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Abstract
Purpose: Breast cancer is one of the most common cancer among. Chemotherapy and radiation along
with surgery are common methods for treating cancer, but they exhibit side effects on normal cells in the
body. We used peptides, as new anti-cancer agents, seem to have fewer reactions on the body's natural
cells and are specialized markers for targeting cancer cells.

Materials and methods: Metabolomics data are obtained by 1HNMR, LC/MS and GC/MS spectrometry
and analyzed by chemometrics techniques and the affected metabolic cycles identi�ed using different
databases. ZR-75-1 cells were collected with estradiol (positive control), without estradiol (negative
control) and estradiol with peptide (treatment group) and the metabolites of these 3 groups were
collected by chloroform/methanol or water extraction method. Spectra were analyzed by 1HNMR and
chemometric methods using PLS-DA techniques by which differentiating chemical shifts and their
respective metabolites were identi�ed using the Human Metabolome Database. The differentiating
metabolic pathways were detected using Metaboanalyst.ca website.

Results: A concentration of 10-9 M estradiol induced the growth of estradiol-dependent ZR-75-1 cells
compared to the control group. A concentration of 10-10 M MH-I peptide inhibited the growth of estradiol-
induced growth in this ER + breast cancer cell line. Altered metabolites and metabolic pathway were
distinguished.

Conclusion: Changes were observed in different amino acids and carbohydrates. The pathways of
aminoacyl-t-RNA, glycolysis. Gluconeogenesis and biosynthesis of biotin and amino acids showed the
most changes. The results from this study introduces a new peptide drug lead for the treatment of breast
cancer with estrogen positive receptor.

Background
Breast cancer affects many women in 100 countries around the world and in 2018, about 2.1 million
cases were diagnosed. According to statistical studies conducted in Iran, the number of cancer patients
(excluding non-melanoma skin cancers) will increase from 84,800 in 2012 to 129,700 in 2025, which
seems to be a signi�cant increase as compared to other countries [1]. Lifestyle changes such as
inactivity, obesity, alcohol consumption, as well as increased testosterone levels in postmenopausal
women and premature menstruation can increase the risk of breast cancer. Age (especially in women
over 60), personal history, breast pathology, family history, genetic history, endogenous hormones and
lifestyle are other risk factors that can be mentioned. It is interesting that breastfeeding reduces breast
cancer due to a decrease in endogenous sex hormones [2].

Breast cancer is classi�ed into two categories: invasive (ductal carcinoma) and non-invasive ductal
carcinoma (in situ) and lobular carcinoma [3]. Molecular classi�cation of cancer cells is divided into 5
categories: lumina (LA) A, lumina (LB) B, HER + (H), negative triple A (TNA) and negative triple B (TNB)
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[4]. ZR-75-1 is a non-invasive ductal carcinoma (LA) breast cancer that affects the ducts of the breast
tissue [5]. This cell line has a receptor for estrogen (ER+) and one for progesterone (PR+) with high
expression of HER-2, which as a result of the presence of estradiol can stimulate the growth of this cell
line [6]. There are several treatments for breast cancer, including chemotherapy and radiotherapy, as well
as surgery. Chemotherapy and radiotherapy can have side effects on normal cells, they can destroy the
normal cells of the person being treated [7]. Due to some special properties of peptides such as easy
production, small size, high activity and speci�city as well as lack of accumulation in liver and kidney
tissues can be a good choice for the treatment of cancers [8].

The RGD peptide was identi�ed by (Arg-Gly-Asp) sequence in 1997. The RGD-Tachyplesin compound can
hinder the proliferation of cultured cancer cells, and it can also induce apoptosis through mitochondrial
and Fas-dependent pathways [9]. MG2A peptide, with its
GIGKFLHSAKKFGKAFVGEIMNSGGKKWKMRRNQ sequence, which induces necrosis and apoptosis, acts
on lung and cervical cancer. Dermaseptin B2 peptide in the GLWSKIKEVGKEAAKAAAKAAGKAALGAVSEAV
sequence inhibits the proliferation of breast and prostate cancer cells through necrosis. PTP7 peptide
with FLGALFKALSKLL sequence affects lung, prostate and breast cancer by inducing apoptosis [10].

