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Abstract

Intervertebral disc tissue is damaged and loses its normal physiological
functions due to age-related degeneration, vigorous physical activity and
trauma in all age groups and at any stage of life. Here we aim to present how
to prepare human primary cell cultures effectively from intact intervertebral
disc tissues obtained from the patients undergoing operations for spinal
trauma and, from degenerated disc tissues obtained from patients with a
lumbar herniated. In addition, it is aimed to explain bio/pharmaco-molecular
methods used in their analyses at a molecular level in line with the current
literature. Articles included in Pubmed between June 1988 and January 31,
2018, were searched with the key words “nucleus pulposus cell
proliferation” and/or “annulus fibrosus” without language restriction. Data
of descriptive statistics were analyzed using mean + standard deviation or
frequency (%) and demonstrated using Microsoft Office 2010 and Excel. In
addition, it was explained how to obtain human primary cell culture from the
tissues taken from two different localizations of the single intervertebral
disc. A total of 419 articles were found to be potentially relevant, as a result
of first search. In this literature review, cell cultures, which could possibly
be the main focus of cell therapies in the field of neurosurgery in the near
future, as well as current data were discussed from a molecular point of
view.

Keywords: Annulus fibrosus, Acridine orange, Propidium iodide staining,
differentiation, nucleus pulposus, primary cell culture technique, proliferation.



INTRODUCTION

Thanks to the advances in pharmaceutical technology
and pharmaco-molecular branches, experiments carried
out in the laboratory have become indispensable in
search of new therapeutic modalities developed to
prevent many diseases, or in the analysis of cytotoxicity
of newly introduced drugs or bio-implants (Akyuva et al.,
2017; Isyar et al., 2015). Laboratory production of cells
have gained wide popularity, especially in research on
the treatment of incurable diseases by regenerative or
reparative methods (Akyuva et al., 2017; Isyar et al,
2015; Komur et al, 2017; Topuk et al., 2017).
Accordingly, to replace or repair the biological activities of
damaged cells and tissues, cell culturing techniques have
begun to be wused in neurosurgical research for
personalized cellular therapy methods (Gobbel et al.,
2003; Wiet et al., 2017; Lin et al., 2017).

During the application of cell culture techniques,
independently of the type of cells used, cellular
characteristics may differ depending on the effect of
stimulant pharmacochemical agents added to their
environment (Akyuva et al.,, 2017; Gokge et al., 2014;
Isyar et al., 2016; Karaarslan et al., 2018). Different
substances, such as insulin, transferrin, selenic acid,
amino acid, carbohydrate, lipid, vitamin and/orleptin were
added to the cell culture environment to increase the
differentiation potential and to support the growth and
protection of the cells (Akyuva et al., 2017; Gokge et al.,
2014; Isyar et al., 2016; Karaarslan et al., 2018).

The aim of molecular-based experimental studies is to
find the most effective method as well as to reduce the
costly methodologies that bring an excessive financial
burden on the health economies. The importance of
ensuring effective and healthy cell proliferation using a
less costly experimental setup is emphasized in literature
(Isyar et al., 2016).

In this study, we assessed the question which
pharmacological, biological or pharmaceutical agents
may be used to prepare more consistent primary cultures
of both human nucleus pulposus (NP) cells (NPCs) and
annulus fibrosus (AF) cells (AFCs). The goal of this
review was not to provide information to neurosurgeons
on how to prepare primary human disc cell cultures from
intervertebral disc tissues by isolating NPCs/AFCs but to
encourage them on how to systematically characterize
the disc tissue cells from in-vitro cellular experimental
setups obtained from surgically resected tissues.

MATERIALS AND METHODS
Materials
Medical Consumables and Pharmaceuticals

Laboratory equipment required includes an incubator,
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which can be set to a temperature of 37°Cand 5% CO,,
stereo and inverted light microscopes, pH meter, vortex,
heated magnetic stirrer, precision scale, laminar air flow
cabinet with at least class Il bio-safety, heated water
bath, refrigerated centrifuge, cell counting chamber, basic
equipment such as various sterile pipettes ranging from
1-1000 pL.

