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Summary

Purpose: To evaluate the levels of asymmetric dimethy-
larginine (ADMA), an endothelin and nitric oxide (NO) syn-
thase inhibitor, in patients with node-positive breast cancer 
who had undergone surgery and in a control group including 
healthy individuals. The effects of taxane-based chemother-
apy on endothelin-1 (ET-1) and ADMA levels in the patient 
group were also studied.

Methods: Body mass index (BMI), serum lipids (total 
cholesterol, LDL-cholesterol, HDL-cholesterol and triglycer-
ides), ADMA and ET-1 were studied in 19 healthy individuals 
and in 19 patients with stage II and III, lymph node-positive 
breast cancer receiving taxane-based chemotherapy.

Results: ET-1 (34.3±12.8 vs. 13.8±4.5 pg/mL; p<0.001) 
and ADMA (0.87±0.18 vs. 0.68±0.24 μmol/L; p=0.024) lev-
els were significantly higher in the breast cancer group com-

pared to the control group. A significant reduction was noted 
in ET-1 (34.3±12.8 vs. 27.3±4.3 pg/mL; p=0.021) and AD-
MA (0.87±0.18 vs. 0.73±0.15 μmol/L; p=0.014) levels in pa-
tients following 6 cycles of adjuvant chemotherapy to base-
line values.

Conclusion: The present study demonstrated signifi-
cantly higher levels of ET-1 and ADMA in the breast cancer 
group compared to the control group, which were reduced 
significantly with adjuvant taxane-based chemotherapy. It is 
apparent that prospective studies are needed to understand 
the effect of reducing ET-1 and ADMA levels on patient sur-
vival. We believe that the present study will provide guidance 
to relevant future studies.
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Introduction

Breast cancer is the most common cancer in wom-
en and the second leading cause of cancer-related deaths. 
This situation highlights the need of developing further 
treatment strategies against breast cancer. Understand-
ing the pathogenesis of this disease will contribute to the 
development of novel treatment approaches. Several 
molecular mechanisms are involved in the pathogenesis 
of breast cancer. In particular, endothelins of endothe-
lial origin and NO are current topics of research.

Endothelin (ET) family is made up of 3 isoforms: 
ET1, ET2 and ET3. They exert their activity via en-
dothelin receptors A and B. Basically, they act as en-

dogenous vasoconstrictors, as well as mediators in renal 
and cardiovascular disorders [1]. Evidence regarding 
the involvement of ET in carcinogenesis, apoptosis, an-
giogenesis, tumor invasion and development of metas-
tases, is being reported in recent investigations [2,3]. In-
creased secretion of ET-1 has been demonstrated in hu-
man ovarian, prostate, colorectal and breast cancer. Be-
sides, higher expression of ET-1 has also been reported 
in breast cancer compared to normal breast tissue [4].

NO is an important mediator synthesized from L-
arginine by the NO synthase which is involved in many 
biological events including vasodilatation, platelet ad-
hesion, cell growth, apoptosis, neurotransmission and 
macrophage-associated immunity [5]. ADMA is an en-
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Patients with breast cancer were evaluated on 
two occasions: at baseline (on day -1 of the first che-
motherapy cycle), and 1 week after the completion of 
the 6th cycle.

Laboratory evaluation

After overnight fasting, 20 cm3 of venous blood 
were taken on 8-9 a.m. for the lab tests. Serum lipids 
(total cholesterol, HDL cholesterol, LDL cholesterol 
and triglycerides) were assayed on the same day. Se-
rum and plasma samples for the measurement of AD-
MA and ET-1 were preserved at -80°C until analysis. 
Analyses of ADMA and ET-1 were performed using 
commercially available ELISA kits in accordance with 
the supplier’s instructions. Serum lipids (total choles-
terol, HDL and LDL, and triglycerides) were measured 
according to standard procedures.

ADMA

Serum ADMA concentration in supernatants was 
determined using a competitive 96-well plate ADMA-
ELISA kit (DLD, Diagnostika GMBH, Hamburg, Ger-
many) according to the supplier’s protocol. This immu-
nometric assay is based on the competition of acylated 
ADMA in samples with solid phase bound ADMA for 
fixed number of rabbit anti-ADMA antiserum binding 
sites. ADMA shows negligible cross reactivities with L-
arginine (<0.02%) and other endogenous derivatives of 
L-arginine. Coefficients of variation are 8.3-10.3% and 
4.5 – 7.5% for inter-assay and intra-assay, respectively. 
The ELISA assay can accurately measure ADMA con-
centrations over the full range of physiologically-rele-
vant concentrations (i.e. 0.05 – 2 μmol/L). The speci-
ficity of ADMA ELISA kit is 100% and the sensitivity 
0.05 μmol/l).

