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Background: Kefiran is a useful polysaccharide made of branched glucogalactose which is
produced by microorganisms. Here the anti-MCF-7 breast cancer cells activity of kefiran and
cytokine productions (IL-6) of peripheral blood mononuclear cells (PBMC) treated by
kefiran was studied. Also, the effect of using kefiran as a useful and cost-effective scaffold
in neural stem cell culture (PC12 cell culture) was investigated.

Material and Methods: Kefiran was produced from raw milk with 0.5% fat and 10 g of
kefir grains. After incubation for 48 hrs at room temperature, the solvent collected (crude
kefiran). These samples were kept at 100°C for 1 hr (boiled kefiran) and the supernatant
was precipitated by ethanol (pure kefiran). Then, the electrospun nanofibers, pure poly-
acrylonitrile (PAN), PAN/kefiran 5%, and PAN/kefiran 10% were fabricated and used as
scaffolds in the cell culture. The structure of fabricated was studied by SEM and the
cytokine production (IL-6) in vitro in the cell culture supernatant of PBMC line after
treatment with kefiran (Img/mL, 5 mg/mL) and kefiran-PAN 5% and 10% were carried out
by enzyme-linked immunosorbent assay (ELISA). The attachment of PC12 cells was
examined by inverted microscope. Also, cytotoxicity of kefiran for PC12 and MCF7
cells and morphological changes of PC12 cells were evaluated by MTT and Cresyl violet
staining (Nissl staining) respectively.

Results: The mean diameter of fabricated PAN/kefiran 5% and 10% nanofibers were 310.2+43.97
nm. The contact angle measurement results (26.9+ 1.9 for the pure PAN scaffold vs 12.3+ 1.13 for
the PAN/kefiran) revealed enhanced hydrophilicity of scaffolds upon the incorporation of kefiran
and PAN. Seeding of PC12 cells on the scaffolds showed that fabrication of kefiran into PAN led to
the enhancement of cell attachment, proliferation, and morphological changes. Also, the promotion
of PBMC growth and decreasing of MCF7 cell lines viability were shown through MTT assay. No
significant changes were measured for the level of IL-6 in PAN/kefiran 5% treated cells compared
to the control (p > 0.05).

Conclusion: These results suggest superior properties of kefiran/PAN nanofibrous scaffolds
for the neural stem cell culture especially for repairing injured spinal cord. Also, the pure
kefiran could be used for the enhancement of PBMC growth and reducing the MCF7
cancerous cells growth. So, using biocompatible, anti-bacterial, and anti-tumor kefiran/
PAN nanofibers for regenerative medicine seems promising.
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Introduction
The scaffold is a three-dimensional structure that provides
cell attachment, proliferation, differentiation, and tissue
formation.' Electrospinning is one of the methods for
scaffold fabrication with diameters ranging from microns
to few nanometers that attracted a great deal of attention.>*
The scaffolds produced by electrospinning offer a high sur-
face area to volume ratio, high length/diameter ratio which
would improve mechanical performance and flexibility in
surface functionalities.*> There has been much interest in
extending this technique to prepare uniform fibers with
novel compositions and morphologies for several
applications.* Also, nanofibers have several advantages,
including their ability to form ligands, enhancement of
differentiation, increasing cell viability, and similarity to
the extracellular matrix.® As such, fabrication of biocompa-
tible, biodegradable, and bioactive scaffolds is desired.'~
Wide range of polymers were used for making nanofibers.
The scaffolds used in tissue engineering are natural poly-
mers like collagen, chitosan and synthetic polymers like
poly (e- caprolactone) (PCL),” poly (lactic acid) (PLA),
poly (glycolic acid) (PGA), poly (3 hydroxybutyrate-co
-3-hydroxyvalerate) (PHBV), and poly (lactic-co-glycolic
acid) (PLGA). They have been used in electrospinning for
tissue engineering.® "' Due to the similarity of the polysac-
charides to the extracellular matrix, they have more appli-
cations in the cell culture. So the electrospun nanofibers
have attracted a lot of attention in tissue engineering.”'
Many microorganisms containing lactic acid bacteria,
algae, fungi, and plants can produce extracellular polysac-
charide that could be applied in food industries, chemical
and pharmaceutical industries, and drug delivery."? Lactic
acid bacteria producing polysaccharides in the past decade
have been extensively studied. Physical properties that
make these materials suitable to be used are having viscos-
ity, stability, and emulsifier factors."?

