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A B S T R A C T   

Breast cancer is the most common cancer in women; it has been affecting the lives of millions each year globally 
and microfluidic devices seem to be a promising method for the future advancements in this field. This research 
uses a dynamic cell culture condition in a microfluidic concentration gradient device, helping us to assess breast 
anticancer activities of probiotic strains against MCF-7 cells. It has been shown that MCF-7 cells could grow and 
proliferate for at least 24 h; however, a specific concentration of probiotic supernatant could induce more cell 
death signaling population after 48 h. One of our key findings was that our evaluated optimum dose (7.8 mg/L) 
was less than the conventional static cell culture treatment dose (12 mg/L). To determine the most effective dose 
over time and the percentage of apoptosis versus necrosis, flowcytometric assessment was performed. Exposing 
the MCF-7 cells to probiotic supernatant after 6, 24 and 48 h, confirmed that the apoptotic and necrotic cell death 
signaling were concentration and time dependent. We have shown a case that these types of microfluidics 
platforms performing dynamic cell culture could be beneficial in personalized medicine and cancer therapy.   

Introduction 

One of the most important and frequent types of cancer is breast 
cancer. It is responsible for the death of 40,000 each year globally [1,2]. 
Even with all the advancements in technology, the mainstream treat-
ment is still removing the tumor via surgery and a few sessions of 
chemotherapy [3]. The sad truth about chemotherapy is that because of 
the toxicity of these treatments, the host will suffer as well as the tumor 
[4]. It should be noted that by using modern methods which help to 
early detection of tumors and cancer cells in the early stages, the chance 
for successful treatment has increased [5,6]. To enhance the success of 

breast cancer treatment, modern diagnostic methods should be added at 
the beginning of tests, which is certainly a fact in developed countries. 
There are many biomarkers used in hormone-dependent and 
hormone-independent tumors such as pSTAT3 and LDH. Today, LDH is 
widely used for the routine diagnosis of many tumors, including breast 
cancer as a screening test [7–9]. The discovery of the next generation of 
treatments with fewer side effects is crucial in cancer therapy [10–13]. 

Probiotic has been used as suitable vessel for drug and active 
biomolecule delivery [14,15]. These known bacteria have shown an 
effective ability in fighting cancers and cancer therapy. They can also 
stimulate B and T cells in the immune system and guide them through 
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Peyer’s patches to control mucosal sites like mammary glands [16]. 
Probiotic has been used as dietary supplement to improve human and 
animal health [17]. These bacteria can secrete different metabolites that 
protect gastrointestinal epithelial cells; they can regulate the immune 
system, and induce apoptosis. Probiotics also know for effects such as 
anti-inflammatory, anti-proliferative, anti-oxidative, and 
anti-mutagenic [18]. 

One of the most important steps in measuring the chemotherapies’ 
effectiveness is in vitro drug sensitivity test [19]. This step helps to 
personalize the treatment by choosing the right drug and appropriate 
dose before starting the treatment for each individual [20]. In vitro 
studies need cell culture and this enables us to do some clinical science 
and biotechnology research [21]. There is a direct link between cellular 
level and animal experience in drug testing, which will help us to rapidly 
screen toxic or unusable drugs [22]. In recent years, cell culture has been 
about high-throughput cell-based assays which greatly contributed to 
our knowledge of cell biology [23,24]. With all the greatness, conven-
tional cell culture has its cons. Some of the main drawbacks include the 
absence of predictiveness and not being like a real cell environment. 

Microfluidic systems have been proven as a critical tool in cancer 
studies [25–28]. This technique lays out a new foundation in our current 
knowledge of cell biology. Owing to their excellent flow controls, 
microfluidics platforms are used for the creation of microdevices with 
the biochemical and physical environment of natural cells. These de-
vices can control cell culture conditions in the physicochemical mimetic 
condition of the body, which makes them potentially a great tool in cell 
biology research [29–32]. The fact that these devices can manipulate a 
very low volume of fluids through micron-sized channels establishes the 
new biological design and experimental methods [33]. 

