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Abstract: This study aimed to explore the correlation of circulating angiogenic microRNAs (miRNAs) with the occur-
rence of cardiotoxicity in triple-negative breast cancer (TNBC) patients who underwent epirubicin/cyclophospha-
mide-docetaxel (EC-D) neoadjuvant chemotherapy. One hundred seventy-nine TNBC patients were consecutively 
enrolled and received EC-D neoadjuvant chemotherapy. Plasma samples were collected before neoadjuvant treat-
ment, and relative expression of angiogenic miRNAs was measured by real-time quantitative polymerase chain 
reaction. Cardiotoxicity was defined by any one of the following symptoms: heart failure, acute coronary artery syn-
drome, fatal arrhythmia and a left ventricular ejection fraction (LVEF) declined by 10% from baseline to an absolute 
value below 53%. The LVEF level was decreased, while cardiac troponin I (cTnI) and N-terminal pro-brain natriuretic 
peptide (NT-proBNP) levels were increased by EC-D neoadjuvant chemotherapy. In total, 9 cases (5.0%) of cardio-
toxicity occurred. Let-7f, miR-126 and miR-210 were negatively associated with the cTnI level, while let-7f, miR-19a 
and miR-130a were negatively correlated with the NT-proBNP level. Compared to noncardiotoxicity patients, the 
expression levels of let-7f, miR-19a, miR-20a, miR-126, and miR-210 were decreased in cardiotoxicity patients. A 
multivariate logistic regression analysis revealed that let-7f and miR-126 independently predicted low cardiotoxicity 
risk, and a receiver operating characteristics curve illustrated that let-7f (area under curve [AUC]=0.815, 95% CI: 
0.725-0.906) and miR-126 (AUC=0.731, 95% CI: 0.624-0.838) as well as the combination of these two miRNAs 
(AUC=0.885, 95% CI: 0.818-0.952) could effectively distinguish cardiotoxicity patients from noncardiotoxicity pa-
tients. The angiogenic miRNAs let-7f and miR-126 might serve as novel and convincing biomarkers for reduced 
cardiotoxicity risk in TNBC patients who receive EC-D neoadjuvant chemotherapy.
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Introduction

Triple-negative breast cancer (TNBC), a com-
mon subtype of breast cancer (BC) accounting 
for 13% of all BC cases worldwide, is defined by 
a lack of hormonal (estrogen and progesterone) 
receptors as well as a lack of human epidermal 
growth factor receptor 2 (HER2). TNBC is relat-
ed to aggressive disease progression and 
worse prognosis among the major subtypes of 
BC [1, 2]. Chemotherapies are the mainstay for 
treatment of TNBC, among which neoadjuvant 
chemotherapy is administered before radical 
treatments to reduce the size and stage of the 
tumor as well as the development of a drug-

resistant cell strain [3, 4]. Although neoadju-
vant chemotherapy has achieved improved sur-
vival, it still leads to an increased risk of 
cardiotoxicity and has worsened the cardiologic 
prognosis in patients with BC including TNBC 
[5, 6]. Therefore, there is a great need to iden-
tify novel biomarkers for monitoring cardiotoxic-
ity and to improve the cardiac prognosis in 
TNBC patients who undergo neoadjuvant 
chemotherapy.

MicroRNAs (miRNAs) are single-stranded, sm- 
all, noncoding RNAs containing approximately 
20 nucleotides that participate in various bio-
logical processes and play critical roles in the 
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development and progression of different dis-
eases, including cardiovascular diseases, car-
cinomas and neurogenic diseases [7]. Based 
on previous studies, specific miRNAs (such as 
let-7, miR-210 and miR-378) can promote 
angiogenesis (a complex process of new blood 
formation in response to ischemia and hypoxia) 
to facilitate blood supply for ischemic tissues. 
The stimulation of angiogenesis is beneficial for 
reducing the risk of ischemic cardiovascular 
diseases by boosting the blood supply and 
retaining cardiac functions [8-11]. Considering 
that neoadjuvant chemotherapy is complicated 
by the risk of cardiotoxicity and that angiogen-
esis protects cardiac function, we were inter-
ested in discovering whether or not angiogenic 
miRNAs could predict the occurrence of cardio-
toxicity in TNBC patients who underwent epiru-
bicin/cyclophosphamide-docetaxel (EC-D) neo-
adjuvant chemotherapy. In this study, we 
selected a group of circulating angiogenic miR-
NAs to explore their association with the occur-
rence of cardiotoxicity in TNBC patients who 
underwent EC-D neoadjuvant chemotherapy.

