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Introduction: MicroRNA-21 (miRNA-21) has been described as one of the most signifi-
cantly upregulated miRNAs in human breast cancer. However, limited knowledge exists on 
miRNA-21 expression in breast cancer tissue after neoadjuvant chemotherapy (NAC).
Purpose: The aim of this study was to assess miRNA-21 expression in the tumor tissues of 
Brazilian patients with breast cancer who underwent NAC and its correlation with clinico-
pathological variables.
Patients and Methods: Utilizing qRT-PCR, miRNA-21 expression in tumor tissue was 
measured in a cohort of female patients with breast cancer who underwent NAC. The 
correlation of miRNA-21 expression with breast cancer molecular subtypes and other 
clinicopathological variables was also assessed.
Results: A total of 55 patients were included in the study, and 28 (50.9%) underwent NAC. 
miRNA-21 was upregulated in patients with breast cancer, regardless of previous exposure to 
chemotherapy, molecular subtypes, tumor-node-metastasis (TNM) staging and lymph node 
status of the axilla. miRNA-21 expression did not differ between patients with breast cancer 
who achieved a pathologic complete response after NAC and healthy controls.
Conclusion: miRNA-21 was upregulated in the tumor tissue of Brazilian patients with 
breast cancer regardless of NAC treatment, which reinforces its role as an “oncomiR” and 
a potential biomarker.
Keywords: miRNA-21, breast cancer, biomarker, tumor tissue, neoadjuvant chemotherapy

Introduction
With an annual estimate of 2.1 million new cases worldwide, breast cancer is the most 
common neoplasia among women and is the leading cause of cancer-related death in over 
100 countries.1 Despite the significant progress in the comprehension of breast cancer 
molecular biology, mammography is still considered the gold standard method for 
screening and early diagnosis in asymptomatic patients,2 and the development of novel 
biomarkers for breast cancer diagnosis and disease outcome prediction is urgently needed.

MicroRNAs (miRNAs) are small noncoding RNA molecules with a length of 
19–23 nucleotides that regulate gene expression at the posttranscriptional level.3 

Based on accumulated evidence, miRNAs play a crucial role in several physio-
logical and pathological processes, such as metabolism, proliferation, differentia-
tion and apoptosis. Their deregulation has been associated with a broad spectrum 
of diseases, such as Parkinson’s disease, Alzheimer’s dementia, obesity, diabetes, 
autoimmune disorders, cardiovascular diseases and cancer.4,5
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With regard to cancer, miRNAs are differentially 
expressed between healthy and tumor cells. miRNAs can 
show different tissue-specific signatures among distinct 
types of cancer, and they can either promote (“oncomiRs”) 
or suppress tumor development and progression by influen-
cing oncogenic processes such as initiation, promotion, 
malignant conversion, progression and metastasis.6 In addi-
tion, miRNAs can be detected in the intracellular environ-
ment and in several body fluids, such as blood, urine, saliva, 
cerebrospinal fluid, semen and breast milk; thus, they might 
represent a promising source of stable and noninvasive bio-
markers for cancer diagnosis, prognosis and treatment.7,8

Several studies have been performed to identify the 
abnormal expression of circulating miRNAs for early breast 
cancer diagnosis. However, miRNAs have not been applied 
in clinical practice because of inconsistencies in the selection 
of specific miRNAs for diagnostic and prognostic purposes, 
methodological challenges, patient heterogeneity, and differ-
ences in genetic background, sex, age and metabolic status.9

miRNA-21 has been described as one of the most sig-
nificantly upregulated miRNAs in human breast cancer and 
other neoplasms, such as gastric, colorectal, pancreatic, 
lung and ovarian carcinomas.10–12 In addition, its expres-
sion has been associated with tumor diagnosis and devel-
opment as well as poor prognosis. Evidence suggests that 
miRNA-21 targets and inhibits tropomyosin 1 (TPM1), 
programmed cell death 4 (PDCD4) and phosphatase and 
tensin homolog (PTEN) as well as other tumor-related 
genes.13 Previous studies have shown that miRNA-21 
could be measured stably in tumor tissues, formalin-fixed 
paraffin-embedded tissues and blood circulation.14

