

Schifter S. Calcitonin and PDN-21 as tumour markers in
MEN-2 family screening for medullary thyroid carcinoma.
European  Journal of  Cancer. 1992;28(2):341-5.
doi:10.1016/5S0959-8049(05)80050-4

Koehler VF, Adam P, Frank-Raue K, Raue F, Berg E, Hoster E,
et al. German Study Group for Rare Malignant Tumors of the
Thyroid and Parathyroid Glands. Real-world efficacy and
safety of cabozantinib and vandetanib in advanced medullary
thyroid cancer. Thyroid. 2021;31(3):459-69.
doi:10.1089/thy.2020.0206 PMid:32781914

Hosseini Zijoud SM, Ebadi SA, Goodarzi MT, Hedayati M,
Abbasalipourkabir R, Mahjoob MP, et al. Lipid Peroxidation
and Antioxidant Status in Patients with Medullary Thyroid
Carcinoma: A Case-Control Study. Journal of clinical and
diagnostic  research:  JCDR.  2016;10(2):BC04. doi:
10.7860/JCDR/2016/17854.7202 PMID: 27042443
PMCID: PMC4800508

Jabbari S, Hedayati M, Yaghmaei P, Parivar K. Medullary
Thyroid Carcinoma-Circulating Status of Vaspin and Retinol
Binding Protein-4 in Iranian Patients. Asian Pacific journal of
cancer prevention. 2015;16(15):6507-12.
doi:10.7314/APJCP.2015.16.15.6507 PMid:26434866
Ramos HE, Hecht F, Berdelou A, Borget I, Leboulleux S,
Baudin E, Schlumberger M. Long-term follow-up and safety of
vandetanib for advanced medullary thyroid cancer.
Endocrine.  2021;71(2):434-42.  doi:10.1007/s12020-020-
02426-x PMid:32691271

Weber F, Shen L, Aldred MA, Morrison CD, Frilling A, Saji M,
et al. Genetic classification of benign and malignant thyroid
follicular neoplasia based on a three-gene combination. The
Journal of Clinical Endocrinology & Metabolism. 2005;90(5):
2512-21. doi:10.1210/jc.2004-2028 PMid:15713710

Zhou J, Singh P, Yin K, Wang J, Bao Y, Wu M, et al. Non-
medullary thyroid cancer susceptibility genes: evidence and
disease spectrum. Annals of Surgical Oncology. 2021:1-1.
ShenY, Li D, Tian P, Shen K, Zhu J, Feng M, et al. The catalase
C-262T gene polymorphism and cancer risk: a systematic
review and meta-analysis. Medicine. 2015;94(13):e679.
doi:10.1097/MD.0000000000000679 PMid:25837760
PMCid:PMC4554031

Novelty in Clinical Medicine. 2022;1(1):26-31

31


https://doi.org/10.1038/nrendo.2011.142
https://doi.org/10.1038/modpathol.2010.133
https://doi.org/10.5812/ijem.28491
https://doi.org/10.1007/BF00390873
https://doi.org/10.1007/BF03348802
https://doi.org/10.1016/S0959-8049(05)80050-4
https://doi.org/10.1089/thy.2020.0206
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4800508/
https://doi.org/10.7314/APJCP.2015.16.15.6507
https://doi.org/10.1007/s12020-020-02426-x
https://doi.org/10.1007/s12020-020-02426-x
https://doi.org/10.1210/jc.2004-2028
https://doi.org/10.1097/MD.0000000000000679

