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Summary
MicroRNAs (miRNAs) act a role in regulation numerous processes crucial for oncogenesis. 
The aim of the study was to compare the blood serum concentrations of selected microRNAs 
(miRNA-21, miRNA-10b and miRNA-200c) between breast cancer patients without sentinel 
lymph node metastasis (Group 1) and those with metastasis (Group 2).

The serum levels of miRNA-21, miRNA-10b and miRNA-200c were measured with using TaqMan 
PCR assays performed on a 7900HT Fast Real-Time PCR System in two groups of breast cancer 
patients: Group 1 – without sentinel lymph node metastasis (32 patients) and Group 2 – with 
sentinel lymph node metastasis (14 patients).

The mean level of miRNA-200c was noticeably lower in Group 2 than in Group 1. The mean fold 
change of miRNA-200c level in the metastatic group (Group 2) was approximately 1.3 times 
lower than that in non-metastatic group (Group 1). However, this result just approached the 
arbitrary threshold for significance (p = 0.05).

Breast cancer patients with sentinel lymph node metastasis demonstrate diminished levels 
of circulating miR-200c compared to non-metastatic patients.
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INTRODUCTION

The presence of axillary lymph node metastasis is one 
of most important prognostic factors for patients with 
breast cancer, and axillary lymph node examination is 
one of the stages in breast cancer diagnosis. The confir-
mation or exclusion of metastatic lymph nodes is typi-
cally based on imaging methods (ultrasonography and/
or mammography) correlated with results of biopsy, sur-
gical sentinel lymph node biopsy and finally, histopath-
ological diagnosis of axillary specimens. However, the 
most reliable approach for identifying metastatic axil-
lary lymph nodes is sentinel lymph node biopsy, which 
ensures good locoregional control of the disease and 
saves approximately 60–70% of breast cancer patients, 
there is the need for axillary lymph node dissection.

Axillary lymph node metastasis is a risk factor for recur-
rence and poor prognosis. Preoperative or postoperative 
detection of metastatic axillary lymph nodes affects the 
choice of the therapeutic procedure, including surgi-
cal procedures, neo- and adjuvant chemotherapy and/
or radiotherapy, depending on the number of positive 
lymph nodes and/or presence of isolated tumor cells 
or micrometastasis. Therefore, axillary lymph nodes 
should be diagnosed prior to any therapeutic decision.

On the cellular level, the dissemination of cancer cells 
is regulated by two processes called epithelial-to-mes-
enchymal transition (EMT) and mesenchymal-to-epi-
thelial transition (MET) [29]. EMT is a mechanism by 
which epithelial cancer cells change to cells with the 
ability to invade other tissues and migrate to new 
areas. After reaching the target organ, the cancer cells 
undergo the reverse process (MET), allowing metastasis 
to begin [26]. Moreover, both phenomena are connected 
with changes in cell structures such as tight junctions 
and adherens junctions, the loss of E-cadherin and cell 
polarity, and the expression of mesenchymal mark-
ers. These processes are strictly regulated by a range 
of factors, of which microRNAs (miRNAs) seem to play 
a crucial role [5]. miRNAs are small, non-coding RNAs 
molecules, ranging from 18-21 nucleotides, which post-
transcriptionally modify gene expression [3]. They play 
a role in the regulation of numerous processes crucial 
for oncogenesis, such as proliferation, differentiation 
and apoptosis. Dysregulated miRNA expression was 
found in various types of cancer tissue in at least sev-
eral studies [4, 11]. The studies suggest that miRNAs may 
play a role in the development of metastasis by influenc-
ing EMT-activated signaling pathways and EMT-Tran-
scriptional Factors [16]. Therefore, the use of miRNA as 
a clinical marker for malignancy has been already pro-
posed [38].

Of the hundreds of miRNAs described in humans, 
miRNA-21, miRNA-10b and miRNA-200c seem to play 
the greatest role in the development of breast cancer. 
miRNA-21 is believed to be one of the most significantly 
changed miRNAs, usually up-regulated, in breast cancer 
tissue. The expression of miRNA-21 in breast cancer tis-
sue correlates with lymph node metastasis, tumor diam-
eter and poor prognosis [6, 11, 38].