Omics technologies allow the display of thousands of large and small molecules using high throughput
technology and chemometrics. They have the ability to measure molecules of cells such as proteins,
RNAs, and intermediate metabolites in a single analysis. With these new tools, a complete assessment of
the activity of different biochemical pathways and the genetic sequences between individuals and
species can be made. Omics technologies comprise of different downstream techniques such as
genomics, proteomics, transcriptomics and metabolomics [11]. Genomics analyzes the genetic data of a
living being (the genome), transcriptomics focuses on transcription products (RNA) and proteomics is a
comprehensive analysis of proteins of a studied system. Metabolomics is the study of the total pro�les
of metabolites in a living system [12].

Metabolites include carbohydrates, lipids, amino acids, and end products of metabolism that occur in
biological samples such as cells, biological �uids, and tissues. Metabolomics is an effective way to study
metabolites in a biological sample that provides useful information about the pathological and
physiological conditions in a cell [8].

Techniques used to analyze metabolic data include LC/MS, GS/MS and NMR. All techniques have their
own advantages, MS requires sample preparation and is destructive but more sensitive than NMR
techniques which do not require sample preparation and are non-destructive. They can be used to identify
a wide range of metabolites and numerous methods of chemometrics to provide information about
unknown compounds [13].

In this study, the effect of chimeric EBR peptide designed by Shahbazzadeh 1995 and derived from
human and rat alpha- fetoprotein, HM-I on the ZR-75-1 cells was investigated. A study of metabolomics
marking the major differentiating metabolites and the important metabolic pathways in ZR-75-1 cells in
the presence of the chimeric EBR peptide HM-I and estradiol was also carried out.
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Methods

Peptide synthesis
The Fmoc solid phase synthesis method was used to synthesize the peptides. Amino acids were added to
a solid base (polyethylene-polystyrene) and the N-terminus of the �rst amino acid was unblocked and a
peptide bond attached to the C-terminus of the second amino acid. The group of amino acids used in
synthesis was protected by the �uoronyl methoxycarbonyl group (Fmoc). After the peptides were
synthesized, the protecting side chain groups were removed by tri�uoroacetic acid (TFA). The imported
carboxylamino group was activated by the addition of the HATU (hexa �uorophosphate O - (− 7-
azabenzotriazol-1-yl) -1, 1, 3, 3, -teramethyluronium) group.

Peptides were separated from the solid base using TFA. After synthesis, 3 washes of 100% methanol
were given to the resin and reaction was performed in 10 ml of 1, 2-ethanedithiol/anisole/thioanisole/TFA
solution in ratios of (3, 2, 5 and 90) for 1.5 grams for 5h hours. The solid resin was then separated from
the peptide solution using a glass funnel with air as a gentle stream, the �ltered volume was reduced to 1
ml and washed off by adding 15 ml of ethyl ether. It was then washed three times with 15 ml of ethyl
acetate/diethyl ether solution in a ratio of (1.5, 1] and �nally, the peptides dissolved in deionized water are
lyophilized. The lyophilized peptide was then dissolved in deionized water and placed on Sep-PakC18
cartridge of reverse phase chromatography or �ltration gel with Sephadex G-25. The peptides are then
lyophilized and dissolved in deionized water and then puri�ed using HPLC.

All peptide amino acids are analyzed by the Water AccQ-Tag amino acid analysis system and analyzed
using Mass Spectroscopy [14].

Cell culture
ZR-75-1 cells with ATCC number CRL-1500 and cell number C10099 were purchased from the National
Genetic Resources of Iran. Cells are cultured in RPMI 1640 medium enriched with 10% FBS and 1%
penicillin and incubated at 37°C, 95% humidity and 25% CO2. Cells were isolated from the bottom of the
�ask by 0.25% trypsin EDTA [15].