There are studies on the application of microfluidic concentration 
gradient devices in biological and clinical issues [34,35]. These systems 
are generally a web of channels that generate a gradient of different 
concentrations of a drug in cell culture chambers. There is even an 
interesting study of the interaction of carbon dots and yeast cells using 
these gradient systems [36]. 

One of the best methods to build these microfluidics platforms is soft 
lithography using PDMS as mentioned elsewhere [33,37]. In this study, 
we used the mentioned technique to mold our micrometric system made 
of PDMS from the hard substrate silicon wafer and plexiglas’s. Then we 
used the 3 types of probiotic bacteria, namely Lactobacillus acidophilus, 
lactobacillus casei, bifidobacterium bifidum, which will give us different 
concentrations in our device. After confirming the growth of the seeded 
MCF-7 breast cancer cell line, different concentrations of probiotics 
were exposed to these cells and the most anti-cancerous concentration 
was identified. 

Experimental section 

Microfluidic master designing 

We have used AutoCAD 2017 (Autodesk Inc., California, and USA) to 
design the pattern for our system [38]. Simply our device contains eight 
cell-culture chambers, 2 inlet cylinders and 1 outlet and a network of 
channels which will create a concentration web and transports media 
between the inlets and outlet through the cell-culture chamber (Fig. 1). 

Computational modeling 
For the modeling of the computational fluid dynamics (CFD), we 

have used COMSOL Multiphysics 5.3a software (COMSOL Inc., Massa-
chusetts USA) [39]. This software helped us to predict the Reynolds 
number inside our system and provide us with the velocity field 
evaluation. 

Microfluidic device fabrication 
As it was mentioned, we used PDMS to fabricate our concentration 

gradient microfluidic device via soft lithography [37]. To make this 
device we transferred the designed pattern to the mask by using a 
high-resolution printer. The pattern was then transferred to the photo-
resist negative SU-8 substrate by the standard photolithography tech-
nique. Then we mixed the PDMS and elastomer (10:1) to make PDMS 

Fig. 1. The microfluidic master design using a 2017 AutoCAD (AutoDesk Inc. California USA). Details of gradient generating system shown on the right. (A: 550 µm, 
B: 230 µm, C: 2900 µm, D: 800 µm). 
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cast using the SU-8 as a mold. The next step was degassing for 20 min 
with a desiccator followed by baking at 85 ◦c on a hot plate (2 h). The 
PDMS chips were then cut by a precision cutting knife followed by 
punching the connection ports with a 1 mm puncher. To bond PDMS cast 
to glass, we have used oxygen plasma activation. We used 1 mm PTEE 
tubes to connect the syringe pump to the ports to form the final 
microfluidic device ready to be used. 

Microfluidic device preparation for cell culture 
Like every other cell culture, we have sterilized the components and 

microfluidic device first. To further enhance cell adherence, we have 
coated the device’s cell chambers with%0.2 collagen type IV at room 
temperature for 30 min. After coating, the unattached collagen was 
rinsed with distilled water followed by blocking with%2 BSA (4◦c 
overnight). After blocking, the syringe pump and inlet were connected 
by PTTE tube and this make the device ready for the cell culture. 

Cell culture 

Human breast cancer (MCF-7) cell line (from The Institute Pasteur) 
was cultivated in standard RPMI 1640 medium with 10% (w/v) Gibco 
(TM)’s fetal bovine serum (FBS) (from Thermo Fisher Scientific Inc., 
USA) and 1% Invitrogen (TM)’s penicillin/streptomycin (from Thermo 
Fisher Scientific Inc., USA). Using a standard T25 flask in the incubator 
(37◦c, 5% CO2) the medium was replaced every 48 h. MCF-7 cells were 
grown to 80–90% confluency and harvested with Trypsin-EDTA (0.05% 
w/v) (Sigma, USA) [40]. 