As noted in in vitro studies (metastatic cell lines MDA-
MB-231 and SUM1315), miRNA-10b was the first miRNA 
found to be highly expressed in metastatic breast cancer 
cells, and is believed to be an initial factor in the process 
of metastasis [17]. Many studies have reported increased 
miRNA-10b expression in metastatic breast cancer tissue 
compared to non-metastatic breast cancer tissue [18].

The third selected microRNA, miRNA-200c, is thought to 
act by the decreasing activation of ZEB1, an EMT-induc-
ing transcription factor which suppresses cancer cell 
migration [10]. It has been demonstrated that miRNA-
200c is down-regulated in breast cancer tissue, leading 
to cell migration and the creation of remote metasta-
sis  [15]. It was proposed that these above-mentioned 
miRNAs, acting on different levels on cancerogenesis, 
might serve as biomarkers of lymph node metastasis in 
breast cancer patients. The aim of the pilot and initial 
study was to compare blood serum expression level of 
selected miRNAs (miRNA-21, miRNA-10b and miRNA-
200c) between breast cancer patients without sentinel 
lymph node metastasis (Group 1) and those with the 
metastasis (Group 2).

MATERIAL AND METHODS

Forty-six female patients with breast cancer were 
included into the prospective study. All the patients were 
operated in the Department of Surgical Oncology, Medi-
cal University of Lodz (Poland) in a period of March to 
December, 2014. The age of the patients ranged from 38 
to 72 years (mean age 56.44 years). The patients were 
diagnosed by core-needle biopsy, and by imaging meth-
ods including mammography and ultrasonography. No 
patients had palpable axillary lymph nodes. Likewise, no 
symptoms of metastatic axillary lymph nodes were found 
in imaging studies performed in both study groups. All 
patients had indications for primary surgical treatment 
of breast cancer. None of the patients had received any 
treatment before admission to the department.

The final, postoperative histopathological diagnosis was 
invasive ductal breast cancer in all patients. The number 
of patients without sentinel lymph node metastasis was 
32 (Group 1) and the number of patients with sentinel 
lymph node metastasis was 14 (Group 2). The character-
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ciation of nucleoprotein complexes. All samples were 
supplemented with 5 pg Caenorhabditis elegans syn-
thetic miRNA-39 (cel-miRNA-39) used for the normal-
ization of RNA preparation. Aqueous and organic phase 
separation was achieved by adding 200 μl of chloro-
form. The mixture was vigorously shaken for 15 s, incu-
bated for 3 min at RT and centrifuged at 14 000 g for 15 
min at 40C. Total RNA was precipitated from the upper 
(aqueous) phase by adding 1.5 volumes of 100% ethanol. 
Purification of extracted total RNA was performed with 
miRNeasy columns (Qiagen) according to the manufac-
turer’s instructions. RNA was eluted from the Qiagen 
columns in 30 μl of RNase-free water.

miRNA quantification

Reverse transcription was performed using the TaqMan 
miRNA Reverse Transcription Kit and miRNA-specific 
stem-loop primers (Applied Biosystems) according to 

ization and distribution of patient’s features in the two 
groups of breast cancer patients are presented in Table 1.

Blood samples in volume of 5ml of blood were collected 
from the antecubital vein one day before surgery. The sam-
ples were centrifuged and the serum was stored at -80°C.

The project was approved by the Ethical Committee for 
Scientific Studies at Medical University of Lodz.

MIRNA ISOLATION AND MEASURING

Isolation of miRNAs

Total RNA including circulating miRNA was isolated 
from blood serum using miRNeasy Mini Kit (Qiagen). 
Briefly, 1 ml of QIAzol Lysis Reagent was added to 0.2 ml 
of serum, mixed by vigorous shaking for 10 s and incu-
bated for five minutes at RT to ensure complete disso-

Table 1. Clinicopathological characteristics of patients without sentinel lymph node meta-stasis (group 1) and with sentinel lymph node metastasis (group 2). In 
brackets are shown % of total number of patients in group

Group 1 Group 2 p Value

Mean age (years) 55.34 57.54 0.362

Menopausal status 0.377

premenopause 3 (9.37%) 1 (7.14%)

postmenopause 29 (90.6%) 13 (92.85%)