MTT for the viability test
MTT is a type of colorimetric method using tetrazolium solution which penetrates into the cell and is
converted to the aqueous crystal of fumaran by the enzyme mitochondrial succinate dehydrogenase.
Inside each of the 96 microplate wells, about 180 microliters of culture medium and 5⋅103 cells were
cultured and incubated for about 24 hours.

To treat the cells with estradiol, 100 µL of culture medium containing 5 ⋅ 103 cells is �rst added to each
96-well plate and after 24 h incubation at 37 ° C and 5% humidity, 20 µL of different concentrations (4− 10

to 10− 12 Molar) of estradiol mentioned above were added to the wells with 8 repeats. Estradiol was
added at each change of the medium. On the seventh day after adding 20µl from MTT (tetrazolium)
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Results

solution and incubating for 4 hours at 37°C, the supernatant was then discarded and 100 µl DMSO was
added and shaken for 30 min and �nally, the results were analyzed by spectroscopy.

Then 20 µl of different concentrations (4− 10 to 10− 12 M) of chimeric EBR peptides derived from human
and rat alpha fetoprotein (HM-I & HM-J) and EBR of human and rat with pre-determined estradiol
concentration (10− 9M) was added to each of the treatment wells and all concentrations were checked by
8 replications. Cells without the addition of estradiol or peptide were called negative controls, and cells
that grew in the presence of 10− 9 M estradiol were deemed as positive controls. MTT was carried out as
described above [16].

Extraction of polar and non-polar metabolites
Flasks of 75cm2 containing 10 ml medium with 200 µl of 1 nM/ml estradiol as positive control and the
same amount of estradiol and 200 µl of 10− 8 M concentration of HM-I as treatment �asks were cultured
for 10 days as 37ºC. After the cells reached 90% con�uency they were trypsinized by 0.25 % trypsin EDTA
and after centrifugation for 5 min at 4000×g, the supernatant discarded and the cells were frozen with
freezing solution (90% FBS and 10% DMSO) [17], and stored in the freezer at -80°C. Samples were
washed with 1×PBS solution and 500 µl of cold chloroform/methanol solution in a ratio of 1: 2 was
added to all samples and vortexed. It was then shaken on an orbital shaker at 300 rpm for 10 minutes.
Then 500 µl of water/chloroform with a ratio of 1/1 was added to the samples and vortexed. Finally, the
samples were centrifuged at 18000×g for 5 min at 4°C. Each sample was divided into upper phase
(hydrophilic phase), middle phase (protein phase) and lower phase (lipophilic phase). The upper and
lower phases were collected and sent for lyophilization [18].

1 HNMR spectroscopy

The protocol applied was a standard one dimension NOESY on a Bruker 1HNMR 500 Hz [19].

Chemometrics data analysis
The MATLAB platform was used using the Prometab programme on the raw NMR spectra which were
then transformed into matrices to be used in multivariate analysis by the statistical analysis option of
Metabo-Analyst software. The spectra were normalized and Partial Least Squares-Discriminant Analysis
(PLS-DA) was carried out and the chemical shift of differentiated metabolites were obtained and
identi�ed using the Human Metabolism Database (HMDB) (www.hmdb.ca), in both the treatment and
positive control groups. The name of the metabolites were entered into the Metabo-Analyst pathway
analysis option (www.metaboanalyst.ca) and the main altered pathways were identi�ed [20].

Statistical analysis
Student’s t-test was performed on MTT values and p-value < 0.05 was considered as signi�cant.

http://www.hmdb.ca/
http://www.hmdb.ca/
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The effect of different concentrations of estradiol on stimulation of growth of ZR-75-1 cells is shown
below and 1nM is seen to have the highest effect (Fig.1).

The cells were grown in different concentrations of chimeric peptide HM-I in the presence and absence of
1 nM estradiol for 6 days (Fig. 2).