After the preparation of MCF-7 cells and human fibroblast (HGF-1) 
(106 cells/mL) as a normal cell, these cells were seeded into the cell 
chambers under a sterile condition with 0.2% collagen coating. After 
injection, to supply fresh nutrients, a fresh culture media was supplied to 
the concentration gradient networks with programmable syringe 
pumps. Besides monitoring the cell proliferation with an optical mi-
croscope every day (MODEL: ELWD 0.3 T1 SCP, Nikon, JAPAN), we 
have also collected the UV–visible imaging of the MCF-7 and HGF-1 cells 
in the chambers via an inverted microscope. Then, we analyzed the 
images, merged them, and the cells in each chamber were counted by 
ImageJ software (from the National Institutes of Health (NIH), USA). 

Probiotic supernatant preparation 

Probiotic bacteria (L. acidophilus, lactobacillus casei, bifidobacte-
rium bifidum) were cultured anaerobically in De Man, Rogosa, and 
Sharp MRS broth (Quelab laboratories Inc., Quebec, Canada) at 37◦c for 
48 h. While still in the stationary phase, the solution was centrifuged in 
1000 g for 15 min at 4 ◦c. The probiotic supernatant was collected and 
then measured in a spectrophotometer (Pharmacia Biotech Inc., USA) at 
OD600. This supernatant was freeze-dried and kept for further appli-
cations [41]. 

Cell viability 

Performing a standard MTT assay on 12 and 24 h the viability of 
HGF-1 and MCF-7 was assessed. To perform this assay, concentrations of 
2, 4, 8, and 16 mg/mL were tested in 48 well plates. Simply the samples 
were cultivated in a blend of the MTT and serum-free medium for 3 h. 

Then we used an ELISA reader (570 nm) to measure the absorbance 
of generated formazan crystals after dissolving in dimethyl sulfoxide 
(DMSO). For each concentration, the test was performed in three rep-
licas [42,43]. 

We have used flow cytometry sorting, with the flowing software-2-5- 
1 and 488 nm Argon ion LASER detectors to collect cells. Simply the 
crude cells dissolved in PBS (0.5 ml) and aliquoted into 100 µL samples. 
Then these samples were fed into the BD flow cytometry tube. Then we 
used BD Biosciences FACS Calibur (TM) flow cytometer to examine the 
cells by fluorescence and light scattering for a minimum of 10,000 

counts for each sample. To exclude cell debris and clamp, we used for-
ward/side scatter techniques (FSC/SSC, in which FSC refers to cell 
morphology and SSC refers to cell granularity). 

Toxicity assessment using flow cytometry 

There are specific tests for the evaluation of apoptosis [44,45]. Here, 
we have used flow cytometry to evaluate cell toxicity [45]. MCF-7 cell 
line was treated with a gradient of concentration of probiotic superna-
tant (0, 0.18, 1.31, 3.62, 7.81, 10.81, 11.81, 12 mg/mL). Then, the 
percentage of apoptosis vs. necrosis was calculated for three concen-
trations (3.6, 7.81 and 10.81 mg/mL) at 6, 24 and 48 h. We have used 
the Annexin V-FITC Apoptosis Detection kit (Sigma Inc., USA) to 
perform double staining with fluorescein isothiocyanate and propidium 
iodide (PI). The final concentration of FITC-Annexin was 5 µM and the 
cells were incubated in a dark for 15 min afterward. After 15 min these 
cells were rinsed with PBS, Centrifuged and resuspended in a binding 
solution. Just before performing the flow cytometric analysis, we added 
10 µM PI (solved in the binding solution) to the samples. Finally, the 
fluorescence signals from Annexin V and PI were analyzed in FL1 and 
FL2 channels. 

Reactive oxygen species assay 

The MCF-7 cells (which were in probiotic concentrations of 3.6, 7.8 
and 10.81 mg/mL) were incubated in the respiration culture media. 
Taking a sample from these cells, we added 2,7-dichlorofluorescein 
diacetate (DCFH-DA) to a final concentration of 10 mM in the cells. 
These samples were incubated for 6, 24, 48 h [46]. Then we used our 
flow cytometer to find the optimum concentration which provoked ROS 
generation in cells. We have performed this test in the FL1 channel with 
a 530 nm band pass filter. Each reported number here is based on the 
mean intensity of 10,000 fluorescence counts. 