Various studies have consistently reported that 
miRNA-21 is upregulated in breast cancer tissues com-
pared with normal breast tissues.14 However, some con-
flicting reports have been described in terms of its 
association with prognostic clinicopathological factors, 
such as breast cancer molecular subtypes, tumor size, 
tumor grade, tumor-node-metastasis (TNM) staging and 
lymph node involvement. Furthermore, there are scarce 
published data on miRNA-21 tumor expression patterns 
following neoadjuvant chemotherapy treatment (NAC) 
and in a Brazilian population that is characterized by 
miscegenation and a varied ethnic background.

The present study aimed to assess miRNA-21 expres-
sion in the tumor tissues of a cohort of female Brazilian 
patients with breast cancer who underwent NAC and its 
correlation with the clinicopathological characteristics of 
breast cancer.

Patients and Methods
Ethics Approval and Consent to 
Participate
Approval and written consent were obtained from all study 
participants for the use of their blood, healthy breast tissue 
and breast cancer tissue samples for research purposes. The 
study protocol was reviewed and approved by the Ethics 
Research Committee of Hospital do Cancer de Pernambuco 
(approval number: CAAE 75061717.3.0000.5205) and was 
carried out under the terms of the Helsinki Declaration.

Study Cohort and Clinical Sample 
Processing
The study included 55 patients with operable breast cancer 
at the Hospital do Cancer de Pernambuco from May 2018 
to July 2018. Of the 55 patients, 28 were under NAC, and 
the choice of the most appropriate chemotherapy protocol 
was at the discretion of the attending physician. Patients 
with histologically confirmed invasive breast cancer and 
tumor-node-metastasis (TNM) clinical stages I to III (loca-
lized disease) were included in this study. Patients under-
going past cancer treatments, diagnosed with neurologic 
disorders and autoimmune disease were not included in 
this study. The clinicopathological and relevant demo-
graphic characteristics of the surgical patients were docu-
mented prospectively in the breast cancer database we 
maintained. Cancer staging was performed according to 
the 8th edition of the American Joint Committee on 
Cancer TNM criteria.15 The breast cancer molecular sub-
types were defined according to the immunohistochemistry 
characteristics of estrogen, progesterone, HER-2 and Ki- 
67 receptor staining.18 Healthy breast tissue samples from 
nine women who had undergone plastic surgery for cos-
metic purposes were collected to represent the control 
subjects. All tissue samples were obtained from surgical 
specimens, and fragments with a diameter of up to 0.5 cm 
were submerged in five volumes of RNAlaterTM (Qiagen, 
MD, USA) at room temperature for 2 hours (to allow the 
solution to thoroughly penetrate the tissue) and stored at 
−80°C until they were subjected to total RNA extraction.

Tissue RNA Extraction and DNase 
Treatment
RNA extraction was performed using TRIzol® (Invitrogen, 
Life Technologies, UK) on both healthy breast (control 
group) and breast cancer tissues. Breast glandular and 
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tumor tissues were carefully dissected free from surround-
ing fat tissue. One milliliter of TRIzol® was added per 
50–100 mg of tissue. The tissue was then homogenized 
using a mechanical tissue homogenizer at 0°C. RNA was 
DNase treated with a commercially available kit (Ambion, 
UK) according to the manufacturer’s recommendations. 
After extraction, the RNA concentration and integrity 
were determined using a NanoDrop spectrophotometer 
(NanoDrop ND1000; Thermo Fisher Scientific, USA). 
The total RNA was stored at –80°C.

cDNA Synthesis and Gene Expression
Aliquots of 10 ng of eluted RNA samples were used to 
make cDNA using the TaqManTM MicroRNA Reverse 
Transcription Kit (Applied Biosystems, USA) and 5X RT 
Human TaqMan MicroRNA Assay primers (hsa-miR-21- 
5p: Assay ID_000397; RNU6B: Assay ID_001093) 
according to the manufacturer’s instructions. The reaction 
was performed in a Veriti thermal cycler (Applied 
Biosystems, USA) for 30 minutes at 16°C followed by 
30 minutes at 42°C and an additional 5 minutes at 85°C.