It is seen that the 10− 8M chimeric peptide HM-I inhibited the growth of ZR-75-1 due to its anti-estradiol
effect. Metabolomics studies are shown in Fig. 3a and 3b where the score plots of the samples are seen
with a good separation between them.

The chemical shifts are identi�ed in positive and treatment groups of hydrophilic phase (a & b), which
show the most important variable points.

A comparison between the positive control and negative controls was carried out and score plots shown
in Fig. 4a and 4b; and chemical shifts identi�ed by VIP plots (Fig. 6a and 6b).

The altered metabolites in the positive control and treatment groups and are detected by the Human
Metabolic Database and are shown in Table 1 and Table 2 depicts the metabolites in the positive control
and negative control groups.

The differentiated metabolic pathways in the two groups of positive control and treatment groups are
shown in Fig. 7a and positive and negative control groups in Fig. 7b.

Discussion
Alpha fetoprotein was reported in 1963 by Yuri S. Tatarinov as a speci�c antigen for human liver
carcinoma (HCC). Peptide fragments of alpha fetoprotein have the potential to create a new type of anti-
cancer agent, including the EBR peptide fragment derived from this protein, which has the ability to bind
to estradiol and thus can inhibit the estradiol dependent growth of hormone-dependent cancer cells [21].
The chimeric EBR peptide derived from human and rat alpha fetoprotein (HM-I) has the ability to bind to
estradiol far more than human EBR, which was determined in 1995 by Shahbazzadeh [22]. The above
results indicate that the concentration of 10− 9 M of estradiol causes more growth of cells in the positive
control than the negative control groups. By comparing this result with the results of previous studies, it
can be understood that the concentration of 10− 9 M of estradiol which is equivalent to 1 nM has the
ability to stimulate the growth of estradiol recipient cells compared to cells in the negative group [14].

The results showed that the concentration of 10− 8 M of the chimeric peptide HM-I with binding to
estradiol reduces the growth of cells in the treatment group compared to the cells in the control group.
However, comparing the negative control group with the treated one, which is the only effect of the
peptide in the absence of estradiol, showed that HM-I singly has no anti-cancer effect on the ZR-75-1
cancer line. In 2008, Sierralta and colleagues worked on an alpha-fetoprotein (Cp) derivative of the 9-
esophageal ring. This peptide inhibits the growth of MCF7 and ZR-75-1 cell lines by binding to estradiol
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while showed no inhibitory effect on estrogen receptor-free breast cancer, MDA-MB231 [23]. But so far no
research has been done on the chimeric EBR fragment created of HM-I. The rat EBR binds to estradiol
with a higher a�nity than human one, and this chimerization promotes the binding of HM-I to estradiol
[22]. It should also be noted that in this study, altered metabolic pathways in breast cancer cell of ZR-75-1
class in the presence of estradiol as well as in the presence of estradiol and chimeric peptide were
investigated and thus showed the mechanism of action of estradiol in inducing cell growth and also the
inhibition of cell growth in the simultaneous presence of estradiol and peptide.

Altered metabolites of ZR-75-1 cells in a culture containing estradiol include glucose, 17α-estradiol,
16alpha-hydroxyestrone, biotin, leucine, tryptophan, arginine, NADPH, pantothenic acid, glutamic acid and
lipids (Table 1). Glucose is one of the modi�ed metabolites, and tumor cells use the anaerobic glycolysis
pathway (ATP) to produce energy (ATP) faster, which is known as the Warberg effect which produces
energy faster than glucose and creates an acidic environment (lactic acid) to protect cancer cells [24].
And because it produces less ATP per glucose molecule, it increases the uptake of glucose by increasing
the expression of glucose transporters, including Na+ -dependent glucose transporters (SGLTs) and
facilitating glucose transporters (GLUTs) in this cell line [25]. Giuseppe Tripod and colleagues used
vitamins, including biotin, as carriers of anti-cancer drugs, arguing that cancer cells needed more vitamins
such as biotin to divide and multiply rapidly and biotin can increase the growth of cancer cells, thus being
able to act as a suitable vector for anti-cancer drug [26]. Estradiol is one of the compounds that were
added to the culture medium of cancer cells at the time of culture and enters the cell through estrogen
receptors. The compounds estradiol, estrone and estriol are the main types of estrogen. These
compounds of estrogen and the estrogen receptor and estrogen-related metabolites such as 16 alpha-OH
can be associated with cancer risk [27].

