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Abstract

Background MicroRNAs are small RNA molecules that

bind to complementary sequences of target messenger

RNAs and down-regulate their translation to protein or

degrade them. MicroRNAs play critical roles in many

different cellular processes. Hence, aberrant microRNA

expression is common in a variety of disorders, including

cancer.

Patients and Methods In this work, we quantified serum

microRNA-21 (miR-21) expression levels in 30 breast

cancer patients, 30 cancer-free individuals with risk factors

for developing breast cancer, and another 30 controls

without risk factors, in order to test the role of miR-21 as a

possible diagnostic and prognostic biomarker in breast

cancer.

Results Our results indicated that miR-21 expression was

elevated in asymptomatic high-risk individuals (2.98-fold)

compared with healthy non-risk controls (p\ 0.001), and

was increased in almost all sera of cancer patients (12.72-

fold) compared with healthy controls (p\ 0.001). Higher

levels of serum miR-21 were also correlated with tumors of

higher grades, more nodal involvement, distal metastasis

and advanced clinical stages (p\ 0.01). Furthermore,

over-expression levels declined towards normal after sur-

gical tumor resection (p\ 0.001).

Conclusion In conclusion, our findings demonstrate that

serum miR-21 expression profile may serve as a potential

non-invasive diagnostic and prognostic biomarker for

breast cancer.

Key Points

Serum microRNA-21 (miR-21) was remarkably

elevated in asymptomatic high-risk individuals

compared with healthy non-risk controls.

Increased circulating miR-21 was detected in breast

cancer patients, in particular those with more

advanced disease. Over-expression levels declined

towards normal after surgical tumor resection.

Serum miR-21 expression profile could be used for

breast cancer screening, diagnosis, and prognosis; in

particular, it may have value in early detection of

breast cancer.
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1 Introduction

Breast cancer (BC) is the leading cause of cancer-related

deaths in women worldwide, accounting for 23 % of all

new cancer cases and 14 % of total cancer deaths [1]. In

Egypt, it is the most common cancer among women,

accounting for approximately 37.6 % of cancers; however,

it is often diagnosed at advanced stages of the disease [2].

Therefore, identification of non-invasive biomarkers is

important in achieving early BC diagnosis and improving

patient outcomes [3].

MicroRNAs (miRNAs) are a class of very short

ribonucleic acid (RNA) molecules which control gene

expression by either promoting translational repression or

degradation of messenger RNAs (mRNAs) [4, 5]. MiRNAs

have been implicated in multiple cellular processes

including differentiation, proliferation, migration, and

apoptosis [6, 7]. Altered expression of miRNAs has been

found in every malignancy examined and appears to play

an important role in tumorigenesis [8]. Detection of

extracellular miRNAs in blood and other body fluids and

the feasibility of their quantification provide evidence that

these tiny molecules may serve as promising molecular

biomarkers for cancer [9–11].

MicroRNA-21 (miR-21) is considered an oncogenic

miRNA ‘oncomir’ since it promotes tumor growth, inva-

sion, angiogenesis, and metastasis by targeting and sup-

pressing several apoptotic and tumor suppressor genes,

including the programmed cell death 4 (PDCD4), tropo-

myosin 1 (TPM1), phosphatase and tensin homolog

(PTEN) tumor suppressor, cell division cycle 25 homolog

A (Cdc25a), reversion-inducing cysteine-rich protein with

kazal motifs (RECK), mammary serine protease inhibitor

(MASPIN) genes, and tissue inhibitor of metalloproteinase

3 (TIMP3) [6, 8, 12, 13]. Thus, it is one of the most

prominent miRNAs implicated in the genesis and pro-

gression of human cancer [14]. Therefore, the aim of this

study was to test the potential value of serum miR-21 as a

diagnostic and prognostic biomarker for BC.

2 Materials and Methods

2.1 Study Participants

The study included 90 women: 30 pre-operative BC

patients, 30 healthy individuals with associated risk factors

for developing breast cancer (RC), and another 30 healthy

controls without risk factors (HC). Cancer-free individuals

were matched with the cancer patients group with respect

to age, gender, timing of sampling, and duration of speci-

men storage. All participants had no history of pregnancy

or lactation within the last year, heart disease, renal prob-

lems, diabetes mellitus, or any concurrent inflammatory

condition. They were evaluated for the presence of at least

one of the following risk factors predisposing to BC: early

menarche\12 years, late menopause[53 years, nullipara,

late first full-term pregnancy[30 years, no history of

lactation, presence of atypical hyperplasia on breast biopsy,

or use of hormonal contraceptives or hormonal replace-

ment therapy. In addition, a BC risk assessment tool ver-

sion 6 according to Cuzick and Tyrer, and National Cancer

Institute models were used to quantitatively estimate the

risk of all participants to develop BC [15]. Patients were

recruited from the General Surgery Clinic, Suez Canal

University Hospital, Ismailia, Egypt, during the period

between January 2012 and August 2013. Patients had his-

tologically confirmed primary BC and no history of

receiving chemotherapy or radiotherapy. The Medical

Research Ethics Committee of the Faculty of Medicine,

Suez Canal University approved the study and all patients

provided written informed consent.

2.2 Histopathological Assessment

Breast tumor specimens were evaluated by a pathologist to

determine tumor type, size, pathological grade (according

to the Elston and Ellis modification of the Scarff-Bloom-

Richardson classification) [16], and lymph node involve-

ment. The clinical stage at the time of surgery was clas-

sified according to the American Joint Committee on

Cancer (AJCC) tumor–node–metastasis (TNM) classifica-

tion system [17]. Molecular intrinsic subtype of tumor was

assessed based on the receptor status, for the presence or

absence of estrogen receptor (ER) and progesterone

receptor (PR), and the expression of human epidermal

growth factor receptor 2 (HER2) protein [18]. The Not-

tingham Prognostic Index (NPI) [19] and Immunohisto-

chemical Prognostic Index (IHPI) [20] were used for

prognostic assessment. In addition, the predicted risk of

recurrence for each patient was calculated according to the

European Society of Medical Oncology (ESMO) clinical

recommendations for follow-up of primary BC [21].

2.3 Sample Collection and Processing

Fasting serum samples were collected from all participants.

Paired pre-operative and post-operative (6 h and 2 weeks)

serum samples were obtained from BC patients to compare

serum miR-21 levels before and after surgical tumor

resection. Samples were collected in Vacutainer Serum

Separator Tubes II (Becton Dickinson, Plymouth, UK),

divided into aliquots, and stored at -80 �C. Samples were

allowed to undergo one freeze–thaw cycle only.
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2.4 RNA Extraction

The total RNA, including small RNA, was isolated from

serum using the Qiagen miRNeasy Serum/Plasma Kit

(Qiagen, Catalog no. 217184) following the protocol sup-

plied by the manufacturer. RNA concentration was deter-

mined using the Nano Drop ND-1000 spectrophotometer

(NanoDrop Tech., Inc. Wilmington, DE, USA). The

wavelength-dependent extinction coefficient ‘33’ was

taken to represent the micro-component of all RNA in the

solution [22].