Quantitative PCR was performed on a 7500 Real Time 
PCR system (Applied Biosystems, USA) with TaqMan™ 
Universal PCR Master Mix (Applied Biosystems, USA), 
20X primers and nuclease-free water to a total volume of 
10μL. The cycling process was performed as follows: 50°C 
for 2 minutes and incubation at 95°C for 10 minutes, fol-
lowed by 45 cycles of 95°C for 15 seconds and 60°C for 
1 minute. The threshold standard deviation (SD) for intra- 
assay and interassay replicates was 0.3.

All samples were analyzed in triplicate on the ABI 
7500 platform (Applied Biosystems, USA). The cycle 
quantification (Cq) values were calculated with SDS 1.4 
software (Applied Biosystems).

Data Processing and Statistical Analysis
The normalization process utilized the 2−ΔΔCt method.16 

The Cq values from the target miRNA-21 were subtracted 
from the Cq values of the endogenous control RNU6B. 
A subsequent ΔΔCq value was calculated for the malig-
nant tumors using the average of the control ΔCq values. 
The expression values are represented as the ΔΔCq value 
on a log2 scale. An absolute quantification method for 
miRNA-21 expression was also performed by utilizing 
the means of the Cq values from patients with breast 
cancer in comparison to those of the controls. Clinical 
and pathological characteristics between patients who 
were chemo-naïve and NAC were compared using the 

Mann–Whitney U-test for continuous variables and 
Pearson’s chi-squared test for categorical variables. The 
normality of the data was tested by the Shapiro–Wilk test. 
Variance homogeneity among groups was assessed with 
the Levene test. Numerical variables are presented as the 
mean ± standard error (SE), and categorical variables are 
shown as relative frequencies.

Group comparisons were performed utilizing the gen-
eralized linear model. We used the gamma model because 
of the nonparametric distribution of the data. When sig-
nificance was reached, we conducted post hoc analysis 
for single comparisons and Bonferroni correction for mul-
tiple comparisons. To analyze the relationship between 
miRNA-21 and tumor size, we calculated Spearman’s 
rank correlation coefficient.

Numerical variables are presented as the mean ± SE, and 
categorical variables are shown as a relative frequency. For 
all the performed analyses, a value of p≤0.05 was consid-
ered statistically significant. The analysis procedures were 
accomplished using GraphPad Prism version 7.00 
(GraphPad Software, La Jolla California, USA) and the 
Statistical Package for the Social Sciences software SPSS/ 
PASW version 20 (IBM Corp., Armonk, NY).

Results
The clinical and pathological characteristics of the patients 
with breast cancer are summarized in Table 1. The average 
age in the control group was 37.8±2.4 years old.

Among the patients with breast cancer, those sub-
mitted to neoadjuvant chemotherapy were younger and 
had larger tumors at the initial diagnosis of the disease. 
The average age in the control group was 37.8±2.4 years 
old. Invasive carcinoma of nonspecific type was the 
most common histological type, and more than half of 
the patients were classified as the luminal molecular 
subtypes, followed by HER-2 and triple-negative sub-
types. It is important to note that in terms of the breast 
cancer molecular subtypes, the HER-2 group included 
10 patients with luminal hybrid tumors (positivity for 
estrogen and/or progesterone and HER-2 receptors in 
immunohistochemistry staining) and two patients with 
HER-2 overexpression.

Clinical stages II and III were documented in 83.6% of 
the patients, which means that tumors larger than 2 cm 
and/or there was involvement of regional lymph nodes. 
Among patients treated with neoadjuvant chemotherapy, 
a similar percentage of axillary negative lymph nodes was 
observed.
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The clinical and pathological characteristics of the 
patients with breast cancer are summarized in Table 1.

Breast Cancer Tissues Presented 
Increased miRNA-21 Expression
Comparative analysis of miRNA-21 expression between 
breast cancer and healthy breast tissues demonstrated 
upregulated levels of miRNA-21 among all patients with 
breast cancer included in the study, regardless of previous 
exposure to chemotherapy treatment (Figure 1A). In accor-
dance with the relative expression, the means of the abso-
lute Cq values also showed a significant difference 
between patients and controls (Figure 1B).