Endothelin-1

Plasma ET-1 concentration in supernatants was 
determined using 100 μl of supernatant per well of a 96-
well plate with an endothelin EIA kit (Cayman Chemi-
cal Company, Michigan, USA) according to the sup-
plier’s protocol. This immunometric assay is based on 
a double-antibody “sandwich” technique and permits 
endothelin measurements within the range of 0-250 
pg/ml, typically with a limit of detection of 1.5 pg/ml. 
Monoclonal anti ET-1 antibody in this kit had a cross 
reactivity of 100% with both ET-2 and ET-3. Samples 
were assessed with no prior purification. In this method 
the monoclonal antibody specific to endothelin and ace-
tylcholinesterase Fab’ conjugate (AchE:Fab’) binds to 

dogenous inhibitor of NO synthesis. Dimethylarginine 
dimethylaminohydrolase plays a pivotal role in tumor 
growth and the development of the tumor vasculature 
by regulating the concentration of NO and altering vas-
cular endothelial cell growth factor (VEGF) production 
[6]. In addition, NO has been shown to increase prolif-
eration of breast cancer cells at low physiological con-
centrations [7].

In this up-to-date study, the levels of ADMA, an 
endothelin and NO synthase inhibitor, were evaluated 
in patients with node-positive breast cancer who had 
undergone surgery and in a control group consisting of 
healthy women. The effects of taxane-based adjuvant 
chemotherapy on ET-1 and ADMA levels in the patient 
group were also studied.

Methods

Patient selection

Nineteen women with breast cancer who applied 
to our clinic between January 2008- January 2009 
were included in this study. Also, 19 healthy women 
were enrolled as the control group. The study was ap-
proved by the local ethics committee. Written informed 
consent was obtained from each patient and from the 
healthy women.

Women were included in this study if they had: 1) 
histologically confirmed operable stage II or III breast 
adenocarcinoma; 2) had primary surgical resection 
within one month from the beginning chemotherapy; 3) 
were older than 18 years; and 4) were scheduled for re-
ceiving adjuvant chemotherapy regimens. Women with 
breast cancer were excluded from the study if they were 
already receiving neoadjuvant chemotherapy. Other ex-
clusion criteria included patients and controls receiving 
antihyperlipidemic and antihypertensive drugs, and pa-
tients with a history of diabetes mellitus, coronary artery 
disease or hypo- or hyperthyroidism and smoking.

Study design

The adjuvant chemotherapy regimen used in this 
study was docetaxel (75 mg/m2), epirubicin (100 mg/
m2) and cyclophosphamide (500 mg/m2) (TEC), all 
given intravenously (i.v.) on day 1. TEC was admin-
istered every 3 weeks for 6 cycles. Methylpredniso-
lone 16 mg/day i.v. for 3 days was given during treat-
ment to prevent docetaxel reactions. The patients were 
also administered 5 mg/kg filgrastim for prophylaxis 
of neutropenia on days 2-7 after the end of each treat-
ment cycle.
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Table 1. The mean age of breast cancer patients was 
50.5±8.8 years (range 32-69). Ten (53%) patients were 
postmenopausal. All patients had non-metastatic, node-
positive breast cancer. Of the patients, 14 (73.7%) had 
stage III disease.

All patients completed the planned 6 cycles of ad-
juvant TEC chemotherapy. A one-week delay of treat-
ment was experienced in one patient due to leucopenia. 
Grade 1-2 nausea-vomiting was noted in 3 patients.

Demographic features and lab findings of patients 
and controls are presented in Table 2. There were no 
significant differences between the patient and control 
group in terms of BMI and lipid levels (p>0.05). ET-1 
(34.3±12.8 vs. 13.8±4.5 pg/mL, p<0.0001) and AD-
MA (0.87±0.18 vs. 0.68±0.24 μmol/L, p=0.024) lev-
els were significantly higher in the breast cancer group 
compared to the control group.