Diabetes 7 (21.87%) 9 (64.28%) p <0.05

Ischaemic heart disease 9 (28.12%) 4 (28.57%) p = 0.365

Hypertension 7 (21.87%) 3 (21.42%) p = 0.383

Tumor

T1 12 (37.5%) 5 (35.71%) p = 0.453

T2 20 (62.5%) 9 (64.28%) p = 0.476

T3 0 0

T4 0 0

Grading

G1 14 (43.75%) 5 (35.71%) p = 0.4.32

G2 12 (37.5%) 5 (35.71%) p = 0.315

G3 6 (18.75%) 4 (28.57%) p = 0.254

ER p = 0.389  

positive 26 (81.25%) 11 (78.57%)

negative 6 (18.75%) 3 (21.42%)

PR p = 0.311   

positive 26 (81.25%) 11 (78.57%)

negative 6 (18.75%) 3 (21.42%)

HER2 p = 0.399

positive 26 (81.25%) 11 (78.57%)

negative 6 (18.75%) 3 (21.42%)
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The miRNA validation revealed mean level of miRNA-21 
to be 26,557 ng/µL in Group 1 and (24.644) in Group 2 
(Fig. 1), which was not significantly different (p = 0.224). 
The mean levels of miRNA-10b were (33.768) in Group 1 
and (32,133) in Group 2 (Fig. 2), which was not significan-
tly different (p = 0.276). However, the mean expression 
level of miRNA-200c was (38.783) in Group 1 and (28.764) 
in Group 2 (Fig. 3), a concentration approximately 1.3-
fold lower in the metastatic group (Group 2) than in the 
non-metastatic group (Group 1). However, the p-value 
for this relationship was 0.05, placing the result on the 
borderline of statistical significance.

Due to more frequent occurrence (significant statisti-
cally) of diabetes in Group 2, the correlation between 
the presence of diabetes and miRNA level was analy-
zed. The comparison of miRNAs level between diabe-
tic and non-diabetic patients with metastasis revealed 
only a difference in the level of miRNA-200c: 27.872 in 
diabetic patients versus 33.456 in nondiabetic patients 
(Fig. 4), again with a borderline significance (p = 0.05). 
No statistically significant difference was found between 
the subgroups of diabetic and non-diabetic patients with 
metastasis with regard to miRNA-21 or miRNA-10b level 
(p = 0.348).

DISCUSSION

Data about the serum level of miRNA-21 in breast cancer 
patients is rather limited. A meta-analysis of results from 
36 studies reported that the specificity and sensitivity of 
breast cancer detection is 70–90% and 75–90% respec-
tively [22]. Asaga et al. reported a correlation between 
serum miRNA-21 concentration and visceral and lymph 
node metastasis in breast cancer, but only for stage IV 
of breast cancer according to AJCC [41]. A preliminary 
study performed by Chinese authors revealed signifi-
cantly higher serum levels of miRNA-21 than miRNA-153 
and CEA in breast cancer patients. The authors postulate 
the use of miRNA-21 as a biomarker of early stage of bre-
ast cancer [28]. Other studies indicate the possibility of 
using miRNA-21 to determine the stage of breast cancer 
or for early detection of breast cancer [29, 41].

While Volina et al. evaluated miRNA-21 level in 61 serum 

the manufacturer’s protocol. Real-time PCR reactions 
were carried out with the use of 5 μl of total RNA eluate 
using and standard TaqMan® MicroRNA Assays (Applied 
Biosystems): hsa-miR-10b (Assay ID 002218), hsa-miR-21 
(Assay ID 000397), hsa-miR-200c (Assay ID 002300) and 
cel-miR-39 (Assay ID: 000200) as a control. The reactions 
were run in duplicate, in volume of 20 μl using 10 μl 
TaqMan Universal PCR Master Mix, 1μl miRNA-specific 
primer/probe mix and 1.33 μl RT product. The reactions 
were incubated in a 96-well plate at 950C for 10 min, fol-
lowed by 40 cycles of 950C for 15 s and 600C for 1 min.