Tissue miRNA-21 Expression According 
to Breast Cancer Molecular Subtypes and 
Other Prognostic Factors
To clarify whether miRNA-21 expression is related to 
breast cancer molecular subtypes and prognostic factors, 
we analyzed miRNA-21 expression in tumor tissue sam-
ples according to different breast cancer molecular sub-
types and observed upregulated levels of this biomarker 
for all breast cancer molecular subtypes. These results 
were more prominent for the HER-2-positive and luminal 
A groups in which its expression was 3.4 times higher than 
that in the control group. Although miRNA-21 expression 

Table 1 Clinical and Pathological Characteristics of Patients with Breast Cancer

Variables All Patients 
(n=55)

Chemo Naïve 
(n=27)

NAC 
(n=28)

p-value

Mean ± SE

Age (y.o.) 54.2±1.9 54.3±2.8 48.1±2.1 0.001

Pathological tumor size (cm) 3.44±0.31 4.00±0.44 2.89±0.41 0.087
Clinical tumor size (cm) 4.67±0.31 3.56±0.37 5.75±0.43 0.001

Frequency n (%)

Histologic types 0.589
Tubular carcinoma 1 (1.9) 1 (3.7) -

NST 52 (94.5) 25 (92.6) 27 (96.4)

ILC 2 (3.8) 1 (3.7) 1 (3.6)

Molecular subtypes 0.216

Luminal A 7 (12.7) 6 (22.2) 1 (3.6)
Luminal B 28 (50.9) 12 (44.5) 16 (57.1)

HER-2 12 (21.8) 5 (18.5) 7 (25.0)

Triple-negative 8 (14.6) 4 (14.8) 4 (14.3)

TNM staging 0.002

I 9 (16.4) 8 (29.6) 1 (3.6)
II 29 (52.7) 16 (59.3) 13 (46.4)

III 17 (30.9) 3 (11.1) 14 (50.0)

Grade 0.338

1 4 (8.4) 3 (11.1) 1 (4.3)

2 22 (45.8) 14 (51.9) 9 (39.1)
3 22 (45.8) 10 (37.0) 13 (56.5)

Lymph node involvement 0.995
None 35 (63.6) 17 (63.0) 18 (64.3)

1 to 3 14 (25.5) 7 (25.9) 7 (25.0)

≥ 4 6 (10.9) 3 (11.1) 3 (10.7)

Notes: Clinical and pathological characteristics of 55 patients with breast cancer analyzed in this study (27 chemo naïve and 28 treated with NAC). Statistical analysis 
comparing chemo naïve versus NAC was performed for age, clinical and pathologic tumor size, histological types and grades, molecular subtypes, TNM staging system and 
axillary status using the Mann–Whitney U-test and Pearson’s chi-squared test. Patients treated with NAC were younger and presented with larger tumors and more 
advanced disease (TNM stages II and III). Most of the patients in both groups presented NST and luminal A and B molecular breast cancer subtypes. No difference was 
observed between the groups in terms of axillary status. 
Abbreviations: NST, invasive carcinoma of nonspecial type; ILC, invasive lobular carcinoma; HER-2, HER-2 overexpression; TNM, tumor-node-metastasis breast cancer 
staging; NAC, neoadjuvant chemotherapy.
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in the triple-negative breast cancer group was 2.31 times 
higher than that in the control group, a significant differ-
ence was not reached. When the same analysis was per-
formed considering the means of the Cq values for the 
breast cancer subgroups in comparison to those of the 
healthy controls, a significant difference in miRNA-21 
expression was found for all the subtypes (Table 2).

Analysis of miRNA-21 expression in relation to breast 
cancer TNM staging demonstrated upregulated levels of 
this molecule for all the groups in comparison to the 

control group. Such upregulated expression was more 
pronounced in the stage III group than in the stage II 
group when the means of the Cq values were considered 
(Table 2).

