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ABSTRACT   

  
 Micro RNAs and voltage-gated potassium channels (VGPCs) both play critical roles in the 

development of cancer. We aimed to reveal the diversity of miR-126/126*, which effects angiogenesis 

and vascular development through the inhibition of VGPCs.  

In this study, potassium channel inhibitors, including tetraethylammonium (5mM), 4-aminopyridine 

(5mM), margatoxin (1µM) and astemizole (2µM), were applied to MCF-7 and MDA-MB-231 breast 

cancer cell lines. After totally isolating RNA from the cells, Real-Time Polymerase Chain Reaction was 

used in order to identify gene expressions. OneWay ANOVA was used for variation analyses, while 

Tukey HSD and Tamhane were used to assess whether multiple comparisons were statistically significant 

(P < 0.001). Our results showed an increase in miR-126/126* expressions after the channel inhibition of 

MCF-7 and MDA-MB-231 cell lines (P < 0.001). miR-126/126* expressions were increased using TEA, 

4-AP and astemizole in both cell lines. miR-126/126* expressions were only increased through the use of 

margatoxin in MCF-7.  

miR-126/126* may interact with voltage-gated potassium channels. In our study, the inhibition of K 

channels using K channel blockers resulted in an increase of miR-126/126* expression. Therefore, our 

data suggested that there could be another perspective between K channels and non-coding RNAs in the 

development of breast cancer.  
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1. INTRODUCTION 

Ion channels, which are the main signaling complex, are expressed in most tissues 

and have different cellular activity. Therefore, many of the pathophysiological 

conditions in cancer include ion channels (1). Voltage-gated potassium channels 

[VGPCs] are fundamental to cellular physiology and play a number of key 

functions, such as differentiation, proliferation, apoptosis, adhesion, migration and 

control of volume. These functions are linked to the formation of primary and 

metastatic tumors (2). Ion channels are expressed in various tissues and show 

various activities. This is particularly clear in voltage-gated ion channels which 

allow K+, Cl- and Na+ ions to be expressed extensively (3). Ion channels play an 

important role in electrical signaling and it is vital (2). Ion channels are main 

signaling complexes which have different cell activities and are expressed in various 

tissues. Thus, ion channels are the most observed pathophysiological conditions 

involved in cancer (3). Furthermore, it has been suggested that the functional 

changes or increases of voltage-gated potassium channels have shown oncogenic 

effects in normal cells. It has been shown that K channels play a key role in breast 

cancer cell proliferation, cell cycle progression, apoptosis, and metastasis (4, 5). 

Potassium channels may be of particular interest in the future with regards to new 

anti-tumor therapies. Thus, it was an important precondition in determining specific 

therapy targets and potential biomarkers in cancer. Recently, studies into breast 

cancer and potassium channels have progressed significantly. Potassium channel 

activity significantly increases in breast and various tumors in comparison to normal 

tumors. It has already been shown that these channels increased oncogenic functions 

and cell proliferation in carcinogenesis and later stages (6).  

K channel blockers/toxins are K channel inhibitors which block the physiological 

functions of K channels, such as cell volume control and the transportation of solids. 

4-aminopyridine (4-AP), tetraethylammonium (TEA), margatoxin and astemizole 

are the most widely known K channel blockers. 4-AP is a non-specific potassium 

channel inhibitor (7, 8). TEA is a selective blocker of intermediate-conductance Ca-
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activated K channels (BKca) when applied at various doses (9). Margatoxin is a 

kind of scorpion venom which blocks Kv1.3 and Kv1.6 channels in particular (10). 

Astemizole is an antihistamine which is especially effective on the function of the 

Kv11.1 channel. As a result of research, it is expected that channel blockers may 

inhibit proliferation, migration, metastasis, and integrin-mediated cell adhesion (11, 

12). Channelopathies, the variations of K channel function and density, can have 

profound pathophysiological consequences in various diseases, such as cancer (13-

15). The blockage of voltage-gated Kv1.3 channels decreases the proliferation of 

both T lymphocytes (16, 17) and HEK293 cells (18) but it increases the proliferation 

of neural progenitor cells (19). The blockage of ATP-sensitive K channels also 

decreases the proliferation of primary rat hepatocytes and several human cancer cell 

lines (20) but it increases the proliferation of islet cells (21).  