Falcon tubes 15 and 50 mL are also needed. In
addition, glass or porcelain pharmacist muller, scalpel tip
and scalpel handle are also needed to mechanically
break down the tissues. The necks of the flasks to be
used should be curved like a swan. It is also important
that flask caps have pores that allow ambient gases in
the incubator to enter and exit the flask. Well plates that
have 4, 6, 24 and 96 wells will make research easier in
the cultivation steps, especially during the trypsinization
phase.

Apart from the equipment indicated above, the
following is also needed: Premix solution consisting of
insulin, transferrin and selenic acid (ITS), Modified
Eagles’s medium (DMEM), Dulbecco Modified Eagles’s
medium (DMEM), RPMI-1640 medium, inactivated fetal
bovine serum (FBS), penicillin-streptomycin (PS), trypsin-
ethylene-diamine-tetraacetic acid (EDTA) solutions,
phosphate-buffered saline (PBS), Hanks’ Balanced Salt
Solution, dimethyl sulfoxide (DMSO), and collagenase
type | and type Il enzymes.

In addition, filters with pores diameters of 0.2 ym are
required for filtration of PBS, distilled water or FBS.

Methods
Search Strategy

Studies, conducted between June 1, 1988 and January
31, 2018, in US National Library of Medicine National
Institutes of Health (NLM) (PubMed), Embase, OVID,
Cochrane Library electronic databases were scanned
using terms "OR", "AND” without language and country
restrictions. On-line literature searches were carried out
using the key words “nucleus pulposus cell proliferation”,
“annulus fibrosus”, individually or in combinations (Figure

1).

The study carried out by Lijmer et al. (1999) was used
to determine the level of evidence of the studies.
Subsequently, the data obtained were checked using
Transparent Reporting of the Systematic Review
(PRISMA). Appropriate studies, with a higher-evidence
value, involving cell cultures of intervertebral disc  tissue
were investigated during the research. The reference lists
were also evaluated in terms of the availability of
appropriate articles. Unpublished studies found in
electronic databases, such as Researchgate were
not included in the evaluation. Unpublished literature,
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Records scanned by a database research  Additional records found from other resources

(n=419)

Nucleus
(n=326)
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proliferation

(n=0)

The articles that did not meet

Studies on qualitative synthesis

NPCs proliferation (n=0) ggg.' dfg)
AFCs proliferation (n=0) (AFCot)

Figure 1. Article scanning process in literature.

including articles, comments, letters, editorials, protocols,
guides, meta-analyses, and collections, were not
included. The citation index of the articles was
determined using the Web of Science and Scopus
database. References and citations of all articles were
examined to avoid possible repetitions.

Exclusion criteria

Non-controlled, non-blind and non-comparative studies
regarding “Nucleus pulposus cell proliferation” and
“Annulus fibrosus” were not included in the scope of the
research.

Accumulation and Evaluation of Data

The authors independently selected the included studies.
The risk of selection bias, which might be caused by
potentially masking, was also investigated. All studies
were examined by seven authors (NK, FSA, 1Y, TC, NK,
YEK, and DYS) to ensure accuracy. In cases where there
was disagreement between at least two authors and
consensus was not reached, the topic discussed by the
authors with highest research experience (HO and OA)
was examined.

Statistical Analyses

Review Manager Software Program in Windows XP was
used to evaluate data obtained from appropriate studies.

the selection criteria were

Research including review and clinical trials was excluded
(n=15)
Studies whose
abstracts were
evaluated
(n=404)
From the studies
whose full texts
were examined to O i b
e the onmvi-:;rese:uc
selection cniteria D I.(n_,3 0 "
(NPCs=5) uplication (n=14)
(AFCs=4)

Heterogeneity was measured using the Cochrane Q test.
Descriptive statistical evaluations were performed using
the Microsoft Excel program (2013 version). Descriptive
statistics were expressed as mean t standard deviation
or frequency (%).