Patients and methods

Patients

One hundred and seventy-nine TNBC patients 
who underwent EC-D neoadjuvant chemothera-
py at Tongji Hospital from July 2013 to June 
2016 were consecutively enrolled in this study. 
The inclusion criteria included the following: (1) 

Diagnosed as primary TNBC confirmed by clini-
cal findings and immunohistochemical testing 
(IHC); (2) a TNM stage of II-III and an Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status of 0 to 1; (3) age older than 18 
years; (4) normal left ventricular ejection frac-
tion (LVEF) ≥55%; (5) about to receive EC-D 
neoadjuvant chemotherapy followed by the sur-
gery; (6) likely to be regularly followed up. 
Patients were excluded if they had: (1) evidence 
of metastatic breast cancer, concurrent bilat-
eral invasive breast cancer or inflammatory 
breast cancer; (2) a history of congenital heart 
disease, myocardial infarction, heart failure, 
cerebral infarction or other severe cardiovascu-
lar or cerebrovascular diseases; (3) chemother-
apy contraindications; (4) previous treatment 
with chemotherapy, immunotherapy, targeted 
agents, antitumor vaccines or radiation therapy 
for other diseases; (5) active infection requiring 
systemic therapy; (6) severe renal or liver dys-
function; (7) autoimmune disease, malignant 
solid tumors or hematologic malignancy. Pa- 
tients who were pregnant or breast-feeding 
women were also excluded from this study.

Ethics statement

This study was performed according to the pro-
visions of the Declaration of Helsinki, and the 
study protocol was approved by the Ethics 
Committee of Tongji Hospital. All patients 
signed the informed consents before enro- 
llment.

Table 1. Primers used in the present study
RNAs Forward (5’->3’) Reverse (5’->3’)
let-7b ACACTCCAGCTGGGTGAGGTAGTAGGTTGTGT ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
let-7f ACACTCCAGCTGGGTGAGGTAGTAGATTGTAT ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-17-5p ACACTCCAGCTGGGTGAGGTAGTAGGTTGTGT ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-17-3p ACACTCCAGCTGGGACTGCAGTGAAGGCACTT ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-18a ACACTCCAGCTGGGTAAGGTGCATCTAGTGCA ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-19a ACACTCCAGCTGGGAGTTTTGCATAGTTGCAC ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-19b-1 ACACTCCAGCTGGGAGTTTTGCAGGTTTGCAT ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-20a ACACTCCAGCTGGGTAAAGTGCTTATAGTGCA ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-92a ACACTCCAGCTGGGTATTGCACTTGTCCCGGC ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-126 ACACTCCAGCTGGGCATTATTACTTTTGGTAC ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-130a ACACTCCAGCTGGGTTCACATTGTGCTACTGT ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-210 ACACTCCAGCTGGGAGCCCCTGCCCACCGCAC ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-296 ACACTCCAGCTGGGAGGGCCCCCCCTCAATCC ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
miR-378 ACACTCCAGCTGGGCTCCTGACTCCAGGTCCT ACACTCCAGCTGGGACTGCAGTGAAGGCACTT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
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Samples collection

Whole blood samples were collected using eth-
ylenediaminetetraacetic acid (EDTA) tubes from 
all patients prior to neoadjuvant chemotherapy 
and naturally coagulated for approximately 20 
minutes at room temperature, then centrifuged 
at 2000 r/min for 10 minutes. After that, the 
plasma was collected and stored at -80°C for 
further detection.

Measurements of miRNAs

Total RNA was extracted from plasma with the 
use of the miRNeasy Plasma Kit (Canspec 
Scientific Instruments, Shanghai, China) 
according to the manufacturer’s instructions. 
The concentration and purity of the RNA were 
determined by spectrophotometer. After that, 
reverse transcription of RNA was conducted 
using the miRCURY LNA Universal RT cDNA 
Synthesis Kit (Aksomics, Shanghai, China). 
Real-time quantitative polymerase chain reac-
tion (RT-qPCR) was carried out with the use of 
the SYBR Premix Ex Taq kit (Takara, Dalian, 
China) to measure the relative quantity of miR-

NAs. The relative expression levels of miRNAs 
were calculated using the 2-ΔΔCt method and 
normalized to U6 expression. The primer 
sequences used in the present study are shown 
in Table 1.