Real-Time PCR analysis

TaqMan PCR assays were performed with the use of 
a 7900HT Fast Real-Time PCR System (Applied Biosys-
tems) and analyzed using Sequence Detection System 2.3 
Software. The automatic cycle threshold (Ct) setting was 
used for assigning baseline and threshold for Ct deter-
mination.

STATISTICAL ANALYSIS

Statistica version 10.0 software was used for the statisti-
cal analysis of data. The results were presented as mean 
values. The Mann-Whitney test, Kruskal-Wallis test and 
Pearson’s linear correlation were used for the correction 
analysis. The normal distribution of the data was confir-
med using the Kolmogorow–Smirnow test with the Lil-
liefors test. The values were statistically significant at 
p <0.05.

RESULTS

No significant differences were found between the two 
groups with regard to age (p = 0.362), BMI (p = 0.353) or 
menopausal status (p = 0.377). Similarly, no significant 
differences were found with regard to the level of estro-
gen (p = 0.389), progesterone (p = 0.311) or Her2 recep-
tors (p = 0.399). No significant link was found between 
miRNA level and tumor diameter. Although the two gro-
ups did not differ significantly with regard to the inci-
dence of hypertension (p = 0.383) or ischaemic heart 
disease (p = 0.365), diabetes was significantly more com-
mon in Group 2 (p <0.05).

Fig. 1. Expression of miRNA-21 (mean ± standard deviation) in serum of 
breast cancer patients; (p=0.224)

Fig. 2. Expression of miRNA-10b (mean ± standard deviation) in serum of 
breast cancer patients; (p=0.276)
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miRNA-10b level between patients with sentinel lymph 
node metastasis and without metastasis. This outcome 
is convergent with a small number of studies reporting 
that miRNA-10b is rather not an important factor in the 
metastatic process.

Finally, miRNA-200c is a member of the miRNA-200 
family, also consisting of miRNA-200a, miRNA-200b, 
miRNA-141, and miRNA-429 [2]. It regulates one of the 
processes in the metastatic spread of breast cancer by 
inhibiting EMT [36]. Gravgaard et al. reported higher 
miRNA-200c expression in metastasic tumor tissue 
compared to primary tumor tissue [9]. The molecular 
mechanism of miRNA-200c has been widely described 
with the use of in vitro models. It is known that the miR-
-200c expression alters the features of LY2 cells surface 
leading to a decrease in cell migration [30].

Some authors have already reported that miRNA-200c 
has the ability to suppress the oncogenesis of breast can-
cer stem cells in vivo [15]. Berber et al. found that down-
-regulation of miR-200c was associated with the triple 
negative breast cancers. The authors suggest the sen-
sitivity and specificity of miR-200c for the prediction 
of metastatic triple negative breast cancer to be 87.5% 
and 81.3%, respectively [21]. Results of our study reve-
aled lower serum levels of miRNA-200c in patients with 
metastatic sentinel lymph nodes. Unfortunately, it was 
not possible to find a similar study to compare our obse-
rvation.

Dysregulation of miRNA expression has also been repor-
ted in patients suffering from diabetes. In particular, 
miRNA-10b expression was reported to be decreased in 
patients with diabetic complications [31]. Dysregulation 
of miRNA-10b expression in metastatic breast cancer 
cells was found in an experimental mouse model based 
on a combination of mouse and human cells [18]. Diabe-
tes with obesity may be also the reason for dysregula-
ted miRNA-21 expression [24]. Furthermore, miRNA-21 
plays a role in adipocyte metabolism and has been pro-
posed as a new therapeutic target for diabetes [21]. The 
miRNA-21 serum levels have been reported to be down-
-regulated in patients with type 2 diabetes [42]. In our 

samples from breast cancer patients and healthy con-
trols and demonstrated no significant relationship 
between miRNA-21level and the presence of breast can-
cer [34]. However, Enders et al. found that the level of 
miRNA-21 in a breast cancer patient was decreased after 
surgery, suggesting a possible relationship between bre-
ast cancer and miRNA-21 level [27].