Preparation of Fresh Medium

Cell Culture Media Content (CCMC), needs to be
prepared freshly for each use. The flasks are placed into
the laminar flow cabinet, and their caps are opened. 50
mL of FBS is added to 500mL of 1XRPMI-1640, MEM or
DMEM medium and passed through a filtre.
Subsequently, 5 mL of PS and 15 mL of ITS solution is
added. Cells in culture must be daily monitored with an
inverted light microscope and can be kept for a maximum
of only four days without changing CCMC. Later on, cells
in the flasks can be fed once every two days until they
are taken into experiment. In this way, metabolic wastes
emerging from the food and gas exchanges of the cells
are cleared from the flasks.

Selection and exclusion criteria for tissue culture
studies

Firstly, approval from the ethics committee for the
establishment of primary cell cultures from tissues and
informed consent should be obtained, in accordance with
the Declaration of Helsinki. The tissues resected for the
use in the study are kept sterile in the operating room and
transferred (4" C) to the Falcon tubes 50 mL containing
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medium. A barcode, which carries the patient data,
should be used to label the resected tissue.

Patients with a poor nutritional status, human
immunodeficiency virus, bone marrow hypoplasia,
leukopenia, thrombocytopenia, anaemia, and the cases
with organ failure, such as kidney and/or liver failure
should not be included in the study. In addition, tissues
from pregnant and breastfeeding mothers, or patients
with a history of alcohol addiction and/or known drug
abuse, or egg protein allergy should be excluded (Akyuva
et al., 2017). It is also important to exclude patients using
drugs that affect the enzyme levels in the body or that
interact with the cytochrome P450 (CYP2A6)
enzyme(Akyuva et al., 2017; Karaarslan et al., 2018).
Tissues of the patients that use disease-modifying anti-
rheumatic drugs, or biological therapy agents, such as
rituximab, etanercept, adalimumab, abatacept should be
excluded from the study (Dogan et al., 2016; Gokce et
al., 2012; Gumustas et al., 2016; Gumustas et al., 2017;
Guzelant et al., 2017; Isyar et al., 2015; Isyar et al., 2016;
Karaarslan et al., 2018; Komur et al., 2017; Oznam et al.,
2017; Topuk et al., 2017). Exclusion criteria should be
used to prevent confounding data during research.

To obtain degenerated intervertebral disc tissue,
detailed physical and neurological examinations of cases
with waist and/or leg pain should be performed. Surgical
intervention should be planned in patients, who have
neurologic motor and/or sensory deficits, reflex deficits,
sphincter defects and who still have complaints of pain
despite long-term medical treatments, diagnosed with
herniated NP after imaging examinations and
electrophysiological tests. During surgical intervention,
degenerated intervertebral disc tissue can be obtained.

To prepare the intact intervertebral disc tissue, non-
degenerated disc tissue can be obtained intraoperatively
from the patients who applied to the hospital with spinal
trauma and traumatic disc herniation.

Resection of Tissues

All patients are placed in the prone position under
endotracheal general anaesthesia, and the surgical level
is confirmed by C-arm scopy. Surgical field antisepsis is
provided with 10% polyvinyl pyrrolidine iodine solution
and covered in a sterile manner. To prepare degenerated
NPCs/ AFCs cultures, a para-median skin incision,
according to the localization of herniationis made, and a
lumbar discectomy. The lumber superficial fascia is
incised. In the patients with median, paramedian, and
foraminal disc herniation, para-vertebral muscles are
dissected subperiosteally after performing a fascia
incision through a median approach. Hemi partial
laminectomy is then performed microscopically. Finally,
microdiscectomy is performed following the flavectomy
and degenerated NP tissue can be obtained.
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In patients with a far lateral disc herniation, superior
and inferior facet joints of the pars interarticularis and
herniation level are identified transmuscularly after
performing a fascia incision through median approach.
Discectomy is performed by reaching the tissue of the
degenerated herniated NP through afar lateral approach,
and degenerated NP tissue can be obtained.