Treatment

According to the disease condition and person-
al willingness, patients received the EC-D neo-
adjuvant chemotherapy regimen, which was 
administered as follows: epirubicin (E), at a 
dose of 100 mg/m2 on day 1 and cyclophos-
phamide (C), at a dose of 600 mg/m2 on day 1. 
E and C were repeated every 21 days for 4 
cycles, then followed by docetaxel (D), at a dose 
of 75-100 mg/m2 on day 1 and repeated every 
21 days for 4 cycles. After completing the neo-
adjuvant chemotherapy, all patients received 
surgical treatment followed by adjuvant therapy 
based on the disease condition and clinical 
requirements.

Assessments of cardiotoxicity

In the present study, cardiotoxicity was defined 
as the occurrence of the any of following symp-
toms [12, 13]: (1) heart failure; (2) acute coro-
nary artery syndrome; (3) fatal arrhythmia; (4) 
the LVEF (assessed by echocardiography) 
declined by 10% from baseline to an absolute 
value below 53% (the lower limit of normal). 
According to the American Society of Ech- 
ocardiography recommendations [14], LVEF 
was assessed before neoadjuvant chemother-
apy (Cycle 0, C0), at the end of 4 cycles of EC 
chemotherapy (C4), at the end of 4 cycles of 
docetaxel treatment (C8), and at 3th months 
(M3), 6th months (M6), 9th months (M9) and 
12th months (M12) after surgery. Further- 
more, the levels of cardiac troponin I (cTnI)  
and N-terminal pro-brain natriuretic peptide 
(NT-proBNP) were also used to monitor the 
myocardial injury and cardiac function. Both 
cTnI and NT-proBNP were measured at C0, C4 
and C8.

Statistics

SPSS 21.0 statistical software (SPSS Inc, 
Chicago, USA) was used for statistical analysis 
and GraphPad Prism 6.01 software (GraphPad 
Software Inc, San Diego, USA) was used for 
chart making. Normally distributed continuous 
variables are presented as the mean value ± 
standard deviation, continuous variables with a 
skewed distribution are presented as the medi-

Figure 1. Study flow. TNBC, triple-negative breast 
cancer.
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an (25th-75th quantiles), and the categorized 
variables are presented as count (percentage). 
Comparisons at paired time points were deter-
mined by a Wilcoxon signed-rank sum test, and 
comparisons between two groups were deter-
mined by a Wilcoxon rank sum test. A correla-
tion of the miRNAs relative expressions with 
the levels of cTnI and NT-proBNP was deter-
mined by Spearman’s rank correlation coeffi-
cient. Univariate and multivariate logistic re- 
gression models were used to determine the 

value of miRNAs in predicting cardiotoxicity 
risk. The miRNAs with an independent value in 
predicting cardiotoxicity risk were further deter-
mined by a receiver operating characteristic 
(ROC) curve. A P value <0.05 was considered 
significant.

Results

Study flow

At the initiation of this study, a total of 331 
TNBC patients were invited, and 67 patients 
were excluded (including 43 patients who 
missed the invitation and 24 patients who 
declined to attend a prescreening meeting). A 
total of 264 patients were then screened for 
eligibility, and 85 patients were excluded 
(including 47 patients who did not meet the 
inclusion criteria and 38 patients who dis-
agreed with the informed consent). The remain-
ing 179 TNBC patients were enrolled in the 
study, and 25 patients withdrew during the 
study (including 22 patients who were lost dur-
ing follow-up and 3 patients who withdrew their 
informed consents). Finally, 154 TNBC patients 
completed the whole study (Figure 1). In the 
present study, all179 TNBC patients were 
included in the analysis, and the analysis was 
performed based on the intention-to-treat (ITT) 
principles with the last observation carried for-
ward (LOCF) method from any of the post-base-
line measures.

Baseline characteristics

The mean age of TNBC patients (N=179) was 
45.9±6.1 years. The numbers of patients with 
pathological grade 1, 2 and 3 were 44 (24.6%), 
117 (65.3%) and 18 (10.1%) respectively. The 
numbers of patients with TNM stage II and III 
were 145 (81.0%) and 34 (19.0%) respectively. 
In addition, the median LVEF level, cTnI and 
NT-proBNP concentrations were 67.0 (64.0-
71.0)%, 0.021 (0.010-0.049) ng/mL and 0.076 
(0.060-0.096) ng/mL respectively. Other clini-
cal characteristics of the TNBC patients are 
listed in Table 2. 