Kefir contains lactic acid bacteria (Lactobacillus,
Lactococcus, Leuconostoc, Acetobacter, and Streptococcus)
Candida,

Saccharomyces). A polysaccharide-protein matrix sur-

and yeasts (Klyvrvmayss, Trola, and
rounded both bacteria and yeast.'* The polysaccharide of
kefir called kefiran is water-soluble branched glucogalactan.
Kefiran has

properties."*'> Antimicrobial and anti-inflammatory proper-

antibacterial, antifungal, and anti-tumor
ties of kefir for the treatment of patients infected with one or
more strains of resistant microorganism were used.'® Kefir

helps to regulate the immune system of the gastrointestinal

tract (GIT). Also, it protects epithelial cells against Bacillus
cereus extracellular factors.'>!” Moreover, it increases mito-
chondrial dehydrogenase activity.'” Consumption of kefir
improves lactose digestion, better immune responses to the
pathogenes, and enhancement of antitumor activity.'” Using
Microbial polysaccharide as the natural polysaccharide has
several advantages such as cost-effectivity, availability, bio-
degradability, similarity to the extracellular matrix and cell
attachment properties.

Cytokines are proteins with a specific role in human
immune responses such as cell-mediated, antibody-mediated
immunity, the inflammatory responses, immunity to cancer-
ous cells, autoimmunity, and hypersensitivity.'® Measurement
of cytokines in the serum has difficulties such as the presence
of soluble receptors, anti-cytokine antibodies, and receptor
antagonist. So, it prefers to measure the cytokine stimulation
in vitro in cell culture supernatant.'®

Interleukin —6 (IL-6) is a cytokine that has a wide
range of biological functions.'® It is an essential stimulant
for the production of acute-phase proteins. Also, it induces
terminal B lymphocyte differentiation into antibody-
secreting plasma cells.'® It enables proliferation and dif-
ferentiation of cytotoxic T-lymphocytes.'>*® Infectious
stimulants are the most important interleukin synthesis
stimuli. IL-6 increases the growth of myeloma cell lines,
plasmacytomas, and hybridomas.'® Furuno and Nakanishi
in 2012 showed that kefiran suppresses mast cell degranu-
lation and cytokine production. So kefiran shows anti-
inflammatory properties.*'

PCI2 cells derived from the rat pheochromocytoma, are
suitable for studying the neuronal system. They were used
in this study to examine the advantages of the 5% and 10%
kefiran-polyacrylonitrile nanofibers which are economic
and useful scaffolds for cell attachment, proliferation,
and differentiation of the cells. Moreover, in this study,
the effect of the scaffold on the production of IL-6 in
cultures of PBMC from the adult person was evaluated.'’
To the best of our knowledge, this is the first time to be
manufactured nanofibers from kefiran/PAN to be used for
regenerative medicine.

Materials and Methods

Extraction of Kefiran from Kefir Grains

10 mL pasteurized milk containing 0.5% fat was heated and
cooled down at room temperature. Then, 10 g of kefir grains
CIDCA AGKI1 obtained from a household in Moscow,
Russia were added and kept for 48 hrs at room temperature.
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After incubation, kefir grains were separated from the fer-
mented product by a plastic sieve, and then the solvent
collected (crude kefiran).'® Samples were kept in sterilized
distilled water at 100 °C for an hour to inactivate hydrolyzing
enzymes and dissolve the polysaccharide. Then, samples
were centrifuged at 1180g in 20°C for 15 mins to remove
all the cells from the sample (boiled kefiran). The super-
natant, which contained polysaccharide, was precipitated by
adding two ethanol volumes in 96% cold ethanol. It was kept
24 hrs at —20 °C. Then, samples were centrifuged at 1180
g for 15 mins at 4°C. The pellet was dissolved in the hot
distilled water. This step was repeated twice. Finally, the
obtained sample was lyophilized after dissolving the sedi-
ment in hot distilled water (pure kefiran).'>'%*? This sample
also was stored for the quantitation of IL-6.

Fabrication of PAN and Kefiran/PAN

Nanofibers

Polyacrylonitrile polymer was purchased from Polyacryl
Company in Isfahan, Iran. N-N dimethylformamide solvent
was purchased from Merck, USA. Homogenized polyacry-
lonitrile-dimethylformamide (PAN-DMF) solution was pre-
pared at a concentration of 13% (weight/volume) by
dissolving PAN in DMF using a magnetic stirrer for 12
hrs. Kefiran with 5% and 10% (weight/volume) was added
to PAN-DMEF. In order to prevent aggregation and disper-
sion of kefiran/PAN, it was exposed to ultrasound for 5
mins. This matrix was electrospun using a 1 mL syringe,
and a mass flow rate of 0.5 mL/h. High voltage (14 kV) was
applied to the tip of the needle attached to the syringe until
a fluid jet was ejected. The needle tip to collector distance
was 13 cm. Also, PAN-DMF was solely electrospun as PAN
nanofiber using a 1 mL syringe, and a mass flow of rate of
0.5 mL/h with high voltage (12 kV). The needle tip to
collector distance was 13 cm.

