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Öz 

Giriş ve Amaç: Hastalıkların tanısında kullanabilmek amacıyla birçok molekül üzerinde bilimsel çalışmalar 

devam etmektedir. Bu moleküllerden bir tanesinin bile tanı amacıyla kullanılabilmesi, klinisyenler açısından 

hastalığın tanısının konmasında oldukça önemlidir. Homosistein ve arjinin de bu doğrultuda üzerinde çalışmaların 

yoğun olarak devam ettiği moleküllerdendir.  Bu nedenlerle biz de, bu çalışmamızda meme hastalarının kan 

örneklerinin serumlarında homosistein ve arjinin düzeylerinde herhangi bir değişiklik olup olmadığını 

belirleyebilmeyi ve bunun meme kanseri ile ilişkisini açıklayabilmeyi amaçlamaktayız.  

Gereç ve Yöntemler: Selçuk Üniversitesi Tıp Fakültesi Biyokimya Metabolizma Laboratuvarında çalışmalarımız 

gerçekleştirilmiştir. Çalışmamıza 20 kontrol, 20 meme Ca, 20 metastaz hastası dahil edildi. Meme kanseri 

hastalarından alınan kan, biyokimyasal analiz yapılana kadar -80 ° C'de saklanmıştır. Alınan kan örneklerinden 

elde edilen serumlardan homosistein ve arginin seviyeleri ölçülmüştür Spektrofotometrede 470 nm'de protein 

seviyeleri ölçülmüştür. Homosistein seviyelerini ölçmek için NMRkütle spektrometresi kullanılmıştır.    

Bulgular: Yapılan değerlendirmede Kontrol grubuna göre meme Ca ‘li hastalarda Arginin, Arginin/ADMA, 

metastazlı hastalarda ise Homosistein seviyelerinde istatistiksel bir artış gözlenmiştir. Meme kanserli hata grubu, 

metastaz grubu ile karşılaştırıldığında ise, Homosistein seviyesi istatiksel olarak artarken, Arginin /ADMA 

seviyesi istatistiksel olarak azalmıştır.  

Sonuç: Elde ettiğimiz sonuçlara dayanarak, meme kanseri hastalarının tanı ve tedavileri sırasında bu markerlerın 

kullanılabileceği düşünülmektedir. 

Anahtar Kelimeler: Arginin, Homosistein, Meme kanseri, Sitrülin. 

Abstract 

Objective: Scientific studies are continuing on many molecules in order to be used in the diagnosis of diseases. 

The fact that even one of these molecules can be used for diagnosis is very important for clinicians in diagnosing 

the disease. For this purpose, intensive studies continue on homocysteine and arginine. 
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 For these reasons, in this study, we aim to determine whether there is any change in homocysteine and arginine 

levels in the serum of blood samples of breast patients and to explain its relationship with breast cancer. 

Material Materials and Methods: We carried out our work in Selcuk University Faculty of Medicine 

Biochemistry Metabolism Laboratory. Our study included 20 controls, 20 breast Ca, 20 metastasis patients. Blood 

collected from breast cancer patients stored at -80 ° C until biochemical analysis is performed. Homocysteine and 

arginine levels measured in the sera obtained from the blood samples taken. The levels of proteins were measured 

at 470 nm in the NMRspectrophotometer. To measure homocysteine levels were injected into the mass 

spectrometer for chromatography. 

Results: In the evaluation, a statistical increase was observed in Arginine, Arginine / ADMA levels in patients 

with breast Ca, and Homocysteine levels in patients with metastases compared to the control group. When the 

breast cancer error group was compared with the metastasis group, the homocysteine level increased statistically, 

while the Arginine / ADMA level decreased statistically. 

Conclusion: Based on the results we obtained, it is thought that these markers can be used during the diagnosis 

and treatment of breast cancer patients. 

 

Keywords: Arginine, Breast cancer, Homocysteine. 