LVEF level, cTnI and NT-proBNP concentrations 
in TNBC patients

Compared to C0, the LVEF level was decreas- 
ed at C4 (P<0.001), C8 (M0) (P<0.001), M3 
(P<0.001), M6 (P<0.001), M9 (P<0.01) and 
M12 (P<0.001) (Figure 2A). For cardiac func-

Table 2. Baseline characteristics

Parameters TNBC patients  
(N=179)

Age (years) 45.9±6.1
BMI (kg/m2) 23.3±2.0
Obesity (n/%) 35 (19.6)
Smoke (n/%) 32 (17.9)
Hypertension (n/%) 41 (22.9)
Diabetes mellitus (n/%) 8 (4.5)
Dyslipidemia (n/%) 32 (17.9)
Hyperuricemia (n/%) 31 (17.3)
Chromic kidney disease (n/%) 4 (2.2)
Pathological grade (n/%)
    Grade 1 44 (24.6)
    Grade 2 117 (65.3)
    Grade 3 18 (10.1)
Tumor size (cm) 3.0 (2.2-4.0)
T stage (n/%)
    T1 34 (19.0)
    T2 135 (75.4)
    T3 10 (5.6)
N stage (n/%)
    N0 79 (44.1)
    N1 68 (38.0)
    N2 32 (17.9)
TNM stage (n/%)
    II 145 (81.0)
    III 34 (19.0)
ECOG performance (n/%)
    0 138 (77.1)
    1 41 (22.9)
LVEF (%) 67.0 (64.0-71.0)
cTnI (ng/mL) 0.021 (0.010-0.049)
NT-proBNP (ng/mL) 0.076 (0.060-0.096)
Data were presented as the mean ± standard deviation, 
count (%) or median (25th-75th quantiles). Obesity was 
defined as BMI ≥25 kg/m2. TNBC, triple-negative breast 
cancer; BMI, body mass index; ECOG, Eastern Cooperative 
Oncology Group; LVEF, left ventricular ejection fraction; 
cTnI, cardiac troponin I; NT-proBNP, N-terminal pro brain 
natriuretic peptide.
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increased at C4 and C8 compared to C0 (all 
P<0.001).

The occurrence of cardiotoxicity in TNBC 
patients  

The numbers of patients with heart failure, 
acute coronary syndrome, life-threatening arr- 
hythmias and LVEF that declined by 10% from 
baseline to the absolute value below 53% were 
1 (0.6%), 0 (0.0%), 0 (0.0%) and 9 (5.0%) respec-
tively (one patient had both heart failure and 
LVEF declined by 10% from baseline to the 
absolute value below 53%). In total, 9 cases 
(5.0%) of cardiotoxicity occurred (Table 3). 

Correlation of angiogenic miRNAs expressions 
levels with the levels of cTnI and NT-proBNP in 
TNBC patients

Let-7f (r=-0.281, P<0.001), miR-126 (r=-0.401, 
P<0.001) and miR-210 (r=-0.343, P<0.001) 
expressions levels were negatively correlated 
with the cTnI level. In addition, let-7f (r=-0.156, 
P=0.037), miR-19a (r=-0.153, P=0.041) and 
miR-130a (r=-0.152, P=0.043) expressions  
levels were negatively associated with the 
NT-proBNP level. There was no correlation of 
other candidate miRNAs with cTnI or NT-proBNP 
levels (Table 4). 

Figure 2. LVEF level, cTnI and NT-proBNP concentrations in TNBC patients during and post neoadjuvant chemo-
therapy. LVEF (A) level at C4, C8 (M0), M3, M6, M9 and M12 was decreased compared to C0. Concentrations of 
cTnI (B) and NT-proBNP (C) were higher at C4 and C8 compared to C0. The comparison between paired time points 
was carried out using Wilcoxon signed-rank sum test. **P<0.01, ***P<0.001. TNBC, triple-negative breast cancer; 
C, cycle; M, month; cTnI, cardiac troponin I; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Table 3. Occurrence of cardiotoxicity
Parameters Count (n/%)
Heart failure 1 (0.6)
Acute coronary syndrome 0 (0.0)
Life threatening arrhythmias 0 (0.0)
LVEF declined by 10% from baseline to the absolute value below 53% (the lower limit of normal) 9 (5.0)
Cardiotoxicity 9 (5.0)
Data were presented as count (%). One patient had heart failure concurrently with the LVEF declined by 10% from baseline to 
the absolute value below 53%. LVEF, left ventricular ejection fraction.