Characterization of Fiber

The structural morphology of fabricated nanofibers was
examined using a scanning electron microscope (SEM;
S-4160, Hitachi, Tokyo, Japan) at an operating voltage of
5.0 kV. Scaffold sections were mounted onto sample
holders and coated with gold using a sputter-coater
(Technics).?*** Then, the surface morphology of the elec-
trospun nanofibers was investigated by SEM. The SEM
micrographs measured the average fiber diameters of the

electrospun fibers.

The video contact angle system (VCA Optima, AST
products INC, Billerica, MA) was used to measure the
contact angle of the electrospun scaffolds. The hydrophi-
licity of the scaffolds can be determined through the con-
tact angel of the scaffolds. The droplet size was 0.5uL.**
The mean values were reported with the standard devia-
tion (£SD).

FTIR Analysis of Nanofiber

Kefiran and electrospun kefiran/PAN and PAN were stu-
died by using attenuated total reflectance-fourier transform
infrared (FTIR) spectroscopy. FTIR identified major struc-
tural groups of kefiran, electrospun kefiran/PAN and PAN.
The Fourier transform infrared spectra were recorded on
a Bruker Vector 22 instrument (Germany) in the region of
4000-400 cm ™', at a resolution of 4 cm ™' and processed by
Bruker OPUS software. The dried polysaccharide and the
electrospun Kefiran/PAN and PAN nanofibers were used
for analysis by FTIR.

For examination of in vitro structural changes of elec-
trospun nanofibres, they were placed in a 24-well plate
containing 1 mL of phosphate-buffered saline (PBS; pH
7.4) in each well and incubated at 37°C for 7 days. After
this period, the samples were washed and dried. SEM of
the scaffolds was performed to show the changes in nano-
fibers morphology during this period.

PCI12 Cell Culture

PC12 cells used in these experiments are as precursors of the
dopaminergic neural cells. PC12 cells were purchased from
Royan Institute, Isfahan, Iran. These cells were cultured in
RPMI medium enriched with heat-inactivated 10% horse
serum, 5% fetal bovine serum, 1% penicillin (50 U/mL), and
streptomycin (50 U/mL) (all purchased from GIBCO, Grand
Island, NY). Cells were grown in 75 cm? tissue culture flasks
and maintained in a humid atmosphere containing 5% CO2 at
37°C; the medium was replaced every day throughout the
experiments. Three treatments were examined PAN-kefiran
5%, PAN-kefiran 10%, and PAN scaffolds. The electrospun
nanofiber scaffolds (PAN, PAN-kefiran 5% and 10%) steri-
lized using formaline gas for both top and bottom surfaces for
24 hrs. A density of 10,000 cells/cm? was seeded onto the
nanofibers and untreated sample as a negative control was used
as well (Promega, Madison, WI). Cell viability was determined
using the3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4 sulfophenyl) —2H-tetrazolium (MTS) cytotoxi-
city assay. After 1, 2, 4, and 6 days of incubation with PAN,
PAN-kefiran 5% and 10%, PC12 cells were incubated with
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20% MTT solution. After three h of incubation at 37°C in an
atmosphere containing 5% CO2, aliquots were pipetted into
96-well plates. The absorbance at 492 nm was measured using
the spectrophotometric plate reader (BioTek, Winooski, VT).

Cresyl Violet Staining (Nissl Staining)

The cresyl violet method was used to show the Nissl
substance as an important characteristic of neurons. In
the neural differentiation, the maturation grade of neuronal
cells is reflected by formational changes in the neuro-
plasm. The Nissl bodies are rough endoplasmic reticulum
with the ability to synthesize protein. PC12 cells were
stained with 0.1% cresyl violet solution for 4-15 mins
and washed three times with PBS to remove excess stain.
PC12 cells were photographed by inverted microscope.*

PBMC Cell Cultures

Whole peripheral blood was collected from three healthy
donors approved by ethic committee (Reference code: IR.
ULREC.1398.055). It is confirmed that before collecting
samples singed informed statements were received. Sample
of peripheral blood was collected into heparinized syringes.
Isolation of PBMC was through density gradient centrifuga-
tion on Ficoll-Hypaque (D-1,077). Followed by 30 mins of
centrifugation at 800 g, cells were collected from interphase.
Then, it was washed with physiologic serum and suspended
in 1 mL of RPMI. RPMI 1640 supplemented with 5% fetal
bovine serum and 1% pencilin/streptomycin mixture (Royan
institute, Isfahan, Iran). The cells were cultured in RPMI in
a final volume of 150 pL, treated with kefiran (Smg/mL and
1 mg/mL), kefiran nanofiber (kefiran -PAN 5% and 10%)
and PAN nanofiber. Also, negative control without kefiran
was cultured. The cells were maintained for 48 hrs at 37°C in
a humid atmosphere of 5% CO2 in the air. Following cul-
ture, supernatants were collected and kept at —70°C to be
used for measuring the level of IL-6.""

