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Cancer is heterogeneous disorders characterized by cellular different genetic alterations and diverse clinical behaviours results from
uncontrolled division leads to loss of control of the cells growth. Neuron Specific Enolase(NSE) is considered as a marker of many diseases
such as brain damage (traumatic brain injury), stroke and anoxic encephalopathy after cardiac arrest. Generally, in adults NSE accepted as
a marker protein in the brain. Serotonin exhibits a growth stimulatory effect on several types of carcinoma, carcinoid and other tumor cells.
In contrast, a few data are available on serotonin involvement in cancer cell migration and metastatic processes. Serum serotonin level was
found to be suitable for prognosis evaluation of urothelial carcinoma in the urinary bladder, adenocarcinoma of the prostate and renal cell
carcinoma. 201 patients with malignant tumors, 74 patients with different benign tumors and, 83 healthy individuals were enrolled in the
present study. Our results show a significant increase (p = 0.011, and 0.043) of serum serotonin levels in malignant tumors group when
compared with those of benign tumors (as a pathological control) group, and healthy individuals groups; respectively. No such results were
shown when the two control (benign tumors and healthy individuals) groups were compared together. While evaluation of the NSE
concentrations revealed a significant decrease in patients with malignant tumors when compared with those of benign tumors (p = 0.028),
and healthy individuals (p< 0.000). According to ANOVA test, Same variations (p < 0.000) were obtained when benign tumors and healthy
controls groups were compared together. Results shows a significant decrease in the serotonin concentration (p < 0.05) as well as the NSE
(p < 0.01) levels, correlation between the levels of the two examined parameters has been negative and statically acceptable (r = - 0.723 at
p<0.05) at malignant tumor patients group after treatment by chemotherapy or radiotherapy. Before treatment with chemotherapy or
radiotherapy, negatively significant correlation (r = - 0.792 at p < 0.001) was observed for the concentrations of Serotonin to the NSE in the
sera of malignant tumor patients group, while no such correlations were noted at this relation examined in the benign tumor patients.
Serotonin and NSE correlations together can be used as primary diagnostic tools for distinguishing between cancerous and benign tumors,
this correlation increases the sensitivity of the two biomarkers together comparing to measure everyone alone.
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sizes of monomer and dimer differ in molecular weight
39,45, 47, and that of the dimer 7,78, 8, 95 and 96 kDa.*®
During the embryonic stage NSE is manufactured in the
neural and lung tissue,’® while, in healthy adults, it is
synthesized in neuroendocrine cells.** Normally, it is found
in blood and cerebrospinal fluid.? It was first considered
that the gene coding for NSE was restricted to neurons and
that it was only present in the central nervous system. In
1978 researches have shown that NSE is present in

Introduction

Cancer is a genetic disorder consequent uncontrolled and

abnormal genetic changes,! The prime cancerous cells
formed by growth resemble the parent, but as cancer
progresses they lose the exterior and function of the parent
cell, this dysfunction cells will become life menacing if they
left unchecked.? Cancer is the main cause of death in
economically developed countries and the second leading
cause of death in developing countries. The heaviness of
cancer is increasing in economically developing countries in
consequence of growth and population aging also
increasingly, an adoption of cancer-associated lifestyle
choices including smoking, physical inactivity, and type of
diets.3

Neuron Specific Enolase (NSE)is the glycolytic enzyme
when it converts 2-phosphoglycerate into phosphoenol-

pyruvate (2-phospho-D-glycerate hydrolase) "E.C: 4.2.1.11".