2.5 Reverse Transcription

The TaqManTM MicroRNA Reverse Transcription kit

(Applied Biosystems, P/N 4366596, Egypt) and miRNA-21

specific stem–loop primers (Applied Biosystem, assay ID

000397, Egypt) were used for miRNA reverse transcription

(RT) reaction. RT primer for small nuclear RNA U6

(RNU6B) (Applied Biosystems, assay ID 001093, Egypt)

was used as an endogenous control. For each serum sam-

ple, 10 ng of total RNA was used in a 15-lL reaction

mixture containing 5 lL of RNA extract, 0.15 lL of

100 mM of each deoxynucleotide triphosphate, 1 lL of

MultiScribe� reverse transcriptase (50 U/lL), 1.5 lL of

109 RT buffer, 0.19 lL of RNase inhibitor (20 U/mL),

3 lL of gene-specific TaqMan� primer and 4.16 lL of

nuclease-free water. RT was carried out in a Mastercycler

Gradient Thermocycler (Eppendorf, Hamburg, Germany)

at 16 �C for 30 min, 42 �C for 30 min, and 85 �C for

5 min, then held at 4 �C. A negative control was included

in each experiment, using all the reagents except reverse

transcriptase, to ensure that polymerase chain reaction

(PCR) products were not due to contamination by genomic

DNA [23].

2.6 qRT-PCR Analysis

Real-time polymerase chain reaction (qRT-PCR) technol-

ogy was performed in accordance with the Minimum

Information for Publication of Quantitative Real-Time

PCR Experiments (MIQE) guidelines (see Supplementary

Table S1 in the electronic supplementary material [ESM]).

Mature miR-21 was quantified using the TaqMan�

MicroRNA assay (Applied Biosystems, assay ID 000397,

catalogue no 4427975, Egypt), TaqMan� endogenous

control assay for RNU6B (Applied Biosystems, assay ID

001093, catalogue no 4427975, Egypt), and Taqman�

Universal PCR master mix II, No UNG (29) (Applied

Biosystems, P/N 4440043, Egypt). The PCR reactions were

carried out in final volumes of 20 lL, including 1.33 lL
RT product, 29 TaqMan� Universal PCR Master Mix,

1 lL TaqMan� small RNA assay. All reactions were run in

duplicate and included a no-template control (with water

instead of cDNA), and a no-reverse transcriptase control.

The PCR was performed on an AB 7500HT instrument

with SDS Software version 2.1.1 (Applied Biosystems,

Egypt) as follows: 95 �C for 10 min followed by 40 cycles

of 92 �C for 15 s and 60 �C for 1 min.

2.7 Data Analysis

The fold change of miRNA expression in each patient sample

or asymptomatic at-risk individual relative to the average

expression in healthy controls were calculated based on the

threshold cycle (CT) value using the equation of relative

quantity = 2-DDCTmethod, whereDDCT = (CTmiR-21-CT

RNU6B)BC or RC-(CT miR-21-CT RNU6B)mean HC [24].

2.8 Statistical Analysis

Data was managed using the Statistical Package for the

Social Sciences (SPSS) for windows software (version

20.0). As the data for miR-21 relative expression levels did

not fit a Gaussian distribution, miR-21 levels were char-

acterized by their median and range from the 25th to the

75th percentile, rather than their mean and coefficient of

variation. The expression of miR-21 was calculated for

different groups using the Mann–Whitney U (MW) and the

Kruskall-Wallis (KW) tests [25]. Spearman’s rank order

correlation analysis was performed. P values were con-

sidered statistically significant below 0.05. The receiver

operating characteristic (ROC) curve was plotted and the

area under the curve (AUC) was calculated to assess the

best sensitivity and specificity for prediction of the opti-

mum cutoff values of case-control status for serum miR-21

expression level [26].

3 Results

3.1 Characteristics of the Study Groups

There was no significant difference between BC and RC

groups regarding the number or types of risk factors for

developing BC (p[ 0.05) (see Supplementary Table S2 in

the ESM). However, on quantitative risk assessment using

a Tyrer-Cuzick model which predicts chances of develop-

ing BC over a given time span, BC patients had higher

predicted lifetime and 10-year risk of developing BC than

the RC group (p\ 0.05) (see Supplementary Table S3 in

the ESM). Clinicopathological features of BC patients are

shown in Table 1. According to the NPI and IHPI scoring

systems, 60 and 40 % of patients had poor prognosis,

respectively. Regarding the estimated ESMO recurrence

risk, two thirds of the BC patients had high recurrence
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risk[50 % and one third had intermediate recurrence risk

between 10–50 %.

3.2 Spectrophotometric Analysis for RNA

Concentration

The amount of small RNA fraction in samples was directly

correlated to the corresponding total RNA concentration

(r = 0.721, p\ 0.001, calculated by Pearson’s correla-

tion), and represented about 62.4 % of the total extracted

RNA concentration.

3.3 Serum MicroRNA-21 Expression Profile

in Cancer Patients

The endogenous control, RNU6B, was uniformly and

stably expressed even in the presence of malignancy, with

no significant difference between BC, RC, and HC groups

(p = 0.576). In contrast, CT values of miR-21 varied

significantly among the studied groups; with the lowest

CT value, and hence the highest miRNA content, in tumor

sera (p\ 0.001) (see Supplementary Table S4 in the

ESM). Serum miR-21 was significantly over-expressed in

BC patients compared with both the asymptomatic RC

individuals and healthy controls (p\ 0.001) (Fig. 1). In

BC patients, 90 % exhibited up-regulation of miR-21 with

relative expression levels[1.0, and 80 % of samples

displayed miR-21 over-expression (greater than 2-fold)

compared with healthy controls. Interestingly, pre-

Table 1 Clinicopathological features of breast cancer patients

(N = 30)

Variable n (%)a

Age at diagnosis

Mean age in years 42.9 ± 14.5

\35 years 8 (26.7)

C35 years 22 (73.3)

Tumor side

Right 18 (60)

Left 12 (40)

Location

Unilateral 24 (80)

Multicentric 6 (20)

Histological type

Ductal 20 (66.7)

Lobular 6 (20.0)

Others 4 (13.3)

Pathological gradeb

Grade 1 0 (0.0)

Grade 2 23 (76.7)

Grade 3 7 (23.3)

Lymphovascular invasion 16 (53.4)

Skin invasion 5 (16.7)

Nipple invasion 0 (0.0)

Tumor size

Mean (SD) in mm 5.6 ± 1.6

T1 0 (0.0)