Preparation of intact NPH/AFH cultures; in patients
with secondary instability and traumatic disc herniation
after spinal trauma, the skin is penetrated and a median
skin incision is made. Para-vertebral muscles are then
dissected subperiosteally after bilaterally incising the
lumbar superficial fascia. If spinal cord compression due
to traumatic disc herniation is detected, laminectomy and
discectomy should be performed at this level. Superior
and inferior total discectomy are performed in conjunction
with corpectomy, in cases where the cord pressure has
stemmed from the traumatic vertebral fracture. NP
tissues obtained from both surgical methods can be used
to prepare intact NP/AF cell culture.

Sterile tissue sections are place in the Falcon tubes
containing DMEM with 5% PS and transferred to the
laboratory at 4 °C.

Preparation of primary cultures

The tissues are taken into the laminar flow cabinet and
transferred to the first of five sterile petri dishes. They are
subsequently washed sequentially with either sterile PBS,
pH 7.4, or isotonic sodium chloride solution 0.9% (sterile)
to clean the tissue from red blood cells. The tissues are
then broken down mechanically by using pre-sterilized
porcelain or glass mullers in the laminar cabinet. Tissue
samples, are shredded to the extent of minced
appearance, and/or enzymatically shredded with 475 ug
Clostridium Histolyticum-derived collagenase type | and
type Il enzymes dissolved in HBSS. To accomplish this,
tissue samples subjected to enzyme addition are
incubated at 37.4°C and 5% CO,. These tissues are then
incubated overnight and centrifuged at 4°C and 1.200
rpm consecutively twice for 10 minutes (Figure 2). The
cell suspensions are transferred to flasks or petri dishes
and kept in the incubator for at least 72 hours. Adherent
cells are used when they reach about 90% confluency.
Cells multiply logarithmically and when they occupy
almost the entire surface area they are in, they gradually
become unable to proliferate and require cell passaging.
First, cells can be removed from the adherent surface
using special sterile cell scrapers without using any
chemicals. Alternatively, cells can be passaged using
proteolytic enzymatic reactions, such as collagenases,
trypsin solution or EDTA alone or in combination. Since
cell scrapers may affect cell integrity, the use of a trypsin-
EDTA mixture which can be inhibited by the addition of
CCMC would be more appropriate for the passage of
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Figure 2. Re-suspended image of cell pellets remaining in the floor of the tubes
in the form of a yellowish -whitish thin layer, with CCMC prepared with DMEM.

NPCs/AFCs cultures. Before trypsinization, the CCMC in
the medium should be removed, because the serum
containing CCMC may contain trypsin inhibitors and the
container should be washed with Ca** and Mg** free
PBS. Thereafter, the trypsin solution is added on to the
flask. Using an inverted light microscope, detachment of
the adherent cells from the surface can be monitored.
The proteolyticreaction should be stopped by adding
twice as much CCMC the amount of added trypsin, since
the trypsin may damage the cell membranes after
separating the cells from the surface.

Viability Assays

In primary cell cultures obtained from humans, cells
should be seeded in cell culture dishes of diverse sizes
and characteristics according to the analysis, under the
inverted light microscope, and counted with the help of a
hemocytometer in the presence of Trypan blue (Akyuva
et al., 2017; Dogan et al.,, 2016; Gokce et al., 2012;
Gumustas et al., 2016; Gumustas et al., 2017; Guzelant
et al, 2017; Isyar et al.,, 2015; Isyar et al., 2016;
Karaarslan et al., 2018; Komur et al., 2017; Oznam et al.,
2017; Topuk et al., 2017).

Single cells are gently resuspended with the aid of a
micropipette. To calculate cell numbers, 10 yL of the
diluted cell suspension in 1 mL of culture medium is
added to the Eppendorf tube and mixed with the 90 pL of
Trypan blue dye. This mixture is placed on the
hemocytometer, such as a Thoma slide and live cells

found in at least 5 sections in the slide are counted. The
number found is multiplied by the amount of dilution and
50,000. In this way, it is calculated how many
million cells are present in 1 mL of medium. After the
number to be seeded is determined, the cells are
seeded in the flasks, well plates or petri
dishes (Figure 3).