MicroRNAs are the small regulatory RNA molecules which play a part in 

physiological and pathological processes such as apoptosis and stress response, and 

the proliferation, differentiation, development and regulation of target genes 

expression (22, 23). They have a nucleotide length of 18–29 and consist of two 

distinct mechanisms which are interrupted by the endonucleases Drosha and Dicer. 

miRNAs play an important role in cell development and differentiation by using 

translational inhibition or degradation of mRNA mechanisms (24). miR-126 and its 

complementary miR-126*, which are located in the 3’-untranslated region (3’-UTR) 

of epidermal growth factor such as 7 (Egfl-7), affect signaling, angiogenesis, 

vascular development, and regulation by vascular endothelial growth factor (VEGF) 

in various cancers (31). 

The changes in cancer make it possible to bind only certain molecules. miRNAs 

have been shown in studies to be effective in cancer and metastasis. Additionally, 

studies into K channels have revealed that these channels may be effective in cancer 

and metastasis. The aim of this study is to determine the interaction between K 

channels and miR-126 and its complementary miR-126*, which are known to be 

tumor suppressors in breast cancer and metastasis. 
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2. MATERIALS AND METHODS 

2.1.  Cell Culture and Toxin Releasing: MCF-7 (weak invasive) and 

MDA-MB-231 (strong invasive) breast cancer cell lines (ATCC, 

Washington D.C., USA) were cultured using Dulbecco’s Modified 

Eagle’s Medium (DMEM; Gibco, United Kingdom) containing 10% 

Fetal Bovine Serum (FBS; Gibco, United Kingdom)  and incubated 

at 37°C containing 5% CO2 in 25 cm2 flasks (Greiner, Cellstar, 

Germany). To affect the channels, DMEM without phenol red was 

used.  When the applications had been carried out, cells were 

collected from the bottom of the flasks using trypsin (Gibco, United 

Kingdom). These cells were counted and plated in 6-well plates 

(Orange Scientific, Braine-l’Alleud, Belgium). After an incubation 

period of 24 hours, the cells were treated with 5 mM 4-

aminopyridine (4 - AP; Sigma, St. Louis, USA), 5 mM 

tetraethylammonium (TEA; Sigma, St. Louis, USA), 1 µM 

margatoxin (Sigma, St. Louis, USA) and 2 µM astemizole (Sigma, 

St. Louis, USA), these being potassium channel toxins. After 48 

hours later, the Total RNA was isolated.   

2.2.  Total RNA Isolation: The Total RNA was isolated from cells using 

the Paris kit (Ambion, Carlsbad, USA) procedure.  

2.3.  Real-Time Polymerase Chain Reaction (RT-PCR): The RNAs 

isolated from the cells were converted to cDNA through reverse 

transcription (Bioneer Accupower, Republic of Korea). miR-126 

and miR-126* (Alpha DNA, Montreal, Quebec) expressions were 

determined using a Real-Time Polymerase Chain Reaction (RT-

PCR; Stratagene MXpro3000, UK). ΔΔCT values were calculated 

from the obtained data. Glyseraldehide-3-phosphate (GAPDH; 
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Alpha DNA, Montreal, Quebec) was used as an internal control in 

the calculation of ΔΔCT.  

2.4.  Statistical Evaluation: The expressions of miR-126/126* were 

evaluated statistically using OneWay ANOVA for variation 

analyses, and Tukey HSD and Tamhane tests were used for multiple 

comparisons. 