It comprises three distant subunits o, 3, and vy, these subunits
might organize spatial as y-y and o~y dimeric forms of
enolase. The number of the amino acid is 433 residues and
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peripheral and central neuroendocrine cells, named APUD
(amine precursor uptake and decarboxylation) cells.
Moreover, studies have extended to involve immune-
histochemical and extraction technigques.’**® When NSE
passes into the extracellular compartment and the
bloodstream causes structural damage in neuronal brain cells.
In adult and pediatric study, NSE was considered as a
marker of intracranial injury and found in the serum of
traumatic brain damage.'® NSE was shown to be increased
in cerebrospinal fluid and blood as a result of injury due to
reasons, such as cardiac arrest, open heart surgery, tonic-
clonic seizures, epilepsy, and Creutzfeldt-Jakob disease.’” In
addition to that, in the liver diseases, erythrocytes, and
benign lung tumor; the concentration of NSE increased
(grow up to 20 pug L)1 NSE presents in a wide variety of
APUD neoplasms or APUDomas including islet tumors of
the pancreas, gastronomes, VIPomas, medullary carcinoma
of the thyroid, pheochromocytoma, and small-cell
carcinoma of the lung (SCLC).!® According to that, NSE
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was shown to be a valuable tumor marker for cancers of a
neuroendocrine type such as small-cell lung cancer (SCLC),
neuroblastoma, carcinoid tumors, melanoma, seminoma,
Merkel cell carcinoma, medulloblastoma or
retinoblastoma.l” NSE is considered as a marker of many
diseases such as brain damage (traumatic brain injury),
stroke and anoxic encephalopathy after cardiac arrest.
Generally, in adults NSE accepted as a marker protein in the
brain.’® It is found in neurons and neuroendocrine tissues as
a neuronal form of the glycolytic enzyme enolase.*®

In the late of 1940 serotonin (5-hydroxytryptamin "5-HT")
as a neurotransmitter was discovered in the central nervous
system(CNS) of animals,®® after that; exactly at 1950
heterogeneous serotonin receptors in rat brain was
discovered.?>?* In mammals serotonin produced principally
by enterochromaffin cells. It is found in the gut and stored
within blood platelets. In the brain, serotonin is produced
within axon terminals. Serotonin is released in response to
an action potential and then diffuses across the synapse to
activate postsynaptic receptors. They are specialized groups
of cell bodies known as the raphe nuclei, located in the
brainstem reticular formation.?? Serotonin has an effect on
the number of physiologic and behavioural function, It plays
a number of very important roles in normal brain functions,
which include modulation of mood states, memory, emotion,
anxiety, endocrine effects appetite, hunger, aggression,
cognition, gastrointestinal function, emesis, endocrine
function, motor function, perception, neurotrophic, sensory
function, sex, sleep and vascular function, and many others.
1923 Serotonin exhibits a growth stimulatory effect on several
types of carcinoma, carcinoid and other tumor cells. In
contrast, a few data are available on serotonin involvement
in cancer cell migration and metastatic processes. Serum
serotonin level was found to be suitable for prognosis
evaluation of urothelial carcinoma in the urinary bladder,
adenocarcinoma of the prostate and renal cell carcinoma.?
Serotonin used in oncology as a tumor marker of
gastrointestinal carcinoid, hepatic and ovarian carcinoid.? In
addition to, serotonin can be used as a specific tumor marker
for gastrointestinal tumors of the pancreatic islet cells and
intestinal tract.?®% Serotonin is synthesized by conversion
L-tryptophan into 5-hydroxytryptamine in the body by using
two catalyze factors: they are tryptophan hydroxylase and 5-
hydroxytryptophan  decarboxylase.’®?®¢  The chemical
structure of serotonin have comprised of a basic amino
group separated from an aromatic nucleus by a two carbon
aliphatic chain. In mammals, serotonin is biosynthetically
derived by two enzymatic steps: (1) ring hydroxylation of
the essential amino acid tryptophan by tryptophan
hydroxylase, the rate-limiting step, and (2) side chain
decarboxylation by aromatic amino acid
decarboxylase.?*?>2% These processes occur in a number of
systems body such as immune system cells and
gastrointestinal tract (GIT), central and peripheral nervous
system.?-2® Gl contains 90 % of serotonin and it is
synthesized basically in enterochromaffin cells and enteric
neurons of submucous and myenteric plexus layer.?® When
the serotonin levels fall in the brain leads to a large humber
of the emergence of foul bad.3® While serotonin function
increases in humans to strengthen the qualities of the
positive behaviour and the desired, whenever dropped the
serotonin levels increased the emergence of aggressive
behaviour.31:32
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Materials and Methods

