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Fig. 4 (See legend on next page.)
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identify patients at higher risk for subsequent cardiac re-
modelling. In agreement with our results, plasma big ET-1
is increased in patients with heart failure or cardiomyop-
athy and is significantly correlated with the extent of car-
diac remodeling [36, 41, 42]. Thus, plasma big ET-1 is
recommended as a prognostic biomarker of hypertrophic
cardiomyopathy due to endothelin system activation [42].

Conclusion
Our results indicate that even prior to cancer treatment,
breast cancer patients already exhibit relative LVH. We
show that breast tumor cells may contribute to

cardiomyocytes hypertrophy through the secretion of
soluble factors and that one of these major factors is
ET-1. While we have determined the level of ET-1 and
big ET-1 in breast cancer patients, this may not reflect
the actual levels of these factors produced by tumors as
24 of 28 of our breast cancer patients had tumour resec-
tion approximately 45 days prior to the cardiac MRI
measure. Nevertheless, our data provided insight into a
potential mechanism that may involve breast cancer
cell-secreted ET-1 causing cardiomyocyte cell growth.
Thus, given the fact that LVH is strongly linked to in-
creased risk of heart failure in clinical studies [42],

(See figure on previous page.)
Fig. 4 High circulating level of endothelin-1 and big endothelin-1 in patients with breast cancer with relative left ventricular hypertrophy. a
Quantification of endothelin-1 (ET-1) levels in both breast cancer patients (n = 28) and a control cohort of women with comparable baseline
factors (n = 17). b Correlation between ET-1 concentration and indexed left ventricular (LV) mass, c Correlation between ET-1 concentration and
indexed left ventricular end systolic volume (LVESV), d Correlation between ET-1 concentration and indexed left ventricular end diastolic volume
(LVEDV), e Correlation between ET-1 concentration and left ventricular ejection fraction (LVEF) in breast cancer patients (n = 28). f Quantification
of big ET-1 levels in in both breast cancer patients (n = 28) and the control cohort (n = 17). g Correlation between big ET-1 concentration and
indexed LV mass, h Correlation between big ET-1 concentration and indexed LVESV, i Correlation between big ET-1 concentration and indexed
LVEDV, j Correlation between big ET-1 concentration and LVEF in breast cancer patients (n = 28). Dots represent individual values. Results are
shown as means ± SD. Comparisons between two groups were made by unpaired t-test. * p < 0.05 vs healthy control. The correlations between
ET-1 or Big ET-1 levels and LV parameters was determined using Pearson’s correlation coefficient

Fig. 5 Circulating level of big endothelin-1 correlated with pT stage of breast cancer patients with relative left ventricular hypertrophy. a Indexed
left ventricular (LV) mass in pT1 stage breast cancer patients (n = 12), pT2/3 stage breast cancer patients (n = 16) and a control cohort of women
with comparable baseline factors (n = 17). b Big ET-1 concentration in pT1 stage breast cancer patients (n = 12), pT2/3 stage breast cancer
patients (n = 16) and a control cohort of women with comparable baseline factors (n = 17). c Correlation between big ET-1 concentration and
indexed LV mass in pT1 stage breast cancer patients (n = 12), d Correlation between big ET-1 concentration and indexed LV mass in pT2/3 stage
breast cancer patients (n = 16). Dots represent individual values. Results are shown as means ± SD. Comparisons between three groups were
made by one-way ANOVA with a Dunnett post hoc multiple comparison test. +p < 0.05 vs healthy control. The correlations between Big ET-1
levels and indexed LV mass in pT stage of breast cancer patients was determined using Pearson’s correlation coefficient
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targeting ET-1 signaling pathway and LVH may help
minimize the susceptibility of patients with breast cancer
to cardiovascular disease and ultimately improve their
survival.
An important limitation of the current study is that

we used a relatively small number of patients and
healthy control women and thus, these findings should
be confirmed in a larger cohort of patients and a control
cohort with comparable baseline factors. Although we
found that ET-1 signaling is increased in our breast can-
cer patients, we have not determined the level of residual
tumor in these patients. Nonetheless, circulating ET-1
level might not accurately reflect the amount of ET-1 lo-
cated in closer proximity to the tumor. Moreover, we
have not explored the effect of other factors such as a
stress-related increase in catecholamines on LVH and
ET-1 signaling in our breast cancer patients. Lastly, add-
itional studies should explore the clinical implications of
relative LVH and increased ET-1 signaling in breast can-
cer patients during cancer treatment and beyond.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12885-020-07217-1.

Additional file 1 Supplementary Fig. 1. The original, full blot for
phosphorylated eukaryotic elongation factor-2 (p-eEF2), total-eEF2 and β-
ACTIN.
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