Table 4. Correlation of miRNAs relative 
expressions with the levels of cTnI and NT-
proBNP

miRNAs
cTnI NT-proBNP

R P value R P value
Let-7b -0.091 0.226 -0.078 0.298
Let-7f -0.281 <0.001 -0.156 0.037
miR-17-5p -0.084 0.265 -0.026 0.730
miR-17-3p 0.010 0.889 -0.031 0.680
miR-18a 0.041 0.587 -0.127 0.090
miR-19a -0.061 0.827 -0.153 0.041
miR-19b-1 -0.075 0.318 -0.072 0.338
miR-20a -0.001 0.992 -0.060 0.428
miR-92a -0.127 0.090 0.058 0.439
miR-126 -0.401 <0.001 -0.128 0.088
miR-130a -0.097 0196 -0.152 0.043
miR-210 -0.343 <0.001 -0.146 0.051
miR-296 -0.030 0.695 0.050 0.506
miR-378 -0.069 0.357 0.035 0.639
Correlation of miRNAs relative expressions with the 
levels of cTnI and NT-proBNP was determined by Spear-
man’s test. P value <0.05 was considered significant. 
cTnI, cardiac troponin I; NT-proBNP, N-terminal pro brain 
natriuretic peptide.

tion indicators, both cTnI (Figure 2B) and 
NT-proBNP (Figure 2C) concentrations were 
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Comparison of angiogenic miRNAs expres-
sions levels between cardiotoxicity patients 
and noncardiotoxicity patients

There were 9 cardiotoxicity patients and 170 
noncardiotoxicity patients. The expression of 
let-7f (P=0.001), miR-19a (P=0.023), miR-20a 
(P=0.040), miR-126 (P=0.020) and miR-210 
(P=0.032) were decreased in cardiotoxicity 
patients compared to noncardiotoxicity patients 
(Table 5).

Correlation of angiogenic miRNAs with cardio-
toxicity risk in TNBC patients 

Univariate logistic regression revealed that let-
7f (P=0.015), miR-19a (P=0.036), miR-20a 
(P=0.050) and miR-126 (P=0.035) were nega-
tively correlated with cardiotoxicity risk. All miR-
NAs were included in the following multivariate 
logistic regression, which illustrated that let-7f 
(P=0.033) and miR-126 (P=0.023) were inde-
pendent predictive factors for decreased car-
diotoxicity risk (Table 6).

The value of angiogenic miRNAs let-7f and 
miR-126 for predicting cardiotoxicity risk in 
TNBC patients

Among the selected angiogenic miRNAs, let-7f 
and miR-126 independently predicted cardio-

cTnI and NT-proBNP concentrations were 
increased during and post EC-D neoadjuvant 
chemotherapy, and the total occurrence of car-
diotoxicity in TNBC patients was 5.0%. (2) 
Angiogenic miRNAs let-7f and miR-126 inde-
pendently predicted a reduced risk of cardio-
toxicity, and the ROC curve disclosed that both 
angiogenic miRNAs presented with good pre-
dictive values for predicting cardiotoxicity risk.

In clinical practices, neoadjuvant chemothera-
py exerts great therapeutic effect on improving 
the survival of TNBC patients, while the applica-
tion of cytotoxic antineoplastic drugs in neoad-
juvant chemotherapy are frequently reported to 
be complicated with cardiotoxicity [15-17]. For 
instance, anthracyclines (epirubicin and doxo-
rubicin) as well as alkylating agents (cyclophos-
phamide) are able to induce a relatively high 
incidence of left ventricular dysfunction in can-
cer patients [18]. In addition, anthracycline-
based neoadjuvant chemotherapy has been 
shown to increase the risk of heart failure, as 
well as to elevate cTnI and NT-proBNP levels in 
BC patients [19-21]. These studies suggest 
that the occurrence of cardiotoxicity might be 
increased by neoadjuvant chemotherapy in 
cancer patients including BC patients. In line 
with this earlier evidence, we observed de- 
creased LVEF but elevated cTnI and NT-proBNP 
levels in TNBC patients during and post EC-D 