During the period from the beginning of March 2016 to
the end of September 2016; 358 individuals were enrolled in
the present study and classified into three groups. The first
group involved 201 patients with different malignant tumors,
while the second group included 74 patients underwent
benign tumors were used as a pathological control, and the
last group included 83 healthy individuals. The enrolled
patients (malignant and benign tumors), were collected from
several public and private hospitals in addition to centers in
Al-Najaf Al-Ashraf governorate; involved: Al-Sadder
Medical City, Al-Zahra Teaching Hospital, Al- Ameer
Privet Hospital, Al-Ghadeer Hospital, Middle Euphrates
Cancer Center, and Daily Specialized Najaf Clinic. Patients
with malignant tumors were the basic group of the present
study. The cancerous patient's group were classified into six
general subgroups (Breast, Lung, Brain, Bladder,
Lymphoma, and Acute Lymphocytic Leukemia (ALL))
according to the cases that have been followed during
treatment with chemotherapy or radiotherapy.

Five milliliters of venous blood samples were collected
from the patients and healthy individuals, after fasting
period more than eight hours. Samples were allowed to clot
at lab temperature, centrifuged at 5000 g for 5 minutes. Sera
were collected and divided into two parts: the first was used
for evaluating oxidative stress parameters, and the second
part was used for tests of the immunoassay, then these parts
were stored at -18°C until used. Sandwich-Enzyme-Linked
Immune Sorbent Assay (Sandwich-ELISA) method was
applied to evaluate Serotonin and Neuron Specific Enolase
(NSE) concentration in the serum.

Results and Discussion

Levels of serum Serotonin Concentration were measured
in the three study groups; malignant and benign tumors'
patients as well as healthy control individuals, at diagnosis
and before treatment with chemotherapy or radiotherapy or
the two types together. Table 1shows a significant increase
(p=0.011, and 0.043) of serum serotonin levels in malignant
tumors group when compared with those of benign tumors
(as a pathological control) group, and healthy individuals
groups; respectively. No such results were shown when the
two control (benign tumors and healthy individuals) groups
were compared together.

Table 1. Levels of serotonin concentration (ng mL™) in sera of
tumoral patients and controls subjects (mean + S.D.)

Groups Serotonin, ng Range P
(n) mL?, mean#S.D.

Malignant  1.315+0.622 0.203-2.721 0.011,

(201) malignant vs
benign

Benign 0.856+0.594 0.152-2.496 0.043,

(74) malignant vs
healthy

Healthy 0.895+0.606 0.031-2.113 0.858, benign

(83) vs healthy
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Measurement of the Neuron Specific Enolasein the
various study groups revealed a significant decrease in
patients with malignant tumors when compared with those
of benign tumors (p = 0.028), and healthy individuals (p
<0.000). Same variations (p < 0.000) were obtained when
benign tumors and healthy controls groups were compared
together (Table 2).
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Figure 1. Relationship of serotonin concentration to Neuron
Specific Enolase in the sera samples of (A) malignant tumor
patients, (B) benign tumor patients, and (C) healthy control
individuals
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Table 2. Levels of neuron specific enolase concentration (ng
mL™?) in sera of tumoral patients and controls subjects (mean+S.D.)

Groups NSE conc. pg Range p
(n) mL?,
meanzS.D.
Malignant  1.801+1.623 0.060-5.020  0.028, malignant
(201) vs benign
Benign 0.000, malignant
3.193+£2.500 0.114-9.884
(74) vs healthy
Healthy 53740445  2310-9.408 0000 Penignvs
(83) healthy
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Linear Regression Analysis "Pearson’s Correlation" was
used to analyze the results of Serotonin and Neuron Specific
Enolase.

Before treatment with chemotherapy or radiotherapy,
negatively significant correlation (r = - 0.792 at p < 0.001)
was observed for the concentrations of Serotonin to the
Neuron Specific Enolase in the sera of malignant tumor
patients group as shown in Figure 1A, while no such
correlations were noted at this relation examined in the
benign tumor patients (Figure 1B, as well as; healthy
controls as shown in Figure 1C.