T2 16 (53.3)

T3 6 (20)

T4 8 (26.7)

Lymph node status

N0 5 (16.7)

N1 10 (33.3)

N2 15 (50)

Metastasis

M0 16 (53.3)

M1 14 (46.7)

Site of metastasis

Bone 6 (42.9)

Visceral 8 (57.1)

Clinical stagec

Stage II 8 (26.7)

Stage III 8 (26.7)

Stage IV 14 (46.6)

Estrogen receptors

Negative 12 (40)

Positive 18 (60)

Progesterone receptor

Negative 12 (40)

Positive 18 (60)

Table 1 continued

Variable n (%)a

HER2? status

Negative 24 (80)

Positive 6 (20)

Molecular class

Luminal A 14 (46.7)

Luminal B 4 (13.3)

HER2? 2 (6.7)

Basal-like 10 (33.3)

T tumor size, N lymph node status, M metastasis, HER2? human

epidermal growth factor receptor 2, Luminal A ER?, PR?, HER2–,

Luminal B (triple positive), ER?, PR?, HER2?, HER2? subset ER–,

PR–, HER2?, Basal-like (triple negative), ER–, PR–, HER2–, ER

estrogen receptor PR progesterone receptor
a Values are shown as mean ± SD or as number (percentage)
b Pathological grading, according to Elston and Ellis modification of

Scarff–Bloom–Richardson classification
c Clinical staging was classified according to the American Joint

Committee on Cancer (AJCC) tumor-lymph node-metastasis (TNM)

staging system
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operative miR-21 over-expression levels in patients sig-

nificantly dropped to half, 6 h after curative tumor

resection, then declined more towards normal after

2 weeks (p\ 0.001) (Fig. 1d). ROC curve analysis con-

firmed that serum miR-21 levels could discriminate

between BC patients and cancer-free individuals with

86.7 % specificity and 66.7 % sensitivity, and could even

distinguish patients with AJCC stage IV BC from patients

with earlier stages with 87.5 % specificity and 92.9 %

sensitivity (Fig. 2a, b).

3.4 Serum MicroRNA-21 Expression Profile

in Asymptomatic High-Risk Individuals

The expression levels of serum miR-21 were remarkably

up-regulated in asymptomatic high-risk individuals

compared with healthy controls; median (1st–3rd quar-

tiles) of 2.98 (1.33–3.33) (p\ 0.001) (Fig. 1a). In the at-

risk group, 19 out of 30 individuals exhibited elevated

levels of miR-21 with relative expression levels[1.0,

and 15 of the samples displayed miR-21 over-expression

Fig. 1 Serum microRNA-21 expression profile in the study groups

(30 breast cancer patients [BC], 30 high-risk controls [RC], and 30

healthy controls [HC]). Values are presented as medians. The box

defines upper and lower quartiles (25 and 75 %, respectively) and the

error bars indicate upper and lower adjacent limits. Fold-change for

miRNA-21 was normalized to RNU6B and calculated using the delta-

delta CT method [= 2 (–DDCT)] compared with HC. Kruskal Wallis

and Mann–Whitney tests were used. a The median miR-21 expression

levels were significantly up-regulated 12.72-fold in BC and 2.98-fold

in RC compared with HC. b Serum miR-21 was over-expressed in

serum of BC compared with HC, RC, and all cancer-free individuals.

c Expression levels were significantly higher in patients with

metastasis (stage IV) compared with those with loco-regional disease

(stage II/III). d Elevated pre-operative miR-21 levels significantly

dropped by half 6 h after curative tumor resection, and declined more

after 2 weeks
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of[2.0-fold compared with healthy controls (Table S4).

In addition, the ROC curve for RC versus HC showed that

serum miR-21 could predict asymptomatic high-risk

individuals with 63.3 % specificity and 63.3 % sensitivity

(Fig. 2c).

3.5 Correlation of MiR-21 Expression Level

with Risk Factors

Elevated serum miR-21 levels were significantly associated

with three risk factors, namely early menarche

Fig. 2 Receiver operating characteristics (ROC) curve analysis for

evaluating miR-21 diagnostic performance. a Breast cancer (BC)

patients versus all cancer-free individuals: the AUC was 0.80 at the

optimal cut-off value of DCT = –7.02 (3.48-fold change). b BC

patients with stage metastasis versus patients with earlier stages of

BC: AUC was 0.92 at DCT = –8.2 (7.89-fold change). c Asymp-

tomatic high-risk individuals versus healthy controls: AUC was 0.686

at DCT = –6.33 (2.16-fold change). AUC area under the curve, CI

confidence interval
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at\12 years old, nullipara, and absent breast feeding. No

associations were observed with any other types of risk

factors (see Supplementary Table S5, ESM). In addition,

we did not find any correlation with the number of risk

factors existing in the same individual (p = 0.551).

3.6 Correlation of MiR-21 Expression Level

with Disease Characteristics

Among BC patients, serum miR-21 was significantly

associated with young age at diagnosis (\35 years)

(p = 0.016) (see Supplementary Table S6, ESM). BC

patients with high pathological grade, more nodal

involvement, lympho-vascular invasion, distal metastasis,

and advanced clinical stage had significantly higher miR-

21 expression levels (p\ 0.01) (Fig. 3). No significant

association was observed between serum miR-21 levels

and tumor size (p = 0.232) or site of metastasis whether

visceral or bone (p = 0.576). Higher serum levels of miR-

21 were also observed in patients with poor prognosis (for

NPI: p = 0.185, and for IHPI: p = 0.100), and those with

high recurrence risk[50 % (p = 0.074), but they did not

reach significant difference (see Supplementary Table S7,

ESM). Regarding the receptor status, miR-21 over-ex-

pression was significantly associated with HER2? tumors

(p = 0.015). However, expression levels did not differ

among patients with ER/PR negative disease (p = 0.172)

or among various tumor intrinsic subtypes (p = 0.060) (see

Supplementary Table S8, ESM).

4 Discussion

This study was conducted to examine the role of serum

miR-21 as a biomarker for risk assessment, diagnosis and

prognosis of BC. To the best of our knowledge, this is the

first work examining circulating miR-21 expression pro-

files in an Egyptian population, and the first to report ele-

vated miRNA levels in asymptomatic high-risk individuals

susceptible to developing BC.

MiR-21 was quantified using an RT-PCR technique.

This method was described by Schmittgen et al. as the most

sensitive, specific, fast, and efficient method, which only

needs small amounts of RNA for analysis, and could even

differentiate between miRNAs that differ by only one or

two base pairs [23]. We measured the active mature miR-

21 in serum, rather than the inactive precursor, since it

reflects the regulation of both miRNA processing and

maturation, especially in various human disease where

alterations in miRNA biogenesis produce levels of mature

miRNA that are different from those of the pre-miRNA

[22, 27]. RNU6B, used as an endogenous control, was

consistently expressed in all study groups and was not

influenced by BC status, and this was in accordance with

multiple studies which used RNU6B as a normalizer in

cancer [1, 7, 28, 29].