Evaluation of IL-6 Concentration in
Kefiran and Cell Culture with Kefiran

Nanofibers

The IL-6 concentration was examined by ELISA kit
(Roche, Germany) in the crude kefiran, the boiled kefiran,
and the pure kefiran. Also, it was evaluated in the super-
natant of PBMC cell culture with pure kefiran at concen-
trations of 5Smg/mL and 1 mg/mL, and supernatant of
PBMC cell culture with kefiran —-PAN 5% and kefiran-

PAN 10%. All assays and calculations were performed
according to the manufacturer’s instructions.

Surveying Anti-Cancerous Effect of

Kefiran

MCF7 cells used in these experiments are commonly used
in breast cancer cell lines. MCF7 cells were purchased
from Royan Institute, Isfahan, Iran. The MCF7 cells
were verified and counted using inverted microscope
(3x10* cells/well) in 96-well culture plates. The freshly
crude kefiran was sterilized using 0.22 um filter and added
to each sample in the final concentration of 0.5,1, 2 and
4mg/mL and untreated sample as negative control was also
evaluated. Cell viability was determined after 48, 72 and
96 hrs of incubation using the 3-(4,5-dimethylthiazol-2-il)-
2,5-diphenyltetrazolium bromide (MTT) reduction assay
(0.5 mg/mL). It was done as previously described.

Role of Kefiran in Proliferation of PBMC

The PBMC were verified and counted using an inverted
microscope (3x10% cells/well) in 96-well culture plates.
The freshly crude kefiran was sterilized using 0.22 pm
filter and added to each sample in the final concentration
of 0.5, 1, 2, and 4mg/mL, and untreated sample as
a negative control was also evaluated. Cell viability was
determined after 24, 48, 72 and 96 hrs of incubation using
the 3-(4,5-dimethilthiazol-2-il)-2, 5- diphenyl tetrazolium
bromide (MTT) reduction assay (0.5 mg/mL).

Statistical Analysis

All data were presented as mean =SD. The two-way
ANOVA test and unpaired ¢ test were used to determine
the significant differences between the two means evalu-
ated at p < 0.05. Statistical analysis was performed using
GraphPad prism 6 Demo. All experiments were done in
triplicate. Charts were drawn by GraphPad prism 6 Demo.

Results

Pure kefiran was used for the production of nanofiber in
5% and 10% concentration. Higher concentration of
kefiran in the matrix causes higher viscosity which leads
to prevent fabrication.

Nanofibers morphology is one of the crucial para-
meters for attachment and cell proliferation. The nanofi-
bers were fabricated regularly and particles uniformly
distributed throughout the fiber. Accumulation of nanopar-
ticles can be seen only in few locations (Figure 1). SEM
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Figure | SEM images of nanofibers with different magnifying (B 1-B4). B1: SEM image of nanofiber with magnifying 1000 X. B2: SEM image of nanofiber with magnifying
5000 X. B3: SEM image of nanofiber with magnifying 10,000 X. B4: SEM image of nanofiber with magnifying 20,000 X.

data showed that the mean diameters of PAN-kefiran
nanofibers were 310.2+43.9 (Figure 2).

ATR-FTIR analysis of the PAN nanofibrous scaffold
revealed sharp peaks at 2923 cm™' (related to -CH2-),
2242 cm™! (related to C=N), 1662 cm™ ' (related to C=N)
and 1451 cm ' (related to CH2 and CH3) (Figure 3),
which is in accordance with formula of polyacrylonitrile
(C3H3N) ... In the PAN-kefiran nanofiber, two sharp peaks
were observed at 1038 cm ' and 1118 cm™' in which
peaks related to C-O-C, C-O of carbohydrates in kefiran
structures.”® 1576 cm™ ! is associated with NH,.

The contact angle was measured to evaluate the hydro-
philicity of the nanofibers. The droplet size was 0.5 pL. Five
samples were used for each test. The hydrophilicity of the
kefiran-PAN nanofiber was higher than the hydrophilicity of
the PAN nanofiber. So, the hydrophilicity increases with the
addition of kefiran. It could be due to the presence of hydro-
philic groups on the surface of the scaffold. Hydrophilic

groups belong to carboxyl groups and amide groups related
to polysaccharide and protein of kefir, respectively.