1. Introduction

Asymmetric dimethylarginine (ADMA), present in  

tissues, urine and plasma, was first described as 

methylated arginines excreted in the urine in 1970. It 

is known as an analog of arginine.  ADMA has been 

detected in immune system cells and meurons of 

animals and human endothelial cells and was first 

isolated in 1987 [1]. Inhibition of nitric oxide 

synthase (NOS) enzyme is the most important 

known function of ADMA [2]. Nitric oxide (NO) is 

known as an antiatherogenic molecule first 

discovered in 1995. eNOS was cloned shortly after 

the discovery of nitric oxide, and L-arginine was 

identified as the substrate of this enzyme [3,4,5,6]. 

 ADMA is an increasingly important methylated 

arginine derivative, which occurs as a result of 

posttransional modification of methyl groups by the 

protein arginine methyl tranferase (PRMT) enzyme 

to arginine residues found in nucleoproteins and the 

destruction of these proteins. There are also different 

methylated arginine compounds in the body. These 

compounds are formed by the addition of 1 or 2 

methyl groups to the most functional part of 

arginine, guanido nitrogen. ADMA and symmetric 

dimethyl arginine (SDMA) are methylated arginine 

derivatives formed by the transfer of two methyl 

groups and N-monomethyl-L-arginine (L-NMMA) 

by the addition of a single methyl group [7]. 

 Homocysteine is an amino acid that acts like free 

radicals and is accepted to be involved in the 

oxidative system in recent years and does not enter 

the protein structure. Hyperhomocysteinemia causes 

many harmful effects in the body. Some of these 

include acting as free radicals and causing 

endothelial damage and as a result of this event, 

creating coagulation-enhancing effects such as 

platelet activation, modification of coagulation 

factors, thrombus formation, oxidation in biological 

membranes, LDL oxidation, causing 

atherosclerosis-enhancing effects. It has been 

suggested that antioxidants may be effective in 

preventing atherosclerosis by preventing cholesterol 

oxidation [8]. In this study, we aim to determine 

whether there are any changes in homocysteine and 

arginine levels in breast cancer patients and explain 

the relationship between these proteins and cancer, 

since we think that this information may be 

determinant in breast cancer patients. 

 

2. Material and Methods 

We carried out our work in Selcuk University 

Faculty of Medicine Biochemistry Metabolism 

Laboratory. Our study included 20 controls, 20 

breast Ca, 20 metastasis patients. Blood collected 

from breast cancer patients stored at -80 ° C until 

biochemical analysis is performed. Homocysteine 

and arginine levels measured in the sera obtained 

from the blood samples taken. The levels of proteins 

were measured at 470 nm in the spectrophotometer. 

Sample and blind tube results were recorded 

separately. Results were recorded as Absorbance 

Unit (ABSU). To measure homocysteine levels, add 

50 microliters of internal standard (d8 homocysteine 

isotope DLM-3619-1) and 50 microliters of reducing 

reagent (300 mmol/L 1,4 Dithiothreitol, Cat no: 

Merek 111474) onto 50 microliters of serum, 

calibrator and control samples. And kept at room 

temperature for 10 minutes. 50 microliters of 

precipitating reagent (15% trichloroacetic acid Cat 

no: Merck 100810) was added and vortexed for 10 

seconds and centrifuged at 13000 rpm for 3 minutes. 

10 microliters of supernatant were injected into the 

mass spectrometer for chromatography. Calibration 

graphs were obtained using concentrations of 100 

micromol / L. 

Statistical analysis carried out using Microsoft Excel 

and SPSS 16 computer programs. The distribution of 

data was compared with the Mann Whitney U test, 

for the non-parametric distribution in both groups. 

 

3. Results and Discussion 

 In our study, we examined the relationship between 

homocysteine and arginine levels in breast cancer 

patients. There is no statistically significant 

difference between the ages of our errors. 
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Table 1. Biomarkers in breast cancer patients

In the evaluation, a statistical increase was observed 

in Arginine, Arginine / ADMA in patients with breast 

Ca, and in Homocysteine levels in patients with 

metastases compared to the control group. When the 

breast cancer error group was compared with the 

metastasis group, the homocysteine level increased 

statistically, while the Arginine / ADMA level 

decreased statistically. 