In our study groups, serum miR-21 was found to be

over-expressed in the circulation of BC patients 12.72-fold

compared with healthy controls, with greater up-regulation

in patients with metastasis (stage IV; 26.5-fold) compared

Fig. 3 Association of microRNA-21 expression level with disease

characteristics in breast cancer patients (n = 30). MiR-21 was

normalized by RNU6B using the delta–delta CT method compared

to HC. Values are represented as medians. Mann–Whitney and

Kruskal Wallis tests were used. Higher miR-21 was associated with

cancer diagnosed at early age (\35 years), tumors with higher grade,

more nodal involvement, metastasis, and advanced stage. No

association was observed with tumor size. M metastasis, N lymph

node status, RNU6B small nuclear RNA U6, T tumor size
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with those without metastasis (stages II/III; 2.78-fold). This

result was in agreement with a study conducted by Hafez

et al., who reported a 10.69-fold increase in miR-21

expression compared with normal adjacent tissues among

Egyptian women [30]. Similar over-expression levels were

reported in the circulation of BC patients with different

ethnic backgrounds [5, 13]. For example, a significant

increase in miR-21 expression of 9.5-fold was also reported

among an Italian population [31]. A study conducted in the

US also showed circulatory miR-21 over-expression of 3.5-

fold [32], and studies in Chinese populations revealed

enhanced levels by 2- to 2.5-fold in the serum of BC

patients [11, 29]. Circulatory miR-21 was also consistently

elevated in other types of cancer: 6.8-fold in pancreatic

cancer [33], 5.8-fold in gastric cancer [34], 1.9-fold in

hepatocellular cancer [35], 7.7-fold in head and neck

squamous cell carcinoma [36], and 2.56-fold in diffuse

large B-cell lymphoma [37] compared with normal con-

trols. Moreover, miR-21 was up-regulated by 4.8-fold in

colorectal cancer tissues [38], 4.3-fold in papillary thyroid

cancer tissues [39], and 4.4-fold in lung cancer tissues

compared with normal adjacent tissues [40]. This aberrant

over-expression of miR-21 in cancer could be caused by

genomic alterations involving the miR-21 gene, modula-

tion of miRNA gene expression through epigenetic mech-

anisms, or defects in miRNA biogenesis pathways [41, 42].

The ROC curve analysis, in this study, revealed that

serum miR-21 expression could differentiate BC patients

from cancer-free individuals with 86.7 % specificity and

66.7 % sensitivity, and could even distinguish patients with

AJCC stage IV from patients with earlier stages of BC,

with 87.5 % specificity and 92.9 % sensitivity in identi-

fying stage IV. This was consistent with multiple studies

which reported a high diagnostic value of serum miR-21

for BC [14, 43–47]. Some meta-analysis studies high-

lighted its role as a tumor biomarker, especially in the

diagnosis of early-stage BC [43, 44]. Others demonstrated

a remarkable ability of circulating miR-21 levels to dif-

ferentiate BC patients from healthy women with higher

sensitivity and specificity than conventional serum

biomarkers such as carbohydrate antigen 15–3 (CA15–3)

and carcinoembryonic antigen (CEA), which exhibited low

sensitivity and specificity, particularly in the context of

early BC [45]. In addition, Asaga et al. revealed that a

circulating miR-21 signature could be used to further dis-

tinguish BC patients with distant metastases from those

with loco-regional disease [46]. Other investigators repor-

ted high sensitivity and specificity of circulatory miR-21

for detecting other types of cancer, including gastric, eso-

phageal, colorectal, pancreatic, lung, prostate, and ovarian

cancer [33, 34, 48–55]. Moreover, in a meta-analysis

conducted on 73 studies with different cancers, the most

identified cancer by miR-21 assay was BC, with 84 %

specificity and 86 % sensitivity [56]. Taken together, these

results held the point that miR-21 could serve as a potential

broad-spectrum biomarker for cancer.

A unique finding in our study was that serum miR-21

levels were remarkably elevated in asymptomatic high-risk

individuals (2.98-fold) relative to those of healthy controls.

In addition, ROC curve analysis showed that serum miR-21

could predict high-risk individuals with 63.3 % specificity

and 63.3 % sensitivity. The stepwise progression of circu-

latory miR-21 over-expression in the present study was

previously observed in breast tissues; early elevation in the

first transition, from normal breast to flat epithelial atypia

and ductal carcinoma in situ (DCIS), and progression

through multi-stage cancer [57–60]. This supports the

speculation that the use of serum miR-21 expression profile

in the general population could be used as a predictor for

identifying individuals at risk in our population. Similar

results were also reported by some investigators who

observed significant changes in serum miRNA pattern in

asymptomatic high-risk individuals susceptible to devel-

oping lung cancer, occurring 1–2 years before clinical

presentation of cancer [61–63]. Also, a prospective study

revealed that a panel of three serum miRNAs could dis-

tinguish gastric dysplasia from controls with 56.5 % sen-

sitivity and 47.8 % specificity, and they also detected

dramatic changes in the circulating miRNA profile at time

points closer to gastric cancer diagnosis [28]. Moreover, in

2013, Madhavan et al. raised the possibility of using serum

miRNAs as a preliminary screening method in the general

population at high risk of cancer [64]. These findings, along

with our observation that asymptomatic high-risk BC

individuals have higher circulating levels of miR-21 com-

pared with the non-risk group, suggests that following such

individuals in a prospective study design, with series mea-

surements over a period of time, could be a valuable method

to test the merit of serum miR-21 as an early BC biomarker.

Assessment of miR-21 expression before and after sur-

gical tumor removal in our BC patients revealed that serum

miR-21 levels declined immediately following tumor

resection. This was similar to several studies that reported

the normalization of circulating miRNA levels within

1–4 weeks in different tumor types such as breast, gastric,

colorectal, oral, lung, head and neck squamous cell carci-

noma, and papillary thyroid cancer, not only after surgical

removal but also following tumor eradication by other

therapeutic modalities such as chemotherapies and radio-

therapy [22, 26, 36, 47, 54, 65–67]. Thus, normalization of

all samples in our study suggests the probable role of serum

miR-21 as a potential biomarker for monitoring disease

recurrence during the follow-up period after mastectomy,

especially at an earlier time than current imaging tech-

nologies. In addition, it further emphasizes that miRNAs

originate specifically from the primary tumor tissue.
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Extracellular miRNAs existing in the circulation of cancer

patients may be present as a result of the fast turnover of

tumor cells resulting in cell death and lysis [68], or through

the tumor cells releasing microvesicles, exosomes, or

protein/lipoprotein complexes that contain miRNAs into

the tumor micro-environment, where they make their way

into the circulation [63, 69]. Alternatively, these extracel-

lular miRNAs might be derived from the tumor tissue as a

result of increased cellular expression levels due to geno-

mic alterations [10, 65, 66].