Results 

Modeling, fabrication and characterization of the microfluidic device 

Our concentration gradient microfluidic device was manufactured 
by standard soft lithography and to increase the cell adhesion we coated 
the device’s interiors with 0.2% collagen type IV before cell injection. 
Then, to supply fresh nutrients, after solving the convection-diffusion 
equation and simulating the fluid field, a fresh culture media was sup-
plied to the concentration gradient networks with programmable sy-
ringe pumps at the constant flow rate of 0.1 mL/h with no-slip boundary. 
Then imaging of the MCF7 cell proliferation was collected via an 
inverted microscope every day (Fig. 2) 

Cell viability 

As mentioned, we have used the MTT assay to determine the cell 
viability with different concentrations of the three kinds of probiotic 
bacteria mix. We also utilize the cell viability as the measure for cell 
functionality on HGF-1 (Fig. 3) and MCF-7 (Fig. 4) cells on 6 and 24 h of 
the incubation with probiotic mixes a,b,c,d,e,f (1, 4, 8, 12, 16 mg/mL) 
concentration. 

Drug treatment evaluation 

Fig. 5 shows the MCF-7 cells, 24 h after seeding in the microfluidic 
device cell chambers. These cells were exposed to gradient concentra-
tions of probiotics (0, 0.18, 1.31, 3.62, 7.81, 10.81, 11.81, 12 mg/mL). 

ImageJ software analysis 

For cell counting in the chamber of microfluidic device. We used the 
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image j software. Fig. 6 shows the cell counting after cell seeding and 
drug treatment in chamber 4 (7.81 mg/mL) at 24, 48 and 72 h. 

ROS evaluation 

In this study, The ROS formation assessment was performed for the 
probiotic concentrations of 3.62, 7.8 and 10.68 mg/mL after 6, 24 and 
48 h at different concentrations and times. Fig. 7A &B demonstrated the 
results of ROS assessment. 

Flow cytometry assessment 

The apoptosis was quantified by the externalization of phosphati-
dylserine (PS) and Propidium iodide (PI) stains used as an indicator of 
membrane integrity for nuclear. The apoptosis/necrosis assessed by 
Annexin V/PI double staining at 6, 24, and 48 h (Fig. 8 and Table 1). Our 
results showed that by exposing MCF-7 cells to probiotic supernatant 
concentrations (3.6, 7.8 and 10.68 mg/mL) we can induce cell death 
signaling. 

Discussion 

In this study, we designed and manufactured a microfluidic device to 
assess the effectiveness of probiotics in breast cancer therapy. This 
platform was capable of creating a gradient of probiotic concentration 
exposed to the breast cell cancer line (MCF-7). One of the advantages of 
using the microfluidic system here was keeping the physicochemical 

environment similar to the human body. Microfluidic systems are one of 
the most effective techniques used in cancer therapy research [43]. 

Microfluidic systems have been used in several studies in cancer 
treatment. 

For instance, using microfluidic devices demonstrated that the 
optimal concentration of curcumin for sensitizing prostate cancer PC3 
cells is lower than the current TRAIL treatment and adjustments need to 
be taken into account for the clinical applications [47]. There is a study 
on breast cancer involving the microfluidic device. This device includes 
an upper and a lower microchannel which is separated by a 
semi-permeable membrane that imitates the 3D structures of the human 
mammary duct (HMD). This microdevice was employed to evaluate 
drug effectiveness on co-cultured breast tumor spheroids with HMD 
epithelial cells and mammary fibroblast cells. The upper microchannel 
offered the ductal lumen that allows the continuous flow of culture 
media which is essential for growing and preserving the mammary 
epithelial cells and DCIS spheroids on the upper side of the extracellular 
matrix membrane. This study proved that paclitaxel influences the size 
of DCIS and was able to restrain tumor cell proliferation and growth of 
DCIS in the tumor microenvironment [48]. So we designed one micro-
fluidic device to evaluate the effectiveness of probiotics on MCF-7 breast 
cancer cells. Fig. 1 demonstrated the pattern of this microfluidic device 
that was designed by AutoCAD software. Cell adherence, proliferation, 
and viability in the studies showed that the microfluidic device is suit-
able for cell culture especially if coated with gelatin. Because of having 
many pores in PDMS, these devices are gas permeable and they can be 
used in an incubator and it is also transparent which makes them great 