EHT= 600kv  Date:30Jan2016 Time :12:43:10

Signal A = InLens Photo No. = 7680

Mag= 29.12KX

Figure 2 Mean diameters of PAN-kefiran nanofiber by SEM with magnifying
29,120 X.

International Journal of Nanomedicine 2020:15

submit your manuscript

721

Dove


http://www.dovepress.com
http://www.dovepress.com

Jenab et al

Dove

1.2

—PAN
— PAN- kefiran 5%

1.1

0.9+

Transmittance

0.8+

0.7+

0.6

.

T T T T T T
3200 3000 2800 2600 2400 2200

T
2000

T T T T T T T 1
1800 1600 1400 1200 1000 800 600 400

Wavenumbers [1/cm]

Figure 3 FTIR spectra of Polyacrylonitrile (PAN) scaffold and polyacrylonitrile-kefiran scaffold. 2 peaks (1038 and 1118 cm™') revealed in FTIR of PAN-kefiran related to
polysaccharide region. One peak (1576 cm™') revealed in FTIR of PAN-kefiran related to NH,,

In vitro Degradation Analysis of Samples
The results of the in vitro degradation of PAN/kefiran were
confirmed by SEM images taken after 7 days in the PBS
medium. No significant morphological changes in the PAN/
kefiran during 1 week period were observed (Figure 4).

PCI12 Cell Viability

The MTT assay showed that PAN and PAN—kefiran 5% and
10% scaffolds did not have any toxicity effect in PC12 cells
because the viability of the cells was demonstrated during 6
days after seeding (Figure 5). Treatment of cells with PAN-
kefiran 5% and PAN-kefiran 10% had less viability compared
to the control after 24 hrs incubation, but PAN nanofibers
showed no significant difference in cell viability compared to
the control. However, after 48 hrs, no significant differences
were shown in all samples. The viability of PC12 cells in
PAN-kefiran 5% and PAN nanofibers were more than the cell
viability in the control sample after 96 hrs. But the viability
of PC12 cells in PAN-kefiran 10% nanofibers had no sig-
nificant difference compared to the control. Noteworthy topic
in this process that occurred was the morphological changes
of PC12 cells. The morphological changes were shown only
in PAN-kefiran 10% (Figure 6) and were not shown in PAN-
kefiran 5%, PAN treatment and the control. Results showed
that the elongation and protuberance of PCI12 cells were
observed. This kind of elongation of PCI12 cells could

improve and initiate the neural regeneration process. After
144 hrs, the attachment and morphology of PC12 cells cul-
tured on the nanofiber samples were examined by inverted
microscope (Figure 7). Also, after 6 days significantly, the
viability of the cells in PAN-kefiran 5% and PAN scaffolds
was more than the control (Figure 5). But the viability of the
cells in PAN-kefiran 10% was significantly less than the
control.

PCI12 Cells Differentiation

By using cresyl violet staining, the Nissl substance (rough
endoplasmic reticulum) appeared dark blue due to the
staining of ribosomal RNA (Figure 6). So, it was shown
that PC12 cells treated with PAN-kefiran 10% nanofiber
were differentiated without nerve growth factor (NGF).

Quantitation of IL-6

The measurement of IL-6, in crude kefiran and boiled
kefiran, was significantly higher than the pure kefiran
(p<0.05) (Figure 8).

IL-6 in PBMC cell culture stimulated with PAN was
significantly higher than PBMC cell culture stimulated
with PAN-kefiran 5% and 10% nanofibers. IL-6 in PAN-
kefiran 5% was shown no significant differences compared
to the control. IL-6 in PBMC cell culture stimulated with
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Figure 4 SEM images of nanofibers. PAN-kefiran sample after 7 days in the PBS medium with different magnifying. B1: SEM image of PAN-kefiran after 7 days in the PBS
medium with magnifying 2000 X. B2: SEM image of PAN-kefiran after 7 days in the PBS medium with magnifying 5000X. B3: SEM image of PAN-kefiran after 7 days in the
PBS medium with magnifying 10,000 X. B4: SEM image of PAN-kefiran after 7 days in the PBS medium with magnifying 20000X.

kefiran (1uL, 5 pL) was increased significantly compared
to the others (p<0.05) (Figure 9).

Cell Viability

Cell viability was studied by exposure of PBMC and
MCF7 to different concentration of the kefiran. As
shown in Figure 10, the viability of the treated MCF7
was decreased significantly in 0.5, 1, and 2 mg/mL of
kefiran compared to the control after 48 hrs (p<0.05).
Also, it was significantly reduced in 1mg/mL and 4 mg/
mL of kefiran after 72 hrs (p<0.05). The viability of the
treated PBMC increased considerably in 2 mg/mL and
4 mg/mL of kefiran in 24 hrs of seeding (p<0.05). Too
much growth of PBMC caused unfavorable condition to
grow the cells due to the higher waste materials in the
medium. Hence, the cells entered the death phase in
a shorter time (Figure 11).