One of the main challenges in developing tumor

biomarkers for routine clinical use is defining the potential

variables which may interfere with the biomarker behavior

and expression. Thus, in our population, we quantitatively

and qualitatively assessed several factors that might alter

the biomarker status in controls and cancer patients to be

taken into consideration when applying this biomarker in

the clinic. Surprisingly, for the first time we observed

elevated expression levels of serum miR-21 in women with

no history of pregnancy or breast feeding. Pregnancy and

lactation are known to promote terminal differentiation of

lobulo-acinar structures in the breast [70], and to induce

permanent genomic changes in the breast epithelium that

confer genomic stability and reduce the susceptibility to

BC [71]. Differential expression of miRNA during preg-

nancy and lactation was previously reported, which might

occur as part of the mammary gland structural and func-

tional reorganization [72]. In addition to nulliparity and the

absence of lactation, we have identified early menarche, in

both the BC and the RC groups, as a third risk factor for

BC that has been associated with serum miR-21 over-ex-

pression. These three risk factors have long been recog-

nized to predispose females to a longer duration of estrogen

exposure throughout life [71]. Estrogen is known to have a

carcinogenic role in mammary tumors [73]. This correla-

tion is supported by the detection of estradiol (E2)-induced

miR-21 over-expression in breast cells [74]. However,

contradictory results were reported by another study where

the investigators found that E2 inhibits miR-21 expression

and increases the expression of miR-21 target genes in BC

cell lines [75]. This discrepancy in data reported in the last

two studies may be explained by the different experimental

conditions and cell lines used. Understanding the aberrant

regulation of miR-21 by E2 in BC cells is of great signif-

icance, since these signaling pathways are heavily involved

in the development and progression of breast tumors and

importantly govern the responsiveness of BC patients to

endocrine therapies.

Regarding the influence of disease-related characteris-

tics in our BC patients on the biomarker, serum miR-21

levels were significantly correlated with younger age at

diagnosis, higher pathological grade, more nodal involve-

ment, distal metastasis, lympho-vascular invasion, and

advanced clinical stage. Thus, a high miR-21 expression

profile indicated a more aggressive phenotype among

Egyptian women and could be a useful tool to stratify

patients into prognostic groups. In particular, serum miR-

21 levels could be used to identify those patients who

already have distant micro-metastases that are too small to

be diagnosed with high specificity and sensitivity. Mean-

while, no significant association was found between

expression of miR-21 and tumor location, histological type,

or size. Our results were in agreement with other prior

studies which reported that miR-21 over-expression was

associated with tumor grades, higher proliferation index,

and lymph node metastasis in BC [5, 13, 30, 76]. Other

previous studies showed that miR-21 levels are positively

correlated with vascular invasion, visceral metastasis, and

advanced clinical stage [13, 46, 77], and associated with

poor response to therapy, and worse survival in BC [49,

78–81]. Moreover, miR-21 deregulation represented a

global cancer phenomenon; associated with poor prognosis

and survival in other cancer types including lung cancer

[42, 82], colorectal carcinoma [54, 83], gastric cancer [84],

pancreatic cancer [33], diffuse large B-cell lymphoma [36,

37]. These results were consistent with the oncogenic role

of miR-21 in our in silico analysis. Hundreds of genes were

predicted as targets for miR-21, many of which were

specifically involved in critical pathways of BC formation

and progression, including CDKN1A, RECK, TMP3, Bcl2,

FAS, BACH1, VHL, ATM, PDCD4, PTCH1, ITGA2,

CASP8, TNFBR1, DNMT3B, and others. Some of the genes

had been functionally validated in previous experiments.

Defining this functional network connecting miR-21 and its

targets is mandatory, as it will offer new insights into

pathological mechanisms.

Another important finding in the current study was the

significant high miR-21 expression levels in HER2? posi-

tive tumors as receptor status represents a valuable prog-

nostic and predictive marker in BC. Elevated expression of

miR-21 in HER2? BC tissues was previously reported [81].

Functional studies revealing this mechanistic interaction

showed strong correlation between miR-21 expression

level and HER2? status in BC cells, and demonstrated that

miR-21 expression is induced by HER2? signaling via the

mitogen-activated protein kinase (MAPK) pathway [70, 77,

85]. Another proposed mechanism for this association can

be through the linkage of HER2 and miR-21 by chromo-

somal region amplification. The HER2 gene is located in

the chromosomal region (17q12-21) and is amplified in

certain types of BC. Interestingly, the miR-21 gene also

maps very close to this region (17q23), which may explain

the over-expression of both genes.

Although there is a large amount of evidence indicating

that elevated miR-21 expression is associated with cancer

development and progression, several issues need to be
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addressed when interpreting our results. First, our study

lacked premalignant and in situ BC patients and thus could

not audit the miR-21 profile in the intermediate tumori-

genesis pathway. Second, sample size in our study was not

large enough to fully explore the synergistic relationship

between a miR-21 expression profile and different combi-

nations of confounding factors that may affect its behavior.

Further evaluation of circulating miR-21 by a prospective

study in larger control and cancer cohorts with well

annotated clinicopathological characteristics is necessary

to validate our findings, explore potential factors and

environmental variations that may influence diagnostic

precision, and determine what the normal range is in the

circulation of both genders. Third, we evaluated a single

microRNA in our study; using a panel of microRNA might

achieve better diagnostic accuracy for BC detection than

using an individual marker. Moreover, BC is a heteroge-

neous disease at the phenotypic and molecular levels, even

within the same patient, that could be derived from mul-

tiple combinations of mutant cancer-causing genes leading

to various altered signaling pathways. Functional studies

correlating miR-21 with their predicted target genes known

to be involved in BC are warranted to address this net-

working. Furthermore, as circulating miR-21 was found to

be correlated with the presence and severity of BC in the

current study similar to other publications, and yet is also

correlated with the presence of other types of cancer and

non-neoplastic conditions such as inflammation, the

specificity of elevated miR-21 expression for particular

cancers needs to be examined in more detail. In addition, a

standardized protocol and normalization strategies for the

analysis of circulating miRNAs should be established to be

consistent across various sample types and disease condi-

tions. Only then it will be possible to truly establish the

levels of systemic miRNA in both healthy and diseased

individuals and thus allow the use of expression level for

diagnosis of pathological state(s).