Regarding the relation between breast cancer histolo-
gical grades and miRNA-21 tissue expression, 
a significant upregulation of the latter was perceived for 
all grades with significant results for grades 2 and 3. 
Patients with metastatic disease (stage IV) were not 
included in the study. When the same analysis was 

Figure 1 Patterns of miRNA-21 Expression in Breast Cancer Tissue. (A) miRNA-21 expression in tumor tissue and in breast tissue from controls. miRNA-21/RNU6B was 
calculated using the 2−ΔΔCt method. The expression values are presented as the ΔΔCq value on a log2 scale. (B) Absolute quantification of miRNA-21 expression, presented 
as the means of the Cq values. Statistical analysis was performed using a generalized linear model. Data are presented as the mean ± SE. Black dots represent outliers.
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performed utilizing the means of the Cq values, 
a significant difference in miRNA-21 expression was 
found for all histological grades in comparison to the 
control group (Table 2). These findings suggest that the 
expression of miRNA-21 does not correlate with 
increased disease severity since there was no difference 
in its expression among the grades. A positive correlation 
was not found between tumor size and miRNA-21 
expression in breast cancer tissues (Figure 2A). The 
lymph node analysis showed upregulated miRNA-21 
expression in all the breast cancer groups, regardless of 
the status of the axilla. For both quantification methods, 
no intergroup difference was observed in terms of the 
quantity of positive lymph nodes (Table 2).

miRNA-21 Tissue Expression in Patients 
with Breast Cancer After Neoadjuvant 
Chemotherapy
To investigate whether NAC impacts miRNA-21 expres-
sion, we started a new set of analyses. The clinical and 
pathological characteristics of the 28 patients treated with 
NAC are described in Table 1. The average tumor size for 
the patients before treatment was 5.75±0.43 cm, and the 
pathological (in surgical specimens) size was 2.89 
±0.41 cm. Five out of 28 patients achieved pathologic 
complete response (PCR) in the breast and the axilla 
(Table 1).

A comparison of the miRNA-21 levels among the 
patients in the three groups, namely, the chemotherapy- 
naïve, NAC-treated and PCR groups, revealed signifi-
cantly upregulated levels of this microRNA for the che-
motherapy-naïve and NAC-treated groups in comparison 
to the control group. However, a considerable difference in 
miRNA-21 tissue expression was noted between the che-
motherapy-naïve and NAC-treated groups when we com-
pared the groups utilizing the means of the Cq values 
(Figure 2C and Supplementary Table 1). In this case, 
NAC patients presented higher Cq values than chemother-
apy-naïve patients. Furthermore, in both comparison meth-
ods, no difference in miRNA-21 expression was observed 
between patients who achieved PCR and the controls 
(Figure 2B and C; Supplementary Table 1).

The analysis of miRNA-21 tissue expression among 
the luminal A, luminal B, HER-2 positive and triple- 
negative subtypes was focused on chemotherapy-naïve 
and NAC-treated patients. The results showed 
a significant difference in terms of miRNA-21 upregula-
tion for the luminal A, luminal B and HER-2 subgroups 
(Table 3). However, when the same analysis was per-
formed considering miRNA-21 as the means of the Cq 
values, a significant difference was observed for all the 
subgroups, especially for the luminal B and HER-2 sub-
groups in which a significant intergroup difference 
between the treated and chemotherapy-naïve groups was 
noticed.

A significant intergroup difference was found between 
stage III-treated and chemotherapy-naïve patients when 
the relative expression of miRNA-21 was analyzed 
according to TNM stage. In the former, miRNA-21 
expression was 2.51 times higher in comparison to the 
latter. When the same analysis was performed by consid-
ering the means of the miRNA-21 Cq values, a significant 