Discussion

Characterization of the Kefiran Nanofiber

SEM micrographs showed that kefiran was spread uniformly
on the sheath. Addition of kefiran to PAN produced higher
viscosity for PAN. However, Mehrasa et al 2015 reported that
the addition of gelatin to Poly lactic-co-glycolic acid
revealed lower viscosity and lower fiber mean diameter.**
Hydrophilicity of the scaffolds is a major factor for cell culture
scaffolds. The greater protein absorption and cell adhesion
were observed in high hydrophilic scaffold. The contact
angle measurement results (26.9+ 1.9 for the pure PAN scaf-
fold vs 12.3+ 1.13 for the PAN/kefiran) revealed enhanced
hydrophilicity of scaffolds upon the incorporation of kefiran
and PAN. The enhanced hydrophilicity of the electrospun
kefiran-PAN is presumably due to the presence of amine and
carboxylic functional groups in the kefiran structure. Mehrasa
et al 2015 reported that hydrophilicity and mean diameter of
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Figure 5 MTT assay of PCI2 cells was performed to evaluate the toxicity of PAN-
kefiran scaffolds after I, 2, 4, and 6 days. Results confirmed that the PAN—kefiran
scaffolds %5 and %10 do not have any toxicity effect on the PCI2 cells. Treatment
with PAN-kefiran 5% shows significant increase in cell number (compared to con-
trol) in 4 days and 6 days after seeding (p<0.05), but treatment with PAN-kefiran
10% shows no significant increase in cell number compared to control. This increase
is indicated by (*). The significant scale is that *p<0.05, **p<0.01, ***p<0.0001.The
two-way ANOVA test was used to determine the significant difference between the
two means.

aligned PLGA/gelatin/10 wt% mesoporous silica nanoparti-
cles (MSNPs) were 18 8.7 and 267+58, respectively.”* The
hydrophilicity of PAN-kefiran was better than the hydrophili-
city of aligned PLGA/gelatin/l0 wt%
Fabrication of kefiran-PAN was more straightforward, faster,
and cost-effective with high hydrophilicity, so it could be
suggested to be applied in scaffolds especially for PC12 cells.

One of the important factors for the selection of materials
used for the fabrication of neural stem cell is low degradation

mesoporous.

rate of material as scaffold and appropriate mechanical
properties.”” PAN-kefiran scaffolds might be suitable for
nerve tissue engineering applications due to their low degra-
dation rates compared to the Mehrasa et al report. Our find-
ings are not in accordance with the results of Mehrasa et al

(2015). Because it was reported that aligned PLGA/gelatin
scaffolds were not used for neural tissue engineering due to
the high degradation rates of used scaffolds.**

PAN-kefiran nanofiber showed peaks at 1038 cm™ ' and
1118 cm ™" which were related to C-O-C, C-O of carbohy-
drates in kefiran structures.?® But the peak 1576 cm ' was

related to NH, that showed protein structure in nanofiber.

Cell-Scaffolds Interaction and Metabolic
Activities

This study demonstrated that PAN and PAN —kefiran 5% and
10% scaffolds did not have any toxicity effect in PC12 cells
(Figure 5). The viability of the PC12 cells was shown in
PAN-kefiran 5%, PAN-kefiran 10%, PAN scaffolds, and the
control during 1 and 2 days after cell seeding. The viability of
the PC12 cells in PAN, PAN-kefiran 5%, and PAN-kefiran
10% nanofiber was similar to the cell viability in control only
2 days after seeding. It was confirmed that the conditions
were suitable for the cell viability in all types of nanofibers.
After 4 days of seeding, the viability of PC12 cells in PAN-
kefiran 5% was more than PAN-kefiran 10% and the control.
The viability of PC12 cells in PAN-kefiran 10% showed no
significant difference compared to the control. However,
morphological changes were shown only in PAN-kefiran
10% (Figure 6). It seems that the morphological changes
were due to the higher existence of kefiran (containing poly-
saccharide and peptide) in PAN-kefiran 10%. However,
PAN-kefiran 5% induced higher growth of the PC12 cells
compared to the control. It might be due to the higher
hydrophilicity of kefiran-PAN scaffolds. Recently, there are

Figure 6 Staining: the Nissl substance (rough endoplasmic reticulum) with Cresyl violet. The Nissle bodies appeared dark blue due to the staining of ribosomal RNA.