Fig. 2. An inverted microscopic image of the adherence of the MCF-7 cells in microfluidic cell chambers A) one day after cell injection using a × 10 lens B) the same 
cell chamber after 3 days with a × 40 lens. 
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Fig. 3. (A) the cell count in HGF as it was mentioned cells was examined by flow cytometry. (B) Shows the MTT assay with different concentrations of probiotic 
bacteria after 12 and 24 h. As depicted in the chart, our probiotic supernatant did not affect the HGF-1 cells significantly in comparison to the control group. All the 
values are expressed as means ± SD (n = 3) and ns = not significant, compared with control group. Figures C show the cell count in HGF by QH, QFSC, QSSC and 
QFSC/SSC. (QH = quadrant Health population, QFSC=quadrant Forward side scatter population (shown cell had change shape), QSSC = quadrant Side scatter 
population (shown cell had change granulate)). 

Fig. 4. (A) The cell count in MCF-7 as it was mentioned cells was examined by flow cytometry. (B) Shows that the probiotic supernatant kills approximately 50% of 
MCF-7 cells at 12 mg/mL. All the values are expressed as means ± SD (n = 3). ns = not significant, *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 
compared with control group. (C) the cell count in MCF-7 by QH, QFSC, QSSC and QFSC/SSC. (QH = quadrant Health population, QFSC = quadrant Forward side 
scatter population (shown cell had change shape), QSSC = quadrant Side scatter population (shown cell had change granulate)). 
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for imaging microscopy [49]. Therefore, our microfluidic device coated 
with 0.2% collagen. With the coating of 0.2% collagen, we were able to 
provide a great platform for breast cancer cells to adhere, proliferate and 
stay alive. Fig. 2 shows an imaging of the MCF-7 cell proliferation in the 
chambers via an inverted microscope that we have collected every day. 

To evaluate the viability of HGF-1 and MCF-7 cells, the standard MTT 
assay at 12 and 24 h was performed. Fig. 3 shows the fact that HGF-1 
cells’ enzyme activity did not change significantly with the addition of 
probiotic mix concentrations up to 16 mg/mL in comparison with our 
control group. We were not able to detect IC50 value after 24 h of in-
cubation. Fig. 4 shows that the MC-F cells remain alive up to 8 mg/mL in 
comparison to the control group. On the two higher concentrations (12 
& 16 mg/mL) more than 50% of cells were not viable in 24 h. The or-
dinary cell treatment also agreed on 12 mg/mL as the IC50. While HGF-1 
cell viability was over 80% of the population after 6 and 24 h of pro-
biotic exposure (Fig. 3B), Most of the MCF-7 cells experienced a change 
in population shape (FSC>Count/population) with 8 mg/mL after 12 h 
(Fig. 4A, C). By increasing the probiotic concentration to 12 mg/mL 
more than 50% of cells have the changes in the granularity (SSC>Count/ 
population) after 12 and 24 h (Fig 4), while HGF-1 Cell, we did not see 
any change in count/population (Fig. 3A, C). Many studies utilized MTT 
assay for evaluating HGF-1 and MCF-7 cell viability during the exposure 
to drugs or anti-cancer agents [50–52]. According to the comparison of 
the results obtained in our study with other studies, it can be confirmed 
that the results of cell viability using the MTT assay can be relied upon. 
Probiotics, in addition to their nutritional value, are an effective cancer 
treatment. Some of the probiotic strains can release bioactive metabo-
lites which can prevent and/or inhibit the growth of breast tumors by 
stimulating an immune response [53]. For example, one study suggested 