Table 5. Comparison of miRNAs relative expression between 
cardiotoxicity patients and non-cardiotoxicity patients

miRNAs Cardiotoxicity
patients (N=9)

Non-cardiotoxicity 
patients (N=170) P value

Let-7b 1.051 (0.396-1.788) 1.129 (0.564-1.720) 0.810
Let-7f 0.408 (0.176-0.689) 1.124 (0.604-2.249) 0.001
miR-17-5p 0.642 (0.465-1.450) 1.060 (0.682-1.671) 0.332
miR-17-3p 1.302 (0.696-2.692) 1.355 (0.649-2.195) 0.771
miR-18a 1.039 (0.380-1.914) 1.181 (0.619-1.960) 0.535
miR-19a 0.853 (0.464-1.800) 2.100 (0.987-3.298) 0.023
miR-19b-1 0.485 (0.172-1.756) 1.358 (0.644-2.038) 0.083
miR-20a 0.727 (0.518-0.920) 1.175 (0.524-2.025) 0.040
miR-92a 0.883 (0.572-1.265) 1.294 (0.655-1.786) 0.160
miR-126 0.559 (0.416-1.165) 1.594 (0.748-2.744) 0.020
miR-130a 3.183 (1.572-5.371) 2.970 (1.714-4.921) 0.815
miR-210 0.591 (0.326-1.231) 1.218 (0.642-2.056) 0.032
miR-296 0.668 (0.361-1.041) 0.678 (0.403-1.411) 0.853
miR-378 0.645 (0.371-1.159) 1.036 (0.535-1.790) 0.104
Data were presented as median (25th-75th quantiles). Comparison was 
determined by a Wilcoxon rank sum test. P value <0.05 was considered 
significant.

toxicity risk. Therefore, an ROC 
curve analysis was performed to 
further evaluate their predictive 
value on cardiotoxicity risk, which 
demonstrated that let-7f (AUC= 
0.815, 95% CI: 0.725-0.906) and 
miR-126 (AUC=0.731, 95% CI: 
0.624-0.838) had good potential to 
distinguish cardiotoxicity patients 
from noncardiotoxicity patients. In 
addition, a combination of these 
two miRNAs presented with great 
value on predicting cardiotoxicity 
risk with an AUC of 0.885 (95% CI: 
0.818-0.952). The sensitivity and 
specificity were as high as 88.9% 
and 84.7% at the best cut-off point 
where the sum of the two values 
was the largest (Figure 3). 

Discussion

In this study, we discovered that: (1) 
The LVEF level was reduced, while 
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Table 6. Univariate and multivariate logistic regression analysis of miRNAs in predicting cardiotoxicity 
risk

Univariate logistic regression Multivariate logistic regression

P value OR
95% CI

P value OR
95% CI

Lower Higher Lower Higher 
Let-7b 0.891 0.944 0.412 2.161 0.848 0.853 0.169 4.317 
Let-7f 0.015 0.120 0.022 0.663 0.033 0.011 0.000 0.695 
miR-17-5p 0.446 0.702 0.282 1.747 0.640 0.683 0.138 3.379 
miR-17-3p 0.868 1.051 0.585 1.888 0.411 0.569 0.148 2.186 
miR-18a 0.485 0.760 0.352 1.641 0.668 0.704 0.141 3.505 
miR-19a 0.036 0.488 0.249 0.954 0.056 0.218 0.045 1.043 
miR-19b-1 0.115 0.479 0.192 1.195 0.187 0.365 0.082 1.628 
miR-20a 0.050 0.321 0.103 0.998 0.293 0.289 0.029 2.923 
miR-92a 0.172 0.499 0.184 1.354 0.163 0.257 0.038 1.736 
miR-126 0.035 0.358 0.138 0.931 0.023 0.146 0.028 0.768 
miR-130a 0.951 1.009 0.749 1.361 0.248 1.399 0.792 2.471 
miR-210 0.055 0.331 0.107 1.023 0.335 0.405 0.064 2.545 
miR-296 0.856 0.912 0.340 2.450 0.758 0.778 0.157 3.858 
miR-378 0.125 0.416 0.136 1.276 0.244 0.361 0.065 2.004 
Data were presented as P value, OR (odds ratio) and 95% CI (confidence interval). P value <0.05 was considered significant.

neoadjuvant chemotherapy. The total occur-
rence rate of cardiotoxicity was 5.0%. This 
might be because the antineoplastic drugs in 
the EC-D neoadjuvant chemotherapy regimen 
could induce the production of cytotoxic agents 

such as free radicals to aggravate the oxidative 
stress and inflammation response in cardiac 
cells, thereby increasing the risk of cardiotoxic-
ity in TNBC patients [22]. 