Confluent cells should then be replated into a number
of subgroups. All plates should be kept in an incubator
after adding freshly prepared media for at least 24 hours
at most 72 hours at 37,4°C and 5% CO,. Depending on
the purpose of the research and the experimental setup,
these measurement days can be further extended by
certain periods.

For evaluation of the cell cultures; at least one of the
following should be applied: inverted light microscopy,
immune flow cytometry, MTT cell viability, toxicity and
proliferation assays and/or environmental scanning
electron microscopy (ESEM). For assessment of gene
expression of markers, such as NPCs-specific
chondroadherin, hypoxia-induced factor-1a, extracellular
matrix-specific glycosaminoglycans, various collagen or
matrix metalloproteinases or inhibitors thereof, or various
interleukin types involved in inflammation quantitative
reverse transcriptase-polymerase chain reaction (qRT-
PCR) can be performed (Akyuva et al., 2017). In addition,
array-based techniques, such as next-generation
sequence analysis can be used as the most up-to-
date technique for determining post-translational
modifications other than gene expression (Karaarslan et
al., 2018).
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membrane of viable cells, healthy and viable cells have the small and refractile
images and also have more rounded morphology compared to dead cells. In
dead cells, due to the penetration of the trypan blue dye into the cell
membrane, the cell sizes are larger than the living cells and are generally

coloured in dark blue tones in general.

Figure 4. The images of the healthy and proliferating cell stuck to the floor and
the formations related to the extracellular matrix extensions.

Inverted light microscopy analysis

Before starting the process, ocular and lenses of all
microscopes should be cleaned with 70% ethanol. Cell
organisms are  micro-photographed at various
magnifications (4X, 10X, 20X, and 40X) under inverted
light microscopy before they are taken to containers

where analysis will take place. To do this, the flasks
should be placed on the microscope table without
shaking in order to prevent contamination. With 4X
magnification, the surface area of the flask covered by
cells is assessed (confluency) and microphotographs are
recorded at 10, 20 and 40X magnification, then cell
proliferation and viability are assessed (Figure 4).
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Immunoflowcytometric analyses

With the aid of immunoflowcytometry device, cell surface
molecule expression levels at different time points are
evaluated. Samples removed from the surface and
transferred to the cytometry tubes are centrifuged at 4°C
and 2000 rpm consecutively twice for 5 minutes. After
centrifugation, the supernatants are discarded. The pellet
located in the floor of the tube is resuspended with
CCMC. Cell suspensions, in which appropriate isotype
controls are added, and cluster of differentiation (CD)
monoclonal  antibodies bound to fluoresce in
isothiocyanate (FITC) orphycoerythrin (PE) mixture are
prepared. This cell suspension is incubated in the dark at
22.4°C for 25 minutes. Following incubation,
centrifugation is carried out at 4°C and 1300 rpm
consecutively twice for 5 minutes after the addition of
PBS, pH 7.4 and containing 0.1% sodium azide. Then
cells are resuspended and evaluated by the device’s
software program (Figure 5).

MTT cell viability, toxicity and proliferation assays

Cell viability and proliferation values can be evaluated in
an ultraviolet spectrophotometer or in an ELISA-plate
reader. Microplate measurement is based on
measurements of the metabolic activity by comparing
absorbance values from the negative controls to the
values of the test group. The absorbance value from the
control group is considered as 100% cell viability. During
these assays, mitochondrial activities of cells can be
assessed with commercial kits using a colorimetric
substrate such as MTT. The tetrazolium salt contained in
these kits is used for the quantitation of cell proliferation
and cytotoxicity. This salt is broken down by
dehydrogenase enzymes and transformed into insoluble
formazan crystals that resemble a color between
thiazole blue and purple based on mitochondrial activity
of the living cells. There are no formazan crystals in the
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Quadrant image of the positive
population to be displayed.

presence of dead cells.