Despite the recorded significant decrease in the serotonin
concentration (p<0.05) as shown in Figure 3.2 as well as the
Neuron Specific Enolase (p<0.01) as shown in Figure 3.4
levels, correlation between the levels of the two examined
parameters has been negative and statically acceptable (r=-
0.723 at p<0.05) at malignant tumor patients group after
treatment by chemotherapy or radiotherapy, as illustrated in
Figure 2.
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Figure 2. Relationship of Serotonin Concentration to Neuron
Specific Enolase in The Sera Samples of Malignant Tumor Patients
after at Least two Dosages of Treatment

According to the present results (Figures 1 and 2),
correlation of Serotonin and Neuron Specific Enolase
together increases the possibility of using them together as
primary diagnostic tools for distinguishing between
cancerous and benign tumors. This correlation increases the
sensitivity of the two biomarkers together comparing to
measure everyone alone. Moreover, due to the relationship
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of serotonin and Neuron Specific Enolase is remained
statistically significant in the samples of malignant tumors
which are subjected to chemotherapy or radiotherapy, so
testing of the two parameters together as follow-up tools
became possible for noting the cellular changes occurring
during and after treatment. Literatures survey didn't provide
real help in tracing a relationship that links serotonin and
neuron-specific enolase in cases of cancers.

References

1Abbas, H. D. A., Physiological and Immunohistochemical Study
of Some Biomarkers in Bladder Carcinoma. University of
Kufa, faculty of Science, Biology Department, Thesis. 2003.

2Alberts, B., Johnson, A., Lewis, J.,Raff, M., Cancer. Chapter 23.
In Molecular Blology of the CeII 4" Edition . New York:
Garland Scientific. 2002, 1313- 1362.

3Jemal, A. D. V. M., Bray, F., Center, M. M., Ferlaym J., Wardm
E., Forman, D.,Global Cancer Statistics. Cancer J. Clin,,
2011, 61, 69-90. https://doi.org/10.3322/caac.20107

“Wiirziger, U., Prospektive klinische Untersuchung zum Einfluf3
der Elekrokrampfttherapie auf die Serumkonzentration von
NSE und Protein S-100 und kognitive Funktionen
psychiatrischer  Klinikpatienten. Inaugural Dissertation,
Ruhr-Universitdt Bochum, 2002, p. 16

5Duncan, M. E., McAleese, S. M., Booth, N. A., Melvin, W. T,
Fothergill, J. E., A simple enzyme-linked immunosorbent
assay (ELISA) for the neuron-specific gamma isozyme of
human enolase (NSE) using monoclonal antibodies raised
against synthetic peptides corresponding to isozyme

sequence differences, J. Immunol. Meth., 1992, 151, 227-236.

https://doi.org/10.1016/0022-1759(92)90121-9

%Paus, E., Risberg, Establishment and evaluation of a
radioimmunoassay for neuron-specific enolase. A marker for
small cell lung cancer. Tumor Biol., 1989, 10, 23-30.
https://doi.org/10.1159/000217590

"Aoki, T., Kaneta, M., Onagi, H., Morikawa, J., Tsubota, N.,
Watabe, H., Modification of human neuron-specific enolase
for application to radioimmunoassay, Biochem. Mol. Biol.

Int., ) 1996, 39, 461-469.
https://doi.org/10.1080/15216549600201511

8Pahlman, S., Esscher, T., Bergvall, P., Odelstad, L.. Purification
and characterization of human neuron-specific enolase:
radioimmunoassay development. Tumour Biol., 1984, 5,
127-139.

Harrington, C. R., Quinn, G. B., Hurt, J., Day, I. N., Wischik, C.
M., Characterization of an epitope specific to the
neuronspecific isoform of human enolase recognised by a
monoclonal antibody raised against a synthetic peptide

corresponding to the C-terminus of beta/A4-protein. Biochim.

Biophys. Acta, 1993, 1158, 120-128.

https://doi.org/10. 1016/0304- 4165(93)90005 S

108tern, P., Barto§, V., Uhrova, J., Springer, D., Vani¢kova, Z.,
Tichy, V., Prisa, R., Zima, T., The comparability of different
neuron-specific enolase immunoassays and its impact on
external quality assessment system, Klin. Biochem. Metab.,
2007, 15(1), 21-26.