that potential probiotic strains (L. fermentum RM28 and E. faecium 
RM11) increased 21–29%, and 22–29% antiproliferation in colon cancer 
cells [54]. Also, Tiptiri-Kourpeti et al. indicated that L. casei ATCC 393 
strain approximately 80% reduction in tumor volume of treated mice 
and regulated tumor-inhibitory, anti-proliferative and pro-apoptotic in 
colon cancer cells and [55]. These benefits are all added to the benefits 
of chronic intestinal diseases and autoimmune diseases [56–58]. Pro-
biotics are shown to be effective in some types of human cancer such as 
colon cancer [54]. At the clinical stage, heat-killed probiotic strains, like 
lactic acid bacteria and Bifidobacterium, have been used for intestinal 
diseases [55,59], allergic respiratory [60], and dermatitis diseases [61]. 
Using heat-killed bacteria, compared to live microorganisms, can pro-
vide disrupted cells and release the bacterial components. This is similar 
to the in vivo and the physiological conditions of the gut lumen and outer 
mucus layer. These sorts of microorganisms can be easily and safely used 
for many diseases [62]. One of the most widely used breast cancer cell 
lines, which have been employed for many years by several researchers, 
is MCF-7, it is also the go-to cell line for breast cancer drug research 
[63]. 

For these reasons, we also used probiotics in this study. For this 
purpose, cancer cells were exposed to a gradual concentration of pro-
biotics (0, 0.18, 1.31, 3.62, 7.81, 10.81, 11.81, 12 mg/mL) 24 h after 
seeding in a microfluidic device. As with the results of other studies on 
the use of probiotics as an anti-cancer agent, the inverted microscopy 
analysis by Image J software confirmed that our desired drug can be 
lethal at concentrations as low as 7.81 mg/mL (Fig. 5). Also Fig. 6 which 
is related to the cell counting after cell seeding and drug treatment in 
chamber 4 (7.81 mg/mL) at 24, 48, and 72 h, confirmed that the cell 
population decreased in chamber 4 by more than 50%. 

Fig. 5. The invert microscopic image of the cell culture chambers containing MFC-7 cells after 24 h × 20 lens. Each chamber has a different concentration of 
probiotic and the most effective chamber was chamber 4 with the concentration of 7.81 mg/mL. These data confirmed that the optimal probiotic supernatant 
concentration to kill more than 50% of cells was 7.81 mg/mL which was lower than the result from flow cytometry and MTT assay. 
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As far as we know the mitochondria are a critical organelle in cell 
death and ROS plays an important role in the cytotoxicity processes. In 
detail, ROS increases the mitochondrial permeability transition (MPT). 
The process of pore opening is caused by the oxidation of thiol (S-S) 

groups that play a key role in the enhancement of the peroxidation of the 
lipid cell membrane and mitochondrial membrane potential collapse 
(MMP). This collapse leads to the opening of the MPT pores and the 
release of cytochrome from the mitochondrial intermembrane space into 

Fig. 6. The chamber 4 Cell counting using ImageJ software × 4 lens. The counting results revealed that one day after treatment, the numbers of MCF-7 cells were 
decreased significantly. 

Fig. 7. The formation of the ROS at different concentrations of probiotic supernatant (I, II, III are 3.62, 7.8 and 10.68 mg/mL, respectively) and time (6, 24, and 48 h, 
respiratory). The results of constant concentration (A) and constant time (B) in MCF-7 cells are shown. 