Table 2 miRNA-21 Expression According to Breast Cancer 
Prognostic Factors

Breast Cancer Prognostic 
Factors

miRNA-21/ 
RNU6B

miRNA-21/ 
Cq

Molecular subtypes

Control 1.76±0.50 25.0±1.0
Luminal A 6.03±1.89 a 19.6±0.9 a

Luminal B 3.60±0.61 a 19.6±0.5 a

HER-2 6.03±1.44 a 20.1±0.7 a

Triple-negative 4.07±1.19 18.1±0.8 a

p-value 0.021 <0.001

TNM staging

Control 1.76±0.50 25.0±1.0
Stage I 4.52±1.28 a 19.2±0.8 a

Stage II 4.33±0.73 a 19.0±0.4 a

Stage III 4.99±1.06 a 20.6±0.6 a

p-value 0.02 <0.001

Grade
Control 1.76±0.50 25.0±1.0

Grade 1 4.35±2.11 19.4±1.1 a

Grade 2 3.91±0.71 a 19.8±0.5 a

Grade 3 5.04±0.93 a 18.5±0.4 a

p-value 0.019 <0.001

Lymph node involvement

Control 1.76±0.50 25.0±1.0

None 5.15±0.78 a 19.9±0.4 a

1 to 3 6.06±1.51 a 18.8±0.6 a

≥ 4 5.34±1.96 18.6±0.9 a

p-value 0.007 <0.001

Notes: ap<0.05 versus control. Upregulated levels of miRNA-21 were observed for 
all patients with breast cancer in comparison to the control group, regardless of 
molecular subtypes, TNM staging, grade and lymph node involvement. The expres-
sion of miRNA-21 was calculated using the 2−ΔΔCt method (miRNA-21/RNU6B) 
and means of the absolute miRNA-21 Cq values (miRNA-21/Cq). Statistical analysis 
was performed using a generalized linear model, and the values are presented as the 
mean ± SE. ap<0.05 versus control.
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Figure 2 Correlation of miRNA-21 Expression with Tumor Size and Response to Neoadjuvant Chemotherapy. (A) Correlation between miRNA-21 and tumor size (cm) 
(Spearman’s rank correlation coefficient). (B) miRNA-21 expression considering exposure to NAC (or not) and achievement of PCR (miRNA-21/RNU6B was calculated 
using the 2−ΔΔCt method). The expression values are presented as the ΔΔCq value on a log2 scale (generalized linear model) (C) miRNA-21 expression based on the means 
of the Cq values and considering exposure to NAC and achievement of PCR (generalized linear model). Data are presented as the mean ± SE.  
Abbreviations: PCR, pathological complete response; NAC, neoadjuvant chemotherapy; Naïve, chemotherapy naïve.
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intergroup difference was observed for clinical stages II 
and III (Table 3).

The analysis of miRNA-21 tissue expression within the 
three histological grades showed upregulated levels of this 
molecule in comparison to those in the control group 
detected for all the grades only when we analyzed the 
means of the miRNA-21 Cq values (Table 3).

The analysis of miRNA-21 expression for lymph node 
involvement between NAC and chemotherapy-naïve patients 
revealed upregulated levels of this biomarker for all breast 
cancer groups, regardless of exposure to previous chemother-
apy. However, significant differences for all lymph node 
metastasis statuses were only demonstrated when we utilized 
the means of the miRNA-21 Cq values (Table 3).

Discussion
In this study, we analyzed the expression of miRNA-21 in the 
tumor tissues of 55 patients with breast cancer in comparison 

to that of healthy controls. We found that the expression of 
this biomarker was significantly higher in patients with breast 
cancer than in controls, regardless of their previous treatment 
with systemic chemotherapy. This finding is highly consis-
tent with previous reports that identified miRNA-21 as one of 
the most commonly and prominently elevated miRNAs 
among breast cancer tumor tissues.14,17,18

In terms of the clinical and epidemiological aspects, 
the patients with breast cancer included in this study 
mirror the distribution of this disease in Brazil and in the 
rest of the world.19 Conversely, contrary to the trend in 
developed countries of diagnosing breast cancer in its 
initial stages, most patients included in this study received 
a disease diagnosis at a more advanced stage, which 
unfortunately reflects the specific practices of the public 
health system in the country.20

More than 90% of the cases were diagnosed with 
invasive carcinoma of a nonspecific type, which is 

Table 3 Prognostic Factors and miRNA-21 Expression in Patients Treated with Neoadjuvant Chemotherapy