3. RESULTS 

An SPSS IBM 20.0 was used for statistical evaluation. The Kolmogorov-

Smirnov test was used to test for normality, and all of the samples 

demonstrated a statistically normal distribution. OneWay ANOVA was used 

for variation analyses, and Tukey HSD and Tamhane tests were used to test 

if multiple comparisons were statistically significant. Our results showed an 

increase in miR-126/126* expressions after K channels of the benign breast 

cancer cell line MCF-7 and the MDA-MB-231 malign breast cancer cell line 

were inhibited by TEA, 4-AP and astemizole (P < 0.001). miR-126/126* 

expressions increased in both MCF-7 (5.86; 3.68) and MDA-MB-231 (3.60; 

3.06) cells when 5 mM TEA was applied to these cells. Furthermore, when 5 

mM 4-AP was applied to MCF-7 and MDA-MB-231 cells, the expression of 

miR-126/126* increased (6.23; 3.57/3.80; 4.88). Our data shows that the 

application of 2 µM astemizole brought about an increase in miR-126/126* 

expressions in MCF-7 (5.97; 3.92) and MDA-MB-231 (3.56; 3.16). It was 

determined that the application of margatoxin (1 µM) brought about an 

increase in both miRNA expressions (6.15; 3.77) in MCF-7 cells (P < 0.001; 

As shown in Figure 1, 2). 
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4. DISCUSSION 

Channelopathies, the variations of K channel function and density, can have 

profound pathophysiological consequences in various diseases, such as 

cancer (13-15). The changes in cancer make it possible to bind only certain 

molecules. In our study, the interactions between K channels and miR-

126/126*, which are known to help in tumor suppression in breast cancer, 

were investigated. We aimed to determine the relationship between miR-

126/126* and K channel activities. miR-126/126* decrease in various 

cancers due to activity which suppresses tumors.  

Recent studies show that K channels play an important role in the cell cycle, 

apoptosis, proliferation, and metastasis in breast cancer cells (1, 4, 25, 26). 

In another study, it was shown that the potassium flow density interacts with 

a metastatic character in strong metastatic PC-3 prostate cancer cells as 

opposed to weak metastatic LNCaP prostate cancer cells (13). It could, 

therefore, be related to VGPC staining being increased in clinical metastatic 

PCa when compared to normal patients’ tissue samples (3). Furthermore, 

these channels’ molecular structures have not yet been determined (27). It is 

either EAG1 gene expression or the inhibition of channel activation which 

decreases tumor cell proliferation in vivo and in vitro as a result of antisense 

oligonucleotides, siRNA, monoclonal antibodies or non-specific (Kv10.1) 

EAG1 channel inhibitors. Therefore, EAG1 has been suggested as a target 

for cancer diagnosis (28).  

miR-126, which shows a low expression in breast, colorectal, lung, 

pancreatic and prostate cancer tissues, was analyzed immunohistochemically 

(IHC) and was detected in endothelial and immune cells (29). In another 

study, miR-21, -106, -126, -155, -199 and -335 expression were examined, 

and miR-126, -199a and -335 expressions were found to be low when 
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compared to tumor type (malignant, benign, and tumor grade), and the 