NADPH is another modi�ed metabolite in this project. It is an essential source of electrons for the
synthesis of steroids, amino acids and fatty acids that enhance the rapid growth of tumor cells. It
provides the electrons needed for iron-sulfur protein (Fe/S) fusion, which participates in the synthesis of
unnecessary amino acids and the formation of lipoic acid, modi�cations in the tRNA molecule, replication
of the DNA molecule and its repair, as well as telomere protection. The enzyme dihydrofolate reductase
(DHFR) catalyzes the reduction reaction of conversion of dihydrofolate to tetrahydrofolate (THF) in folate
metabolism using NADPH which is required for the biosynthesis of some amino acids, methionine,
thymidylate and purines [28]. As the lipids are involved in rapid and uncontrolled proliferation of cancer
cells, loss of molecular adhesion and the ability to communicate with other cells, failure to repair DNA
damage and ultimately, the ability to tolerate apoptosis by active lipid metabolism in cancer cells [29].

Other altered metabolites are leucine and tryptophan amino acids, in which tryptophan stops the cell
cycle in the G1 phase and the proliferation of T lymphocytes. By activating the non-depressible kinase
GCN2 pathway, it produces a modulated stress response that ultimately provides the energy responsible
for T cells and formation apoptosis. kynorene (Kyn) and downstream metabolites of tryptophan can
activate the aryl hydrocarbon receptor (AHR). These metabolites also involved in Treg detection and T
lymphocytes and natural killer cells (NK) inhibited by them [30]. Leucine is an essential, branched-chain
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amino acid that acts as a signaling molecule in the mTOR signaling pathway. Leucine is the most
important amino acid involved in protein synthesis, however, if cancer cells do not have access to this
amino acid, it does not have a signi�cant effect on these cells [31]. Pantothenic acid and glutamic acid
are other metabolites that have undergone changes in these cancer cells that can play an important role
in the growth and proliferation of these cells.

Progressive lipid metabolism and mitochondria, mitochondrial leucine metabolism and citric acid cycle
can be mentioned as important reactions that the presence of pantothenic acid (vitamin B5) as a
precursor of coenzyme A (CoA). Pantothenic acid acts as a coagulant and acyl- carrier protein and has a
protective role against oxygen species [30]. Changes in the path of glutamine metabolism can be seen in
many cancers. Mitochondrial glutaminase catalyzes the conversion of glutamine to glutamate and
increases the amount of this enzyme in cancers. Glutamine provides the nitrogen needed to synthesize
nucleotides and hexamine, and some unnecessary amino acids are synthesized in the presence of
glutamine as the nitrogen donor [32].

In our study, altered metabolic pathways in the presence of estradiol as well as the concomitant presence
of estradiol and chimeric peptide include: the aminoacyl-tRNA biosynthesis pathways, glycolysis and
gluconeogenesis, galactose metabolism, biotin metabolism, arginine biosynthesis, alanine aspartate and
glutamate metabolism, glutathione metabolism, arginine-proline metabolism, and tryptophan
metabolism. They are consistent with previous studies of Yang et al., 2020, working on altered metabolic
pathways in breast cancer cells in another study by using 1HNMR metabolomics showing the metabolic
pathways of amino acids and aminoacyl-tRNA [33]. Aru Singh and colleagues in 2017 worked on the
metabolic pathways of breast cancer that showing the alanine aspartate and glutamate metabolism,
glycolysis and gluconeogenesis pathways are altered which is consistent with our study [34].