Breast Cancer 
Prognostic Factors

Controls Naïve NAC p-value Controls Naïve NAC p-value

miRNA-21/RNU6B miRNA-21/Cq

Molecular subtypes 0.044 <0.001
Control 1.76±0.50 25.0±1.0 - -

Luminal A – 6.37±2.17 a – – 19.3±0.9 a -

Luminal B – 4.08±1.13 a 3.30±0.71 a – 18.3±0.6 a 20.6±0.6 a, b

HER-2 – 6.16±2.29 a 5.95±1.87 a – 18.1±0.9 a 21.5±0.9 a, b

Triple-negative – 3.56±1.71 4.37±1.62 – 18.2±1.2 a 18.2±0.9 a

TNM staging 0.008 <0.001

Control 1.76±0.50 – – 25.0±1.0 – –

Stage I - 4.69±1.36 a – - 19.2±0.8 a –
Stage II - 5.71±1.30 a 2.97±0.67 b - 18.2±0.5 a 20.0±0.6a,b

Stage III - 2.24±1.06 5.64±1.28 a, b - 18.2±1.2a 21.1±0.6 a, b

Grade <0.001

Control 1.76±0.50 – – 25.0±1.0 – –

Grade 1 – 1.57±0.65 – – 17.3±0.9 a –
Grade 2 – 1.42±0.27 0.62±0.15 – 19.0±0.5 a 26.0±2.4 a, b

Grade 3 – 1.35±0.31 1.11±0.22 – 18.1±0.5 a 21.2±0.6 a

Lymph node 

involvement

0.031 0.002

Control 1.76±0.50 – – 25.0±1.0 – –

None - 6.29±1.34 a 4.08±0.84 a – 18.4±0.5 a 21.4±0.5 a

1 to 3 - 7.21±2.58 a 5.08±1.74 – 18.8±0.8 a 18.8±0.8 a

≥ 4 – 3.09±1.53 7.61±3.84 – 18.0±1.1 a 19.2±1.2 a

Notes: ap<0.05 versus control and bversus naïve. Comparison of miRNA-21 expression in the tumor tissue of patients with breast cancer treated or not with NAC and 
control samples was performed for prognostic factors: molecular subtypes, TNM staging, grade and lymph node involvement. The expression of miRNA-21 was calculated 
utilizing the 2−ΔΔCt method and the means of the absolute miRNA-21 Cq values. Statistical analysis was performed using a generalized linear model. Values are presented as 
the mean ± SE. ap<0.05 versus control and bversus naïve.
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consistent with the findings described in the literature.21 

However, in terms of the molecular subtype distribution 
among patients with breast cancer, 28 (50.9%) luminal 
B cases were observed, which is higher than the proportion 
of 15–20% reported in the literature.22

Analysis of miRNA-21 expression between patients 
who underwent NAC and those who were chemotherapy 
naïve demonstrated upregulated levels of miRNA-21 
expression for both groups in comparison to the control 
group. However, no significant difference was observed 
between the cancer groups. This finding is aligned with the 
report of Al-Khanbashi et al23 who assessed the expression 
of miRNA-21 in the tumor tissues of nine patients with 
breast cancer at different times of NAC and reported that 
the miRNA-21 levels did not show any significant altera-
tion during different times of NAC.

However, when we performed the analysis of miRNA- 
21 expression by utilizing the experimental quantification 
method, it was observed that the Cq values increased 
significantly in the group of patients who underwent 
NAC in comparison to those patients who remained che-
motherapy naïve, indicating a possible restoration of 
miRNA-21 levels as a consequence of the response to 
systemic treatment. This finding must be further explored 
in future studies.

In addition, when we analyzed the expression of 
miRNA-21 in the tumor tissue of patients with breast 
cancer who underwent NAC and achieved PCR, no differ-
ence was observed in comparison to that in the control 
group, which reinforces a possible restoration of this bio-
marker following an optimal response to chemotherapy. 
The analysis of residual breast cancer tumors after NAC 
may be useful for identifying new biomarkers to assess the 
response to systemic treatment and predict clinical out-
comes. Previous studies reported on the roles of the 
expression of certain miRNAs, such as miRNA-18a, 
miRNA-7 and miRNA-340, in the tumor tissue of patients 
who achieved PCR in predicting survival outcomes and 
response to chemotherapy.24–27