Magnification %400.
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Figure 7 The morphology of PCI2 cells cultured on the nanofiber samples (A) PAN-kefiran 5% after 6 days of cell seeding (magnifyingx400). (B) PAN-kefiran 10% after 6
days (magnifyingx400). (C) PAN nanofiber sample after 6 days (magnifyingx400). (D) The control sample (without any treatment) after 6 days (magnifyingx400).
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Figure 8 The concentration of IL-6 in kefiran samples.

a lot of studies regarding electrospun polysaccharides, which
are potentially useful for regenerative medicine. However, so
far there are only two reports about kefiran electrospun
nanofibers.'®** Esnaashari et al (2014) showed fabrication
of kefiran electrospun nanofiber by using water as the
solvent.”* But, production of this fiber in water was impos-
sible in our experiment. Perhaps, water was not a good
solvent.'® Also, Jenab et al (2017) reported the manufactur-
ing of the electrospun antimicrobial kefiran/polyethylene
oxide (PEO) nanofibers as a biocontrol agent in food packa-
ging as well as food preservation.'® But, this study is the first

report about the manufacturing of anti-microbial, anti-tumor,
biocompatible and cost-effective kefiran-polyacrylonitrile
nanofibers which are potentially useful for regenerative med-
icine with the ability to differentiate PC12 cells that seems
promising for neural stem cell culture.

On the other hand, there are a lot of studies lately regard-
ing electrospun scaffolds which are useful for regenerative
medicine like Mehrasa et al (2015), and Binulal et al (2012)
reported that there were the better adhesion and more growth
of PC12 cells on the gelatin nanoparticles-PCL scaffolds and
aligned forms of PLGA/MSNPs and PLGA/gelatin/MSNPs
scaffolds, respectively.***® These results are in accordance
with the current study. Babolmorad et al (2015) reported that
the viability of PC12 cells on the PLO 9% S-layer scaffold
showed higher growth than the control (PLO-laminin) only
after 24 hrs of cell seeding.?® They could not do their experi-
ments for more than 24 hrs. It may be due to the S-layer was
not sterilized by formalin gas, so the scaffold might be
contaminated. Also, scaffold must join to PLO, but kefiran-
PAN scaffold can be used separately without PLO-laminin.
Morphological changes and protuberance of PC12 cells were
revealed only in PAN-kefiran 10% nanofiber after 4 days
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Figure 9 Level of IL-6 in PBMC cell culture stimulated with different types and
concentration of kefir. The significant increase in the IL-6 concentration was
observed in some treatment (p<0.05). Unpaired t test was used to determine the
significant difference between the two mean. ***P<0.001.
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Figure 10 MTT assay of MCF7 cells was performed to evaluate the toxicity of
kefiran after 2 and 4 days. Results confirmed that the viability of MCF7 cells
decreases when treated by kefiran. Treatment with kefiran showed the significant
decline in cancerous cell number (compared to control) in 0.5 mg/mL, | mg/mL,
2 mg/mL of kefiran after 48 hrs and in 2 mg/mL and 4 mg/mL of kefiran in 72 hrs
(p<0.05). The two-way ANOVA test was used to determine the significant differ-
ence between the two means This decrease is indicated by (¥). The significant scale
is that *p<0.05, *#p<0.01, #p<0.001, *p<0.0001.

incubation. This observation might be due to the high con-
centration of kefiran in this scaffold. So, kefiran could prob-
ably induce more elongation of the fiber and more obvious
morphological changes of PC12 cells. Cheng et al (2003)
reported that chitosan with gelatin could increase differentia-
tion and proliferation of PCI2 cells, but chitosan is
immunogene.*® So, this scaffold may not be used for
in vivo experiments. The results of the present study showed
that during 6 days incubation, the cell viability in PAN-
kefiran 5% and PAN scaffolds were more compared to the
control sample significantly. However, the cell viability in
PAN-kefiran 10% was less compared to the control signifi-
cantly. It is related to the differentiation time of PC12 cells (4
days) in the PAN-kefiran 10% scaffold because the PC12

cells will enter the death phase after differentiation.

Measuring of IL-6 in Kefiran and Cell

Culture with Kefiran Nanofiber
Chellat et al in 2006 reported that chitosan-DNA nanopar-
ticles did not induce pro-inflammatory cytokines like IL-6,

IL1B, even in the presence of high amount of chitosan
nanoparticles.>’ But, in our study, the level of IL-6 in
PBMC cell culture stimulated with PAN was significantly
higher than the PBMC cell culture stimulated with PAN-
kefiran 5% and 10% nanofibers. So, PAN solely could be
immunogenic. The level of IL-6 in PAN-kefiran 5% and
PAN-kefiran scaffolds 10% have not shown significant
difference compared to the control. So these scaffolds
probably did not affect the inflammatory processes and
could be used in vivo, especially in neural stem cell
culture and tissue engineering in the future.