Despite these limitations and challenges to achieve

translational application of miRNAs as a routine diagnostic

tool, our study provided initial data that miR-21 could

identify asymptomatic women with high risk for develop-

ing BC, differentiate BC patients from healthy controls,

and distinguish patients with metastasis from those with

earlier stages of BC with remarkable specificity and sen-

sitivity. Our preliminary findings also showed, for the first

time, differential expression of miR-21 in women with

history of early menarche, nulliparity, and absent lactation.

Moreover, elevated miR-21 expression could be used as a

prognostic indicator for poor outcome in Egyptian BC

patients. In addition, our findings indicated that serum

miR-21 could be a useful biomarker for disease monitoring

after curative tumor resection.

5 Conclusion

The results found in this study, taken in the context of the

role of miR-21 in cancer biology, suggest that serum miR-

21 profiling can potentially serve as a promising non-in-

vasive biomarker for risk assessment, diagnosis, and

prognosis in breast cancer.

Acknowledgments We thank Dr Dalia Sabry, the lab manager, for

her technical help. We gratefully acknowledge Dr Alia Ellawindy for

proofreading an earlier draft of the manuscript.

Conflict of interest ET, EM, SF, NW, and SH declare no conflicts

of interest.

Funding disclosure We state that no funding has been received for

the conduct of this study and/or preparation of this manuscript.

Author contributions ET, EM, and SH conceived and designed the

experiments. ET and SF collected samples and clinical data. ET

performed the laboratory experiments. ET, EM and SH analyzed the

clinical and molecular data. ET contributed reagents/materials/anal-

ysis tools. ET, EM, and SH wrote the paper. ET, EM, SF, NW and SH

critically revised and gave final approval of the manuscript. ET is

responsible for the overall content.

References

1. Wang K, Yuan Y, Cho J, McClarty S, Baxter D, Galas D.

Comparing the microRNA spectrum between serum and plasma.

PLoS One. 2012;7(7):e41561.

2. Hussein O, Mosbah M, Farouk O, Farag K, El-Saed A, Arafa M,

Abdallah A. Hormone receptors and age distribution in breast

cancer patients at a university hospital in Northern Egypt. Breast

Cancer (Auckl). 2013;7:51–7.

3. Yu D, Qing-Guo L, Xi-Wei D, Yi-Tao D. Circulating Micro-

RNAs: potential biomarkers for cancer. Int J Mol Sci.

2011;12:2055–63.

4. Kishore A, Jana B, Jana P, Martin P. Review article novel

insights into miRNA in lung and heart inflammatory diseases.

Mediat Inflamm. 2014;2014:27.

5. Pan F, Mao H, Deng L, Guangchao L, Geng P. Prognostic and

clinicopathological significance of microRNA-21 overexpression

in breast cancer: a meta-analysis. Int J Clin Exp Pathol.

2014;7(9):5622–33.

6. Nouraee N, Van Roosbroeck K, Vasei M, Semnani S, Samaei N.

Expression, tissue distribution and function of miR-21 in eso-

phageal squamous cell carcinoma. PLoS One. 2013;8(9):e73009.

7. Yin Y, Jun L, Shujie C, Tianhua Z, Jianmin S. MicroRNAs as

diagnostic biomarkers in gastric cancer. Int J Mol Sci.

2012;13:12544–55.

8. Wang Y, Gao X, Wei F, Zhang X, Yu J, Zhao H, Sun Q, Yan F,

Yan C, Li H, Ren X. Diagnostic and prognostic value of circu-

lating miR-21 for cancer: a systematic review and meta-analysis.

Gene. 2014;533(1):389–97.

9. Corcoran C, Anne M, Duffy J, Crown J, O’Driscoll L. Intracel-

lular and extracellular microRNAs in breast cancer. Clin Chem.

2011;57(1):18–32.

188 E. A. Toraih et al.



10. Godfrey A, Zongli X, Clarice R, Robert C, Paul A, Dale P, Jack

A. Serum microRNA expression as an early marker for breast

cancer risk in prospectively collected samples from the Sister

Study cohort. Breast Cancer Res. 2013;15:R42–51.

11. Ng E, Li R, Shin V, Jin H, Leung C, Ma E, Pang R, Kwong A.

Circulating microRNAs as specific biomarkers for breast cancer

detection. PLoS One. 2013;8(1):e53141.

12. Kosaka N, Yusuke Y, Keitaro H, Naoomi T, Takeshi K, Takahiro

O. Trash or Treasure: extracellular microRNAs and cell-to-cell

communication. Front Genet. 2013;4:173.

13. Zhou X, Wang X, Huang Z, Wang J, Zhu W, Shu Y, Liu P.

Prognostic value of miR-21 in various cancers: an updating meta-

analysis. PLoS One. 2014;9(7):e102413.

14. Si H, Xiaoming S, Yingjian C, Yuan C, Shimin C, Huanchun W.

Circulating microRNA-92a and microRNA-21 as novel mini-

mally invasive biomarkers for primary breast cancer. Chengjin

Hu J Cancer Res Clin Oncol. 2013;139:223–9.

15. Evans D, Howell H. Breast cancer risk-assessment models. Breast

Cancer Res. 2007;9:213–21.

16. John S, Consuelo A, Clara M, Neal O, Irma R, Jose R, Andrew G,

Barbara A, Karen L, Reza P. Breast carcinoma malignancy

grading by Bloom-Richardson system vs proliferation index:

reproducibility of grade and advantages of proliferation index.

Mod Pathol. 2005;18:1067–78.

17. Singletary S, James L. Breast cancer staging: working with the

sixth edition of the AJCC cancer staging manual. CA Cancer J

Clin. 2006;56:37–47.

18. Aoife J, Nicola M, Amanda D, Roisin E, Pamela A, Graham B,

Michael J. MicroRNA signatures predict estrogen receptor, pro-

gesterone receptor and HER2/neu receptor status in breast cancer.

Breast Cancer Res. 2009;11(3):R27–45.

19. Homa O, Daigo Y, Yoshiko U, Noriko S, Masanori Y, Kanji T,

Yasuo K. Prognostic factors in breast cancer: the value of the

Nottingham prognostic index for patients treated in a single

institution. Surg Today. 2005;35:907–11.

20. Guerra I, Algorta J, Dı́az de Otazu R, Pelayo A, Fariña J.

Immunohistochemical prognostic index for breast cancer in

young women. Mol Pathol. 2003;56(6):323–7.

21. Kataja V, Castiglione M, On behalf of the ESMO Guidelines

Working Group. Primary breast cancer: ESMO clinical recom-

mendations for diagnosis, treatment and follow-up. Ann Oncol.

2009;20(4):iv10–4. doi:10.1093/annonc/mdp114.

22. Heneghan H, Miller N, Lowery A, Karl J, Newell J, Michael J.

Circulatory microRNAs as novel minimally invasive biomarkers

for breast cancer. Ann Surg. 2010;251(3):499–505.