HUBharosay, A., Bharosay, V. V., Varma, M., Saxena, K., Sodani,
A., Saxena, R., Correlation of Brain Biomarker Neuron
Specific Enolase (NSE) with Degree of Disability and
Neurological Worsening in Cerebrovascular Stroke, Ind. J.
Clin. Biochem., 2012, 27(2), 186-190.
https://doi.org/10. 1007/s12291-011-0172-9

2Alam, J. M., Kazmi, T., Mahmood, S. R., Shehzad, K., Sultana, I.,

Asghar, S. S., Shaheen, R., Determination and Diagnostic
Significance of Serum Neuron Specific Enolase (NSE)
Levels in Patients after Cardiac Arrest and Cardiac
Dysfunctions, Karachi Univ. J. Sci., 2009, 37, 21-27.

Eur. Chem. Bull., 2017, 6(8), 350-354

DOI: 10.17628/ech.2017.6.350-354

Section C-Research paper

8Collazos, J., Genoili, J., Ruibal, A., Neuron-Specific Enolase
Concentrations in Serum in Benign Liver Diseases, Clin.
Chem., 1991, 37(4), 579-581.

4Dayem, A. A. Choi, H. Y., Kim, J. H., Cho, S. G., Role of
Oxidative Stress in Stem Cancer, and Cancer Stem Cells.
Cancers, 859-884.

https: //doi. org/10. 3390/cancer52020859

5Poposka, B. I., Spirovski, M., Trajkov, D., Stefanovski, T.,
Atanasova, S., Metodieva, M., Neuron specific enolase -
selective marker for small-cell lung cancer, Radiol Oncol.,
2004, 38(1), 21-6.

6Bandyopadhyay, S., Hennes, H., Gorelick, M. H., Wells, R. G.,
Kelly, C. M. W., Serum Neuron-specific Enolase as a
Predictor of Short-term Outcome in Children with Closed
Traumatic Brain Injury, Acad. Emerg . Med., 2005, 12(8),
732-738. https://dol.org/10.1111/].1553-
2712.2005.tb00940.x

YMuley, T., Ebert, W., Stieber, P., Raith, H., Holdenrieder, S.,
Nagel, D., Fiirst, H., Roth, H. J., Luthe, H., Blijenberg, B. G.,
Gurr, E., Uhl, W., Pawel, J. V., Drings, P., Technical
Performance and Diagnostic Utility of the New Elecsys®
Neuron- Specific Enolase Enzyme Immunoassay, Clin. Chem.
Lab. Med 2003, 41(1), 95-103.
https://doi. orq/lO 1515/CCLM.2003.017

18Contreras, A. J. D., Valdes, E. T., Valdes, A. T., Fernandez, C. D.,
Hansottoreiber, G., Non increased neuron-Specific Enolase
Concentration in Cerebrospinal fluid during first febrile
seizures and a year follow-up in Pediatric patients. Arq.
Neuropsiquiatr., 1998, 56(3), 540-544.
https://doi.org/10.1590/S0004-282X 1998000400004

pytliak, M., Vargova, V., Mechirova, V., Felasoci, M., Serotonin
Receptors—From Molecular Biology to Clinical Applications.
Physiol. Res., 2011, 60, 15-25.

20 efta, A. A., Biochemical Evaluation of the Levels of Oxytocin,
Serotonin and Some Oxidative Stress Parameters in Sera of
Patients with Morbid Obesity, University of Kufa, Faculty of
Education for Girls, Department of Chemistry, Theses, 2017.

2lperoutka, S. J., Serotonin receptors. In: Psychopharmacology:
The Third Generation of Progress, Meltzer, H. Y. (ed),
Raven Press, New York, 1987, 303-311.

ZNichols, D. E., Nichols, C. D., Serotonin Receptors, Chem. Rev.,
2008, 108, 1614-1641. https://doi.org/10.1021/cr0782240

ZChojnacki, C., Walecka, K. E., Stepien, A., Pawlowicz, M.,
Wachowska, K. P., Chojnacki, J., Serum and ascitic fluid
serotonin levels and 5-hydroxyindoleacetic acid urine
excretion in the liver of cirrhotic patients with
encephalopathy, Adv. Med. Sci.,, 2013, 58(2), 251-256.
https://doi.org/10.2478/ams-2013-0010

2sarrouilhe, D., Clarhaut, J., Defamie, N., Mesnil, M., Serotonin
and Cancer: What Is the Link? Curr. Mol. Med., 2015, 15,
62-77.
https://doi.org/10.2174/1566524015666150114113411

ZElshayeb, E. 1., Korani, M. A. R., EImaidany, N. F., Helwa, M. A
Abd-Elatty, E. A., Serum Serotonin as a Novel Marker for
Hepatocellular Carcinoma, Adv. Res. Gastroenterol. Hepatol.,
2016, 1(5), 1-7.