The concentration of IL-6 in PBMC cell culture stimu-
lated with kefiran (1pL, 5uL) was increased significantly
in comparison with other cell cultures and control (p<0.05)
(Figure 9). This study is in agreement with previous stu-
dies, for example: the products derived from milk fermen-
tation by kefir microflora (PMFKM) up-regulated IL-6
secretion in vivo. It is necessary for B-cell terminal differ-
entiation to IgA secreting cells in the gut lamina propria.
Thereby, using of PMFKM enhances immune responses.>>
Hong et al 2009 reported that Lactobacillus kefiranofa-
ciens M1 had strong potential to induce in vitro production
of IL-6 in RAW264.7 cells through TLR-2 (Toll-Like
Receptor-2). It would potentially have beneficial effects
on the promotion of cell-mediated immune responses
against tumors and intracellular pathogenic infections.™
Vinderola et al (2006) reported that kefir induces up-
regulation of TNFa and IL-6 on macrophages.** But, de
LeBlanc et al (2006) reported that kefir decreased the level
of IL-6 (+) cells in cancerous mammary glands. It caused
delay in tumor growth.*® So, different components of kefir
can stimulate the immune cells of the innate immune
system. It can down-regulate the Th2 immune phenotype
or to promote cell-mediated immune responses against
tumors and intracellular pathogenes. So, kefir has the
in vivo role as oral bio therapeutic substances.

Anti-Cancerous Activities of Kefiran

The results of this study showed that the viability of the
treated MCF7 cells decreased significantly in 0.5, 1, and
2 mg/mL of kefiran concentration compared to the control
after 48 hrs incubation. But the viability of the treated MCF7
cells in 4 mg/mL of kefiran concentration was not
a significant difference compared to the control. It might be
due to the presence of higher concentration of polysaccharide
in 4mg/mL of kefiran. Also, it was decreased significantly in
2mg/mL and 4 mg/mL of kefiran after 72 hrs. This study is in
accordance with many studies that demonstrated that kefir
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Figure Il MTT assay of PBMC was performed to evaluate the toxicity of kefiran
after 2, 4, and 3 days. Results confirmed that the viability of PBMC increases when
treated by kefiran. Treatment with kefiran showed a significant promotion in cell
number (compared to control) in 2 mg/mL and 4 mg/mL after 24 hrs (p<0.05). The
two-way ANOVA test was used to determine the significant difference between the
two means. **P<0.01, ***P<0.0001.

acts against different cancers such as colorectal cancer,
malignant T lymphocytes, lung cancer and breast
cancer.’®” But Rizk et al (2014) reported that kefir treatment
showed no effect on the motility of colorectal, as well as the
breast (MCF-7 and MB-MDA-231) cancerous cells. But they
mentioned that kefir could inhibit the proliferation and induc-
tion of apoptosis in HT-29 and Caco-2 CRC cells.*®

Conclusion

In this study, PAN-kefiran 5% and 10% (w/v) nanofibres
were manufactured using the electrospinning method. The
results show that during 4 days of incubation, the viability of
PC12 cells in PAN-kefiran 5% was more than PAN-kefiran
10% and the control. The viability of PC12 cells in PAN-
kefiran 10% had no significant difference compared to the
control, but the morphological changes were shown only in
PAN-kefiran 10% treatment. This is due to the existence of
more kefiran (containing polysaccharide and peptide) in
PAN-kefiran 10%. The existence of this level of kefiran
may induce the differentiation of PC12 cells. So, the use of
PAN-kefiran 10% nanofiber for neural stem cell culture
seems promising, although, PAN-kefiran 5% and PAN
induce more growth. It can increase cell viability compared
to the control. Kefiran-PAN scaffold is cost-effective with
superior properties such as high hydrophilicity that might be
a good alternative for neural stem cell culture and tissue
engineering. However, more studies need to be done like
Real-Time PCR and Immunocytochemistry for the differen-
tiation of PC12 cells in PAN-kefiran 10%. Also, the pure
kefiran may be used for increasing the number of the PBMC
and decreasing of the MCF7 cancerous cells. Moreover, IL-6
in PAN-kefiran 5% and PAN-kefiran scaffolds 10% were

shown no significant difference compared to the control
and did not affect on the concentration of IL-6. Overall in
this study, it was shown that electrospinning of kefiran as
a natural polymer would be anti-microbial, anti-tumor, bio-
compatible, and cost-effective for regenerative medicine. For
using in vitro especially in neural stem cell culture seems
promising, but however it needs more researches to be done.
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