23. Schmittgen D, Eun J, Jinmai J, Anasuya S, Liuqing Y, Terry S,

Caifu C. Real-time PCR quantification of precursor and mature

microRNA. Methods. 2008;44(1):31–8.

24. Li-Xu Y, Xiu-Fang H, Qiong S, Deng L, Wu Q, Zeng Y, Shao J.

MicroRNA miR-21 overexpression in human breast cancer is

associated with advanced clinical stage, lymph node metastasis

and patient poor prognosis. RNA. 2008;14(11):2348–60.

25. Huang G, Zhang X, Guo G, Huang K, Yang K, Shen X, You J,

Hu X. Clinical significance of miR-21 expression in breast can-

cer: SYBR-Green I-based real-time RT-PCR study of invasive

ductal carcinoma. Oncol Rep. 2009;21(3):673–9.

26. Heneghan H, Miller N, Lowery A, Kerin M. MicroRNAs as novel

biomarkers for breast cancer. J Oncol. 2010;2010:950201–8.

27. Wan G, Qing E, Heng-Phon T. High-performance quantification

of mature microRNAs by real-time RT-PCR using deoxyuridine-

incorporated oligonucleotides and hemi-nested primers. RNA.

2010;16:1436–45.

28. Song J, Bai Z, Han W, Zhang J, Meng H, Bi J, Ma X, Han S,

Zhang Z. Identification of suitable reference genes for qPCR

analysis of serum microRNA in gastric cancer patients. Dig Dis

Sci. 2012;257(4):897–904.

29. Wu Q, Lu Z, Li H, Lu J, Guo L. Next-generation sequencing of

microRNAs for breast cancer detection. J Biomed Biotechnol.

2011;2011:597145–52.

30. Hafez M, Hassan Z, Abdel Rahman N, Ayman A, Salem S, Sayed

M, Al Shabanah O. MicroRNAs and metastasis-related gene

expression in Egyptian breast cancer patients. Asian Pac J Cancer

Prev. 2012;13:591–8.

31. Iorio M, Ferracin M, Liu C, Veronese A, Spizzo R, Sabbioni S.

MicroRNA gene expression deregulation in human breast cancer.

Cancer Res. 2005;65:7065–70.

32. Leidner R, Li L, Thompson C. Dampening enthusiasm for circu-

lating microRNA in breast cancer. PLoS One. 2013;8(3):e57841.

33. Ali S, Khaldoun A, Wei C, Philip A, Fazlul H. Differentially

expressed miRNAs in the plasma may provide a molecular sig-

nature for aggressive pancreatic cancer. Am J Transl Res.

2011;3(1):28–47.

34. Li B, Yong-liang Z, Gang G, Wei L, Na L, Bin T, Kai-yun L, Bin

X. Plasma microRNAs, miR-223, miR-21 and miR-218, as novel

potential biomarkers for gastric cancer detection. PLoS One.

2012;7(7):e41629.

35. Zhou J, Yu L, Gao X, Hu J, Wang J, Dai Z. Plasma microRNA

panel to diagnose hepatitis B virus-related hepatocellular carci-

noma. J Clin Oncol. 2011;29:4781–8.

36. Hsu C, Lin P, Wang Y, Chen Z, Lin S, Yang M. Circulating

miRNA is a novel marker for head and neck squamous cell

carcinoma. Tumour Biol. 2012;33:1933–42.

37. Lawrie C, Gal S, Dunlop H, Pushkaran B, Harris A. Detection of

elevated levels of tumor-associated microRNAs in serum of

patients with diffuse large B-cell lymphoma. Br J Haematol.

2008;141(5):672–5.

38. Xu X, Jian C, Zhou L, Jian-Ping C. Expression of miR-21, miR-

31, miR-96 and miR-135b is correlated with the clinical param-

eters of colorectal cancer. Oncol Lett. 2012;4(2):339–45.

39. He H, Jazdzewski K, Li W, Liyanarachchi S, de la Chapelle A.

The role of microRNA genes in papillary thyroid carcinoma. Proc

Natl Acad Sci. 2005;102(52):19075–80.

40. Guan P, Zhihua Y, Xuelian L, Wei W, Baosen Z. Meta-analysis

of human lung cancer microRNA expression profiling studies

comparing cancer tissues with normal tissues. J Exp Clin Cancer

Res. 2012;31(1):54.

41. Sapre N, Selth L. Circulating microRNAs as biomarkers of

prostate cancer: the state of play. Prostate Cancer.

2013;2013:1–10.

42. Xiao-chun W, Wang W, Zhang Z, Zhao J, Tan X, Luo J-C.

Overexpression of miRNA-21 promotes radiation-resistance of

non-small cell lung cancer. Radiat Oncol. 2013;8:146.

43. Li S, Yang X, Yang J, Zhen J, Zhang D. Serum microRNA-21 as

a potential diagnostic biomarker for breast cancer: a systematic

review and meta-analysis. Clin Exp Med. 2014; 1–7. doi:10.1007/

s10238-014-0332-3.

44. Cui Z, Lin D, Song W, Chen M, Li D. Diagnostic value of

circulating microRNAs as biomarkers for breast cancer: a meta-

analysis study. Tumor Biol. 2015;36(2):829–39. doi:10.1007/

s13277-014-2700-8.

45. Gao J, Zhang Q, Xu J, Guo L, Li X. Clinical significance of

serum miR-21 in breast cancer compared with CA153 and CEA.

Chin J Cancer Res. 2013;25(6):743–8.

46. Asaga S, Kuo C, Nguyen T, Terpenning M, Giuliano A, Hoon D.

Direct serum assay for microRNA-21 concentrations in early and

advanced breast cancer. Clin Chem. 2011;57(1):84–91.

47. Sun Y, Wang M, Lin G, Sun S, Li X, et al. Serum microRNA-155

as a potential biomarker to track disease in breast cancer. PLoS

One. 2012;7(10):e47003.

48. Zhao H, Jie S, Leonard M, Dan W, Christine B, Song L. A pilot

study of circulating mirnas as potential biomarkers of early stage

breast cancer. PLoS One. 2010;5(10):e13735.

Serum MicroRNA-21 Expression in Breast Cancer 189

http://dx.doi.org/10.1093/annonc/mdp114
http://dx.doi.org/10.1007/s10238-014-0332-3
http://dx.doi.org/10.1007/s10238-014-0332-3
http://dx.doi.org/10.1007/s13277-014-2700-8
http://dx.doi.org/10.1007/s13277-014-2700-8


49. Sayed D, Abdellatif M. MicroRNAs in development and disease.

Physiol Rev. 2011;91(3):827–87.

50. Jazbutyte V, Thum T. MicroRNA-21: from cancer to cardiovas-

cular disease. Curr Drug Targets. 2010;11:926–35.