Our findings do not confirm any significant difference 
in miRNA-21 level between patients with sentinel lymph 
node metastasis and those without. However, miRNA-21 
was suggested as a biomarker for the detection of breast 
malignancy by other authors. Enders et al. found that 
the serum concentration of miRNA-21 varied significan-
tly between different groups of cancer patients only in 
the high stage of the disease (IV according AJCC). The 
lack of significant results found by us can be caused by 
the fact that all subjects included into the presented 
study were at a lower stage of breast cancer (maximum 
II according AJCC).

The miRNA-10b is widely described as a biomarker of 
metastasis in breast cancer. It stimulates the prometa-
static RhoC gene. miR-10b can induce the transforma-
tion of cancer cells into metastatic cells [18]. It can be 
responsible for bone metastasis [19]. Furthermore, high 
miRNA-10b blood concentration may indicate the pre-
sence of metastasis after the surgical procedure [16].

However, Ioro et al. reported a down-regulated expres-
sion of miRNA-10b in breast cancer tissue compared to 
healthy controls [11]. Other studies have reported the 
under-expression of miRNA-10b in metastatic and non-
-metastatic lymph node in breast cancer patients, sug-
gesting that miRNA-10b is not an important factor in 
the metastatic process [8, 25]. Although miRNA-10b is 
typically under-expressed in breast cancer, miRNA-10b 
is up-regulated in 50% of metastatic breast cancer tis-
sue cases [20]. The sensitivity and specificity for miRNA-
-10b as a biomarker of nodal metastasis were found 
to be 88.9% and 80%, respectively [35]. In vitro studies 
show that inhibition of miRNA-10b expression reduces 
the possibility of invading and migrating breast can-
cer cells [14, 17]. Our findings revealed no difference in 

Fig. 4. miRNA-200c serum level among diabetic and non-diabetic patients 
with sentinel lymph node metastasis

Fig. 3. Expression of miRNA-200c (mean ± standard deviation) in serum of 
breast cancer patients
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proliferation [23]. However, the exact molecular mecha-
nism of miR-21 expression alterations in breast cancer 
tissue remains unclear.

The relationship between circulating miRNAs and 
human metabolism is not explored enough. Some stu-
dies suggest the possibility of miRNA use as biomar-
kers in the screening and follow-up of cancer patients. 
The possible source of circulating miRNAs can be either 
the products of cell disintegration or damage; however, 
the products of cell secretion may also play a role [33]. 
As miRNAs are involved in a network of metabolic 
and oncological disorders, which may influence their 
serum level, further studies on larger groups of selec-
ted patients are needed to confirm the role of circulating 
miRNAs and the influence of various metabolic factors 
on their serum level.

CONCLUSIONS

Breast cancer patients with sentinel lymph node meta-
stasis demonstrate lower levels of miR-200c from non-
-metastatic patients. Type 2 diabetes could be a factor 
influencing miRNA serum levels. Our research is pilot 
and initial. Further research on a larger group of 
patients is needed to elucidate the role of miRNAs in the 
creation of metastases in breast cancer.

study only miRNA-200c serum level was dysregulated in 
diabetic patients compared to non-diabetic patients. It 
is possible that the metabolic changes caused by diabe-
tes may have an impact on some miRNA serum levels. 
However, further studies on much larger groups of sub-
jects are required to confirm this result.

In the era of targeted therapy which is accurately custo-
mized to the stage of the breast cancer, axillary lymph 
node metastasis are still an important factor influencing 
therapeutic methods and prognosis.

Many authors have identified miRNA-21 overexpres-
sion in breast cancer tissue, suggesting its crucial role 
in the development of breast cancer [11, 37]. Therefore, 
miRNA-21 is considered as a potential diagnostic mar-
ker [1]. The up-regulation of miRNA-21 has been pro-
posed as an indicator of greater tumor aggressiveness 
connected with poorer prognosis [7]. Some studies have 
demonstrated that high tissue levels of miRNA-21 were 
correlated significantly with the advanced stage and the 
presence of lymph node metastasis in patients with bre-
ast cancer.

It is possible that miRNA-21 overexpression is acquired 
during metastatic spread [19]. Zhu et al. suggest that 
miRNA-21 modulates the expression of multiple meta-
stasis suppressor genes. Overexpressed miRNA-21 can 
decrease the expression of the genes regulating the cell 
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