A. Salehi et al.                                                                                                                                                                                                                                   



Translational Oncology 34 (2023) 101674

8

the cytoplasm which in turn activates the caspases family such as 
caspase-3 effectors, along with a decreased adenosine triphosphate 
nucleotide (ATP) will cause the cells to die [64,65]. In this study, The 
ROS formation assessment was performed for the probiotic (3.62 and 
7.8, and 10.68 mg/mL concentrations) after 6, 24, and 48 h. The results 
show that There was no fluorescence intensity peak shift to the right in 
the constant concentration (I, II, and III are 3.62, 7.8, and 10.68 mg/mL, 
respectively), after 6 and 24 h. However, after 48 h we were able to 
detect a considerable ROS formation (Fig. 7A) and the right shift can be 
observed in all the concentrations rather than in the control group (0 
mg/mL). Fig. 7B shows the analysis of constant time (6, 24, and 48 h) at 
different concentrations. Peak shifting at all concentrations (I, II, III are 

3.62, 7.8, and 10.68 mg/mL, respectively) are detectable after 48 h in 
comparison with the control group. However, there is no significant 
right shifting after 6 and 24 h compared with the control group (0 
mg/mL) in MCF-7 cells. From these diagrams, it can be concluded that 
the ROS formation caused by probiotics is independent of time and dose 
concentration. Similarly, in one study authors utilized ROS assessment 
for the evaluation of gold nanoparticles as an anticancer agent on MCF-7 
death [66]. Also, other studies used ROS assay in breast cancer therapy 
research [67,68]. There are other examples of apoptosis induction via 
ROS formation caused by probiotics effects. One study indicated that L. 
acidophilus affects to release of cytokine, tumor growth rate, increased 
lymphocyte proliferation, and systemic immune responses against 
transformed cells [61]. Moreover, LA-EPS-20,079 oligosaccharides 
induced apoptotic and NF-κB inflammatory pathways in human colon 
cancer [62]. Lactobacilli-EPSs such as delbrueckii ssp and bulgaricus B3 
activated level of glucose composition, cell proliferation and apoptosis 
factor in human colon cancer [63]. Also, Probiotic-derived ferrichrome 
induced apoptosis, which is mediated by the activation of c-jun N-ter-
minal kinase (JNK) signaling pathway and probiotic-derived ferri-
chrome exerts a tumor-suppressive effect via the JNK signaling pathway 
[64]. Comparing our results and the results from other researches 
showed that the results obtained from ROS analysis could be confirmed. 

To determine the most effective probiotic concentration, a flow 
cytometric assessment was performed and the percentage of apoptosis 
versus necrosis for MCF-7 cells was determined in exposure to different 
concentrations of probiotics over time. In the early stages of apoptosis, 
phosphatidylserine (PS) is translocated from the inner side of the plasma 
membrane to the outer layer. Annexin V is a calcium-dependent phos-
pholipid-binding protein with a high affinity for PS. Therefore, it can be 
used as a sensitive probe to detect PS on the cell membrane and as a 
marker of apoptosis. Annexin V is a detector of apoptosis that stains 
membrane lipid phosphatidylserine. Propidium iodide (PI), which stains 
the nuclear, thus can be used as an indicator of membrane integrity and 
necrosis. We use these probes to gather information about the cells. Our 

Fig. 8. The cells population after 6, 24 and 48 h for exposure to different concentrations of probiotic supernatant (I, II, III are 3.62, 7.8 and 10.68 mg/mL, 
respectively). As you can see MCF-7 cells stay alive after exposure to probiotic supernatant for all concentrations after 6 and 24 h, whereas the viability of MCF-7 cells 
after 48 h decreased and showed dose dependency. 

Table 1 
shows the cells percentage population after 6, 24 and 48 h for exposure to 
different concentrations of probiotic supernatant (I, II, III are 3.62, 7.8 and 
10.68 mg/mL, respectively). As you can see MCF-7 cells stay alive after exposure 
to probiotic supernatant for all concentrations after 6 and 24 h, whereas the 
viability of MCF-7 cells after 48 h decreased and showed dose concentration and 
time dependency compared with control group at each time of concentration. All 
the values are expressed as percentage. ns = not significant, *P < 0.05,**P <
0.01, ***P < 0.001and ****P < 0.0001 compared with control group.  