 

 
Figure 1. Biomarkers in breast cancer patients and  

controls. 

 

3.1. Discussion 

Arginine (2-amino-5-guanidino pentanoic acid, 

C6H14N4O2), R) is a positively charged (basic) (R) 

amino acid first discovered by Hedin in 1895. The L-

arginine form is known as the form that participates 

in the structure of proteins. Arginine is a "semi-

essential amino acid". The need for L-arginine in the 

body increases in some cases, these situations are 

trauma or infection and especially the growth period  

[9]. 

Most of the concentration of arginine in plasma 

comes from the protein cycle and metabolism. The 

major organ responsible for all arginine synthesis is 

the kidneys, , and they are responsible for 

approximately 60% of arginine synthesis [10]. 

Another way of arginine synthesis is citrulline, which 

is produced in the small intestines as a result of the 

metabolization of amino acids taken into the body by 

diet, plays the role of the primary substrate in the 

synthesis of arginine. After citrulline enters the 

systemic circulation, it is taken through the kidneys 

and converted into arginine in the proximal tubules 

[9]. 

The increase in IP3 levels in the cytoplasm allows the 

Ca2+ stored in endoplasmic reticulum to be 

transferred to the cytoplasm. . The NOS enzyme is 

activated by the Ca + 2 / calmodulin complex and thus 

NO and citrulline are synthesized from O2 and L-

Arginine [9,10]. Tumor angiogenesis plays a very 

important role in tumor formation and metastasis 

[11]. The change in the vascular system contributes to 

the change in angiogenic regulatory pathways and the 

expression of angiogenic factors for the development 

of vascularization around the tumor [12,13]. Nitric 

oxide is one of the key enzymes in angiogenesis. It 

increases endothelial cell proliferation, migration and 

extracellular matrix destruction [14]. In addition to 

angiogenesis, NO plays an important role in cell cycle 

progression, metastasis, and life [15]. Each change in 

NO production plays an important role in the 

regulation of angiogenesis that results in tumor 

growth. 

As a result of the studies, it is thought that the 

enzymatic activity of NOS is modulated by the ratio 

(L-Arginine / ADMA) between the concentration of 

ADMA (endogenous inhibitor) and the concentration 

of L-arginine (natural substrate) [16]. 

More specifically, any increase in ADMA levels in 

the presence of normal L-arginine levels can lead to 

L-arginine deficiency with respect to optimal NOS 

activity. Since ADMA is a competitive inhibitor of 

NOS, its inhibitory effect can be greatly affected by 

the increase in L-arginine levels [17]. 

Major methylarginine derivatives are N-monomethyl 

L-arginine (L-NMMA), Asymmetric 

dimethylarginine (ADMA), and symmetrical 

dimethylarginine (SDMA). Methyl arginines are an 

arginine derivate formed by methylation of arginine 

residues in protein with post-translational 

modification In order to synthesize ADMA and L-

NMMA, there is a need for the protein arginine 

methyltransferase type I (PRMT-I) enzyme that 

transfers methyl groups to arginine residues. [18,19]. 

ADMA (C8H18N4O2) is an increasingly important 

derivative in clinical diagnosis, which is synthesized 

from the arginine residues of the arginine in 

Group 

Arginine 

(umol/L) 

Sitrulline 

(ng/mL) 

Homosistein 

(umol/L) 

Arginine 

/ADMA 

Sitrülline 

/ADMA 

Control 
356,2±185,6 33,2±23,2 12,3±3,5 559,8±307,4 55,3±53,4 

Breast ca 
573,9±204,8 29,4±25,9 10,60±3,4 1018,9±371,2 50,9±46,0 

Metastase 
385,0±107,0 39,6±30,1 18,7±6,30 515,6±217,2 52,0±34,0 
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nucleoproteins by posttransional modification (post-

synthesis regulation) of methyl groups via the protein 

arginine methyl tranferase (PRMT) enzyme and the 

residues of free methylarginine released as a result of 

catabolism of these proteins. [20]. 