Angiogenic miRNAs participate in numerous 
cellular processes, and their dysregulation is 
involved in the alteration of normal cardiac 
function [23, 24]. Let-7f, belonging to the let-7 
family, is a common pro-angiogenic miRNA that 
facilitates the extending of the existing vascular 
network by directly targeting growth factors 
including transforming growth factor (TGF)-β 
and vascular epithelial growth factor (VEGF) 
[22, 25]. For miR-126, it is highly expressed in 
endothelial cells and exerts a pro-angiogenic 
function by blocking the inhibitor of the vascu-
lar endothelial cells’ growth factor [26]. An ele-
vated expression of miR-126 has been shown 
to relieve acute myocardial ischemic injury via 
protecting myocardial cells from apoptosis [24]. 
In addition, both let-7 and miR-126 expression 
levels are negatively associated with LVEF in 
dilated cardiomyopathy [23]. Therefore, these 
studies suggest that the angiogenic miRNAs 
let-7f and miR-126 could reduce the risk of car-
diac dysfunction caused by ischemia and might 
protect TNBC patients from drug-induced car-
diotoxicity. Moreover, a previous animal study 
reveals that downregulation of angiogenic let-7 
increases the risk of myocardial injury in anthra-

Figure 3. Predictive value of let-7f and miR-126 for 
cardiotoxicity risk in TNBC patients. Let-7f, miR-126 
and combination of these two miRNAs were good 
predictive factors for distinguishing cardiotoxicity 
patients from non-cardiotoxicity patients. The predic-
tive value of let-7f, miR-126 and the combination of 
the two miRNAs were assessed by ROC curve analy-
sis. TNBC, triple-negative breast cancer; miRNAs, 
micro RNAs; ROC, receiver operating characteristics.
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cycline-treated rats [27]. Few studies have 
investigated the role of miR-126 on cardiac 
function in cancer patients receiving antineo-
plastic drug therapy. In our study, let-7f and 
miR-126 were initially observed to be upregu-
lated in noncardiotoxicity patients compared to 
cardiotoxicity patients and they independently 
predicted a low occurrence of cardiotoxicity in 
TNBC patients who underwent EC-D neoadju-
vant chemotherapy. Additionally, an ROC curve 
analysis disclosed that let-7f and miR-126 has 
a good predictive value on cardiotoxicity risk. 
The possible explanations might be that: (1) let-
7f and miR-126 were proangiogenic miRNAs 
and could induce the angiogenesis of vascular 
network by regulating angiogenic growth fac-
tors (such as VEGF and TGF-β) to increase 
blood and oxygen supply to the cardiac cells, 
reducing ischemia and hypoxia in the heart, 
thereby decreasing the risk of cardiotoxicity, or 
(2) the upregulation of let-7f or miR-126 might 
attenuate the activity of apoptotic agents (e.g., 
nuclear factor κB) induced by cytotoxic drugs, 
protecting cardiac cells from apoptosis, hence 
reducing the risk of cardiotoxicity. However, the 
mechanism of angiogenic miRNAs underlying 
cardiotoxicity is still unclear. 

There were several limitations in our study. 
Firstly, only logistic regression and the ROC 
curve were performed to evaluate the predic-
tive potential of angiogenic miRNAs for cardio-
toxicity risk. This was because the follow-up 
period for cardiotoxicity was just 1 year in this 
study, and the occurrence of cardiotoxicity was 
more frequent at 6-12 months after neoadju-
vant chemotherapy. The observed number of 
cardiotoxicity cases was too small to support 
the Kaplan-Meier curve or Cox’s proportional 
hazards regression analysis. Secondly, the 
sample size was small, which could mitigate 
the statistical power. Thirdly, the selection of 
patients was restricted to one hospital, leading 
to selection bias. Therefore, a larger number of 
patients from multiple centers with a longer 
follow-up time is necessary for further study.

In conclusion, the angiogenic miRNAs let-7f 
and miR-126 might serve as novel and convinc-
ing biomarkers for reduced cardiotoxicity risk in 
TNBC patients who undergo EC-D neoadjuvant 
chemotherapy.
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