51. Sempere L, Christensen M, Silahtaroglu A. Altered microRNA

expression confined to specific epithelial cell subpopulations in

breast cancer. Cancer Res. 2007;67:11612–20.

52. Que R, Guoping D, Jionghuang C, Liping C. Analysis of serum

exosomal microRNAs and clinicopathologic features of patients

with pancreatic adenocarcinoma. World J Surg Oncol.

2013;11:219–27.

53. Glowacki F, Savary G, Gnemmi V, Buob D, Van der H. Increased

circulating miR-21 levels are associated with kidney fibrosis.

PLoS One. 2013;8(2):e58014.

54. Toiyama Y, Masanobu T, Keun H, Takeshi N, Koji T, Yasuhiro I,

Ajay G. Serum miR-21 as a diagnostic and prognostic biomarker

in colorectal cancer. J Natl Cancer Inst. 2013;105(12):849–59.

55. Zeng Z, Wang J, Zhao L, Hu P, Zhang H. Potential role of

microRNA-21 in the diagnosis of gastric cancer: a meta-analysis.

PLoS One. 2013;8(9):e73278.

56. Shen L, Wan Z, Ma Y, Wu L, Liu F, Zang H, Xin S. The clinical

utility of microRNA-21 as novel biomarker for diagnosing human

cancers. Tumor Biol. 2015;36(3):1993–2005.

57. Heneghan H, Nicolamiller R, Johnnewell M. Systemic miRNA-

195 differentiates breast cancer from other malignancies and is a

potential biomarker for detecting noninvasive and early stage

disease. Oncologist. 2010;15(7):673–82.

58. Qi P, S-q Cheng, Wang H, Li N, Y-f Chen. Serum microRNAs as

biomarkers for hepatocellular carcinoma in chinese patients with

chronic hepatitis B virus infection. PLoS One.

2011;6(12):e28486.

59. Palmero E, Silvana G, Marcelo C, Naiara C, Ismael D, Andre L,

Marcia M. Mechanisms and role of microRNA deregulation in

cancer onset and progression. Genet Mol Biol.

2011;34(3):363–70.

60. Volinia S, Marco G, Timothy F, Jeff P, Kay H, Carlo M. Breast

cancer signatures for invasiveness and prognosis defined by deep

sequencing of microRNA. PNAS. 2012;109(8):3024–9.

61. Bianchi F, Nicassio F, Marzi M, Belloni E, Dallolio V, Bernard

L. A serum circulating miRNA diagnostic test to identify

asymptomatic high-risk individuals with early stage lung cancer.

EMBO Mol Med. 2011;3:495–503.

62. Boeri M, Verri C, Conte D, Roz L, Modena P, Facchinetti F,
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72. Walter B, Gómez-Macias G, Valera V, Sobel M, Merino M.

MiR-21 expression in pregnancy-associated breast cancer: a

possible marker of poor prognosis. J Cancer. 2011;2:67–75.

73. Tazzite A, Hassan J, Kamal S, Abdellatif B, Sellama N. Rela-

tionship between family history of breast cancer and clinico-

pathological features in Moroccan patients. Ethiop J Health Sci.

2013;23(2):150–7.

74. Bhat-Nakshatri P, Wang G, Collins N, Thomson M, Geistlinger

T, Carroll J, Brown M, Hammond S, Srour E, Liu Y, Nakshatri H.

Estradiol-regulated microRNAs control estradiol response in

breast cancer cells. Nucleic Acids Res. 2009;37(14):4850–61.

75. Wickramasinghe N, Manavalan T, Dougherty S, Riggs K, Li Y,

Klinge C. Estradiol downregulates miR-21 expression and

increases miR-21 target gene expression in MCF-7 breast cancer

cells. Nucleic Acids Res. 2009;37(8):2584–2595.

76. Huang T, Fangting W, Allison B, Dai H, Yin-Yuan M, Andrei G,

Michael T. Up-regulation of miR-21 by HER2/neu signaling

promotes cell invasion. J Biol Chem. 2009;284:18515–24.

77. Findlay J. MicroRNAs and breast cancer. Open Cancer J.

2010;3:55–61.

78. Duygu S, Mark T, Charles S. MiR-21 as a key regulator of

oncogenic processes. Biochem Soc Trans. 2009;37:918–25.

79. Gong C, Yao Y, Wang Y, Liu B, Wu W, Chen J, Su F, Yao H,

Song E. Up-regulation of miR-21 mediates resistance to trastu-

zumab therapy for breast cancer. Biol Chem.

2011;286(21):19127–37.

80. Wang W, Luo Y-P. MicroRNAs in breast cancer: oncogene and

tumor suppressors with clinical potential. J Zhejiang Univ Sci B.

2015;16(1):18–31.

81. Graveel CR, Calderone HM, Westerhuis JJ, Winn ME, Sempere

LF. Critical analysis of the potential for microRNA biomarkers in

breast cancer management. Breast Cancer. 2015;7:59.

82. Zhang H, Chen X. Serum/plasma microRNAs as biomarkers for

lung cancer. Chin J Lung Cancer. 2012;15(1):52–5.

83. Tokarz P, Blasiak J. The role of microRNA in metastatic col-

orectal cancer and its significance in cancer prognosis and

treatment. Acta Biochim Pol. 2012;59(4):467–74.

84. Komatsu S, Ichikawa D, Tsujiura M, Konishi H, Okamoto K,

Otsuji E. Prognostic impact of circulating miR-21 in the plasma

of patients with gastric carcinoma. Anticancer Res.

2013;33(1):271–6.

85. Shi M, Liu D, Duan H, Shen B, Guo N. Metastasis-related

miRNAs, active players in breast cancer invasion, and metastasis.

Cancer Metastasis Rev. 2010;29:785–99.

190 E. A. Toraih et al.

http://dx.doi.org/10.3389/fgene.2013.00116
http://dx.doi.org/10.3389/fgene.2013.00116
http://dx.doi.org/10.1002/cncr.28254

	Pilot Study of Serum MicroRNA-21 as a Diagnostic and Prognostic Biomarker in Egyptian Breast Cancer Patients
	Abstract
	Background
	Patients and Methods
	Results
	Conclusion

	Introduction
	Materials and Methods
	Study Participants
	Histopathological Assessment
	Sample Collection and Processing
	RNA Extraction
	Reverse Transcription
	qRT-PCR Analysis
	Data Analysis
	Statistical Analysis

	Results
	Characteristics of the Study Groups
	Spectrophotometric Analysis for RNA Concentration
	Serum MicroRNA-21 Expression Profile in Cancer Patients
	Serum MicroRNA-21 Expression Profile in Asymptomatic High-Risk Individuals
	Correlation of MiR-21 Expression Level with Risk Factors
	Correlation of MiR-21 Expression Level with Disease Characteristics

	Discussion
	Conclusion
	Acknowledgments
	References