Patients’ pre- and post-chemotherapy demo-
graphic features and lab findings are depicted in Table 
3. No statistically significant differences were noted 
in patients’ BMI and blood lipid measurements tak-
en at the baseline and after 6 cycles of chemotherapy 
(p>0.05). However, a significant reduction was noted 

different epitopes on the ET-1 molecule, forming sand-
wich. This sandwich is immobilized on the plate so the 
excess reagents are washed away. The concentration of 
the analyte is detected by measuring the enzymatic ac-
tivity of the AchE by adding Ellman’s Reagent which 
contains the substrate for AchE. Addition of Ellman’s 
Reagent produces a yellow-colored product which can 
be measured spectrophotometrically. The intensity of 
the color is directly proportional to the amount of bound 
conjugate which in turn is proportional to the concentra-
tion of ET-1. The intra- and inter-assay coefficients of 
variation of the method were 5 and 6%, respectively.

Other measurements

BMI was calculated according to the Quetelet’s 
index [8] as the ratio of weight (kg) to height (m) squared 
(kg/m2).

Statistical analysis

All data were analyzed using SPSS for Windows 
version 10.0. Descriptive statistics summarized fre-
quencies and percentages for categorical, mean and 
standard deviation for continuous variables. To com-
pare the continuous variables, the Mann Whitney’s 
U-test was used to compare independent variables be-
tween groups. The Wilcoxon’s signed rank test was 
used for comparison of the treatment effect on vari-
ables. Spearman’s rank correlation was calculated for 
the estimation of the level of association between vari-
ables in breast cancer and control subjects. A p-value 
of <0.05 was considered as statistically significant. Re-
sults were expressed as mean ± SD.

Results

The characteristics of the 19 female breast can-
cer patients and the 19 healthy controls are shown in 

Table 1. Demographic characteristics of breast cancer patients 
and control group

Characteristics Patient group Control group
 (n=19) (n=19)
 n (%) n (%)

Age, years (mean±SD) 50.5±8.8 50.1±7.5
Range 32-69 35-59
Menopausal status

Premenopausal 9 (47)  9 (45)
Postmenopausal 10 (53) 11 (55)

Surgical treatment
Modified radical mastectomy 13 (68.4) –
Local excision and 6 (31.6) –
axillary dissection

Disease stage (TNM)
II 5 (26.3) –
III 14 (73.7) –

Table 2. Clinical and laboratory characteristics of patients ad controls. Values are 
means±standard deviation

Characteristics Patient group Control group p-value
 (+=19) (n=19)

Body mass index (kg/m2) 28.3±3.4 28.1±4.2 0.98
Blood lipids (mg/dl)

Total cholesterol 217.7±50.4 208.6±42.6 0.60
Triglycerides 152.1±68 115.8±47.4 0.14
LDL 134.5±40.4 131.8±34.8 0.93
HDL 48.4±10 54.2±11.8 0.10

ADMA (μmol/L) 0.87±0.18 0.68±0.24 0.024
Endothelin-1 (pg/mL) 34.3±12.8 13.8±4.5 <0.001
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survival benefit achieved with adjuvant chemotherapy 
in breast cancer.

ADMA is an endogenous inhibitor of NO and in-
creased levels of this molecule are associated with re-
duced NO synthesis [13,14]. A negative correlation ex-
ists between the levels of ADMA and NO. Low levels of 
NO, in particular, result in proliferation of breast cancer 
cells and disease progression [7]. ADMA contributes 
to this effect by decreasing the levels of NO. The only 
study evaluating the levels of ADMA in cancer patients 
has investigated plasma ADMA concentrations in pa-
tients with hematological malignancies [12]. In that 
study significantly higher levels of ADMA were identi-
fied in patients compared to the control group. Similarly, 
ADMA levels were significantly higher in patients with 
breast cancer in our study. Free ADMA is found in the 
plasma of healthy individuals and is synthesized by the 
post-translational methylation of protein arginine resi-
dues and liberated upon their hydrolysis [6]. Our obser-
vation could be that tumors have an enhanced protein 
turnover; release of ADMA from methylated proteins 
during their degradation may thus produce elevated cir-
culating ADMA levels. Besides, our study was the first 
to demonstrate that adjuvant chemotherapy significant-
ly decreased the levels of ADMA. Based on this finding, 
it may be speculated that a decline in tumor progression 
may be achieved with adjuvant chemotherapy.