amount of estrogen and progesterone. To determine miR-126 expressions in 

a study, transfecting oncogene v-Src to Cx43KO mouse embryonic brain cell 

lines brought about a decrease in miR-126/126* gene expressions (30). In a 

study into Hsa- miR-126 and hsa-miR-183 in metastatic non-small cell lung 

cancer (NSCLC) cells, it was observed that miR-126 expression led to a 

decrease of the CRK protein in lung cancer (31). In a proliferation study, 

MCF-7 breast cancer cells which were treated with anti-miR-126 showed an 

86% proliferation and survival level (23). In a study using MCF-7 and 

MDA-MB-231 cell lines, it was found that miR-126 affects insulin receptor 

1 (IRS-1) and brought about a decrease in cancer cell growth (32). Through 

the use of the immunohistochemistry (IHC) and florescent in situ 

hybridization (ISH) methods, a decrease in miR-341 and -126 expressions 

and an increase in miR-21 and -155 expressions were found to occur in 

breast, colorectal, lung, pancreas and prostate cancerous tumors, while miR-

126 and miR-155 expressions were determined in endothelial and immune 

cells, and miR-34a and miR-21 expressions were determined in cancer cells 

(29). miR-21, -106a, -126, -155, -199a and -335 expressions were analyzed 

according to tumor type (malign, benign and tumor grade) and 

estrogen/progesterone levels. Although miR-21, -106a, and -155 expressions 

were high, miR-126, -199a and -335 expressions were found to be low. 

Considering this data, it suggests that miR-126, -199a, and -335 expressions 

decrease in breast cancer (29).  Wang et al. (2010) suggested that these six 

miRNAs could be used as biomarkers in breast cancer prognosis and 

diagnosis through the consideration of multiple parameters (33). It has been 

reported that miRNAs which are found in blood may have the potential to be 

used as diagnosis, treatment, and biological indicators of cancer (31).  
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Non-coding RNAs, one of the epigenetic mechanisms, can be a determinant for the 

development of cancer. In addition to research into epigenetic mechanisms and 

cancer studies, there are no adequate studies into K channels and non-coding RNAs, 

particularly into miRNAs. In a study, inhibition of Kir6.1/SUR2B channel, one of 

ATP sensitive potassium channels which plays an important role on vascular 

development, by methylglyoxyline caused an increase of miR-9a-3p expression 

about 240% on smooth muscle cells (34). The relationship between miRNAs and K 

channels in pathophysiological diseases, such as those of the heart, 

neurodegenerative diseases, and diabetes, has been investigated. In a study of 

cardiac arrhythmias, it was found that miR-1 regulates Kir2, a subunit of the K 

channel (35). In another study, Xiao et al. (2007) determined that miR-133 inhibits 

the HERG K channel in diabetes (36). In another study, it was determined that 

potassium channels and miR-190 play crucial role in development of pulmonary 

arterial hypertension vasculazation. In the same study, it was suggested that activity 

of KCNQ5 potassium channel could be affected by miR-190 (37). In a study the 

interaction between miR-1 and KCNE1 and KCNB2 potassium channels was 

observed. When potassium flow was increased by patch-clamp method, decrease of 

KCNE1 and KCNB2 potassium channels and increase of miR-1 expression was 

determined. In the same study, it was suggested that KCNE1 and KCNB2 could be a 

potential target of miR-1 (38). In a study, low concentrations of potassium intake 

caused a decrease of miR-194 expression in kidney (39). Lin and collueges 

determined that damage of cornea caused an increase of miR-205 expression in 

human corneal cells, and as a result of this increase inhibition of KCNJ10 potassium 

channel, target of miR-205, was observed (40). It was observed that miR-129 

inhibited its potential targets HuD RNA binding protein and Kv1.1 potassium 

channel during neuronal activity while mTORC1 was active (41).   

Ru et al. determined that (2015) a potassium channel blocker Quinidine effected 

miRNA expression in glioma (42).  In another study, it was suggested that human 

ether-a-go-go related potassium channel (HERG1) was a potential target of miR-96 

in pancreatic cancer (43). In a study, increase of miR-34a caused a decrease of Eag1 
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potassium channel activity and proliferation in osteosarcoma (44). In SHSY5Y cells, 

tumor suppressive miR-34 expression increased when hEAG potassium channel 

inhibited (45). Bai et al. (2013) reported that increase of Eag1 (KCNH1) potassium 

channel expression caused a decrease of miR-296-3p expression in glioblastoma. 

(46). Inhibition of Eag1 potassium channel by Taxol, a chemotherapy drug in 

glioblastoma, and inhibition of miR-155 by anti-miR-155 caused anti-proliferative 

and anti-development effect in glioblastoma cells (47).  