In the dark environment CCMC, is removed from each
well, including a control well with the aid of a pipette or
gun or Pasteur pipette at the desired time intervals in the
experimental setup and 500 pL of the culture medium
solution containing MTT(3-[4,5-dimethyltiazol-2-yl]-2,5-
diphenyltetrazolium bromide)and DMEM (1:6) should be
added to each well. To halt the colour reaction after
approximately three hours of incubation, 25 pyL of 10%
SDS solution should be added to each well (Dogan et al.,
2016; Gokce et al., 2012; Gumustas et al., 2016;
Gumustas et al., 2017; Guzelant et al., 2017; Isyar et al.,
2015; Isyar et al.,, 2016; Karaarslan et al., 2018;
Komur et al.,, 2017; Oznam et al., 2017; Topuk et al.,
2017).

At least 200 pL of the MTT solutions contained in the
wells are then transferred to 96-well microplates and
samples are read at 490 nanometers (OD). The viable
cell proliferation in cultures is calculated as % by the
following formula; Proliferation = Test (Experiment Group
OD) / (Control OD) X100.In this way, mitochondrial
activity of the living cells in the culture medium can be
easily quantified.

Preparation of AO / PI stain applied to cell cultures

Alternatively, the ratio of dead cells to viable cells can be
evaluated with fluorescence images obtained after AO/PI
staining. To measure cell viability, nucleic acid binding
sites can also be stained with Acridine orange
(AO)/Propidium iodide (PI1).AO stains all nucleated cells,
both live and dead, and produces a green fluorescence.
Pl, on the other hand, penetrates the dead cells with poor
membrane integrity, stains nucleated cells and produces
a red fluorescence (Akyuva et al., 2017; Karaarslan et al.,
2018). AO/PI stain can be prepared using 10g Na-EDTA,
4 mg Pl, 50 mL10% FBS, 4mg AO (dissolved in 2
mL99% Ethanol). They are mixed well. Then, sterile
distillated water is added to reach 200 mL as the final
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Figure 6. AO stains all nucleotide cells and produces green
fluorescence. Pl was able to penetrate the dead cells with poor
membrane integrity and stained nucleotide cells and produced red
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fluorescence. As a result,

nucleotide cells produced green

fluorescence, and dead cells produced red fluorescence.

volume (Akyuva et al.,, 2017; Karaarslan et al., 2018),
(Figure 6).

Environmental scanning electron microscope

The visualization of the cells isolated from human tissues
in vitro and matrix structures, such as extracellular matrix
can be performed by devices such as scanning electron
microscopy (SEM) or ESEM. These two devices are
different from each other. The samples to be displayed
on ESEM do not need to be coated with gold or silver
paints like SEM (Isyar et al., 2015; Oznam et al., 2017;
Guzelant et al., 2017).

After CCMC in the containers, involving the cells, is
discarded, the fixation of the samples should be ensured.
To do this, a solution containing 97.5-ml of cacodylate
buffer and 2.5-ml of glutaraldehyde is added to the cell-
containing wells to cover the samples. The
glutaraldehyde fixation solution is removed from the
containers with the help of a pipette gun /Pasteur pipette
over the samples, which have been kept at room
temperature for 2 hours. The samples are then washed at
least three times with pure cacodylate buffer and
transferred to the device for imaging. Samples can be
stored in the fridge at 4°C by adding cacodylate buffer
until the measurement time.

qRT-PCR analyses

The gRT-PCR method is based on the enzymatic
synthesis of two primers-restricted genes using a pair of

synthetic oligonucleotide primers complementary to the
base sequences in this region, and specific for the two
ends of the region to be amplified. In the process steps,
denaturation occurs at 94°C-98°C, annealing occurs at
37 ° C-65 ° C and extension occurs at 72°C.qRT-PCR is
performed in two steps. The first step is the
complementary DNA synthesis from RNA, which is
known as reverse transcription. In the second step,
complementary DNA is amplified by standard PCR
(Karaarslan et al., 2018). Analyses are carried out using
commercial kits specific to markers to be measured.

RESULTS

As a result of database screening, 419 studies were
found to be potentially relevant. Of these, 326 studies
were associated with NPCs and that 93 studies were
associated with AFCs. 12 non-clinical reviews related to
the NPCs proliferation and 2 reviews related to the AFCs
proliferation were excluded from the study. When the
remaining full texts of the 404 articles were examined, no
controlled, blind, randomized, and/or comparative
research was found that met the inclusion criteria.
Therefore, the results could not be presented as
descriptive statistics, in terms of frequency and/or mean +
standard deviation.