Endothelin and ADMA, besides being biomark-
ers revealing endothelial dysfunction, are important 
molecules with considerable direct or indirect activ-
ity in the pathogenesis of cancer. This study confirmed 
increased levels of ET-1 and ADMA in patients with 
breast cancer and also demonstrated significant reduc-
tions in the levels of these molecules with adjuvant che-
motherapy. ADMA levels in patients with breast can-
cer, however, declined to those of the healthy individu-
als’ levels following chemotherapy, while ET-1 levels 
remained high. Although comparable levels of ADMA 

in ET-1 (34.3±12.8 vs. 27.3±4.3 pg/mL, p=0.021) and 
ADMA (0.87±0.18 vs. 0.73±0.15 μmol/L, p=0.014) 
levels in patients following 6 courses of chemotherapy 
compared to baseline. Patients’ ADMA levels were not 
statistically different than those of the control group 
following treatment, while ET-1 levels were still higher 
in patients with breast cancer.

Discussion

In this trial, we demonstrated that: 1) ET-1 and 
ADMA levels are significantly higher in patients with 
breast cancer compared to the control group of healthy 
individuals; and 2) that adjuvant chemotherapy signif-
icantly decreased the baseline ET-1 and ADMA levels 
in patients with breast cancer.

Increased expression of the endothelin axis has 
been determined in invasive breast carcinoma com-
pared to normal breast tissue or noninvasive carcino-
ma in situ [9]. Higher levels of Big-ET-1, precursor of 
ET-1, have been reported in sera of patients with breast 
cancer compared to controls [10]. In breast cancer pa-
tients with lymph node metastasis, increased ET-1 se-
rum levels have been reported to coexist with tumors 
of large diameter, high histological grade and lympho-
vascular invasion [11]. Similarly, in our study, high se-
rum ET-1 levels were observed in patients with breast 
cancer, which may be explained by the lymph node 
positivity in our patients based on the findings of a pre-
vious study [12].

In our study, we demonstrated that taxane-based 
adjuvant chemotherapy significantly reduced the levels 
of ET-1 in lymph node-positive breast cancer. In a pre-
vious study association of increased expression of pep-
tides of the endothelin group with decreased disease-
free and overall survival was found [9]. Reductions in 
ET-1 levels may contribute to disease-free and overall 

Table 3. Clinical and laboratory features at baseline and after 6 cycles of adjuvant chemotherapy in breast cancer patients (n=19) 
and control subjects (n=19). Values are means±standard deviation

 Patients Controls
Features Before After  p-value; p-value;
 therapy therapy  before vs.  control vs.
    after therapy after therapy

BMI (kg/m2) 28.3±3.4 28.6±3.4 28.1±4.2 0.37 0.42
Total cholesterol (mg/dl) 217.7±50.4 226.4±49.6 208.6±42.6 0.19 0.37
Triglycerides (mg/dl) 152.1±68 213.4±102.4 115.8±47.4 0.06 <0.001
LDL (mg/dl) 134.5±40.4 145.4±38.7 131.8±34.8 0.10 0.35
HDL (mg/dl) 48.4±10 44.8±9.8 54.2±11.8 0.07 0.015
ADMA (μmol/L) 0.87±0.18 0.73±0.15 0.68±0.24 0.014 0.544
Endothelin-1 (pg/mL) 34.3±12.8 27.3±4.3 13.8±4.5 0.021 <0.001
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observed in patients and in the subjects of the control 
group suggest a decline in tumor progression, higher 
levels of ET-1 compared to normal individuals -despite 
significant reductions- may indicate persistent activity 
of the disease. Based on these findings, it is apparent 
that prospective studies are needed to understand and 
elucidate the effect of reducing ET-1 and ADMA levels 
on patient survival. We believe that the present study 
will provide guidance for relevant future studies.

References

Bagnato A, Rosano L. Endothelin axis in cancer. J Biochem 1. 
Cell Biol 2008; 40: 1443: 1451.
Grant K, Loizidou M, Taylor I. Endothelin-1: a multifunction-2. 
al molecule in cancer. Br J Cancer 2003: 88: 163-166.
Grimshaw MJ, Hagemann T, Ayhan A, Gillett CE, Binder C, 3. 
Balkwill FR. A role for endothelin-2 and its receptors in breast 
tumor cell invasion. Cancer Res 2004; 64: 2461-2468.
Wulfing P, Diallo R, Kersting C et al. Expression of endothe-4. 
lin-1, endothelin A, and endothelin B receptor in human breast 
cancer and correlation with long-term follow-up. Clin Cancer 
Res 2003; 9: 4125-4133.
Frederiksen LJ, Sullivan R, Maxwell LR et al. Chemosensiti-5. 
zation of cancer in vitro and in vivo by nitric oxide signaling. 