Methylarginines are metabolized by the enzyme 

dimethylarginine methyl transferase / hydrolase 

(DDAH) in the kidney and acetylation in the liver. 

Since PRMT enzymes use S-Adenosyl methionine 

SAM as a methyl donor, the increase in this leads to 

an increase in PRMT activation, while the increase in 

SAH inhibits the PRMT enzyme. SDMA does not 

inhibit the NOS enzyme, ADMA, SDMA, LNMMA, 

all three are plasma membrane with L-arginine. They 

compete with arginine To enter the cell via the 

cationic amino acid transporter (y +), ie indirectly, 

SDMA also limits NO production by reducing the 

amount of intracellular arginine [21]. The high 

concentration of ADMA also inhibits the uptake of L-

arginine and nitric oxide biosynthesis decreases. 

It is synthesized from SAM ATP and methionine, 

which are used as methyl donors by PRMT enzymes. 

SAM loses its methyl group, converting to S-

adenosylhomocysteine. The resulting homocysteine 

is metabolized via the trans-sulfuration pathway or 

remethylated to methionine. The re-methylation 

reaction is dependent on vitamin B and 5-methyl 

tetrahydrofolic acid as the methyl donor. In the 

ADMA synthesis reaction, two methyl groups are 

required and two homocysteines are formed as by-

products. There are studies showing that there is a 

positive correlation between plasma homocysteine 

and ADMA levels [22]. 

ADMA and L-NMMA are known as endogenous 

inhibitors of NOS. The functions of vasoactive 

mediators released from the endothelial layer are 

important for the maintenance of vascular tone and 

healthy structure. Nitric oxide is one of the most 

important mediators. Nitric oxide is synthesized by 3 

isoforms (endothelial, neuronal, and inducible forms 

in macrophages) of the NOS enzyme. ADMA and 

arginine have critical roles in the maintenance of NO 

synthesis. NO plays a role in platelet adhesion and 

aggregation. ADMA, SDMA and L-NMMA enter 

endothelial cells through the Y carrier protein. 

Methylarginines compete with each other and with 

arginine for entry into the cell. High concentrations of 

ADMA also reduce NO synthesis by preventing the 

transport of L-arginine into the cell [23]. 

In our study, a statistical increase was observed in 

Arginine, Arginine / ADMA levels in breast cancer 

patients and homocysteine levels in patients with 

metastases compared to the control group. When the 

breast cancer error group was compared with the 

metastasis group, we observed that the homocysteine 

level increased statistically, while the Arginine / 

ADMA level decreased statistically. 

It is known that the arginine / ADMA ratio reflects 

the NO bioavailability Generally, it is mentioned that 

three conditions are important in the increase of 

plasma ADMA levels. 1) Increased ADMA 

synesthesia 2) Decrease in kidney excretion 3) 

Decreased enzymatic hydrolysis of ADMA. It has 

been shown that PRMT 1 and DDAH enzymes that 

hydrolyze ADMA are regulated in a sensitive manner 

to redox balance [24]. 

In a previous study, it was reported that ADMA levels 

may increase with increased protein catabolism in 

hematological malignancies [25].  

 

4. Conclusion 

In our study, the increase in the homocysteine group 

in the cancer group and the metastasis group 

compared to the control group suggests that there may 

also be an increase in the ADMA level. In addition, it 

has been reported that ADMA levels can affect 

vascular endothelial growth factor levels as well as 

regulating nitric oxide concentrations. In addition, 

ADMA has an important role in breast cancer growth 

and angiogenesis. Again, Akyol et al. In his study, an 

increase in ADMA levels was reported after cancer 

chemotherapy intake, that is, after treatment. They 

attributed this to the ability of chemotherapeutics to 

increase oxidative stress, apoptosis, and endothelial 

dysfunction [26]. The methyl group is required in the 

ADMA synthesis reaction and two homocysteines are 

formed from there. There are studies showing that 

there is a positive correlation between plasma 

homocysteine and ADMA levels [22]. We plan to 

measure VEGF and NO in our next study. Thus, we 

think that these markers can be used during diagnosis 

and treatment in breast cancer patients.  
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