In the field of regenerative medicine, especially in the
repair of the degenerated disc tissue, cellular treatments
have been the centre of interest. However, to be used in
cellular therapy, cells must survive upon injection
/transplantation and differentiate into the target cell.
Therefore, it is important to know how healthy cells can

8
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be propagated in vitro (Gékge et al., 2014; Isyar et al.,
2016; Karaarslan et al., 2018).

Today, researchers have begun to use cellular-based
experimental methods thanks to the rapid advances in
tissue engineering, pharmaceutical technology and
pharmaco-molecular fields. These methods are used for
the diagnosis of many hereditary diseases, as well as in
research on biocompatibility of materials, used in the field
of neurosurgery. In addition, similar techniques are used
to assess cellular toxicity of any marketed drug (Akyuva
et al.,, 2017; Oznam et al., 2017; Sun et al., 2016).

Cell culture also plays a significant role in the repair of
damaged tissues, in silencing of the damaged genome
with oligonucleotides, such as shRNA/siRNA/miRNA, or
in research performed to overexpress missing genes
(Chen et al., 2017; Topuk et al., 2017).

Although cell culture applications are limited to major
surgical fields, it is likely that such studies will take place
in highly specialized fields, including neurosurgery, in the
next few years. For this reason, it is necessary that all
researchers, especially surgeons, working in the field of
neurosurgery, should be aware of these new cellular
culture studies and experimental setups.

DISCUSSION

It is emphasized in literature that components of the
media for mammalian cell culture may contain amino
acids, vitamins, salts, glucose, antibiotics and serum. The
needs of the cells in culture should be determined
depending on the purpose of the research. Media may
vary based on cells type, their adaptability and organism,
to ensure cell viability and cell proliferation. More
importantly, studies have also reported the necessity of
using chemical and/or biological agents to trigger the
construction of the intracellular network in the
proliferation and differentiation of cells (Gokge et al.,
2014; lIsyar et al.,, 2016; Karaarslan et al., 2018).
Molecular based experimental investigations using these
agents bring an excessive burden on health economies.
For this reason, in addition to being able to find the best
method, it was also aimed to reduce this economic
burden. To achieve this goal, it is necessary to pick up
more effective and cheaper methods (Gokee et al., 2014;
Isyar et al., 2016; Karaarslan et al., 2018).

All xenocultures or pharmaceuticals used should be
tested for infectious agents, in accordance with the
American Food and Drug Administration (FDA)
guidelines. In addition, bio-chemicals used in cell culture
medium should be tested for endotoxin.

In some studies, in stead of mouse pharmaceutical
embryonic fibroblasts, human-derived cell layers can be
used to prevent cross-species xenotypic contamination or
pathogenesis. However, even after such a culture, it is
very difficult to distinguish between cells in the feeder

layer and cells in the experimental group. It should be
noted that the consumables to be used for primary cell
cultures should carry the phrases "endotoxin and cell
culture tested". Alternatively, researchers, performing
primary cell culture, could use simple hydrogel systems
that do not contain feeders’ layers and allow cells to
adhere to the surfaces of culture vessels using
substrates, such as fibronectin or laminin.

From the past to the present, different methods have
been used to isolate cells from tissues. In order to obtain
cell populations from solid tissue, the tissue needs to be
mechanically and enzymatically digested (Chen et al.,
2012; Yilmaz et al., 2013). For single cell preparations,
cells must additionally be separated from the surrounding
extracellular matrix (Wu et al, 2011). General
proteases, such as Trypsin, or tissue-specific enzymes,
such as collagenases, used. The resulting cell
suspension is heterogeneous in nature (Ding et al., 2012;
Gokge et al., 2014; Salehinejadet al., 2012; Wu et al,,
2011).