%Berger, M., Gray, J. A., Roth, B. L., The expanded biology of
serotonin,  Ann. Rev. Med., 2009, 60, 355-366.
gttps://dm.orq/lO.ll46/annurev.med.60.042307.11080

2ZiBertrand, P. P., Real-time detection of serotonin release from

enterochromaffin  cells of the guinea-pig ileum.

Neurogastroenterol. ~ Motil., 2004,  16(5),  511-4.

https://doi.org/10.1111/j.1365-2982.2004.00572.x
#Kidd, M., Modlin, I. M., Gustafsson, B. I., Drozdov, ., Hauso,

0., Pfragner, R., Luminal regulation of normal and neoplastic
human EC cell serotonin release is mediated by bile salts,
amines, tastants, and olfactants, Am J Physiol Gastrointest.
Liver Phy5|ol 2008, 295(2), G260-72.
https://doi.org/10.1152/ajpgi.00056.2008

353


https://doi.org/10.3322/caac.20107
https://doi.org/10.1016/0022-1759%2892%2990121-9
https://doi.org/10.1159/000217590
https://doi.org/10.1080/15216549600201511
https://doi.org/10.1016/0304-4165%2893%2990005-S
https://doi.org/10.1007/s12291-011-0172-9
https://doi.org/10.3390/cancers2020859
https://doi.org/10.1111/j.1553-2712.2005.tb00940.x
https://doi.org/10.1111/j.1553-2712.2005.tb00940.x
https://doi.org/10.1515/CCLM.2003.017
https://doi.org/10.1590/S0004-282X1998000400004
https://doi.org/10.1021/cr078224o
https://doi.org/10.2478/ams-2013-0010
https://doi.org/10.2174/1566524015666150114113411
https://doi.org/10.1146/annurev.med.60.042307.110802
https://doi.org/10.1146/annurev.med.60.042307.110802
https://doi.org/10.1111/j.1365-2982.2004.00572.x
https://doi.org/10.1152/ajpgi.00056.2008

Serotonin -advanced stages of cancer relationships

2Chojnacki, C., Walecka, K. E., Stepien, A., Pawlowicz, M.,
Wachowska, K. P., Chojnacki, J., Serum and ascitic fluid
serotonin levels and 5- hydroxyindoleacetic acid urine
excretion in the liver of cirrhotic patients with
encephalopathy. Adv. Med. Sci., 2013, 58(2), 251-256.
https://doi.org/10.2478/ams-2013-0010

30Crockett, M. J., Schoute, A. A., Herrmann, B., Lieberman, M.,
Muller, U., Robbins, T. W,, Clark, L., Serotonin Modulates
Striatal Responses to Fairness and Retaliation in Humans, J.
Neurosci., 2013, 33(8), 3505-3513.

https: //doi. org/10. 1523/JNEUROSCI.2761-12.2013

Eur. Chem. Bull., 2017, 6(8), 350-354

DOI: 10.17628/ech.2017.6.350-354

Section C-Research paper

31Crockett, M. J., Clark, L., Tabibnia, G., Lieberman, M. D.,
Robbins, T. W., Serotonin modulates behavioral reactions to
unfairness. Science, 2008, 320, 1739.
https://doi.org/10.1126/science.1155577

32Crockett, M. J., Clark, L., Hauser, M. D., Robbins, T. W,
Serotonin selectively influences moral judgment and
behavior through effects on harm aversion, Proc. Natl. Acad.
Sci. USA, 2010, 107, 17433-17438.
https://doi.org/10.1073/pnas.1009396107

Received: 12.05.2017.
Accepted: 12.08.2017.

354


https://doi.org/10.2478/ams-2013-0010
https://doi.org/10.1523/JNEUROSCI.2761-12.2013
https://doi.org/10.1126/science.1155577
https://doi.org/10.1073/pnas.1009396107

