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ABSTRACT
Background and Objective: Serine and glycine are connecting lines for biosynthesis
and are essential resources for synthesis of proteins, nucleic acids and lipids that are
necessary for cancer cell growth. The purpose of this study was to set a comparison of
serine and glycine in patients with esophageal cancer and in healthy people.
Materials and Methods: 37 plasma samples were collected from esophageal cancer
patients and were referred to Gastrointestinal and Liver Disease Research Center,
Firoozgar Hospital, affiliated to Iran University of Medical Sciences, Tehran, Iran.
Plasma levels of branched-chain amino acids were measured by HPLC method.
Statistics were calculated by SPSS v.16 software.
Results: In the patients’ group the mean age ± SD was 63±13.64 and 21 (56.8%)
were male; while in control group, the mean age ± SD was 64.24±13/08 and %54.1
were male. Glycine levels were significantly increased in esophageal cancer (Pvalue: 0.031) and age (P-value<0.05) but it didn’t have significant difference in
association with sex (P-value>0.05). However, serine levels in patients with
esophageal cancer compared to the healthy group didn’t show a significant difference
(P-value: 0.610) and also it didn’t show a significant difference in association with
age (P-value>0.05), sex (P-value>0.05).
Conclusion: High concentration of serine and reduced glycine levels in plasma of
patients with esophageal cancer could act as a prognostic factor in cancer development.
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Introduction
Esophageal cancer as a common malignancy of
the elderly in which it has the highest rates at 7th to
8th decade of life, is a rare malignancy in young
people. Esophageal cancer has two types of
squamous cell carcinoma and adenocarcinoma based
on pathological scales (1). Esophageal cancer in Iran
has been under various investigations in different
provinces and it revealed that in the northern and
north eastern parts of Iran there is a higher rate of
incidence (2, 3). Golestan province located in north
east of Iran is one of the regions with higher
frequency of esophageal cancer, whereas,
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Mazandaran and Khorasan provinces are the next
prevalent areas in Iran (3, 4).
More than one third of cancer patients are at risk
of mortality after esophageal surgery and removing
the malignant tissue due to cachexia (5, 6). It has been
postulated that metabolism pathway alterations
associated with malignancy, are the main key factor
in patients’ mortality. Actually, attempts to avoid
cachexia by providing high amounts of protein or
calorie have failed. In this regards, metabolism
disorders in these patients should not be neglected (7,
8). In carcinogenesis process, preserving cell growth
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and proliferation is associated with particular
metabolism conditions (9, 10). Furthermore, these
cells need higher energy and ingredients for new
cellular components synthesis and also required as
crucial factors to maintain redox and oxidation
processes (11, 12).
Glucose and glutamine are two main sources for
the activation of essential metabolic pathways such
as glycolysis and Krebs cycle (TCA). In anabolic
pathways, the serine synthesis is an important
milestone in glucose conversion (13). Dietary serine
and synthesized serine via glycolytic pathway can be
converted to glycine and one-carbon units. The
synthesis of proteins, lipids, nucleic acids, and other
cofactors require one-carbon metabolism which is a
complex metabolic network and takes place based on
chemical reaction of folate compounds. One-carbon
units are generated in some paths and are used in
other metabolic pathways(14). Glycine produced
from serine (serine hydroxymethyl transferase
enzymes) that takes part in biosynthesis of Burin
bases (two burin base carbon atoms and one nitrogen
atom in burin ring). Glycine is an integral part of
glutathione (the body's main antioxidant molecules)
that is involved in cellular redox reactions. Also,
glycine is consumed in mitochondria for
biosynthesis, thus it plays a role in preserving
oxidative phosphorylation. Recently, it has been
shown that glycine uptakes and catabolism could
promote tumorigenesis and cancer, and has been
suggested that glycine metabolism could be
considered as the main target for therapeutic
interventions (15). The L-serine amino acid is one of
the unnecessary nutrients (16)and it is produced by
intracellular serine within 3-step enzymatic reaction
of 3- Phosphoglycerate. Serine can also enter the cell
by amino acid transporters from outside the cell(17).
In addition to its role in protein synthesis, L-serine is
used as prefabrication and essential metabolic
intermediates for different biosynthetic pathways that
include
glycine
synthesis,
Lcysteine,
phosphatidylserine (PS), sphingolipid and D Nmethyl-D- aspartate -serine activation (NMDA) and
selective glutamate receptor. In addition, L-serine
indirectly plays a role in purine and pyrimidine
biosynthesis with transfer of a methylene group (C3serine) to tetrahydrofolate (THF)(18). One of the
main metabolic pathways is converting serine to
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glycine which is done by serine hydroxymethyl
transferase catalytic enzyme. The reaction catalyzed
by serine hydroxymethyl transferase (SHMT)
represents a major source of methyl groups for
storing units of single carbon needed for biosynthesis
of de novo nucleotides and DNA methylation.
SHMT can be considered as a primary goal in two
key paths for chemotherapy interventions: one is
pathway of serine / glycine metabolism and the other
is the biosynthesis of nucleotides. Serine can be
converted to glycine in which, carbon units are
provided for one-carbon metabolism.. One-carbon
metabolism shows a complex metabolism which is
based on chemical reactions of folate compounds.
This path provides carbon for synthesis of proteins,
lipids, nucleic acids and other cofactors. These single
carbon units are the product of a cycle path and are
transferred to other metabolic pathways(18). Thus,
the aim of the present study was to investigate the
metabolic abnormalities in order to study glycine and
serine concentration in esophageal cancer.