In cancer cells, there is a link between increased cell growth rate and proliferation, metabolism and
protein synthesis. T-RNA expression is higher in cancer cells than in normal cells, this increase in
expression is often associated with high expression of TFΙΙΙ factor compounds. Microarray performed in
2009 by Pavon-Eternod et al. was able to measure the levels of tRNA molecules in 3 categories of normal
breast epithelial cell groups and 6 categories of breast cancer cells and reported high expression of all
types of tRNA in breast cancer cells. Arginine biosynthesis is another altered metabolic pathway [34]. The
glycolysis and gluconeogenesis pathways are other altered in breast cancers are consistent with the
results of our research and increase glycolysis and decrease gluconeogenesis to produce more energy are
indicators of cancer cells [34]. UDP-galactose, the active form of galactose, is a galactosyl donor for the
biosynthesis of glycoproteins and glycolipids, indicating that galactose metabolism is required for many
cancer cell functions, such as cell-cell detection, metastasis, and receptor-modulated signaling. In fact, it
can be said that carbohydrate metabolism affects the growth of cancer cells [36].

L-Arginine is an essential amino acid for cancer cell growth and is obtained by biosynthesis or by
adsorption from culture medium in vitro. Arginine enters the cell through cationic amino acid transporters
(CATs), and the enzymes arginine synthase and nitric oxide synthase use this amino acid to produce
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ornithine and nitric oxide (NO) compounds. Both of these compounds are needed for cell proliferation,
including cancer cells [37]. The glutathione metabolism pathway is seen in our study, and the antioxidant
glutathione can act on the drug metabolites, thus protecting cancer cells from drug poisoning [38].

The metabolic pathways was observed in the treated and positive control groups and negative control
along with the positive control group that are quite similar to each other. This is due to the fact that the
peptide blocks estrogen but does not affect cancer cells at all, hence its response is due to the presence
and absence of estrogen and not the peptide.

Conclusion
Chimeric peptide HM-I at a concentration of 10− 8 M by blocking estradiol and preventing its binding to
the estradiol receptor, prevents estradiol-dependent growth of breast cancer cell ZR-75-1 (ER+). Estradiol
affects the biosynthesis pathway of aminoacyl tRNA, metabolic pathways of amino acids including
arginine biosynthesis, tryptophan metabolism and arginine-proline metabolism, glycolysis and
gluconeogenesis pathways, biotin metabolism, cellular metabolism of galactose metabolites. Now, with
the presence of chimeric peptide HM-I in the presence of estradiol and blockade of this hormone by this
peptide, the metabolic pathways mentioned above have undergone a change leading to a decrease,
which indicates the effective function of this peptide in inhibiting estradiol.
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Table 1: The main metabolic pathways in the hydrophilic and lipophilic phases of the positive control
group and treatment
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Table 2: Altered metabolites in the hydrophilic and lipophilic phases of the positive control group and the
treatment.
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Figure 1

The effect of different concentrations of estradiol on ZR-75-1 cell proliferation.
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Figure 2

The effect of different concentrations of chimeric peptide HM-I on cell proliferation.
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Figure 3

PLS-DA of hydrophilic phase of positive control and treatment groups (a). PLS-DA of lyophilic phase of
positive control and treatment after PLS-DA (b).
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Figure 4

Identi�cation of chemical shifts from variable numbers in positive and treatment groups of hydrophilic
phase (a). Identi�cation of chemical shifts from variable numbers in positive and treatment groups of
lypophilic phase (b).

Figure 5

PLS-DA of hydrophilic phase of positive control and negative controls (a). PLS-DA lyophilic phase of
positive control and negative controls after PLS-DA (b).
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Figure 6

Identi�cation of chemical shifts from variable numbers in positive control and negative controls of
hydrophilic phase (a). Identi�cation of chemical shifts from variable numbers in positive control and
negative controls of lypophilic phase (b).

Figure 7
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a. The main metabolic pathways in the hydrophilic and lipophilic phases of the positive control group
and treatment. b. The major metabolic differentiating pathways in the hydrophilic and lipophilic phases
of the positive and negative control groups.