The association between miRNA-21 expression and 
clinicopathological features in our study demonstrated an 
upregulation of this biomarker for clinical stages II and III, 
axillary lymph node metastasis and all breast cancer sub-
types regardless of previous treatment with NAC. 
Conversely, there were no significant correlations of 
miRNA-21 expression with tumor size or tumor histologi-
cal grade, which is in accordance with the findings of 
previous reports.28,29 Nevertheless, it is important to 

highlight that miRNA-21 was significantly upregulated 
for all histological grades when we performed the analysis 
considering the means of the Cq absolute values.

These aforementioned findings are inconsistent with 
previous data described in the literature in which upregu-
lated miRNA-21 levels correlated with more advanced 
TNM staging and lymph node metastasis.30,31 Our results 
indicate that the levels of miRNA-21 are upregulated in all 
patients with breast cancer, regardless of TNM staging, 
lymph node status and molecular subtypes, which can be 
attributed to the ethnogenetic characteristics of the sample, 
sample size and miRNA normalization method. These 
findings warrant further investigation in future studies.

Our results revealed that the expression of miRNA-21 
was similarly upregulated in all breast cancer molecular 
subtypes but did not reach a significant difference for the 
triple-negative breast cancer (TNBC) subgroup, which 
could be attributed to the limited sample size of this 
study or even to the choice of the normalization method. 
Dong et al32 reported upregulated levels of miRNA-21 in 
72 TNBC specimens. Savad et al33 found that the expres-
sion of miRNA-21 was similar in different tumor subtypes 
and did not appear to discriminate between different breast 
tumor subtypes, reinforcing our results. However, an insig-
nificant association between miRNA-21 expression and 
breast cancer subtypes has also been reported.13,34,35

In this study, a relative quantification method was 
utilized to compare miRNA-21 tissue expression between 
patients with breast cancer and healthy controls. However, 
a comparison of these two groups was also performed by 
analyzing the mean of the absolute miRNA-21 Cq values. 
Due to the analysis of miRNA-21 as a single investiga-
tional biomarker in this study, it was not possible to utilize 
the global mean normalization method.36–39 As a result, 
we performed an experimental normalization method by 
comparing the means of the absolute miRNA-21 Cq values 
between breast cancer tissue samples and healthy control 
tissue samples. As previously described, significant differ-
ences were found between those groups, most of the time 
reflecting the same results obtained when we utilized the 
relative quantification method: among patients with breast 
cancer, lower miRNA-21 Cq values in comparison to those 
of healthy controls denoted more copies of this molecule 
in tumor tissue, and this finding must be further evaluated.

Conclusion
Our study reinforced the role of miRNA-21 as an 
“oncomiR” with upregulated levels in the tumor tissues 
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of a cohort of female Brazilian patients with breast cancer, 
regardless of their previous exposure to systemic che-
motherapy. In addition, we demonstrated that miRNA-21 
expression did not differ between patients with breast 
cancer who achieved a pathologic complete response and 
healthy controls, indicating a possible restoration of this 
biomarker in response to NAC as an effect of tumor 
destruction and surrounding tissue regeneration.

The correlation of miRNA-21 expression with clinico-
pathological variables was positive, with upregulated 
levels of this biomarker for all breast cancer molecular 
subtypes, regardless of previous NAC, TNM staging and 
lymph node metastasis. Tumor size and histological grade 
did not demonstrate any correlation with miRNA-21 
expression, suggesting that miRNA-21 could be used as 
a diagnostic marker for lymph node metastasis.

We also tested an experimental normalization method 
by comparing the means of the absolute miRNA-21 Cq 
values in patients with breast cancer with those of the 
controls. Most of the time, the results reflected those 
obtained with the relative quantification method and need 
to be further explored.

Abbreviations
PCR, pathological complete response; NAC, neoadjuvant 
chemotherapy; Naïve, chemotherapy naïve; NST, invasive 
carcinoma of no special type; ILC, invasive lobular carci-
noma; HER-2, HER-2 overexpression; TNM, tumor-node- 
metastasis breast cancer staging.
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