Material and Methods
Participants
Plasma samples were taken from 37 patients
with esophageal cancer referred to Gastrointestinal
and Liver Disease Research Center, Firoozgar
Hospital, affiliated to Iran University of Medical
Sciences, Tehran, Iran and they were selected
before any treatment (chemotherapy, radiation) and
before surgery. Patients with other metastatic and
metabolic diseases were excluded. Also, this study
was confirmed by the Ethics Committee of Golestan
University of Medical Sciences, Gorgan, Iran. The
control group included healthy people, and those
who did not have a history of familial cancer and
malignant diseases. Written consent was obtained
from each participant. All samples were collected
from fasting patients. 5 ml whole blood from all
participants was collected in vacuum tubes
containing EDTA and plasma was separated via
centrifugation at 1000 g for 10 minutes and then
they were kept frozen at -80ᵒc.
HPLC Measurement
The analysis of serine and glycine amino acids
was done by HPLC device model KNAUER
(Germany). This study was conducted based on
reverse-phase chromatography (RP-HPLC) and
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gradient method with flow rate as 1 and ph = 7.02
(19). In this step, 200 microliter sample was mixed
with 50 microliter standard homoserine and 800
microliter methanol and incubated for 5 min at 4 °
C. Then the supernatant was centrifuged for 5
minutes at 4000 rpm and 250 microliter of it was
mixed with 100 microliter borate buffer (keeping
ph) was vortex for 5 seconds. Then 25 microliter
normal HCL 75% was added to it and again 5
seconds vortex was done. Then, 50 microliter of the
resulting solution was mixed with 200 microliter of
solution A and 5 seconds vortex was done. After
that 20 microliter of solution was taken by syringe
Hamilton and injected to the HPLC device. Plasma
levels of serine and glycine amino acids were
measured by HPLC for 60 minutes.
Statistics
Dara were statistically analyzed using SPSS v.16
software by which standard deviation and mean
concentration of serine and glycine were calculated.

P-values smaller than 0.05 were considered
statistically significant, and t-test was selected for
measuring any significant difference of plasma level
of serine and glycine in patients with esophageal
cancer and in healthy people.
Results
Participants
Out of 37 cases, the mean age ± SD was
63±13.64 and 21 (56.8%) were male and out of 37
in the control group, the mean age ± SD was
64.24±13.08 and 54.1 were male. Glycine levels
significantly increased in esophageal cancer (Pvalue: 0.031), as age increased, it declined
significantly too (P-value<0.05), but it has not
significant difference with sex (P-value>0/05).
Serine levels in patients with esophageal cancer
compared to the healthy group was not significant
(P-value: 0.610) also it was not significantly
associated with Age (P-value>0.05), and sex (Pvalue>0.05).

Table 1. Average concentration of serine and glycine in the case and control groups with t- test

Case (N=37)
Control (N=37)
A comparison of
amino acids with test-t

Serine (µm)
42.76±122.

Mean ± SD
Median
Mean ± SD
Median
p-value
Equal variances assumed
Equal variances not assumed

125
48.22±123.15
11.28
0.610
0.934
0.025

Glycine (µm)
89.19±260.62
245
58.52±220.23
222
0.031
0.934
0.025

300
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Fig. 1. Changes of serine and glycine levels in the patient group and the control group

Discussion

Vol.3 No.2 Summer & Fall 2020

MOD MED LAB J

Mahsa Taherizadeh et al 72

In the present study, we measured plasma
concentrations of serine and glycine esophageal
cancer patients and compared them with a control
group. Results showed that serine concentration
didn’t have a significant difference and glycine
concentration increased significantly in patients
with esophageal cancer (P-value<0.05).
Hong et al (20) reported that serine concentration
significantly reduced and glycine significantly
increased in esophageal cancer patients, also in this
study glycine concentration was increased
significantly. This increase might be due to the
cellular biosynthesis potential and oxidation caused
by using folate derivatives in one-carbon
metabolism networks due to the cellular
biosynthesis potential and oxidation and epigenetic
status (21, 22). During the past 10 years, great
efforts have been made on changes in metabolic
properties of cancer cells(18). Now it is clear that
with the Warburg effect, cancer cells increased flux
through pentose phosphate pathway, high use of
glutamine and through maintaining redox status (23,
24). By increasing lipid biosynthesis, cell
proliferation in hypoxia and stress condition could
be sustained. Also increased uptake of glycine and
serine with cells has been observed (25).
Clarke et al(26) reported that the level of plasma
Glycine increased and the results of our study
confirmed this issue. Miyagi et al(27) showed an
increase in plasma level of hreonine, serine, proline,
glycine, alanine, ornithine and lysine, and a
decrease in glutamine, tyrosine, histidine and
tryptophan in breast cancer in comparison to the
control group. In our study, results showed that the
plasma level of Glycine in esophageal cancer was
significant.
Recent works conducted at metabolomic cancer
have shown that glycine metabolism is associated
with the proliferation of cancer cells. In a study of
cell panels NCI-60, the absorption and distribution
rate of more than 200 metabolites was measured
(15). Surprisingly, glucose uptake and lactate
production (Warburg effect) is not related to cell
proliferation and it is associated with cell
proliferation through body metabolism. It is
perceived that glycine uptake is strongly associated
with cell proliferation (28). The over-expression of
two enzymes involved in serine and glycine
catabolism (phosphoserine aminotransferase and
serine hydroxymethyl transferase) in NIH3T3 cells
can induce tumor growth (28). The results of the
study show that glycine plasma levels are variable
in cancers.
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Conclusion
Serine and glycine plasma changes in patients
with esophageal cancer show that the conversion of
serine to glycine metabolism increases in the
presence of a malignant tumor. Data from this study
is consistent with previous studies. In addition,
studies have also shown that serine and glycine are
produced in the body in patients with other cancers.
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