It was determined that K channel blockers negatively affect the proliferation, 

migration, metastasis and inhibition of integrin-mediated cell adhesion in 

cancer (31). Cell volume and changes in K ion concentration are related to 

an increased K flow through potassium channels on plasma membranes (48-

51). It was thought that a decrease in K ions regulate critical events in early 

phases of apoptosis (28, 50). Previous studies indicated that K channel 

blockers contribute to the development of metastasis through the inhibition 

of integrin-related cell adhesion in the development of extracellular 

matrices, proliferation, migration, and metastasis (28). In one study, it was 

determined that 4-AP, a non-specific potassium channel inhibitor, inhibited 

cell proliferation in conjunction with ERK1/2 activation and also increased 

the activation of p38 in the MCF10A cells (52). In another study, Kv1.3, a 

voltage-gated K channel, protein expression was investigated 

immunohistochemically in 60 breast cancer samples and, although there 

were no stains in normal breast epithelial cells, all of the breast cancer 

tissues were stained (100%), while 60% of cells were high, 30% of cells 

were higher, and 22% of these cells were low. In the same study, K channel 

blockers stopped the proliferation of MCF-7 breast cancer cells at a level of 

90% (53). Yang et al. (2011) used 4-tetraethylammonium (TEA, a non-

specific K channel inhibitor) to inhibit KV1.3 channels in breast cancer cell 

lines, and it was determined that the repression of cell proliferation occurred 
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(35). Furthermore, TEA not only controls Kv10.1 proliferation, but it was 

also shown that normal cells could change into cancer cells through the loss 

of contact inhibition and increased cell division when in vitro expression 

was increased. When it was injected into subcutaneous layer of nude mice, it 

was seen that vivo tumor growth was possible (54).  

Cancer has become more common in recent times. Although there are 

studies looking into a cure for cancer, the specific treatments for many types 

of cancer have not yet been found. Perhaps it is more realistic to find the 

formula for living with cancer, rather than trying to wholly defeat human 

cancer. For these we must first of all block the metastasis of cancer. 

Revealing the condition of the cells in cancer and metastasis is an important 

step towards determining the future treatment strategy. Our study has 

determined that K channel blockers were found to be more effective in 

providing an increase of miR-126/126* expressions in the poorly invasive 

breast cancer cell line MCF-7 when K channel functions had been cut off by 

K channel blockers. In recent studies, it has been surmised that K channel 

blockers may inhibit proliferation, cell cycle, migration, metastasis, and 

adhesion. K channels are also known to have an oncogenic potential in cases 

of breast cancer.  

miR-126 and its complementary miR-126* are molecules which play a part 

in the formation of breast cancer and its metastasis, and they have also been 

shown to have tumor suppressor properties in cellular movements like 

migration, invasion, and adhesion in these cell lines. In previous studies, it 

had been determined that both K channel blockers and miR-126/126* are 

involved in different mechanisms in the formation of breast cancer. In this 

study we investigated whether these two different mechanisms affect each 

other. We have revealed that the possible relationship between potassium 
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channels and cancer can also be observed in other miRNAs, such as miR-

126/126*.  

In conclusion, it was observed that while we blocked partial K flow by inhibiting 

different K channel blockers, mi126/126* expressions were increased in comparison 

with the control. The increase of miR-126/126* expressions might decrease the risks 

of breast cancer. It was also observed that Non-coding RNAs may be interacting 

with voltage-gated potassium channels. Further studies into cancers may be needed 

to verify our results. 

 

TABLES AND FIGURES 

 
Figure 1. The expression of miR-126/126* in MCF-7 breast cancer cell line.All 

obtained data was evaluated according to control group.*p<0.001 . 

(TEA:Tetraethylammonium; 4-AP: 4-aminopyridine) 
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Figure 2. The expression of miR-126/126* in MDA-MB-231 breast cancer cell line. 

All obtained data was evaluated according to control 

group.*p<0.001(TEA:Tetraethylammonium; 4-AP: 4-aminopyridine) 
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