Apoptosis/Necrosis assay% 

Cell-Time/ 
(mg/ml) 

Concentration Control I II III 

Live cell 6h 99.72 97.45 ns 99.53ns 97.77** 
24h 98.35 98.89 ns 98.95ns 99.07** 
48h 99.51 11.93*** 28** 4.14**** 

Necrotic 
cell 

6h 0.02 2.47* 21**** 1.07* 
24h 1.25 0.93* 0.04**** 0.45* 
48h 0.1 0.00* 16.25**** 40.25**** 

Apoptotic 
cell 

6h 0.16 0.00* 0.12* 0.43*** 
24h 0.26 0.06*** 0.97** 0.27** 
48h 0.19 42.16**** 6.42** 0.01*  
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previous study showed that the balance between cell growth and 
apoptosis plays an important role in the treatment and disease progress 
[69,70]. As you can see in Fig. 8 and Table 0.1, live cell count in 
chambers after 6 h of exposure to the probiotic concentrations (0, 3.62, 
7.8, and 10.68 mg/mL) was normal compared with the control group 
respectively. The necrotic cell counts and the apoptosis cell counts in the 
same order of chambers were measured and we showed minimal 
changes in population percentage compared with the control group. 
Similarly, at 24 h, live cell counts were changed compared with the 
control group. The necrotic cell counts and the apoptosis cell counts in 
the same order of chambers were measured and we showed a changed 
population percentage compared with the control group. Interestingly at 
48 h, live cell counts decreased in media. The necrotic cell counts and 
the apoptosis cell counts in the same order were increased in media 
respectively (Fig. 8 and Table 0.1). Similarly, some studies utilized 
annexin V/PI analysis for evaluation of MCF-7 cells apoptosis and 
necrotic cells death [71–73]. For example, Yedjou et al. Researchers 
used annexin V/PI analysis to investigate the effect of Vernonia amyg-
dalina (VA) leaf extracts as an anticancer agent on the apoptosis of 
MCF-7 cancer cells and also to examine necrotic cells. The results of this 
analysis showed that VA causes externalization of phosphatidylserine 
along with secondary necrotic cell death, which indicates cytotoxicity 
and apoptosis in MCF-7 cells [74]. The results obtained in the present 
research are similar to the results of previous studies on the toxicity of 
anticancer agents on breast cancer cells. 

Our results confirmed that the apoptotic and necrotic cell death 
signaling depends on time and the concentration of the probiotic su-
pernatant treatment. The optimal dose of probiotic supernatant treat-
ment in our microfluidic system was 7.8 mg/ml which is less than the 
MTT assay results (12 mg/mL). As we know microfluidic systems can 
provide spaces similar to the internal body spaces and, they can be more 
accurate and sensitive (to the cellular level) than other conventional 
tools like flow cytometry and MTT assay. We were able to utilize a 
concentration-gradient microfluidic system to obtain the optimum dose 
of the drug which will result in personalized medicine. 

Conclusions 

In conclusion, due to some exclusive features of microfluidic systems, 
e.g. accurate and high throughput, inexpensive format, high capability 
for parallelization, precise measurement, and continuous exchange of 
cell culture medium, these systems have been applied increasingly in 
diagnosis and the treatment of various sorts of cancer diseases. In this 
study, to evaluate the optimum dose of our probiotic mixture (L. aci-
dophilus, L. casei, Bifidobacterium bifidum) on the MCF-7 breast cancer 
cell line, We have injected different concentrations (0, 0.18, 1.31, 3.62, 
7.81, 10.81, 11.81, 12 mg/mL) of the probiotic into the cell chambers in 
the gradient-generating microfluidic device. It was found that 7.8 mg/ 
mL (IC50) of the drug was able to significantly decrease the viability of 
MCF-7 cells. To compare we repeat the same experiment using a con-
ventional cell culture flask; however, the optimum dose of probiotic 
supernatant to kill approximately 50% of cells in MTT assay using an 
ordinary cell treatment was 12 mg/mL which means the microfluidic 
system can give us more sensitive and accurate results. This could be the 
first step toward finding an optimum dose of treatment for cancer 
treatment for every person and avoiding the drastic side effects. 
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