In this study, when NPCs/AFCs cultures were
prepared, type | and type Il collagenase enzymes were
used for proper isolation of cells from tissues that were
surgically resected. MEM, which contains a minimal basic
amino acid combination that must be found in cell
cultures, was first described by Eagle in 1955. This
formulation has been used with several modifications.
RPMI-1640 has increased glucose for feeding the cells,
has a suitable osmolarity and pH to sustain their viability,
and contains the necessary amino acids and vitamins for
their functioning. However, it is not sufficient by itself for
the propagation of NP / AF or other cells (Isyar et al.,
2016; Karaarslan et al., 2018). Therefore, in primary cell
cultures using MEM, DMEM or RPMI-1640, extra nutritive
solutions, such as FBS and ITS must be added to culture
media to obtain healthy and proliferating cells (Isyar et
al., 2016; Karaarslan et al., 2018).

FBS, which contains hormones, enzymes and growth
factors that are necessary for growth and multiplication of
the cells, is also a source of extracellular matrix proteins.
Therefore, addition of FBS to the medium also ensures
that the cells are held on adhesive surfaces (Isyar et al.,
2016; Karaarslan et al., 2018).

When used in the CCMC, 1% PS should be used.
However, during the transfer of disc tissues from the
operating room to the laboratory or the washing of the
disc tissues, use of 5% PS is recommended (Isyar et al.,
2016; Karaarslan et al., 2018).

When literature was examined, studies carried out in
this field, evaluated cell lines and tissues from animal
sources (31, 32) (Provide names of references).
However, there are substantial differences between
human and animal tissues and the results obtained may
be misleading (Akyuva et al., 2017; Gokce et al., 2012;
Gumustas et al., 2017; Isyar et al., 2016; Karaarslan et
al., 2018).



This study was limited to in vitro experiments, and we
have not used the commercial cell lines and products, we
exhibited in this research. In addition, the tissues we
used in ourculture facilities were not of animal

origin. We prepared human primary NPCs/AFCs
cultures  from  tissues obtained by surgical
resection. Therefore, we believe that our results

using human cell sources may contribute to the
literature.

Last year only, there were many different molecular
studies with high-evidence value, carried out for
intervertebral disc cell cultures (Bridgen et al.,, 2017;
Gruber et al., 2017; Haschtmann et al., 2012; Liu et al.,
2017; Quyang et al., 2017; Wang et al*., 2017; Wang et
al., 2017: Wiet et al., 2017; Xiong et al., 2017;). Wiet et
al. (2017) evaluated the effects of mast cell media on
NPCs, and AFCs. They analysed cell viability through
Calcein/Ethidium and MTT-commercial kits. In addition,
they evaluated the Interleukin-6, a pro-inflammatory and
pro-angiogenic factor, ADAMTS5, a member of the
disintegrin family, and protein-1 expression levels through
gRT-PCR in the culture samples. They found that the
medium used significantly increased the expression of
the specific molecules in NPCs, but not in AFCs (Wiet et
al., 2017).In another study (Wang et al., ®2017), the role
of Thymic stromal lymphopoietin (TSLP) in the
pathogenesis of Ilumbar disc degeneration was
investigated. In this study, degenerated NP tissues
obtained from 77 patients and non-degenerated tissues
of 21 patients suffering from lumbar fracture were
examined. These samples, which were cultured with
Hams F12+10% FBS, were transfected with different
siRNA vectors. They used western blotting to detect
TSLP expression in tissues, TSLP and type Il collagen
(COL2AL) in cell culture media were detected using
ELISA, and apoptosis was determined using flow
cytometry. Among the groups exposed to different
transfection conditions of Hams F12 +10% FBS, they
reported that TSLP expression was significantly higher in
the degenerated NPCs cultures than the non-
degenerated NPCs cultures. However, statistical tests
regarding homogeneity or heterogeneity evaluations were
not made.

CONCLUSIONS

For the time being, although cell culture
applications are limited in the surgical field, it is likely that
in the next few years, such investigations will be
important in many branch studies, including
neurosurgery. Therefore, it is inevitable that all
researchers, especially surgeons, working in the field of
neurosurgery, should be contribute to these new cellular
culture studies to be performed in the experimental
setups.
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