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ABSTRACT

Over the past decades, transplantable cell lines have been an affordable model for studying the biology and effect
of chemotherapeutic drugs on tumors. However, numerous studies have shown that these cell lines are not hetero-
geneous enough and cannot reflect the drug resistance of tumors that occurs in some patients. Primary cell line
cultures isolated from solid tumors have become widespread in personalized cancer therapy. This review discusses
the basic methods for the preparation and cultivation of primary cell lines. A brief description is given of the methods
for the disaggregation of tumor material using enzymatic, chemical and mechanical dissociation. The systems of
cultivation of primary cell cultures. The selection of an appropriate dissociation method and cultivation is important
to preserve the benefits of primary culture in preclinical studies.
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MEPBMYHBIE KY/IbTYPbI OMYXOEBBIX KIETOK: COBPEMEHHbIE METOA bl
MONYHEHWUA U NOAAEPXAHUA /N VITRO

U.B.MexeBoBa*, A.0.CutkoBckas, 0.U.Kut

®rbY «<HMWUL, onkonorun» Munagpasa Poccuu,
344037, Poccuitickan depepauus, r. PoctoB-Ha-[loHy, yn. 14-9 nuHus, 4. 63

PE3IOME

B TeueHue nocnefHUX AeCATUNETUI NepeBMBaEMbIE KNETOYHbIE IMHUU SIBNISSIUCH AOCTYMHOW MOZENbIO ANs U3YYeHUs!
61ONIOrNK U BAUSIHUSE XUMUOTEpaneBTUYECKMX NpenapaToB Ha onyxonu. OfHAKo, MHOFoYMC/IeHHble UcceoBaHus
nokasa’snu, YTo faHHble KNeTOYHbIe IMHUWN HELOCTAaTOYHO reTEPOreHHbl U He MOTYT OTpaXkaTb IEKaPCTBEHHYO
PEe3UCTEeHTHOCTb OMyX0Jiei, BO3HMKAIOLLYHO Y HEKOTOPbIX NauneHToB. KynbTypbl NEPBUYHBIX KNETOYHbIX JIMHUN,
BblJ€/TeHHbIe U3 CONMUAHbIX OMyXOen, NONyYnIn 3HauUnTENbHOE pacnpocTpaHeHne AN onpefeneHns XMM1MoYyB-
CTBUTENIbHOCTU OMyXONel K npenapaTtam, NPUMEHSIEMbIM B XMMUoTepanun. B saHHOM 0630pe paccMaTtpuBatoTcst
OCHOBHbI€ METO/ibl NONyYEHUS U KyNbTUBUPOBAHUS NEPBUYHBIX KNETOYHbIX IMHWI. [laeTcs KpaTkas xapakTepucTmka
MeTOAMKaM fe3arperauuv ornyxonesoro MaTtepuasna npy NoMoLm hepMeHTaTUBHOMN, XMMUYECKON 1 MEXaHUYECKOM
anccoumaumm. PaccMOTpeHbl pasfinyHble CUCTEMbI KYSIbTUBUPOBAHWUA MEePBUYHbBIX KIETOYHbIX KyNbTyp. Bbl6op
noaxoAsLLero MeTofa AUccoumaL M v KynbTUBUPOBaHUSI UMEET BaXXHOe 3HaYeHWe A1 COXPAHEHWS NMPEUMYLLECTB
NepBUYHON KYNbTYpbl B JOKIIMHUYECKUX UCCIIeAOBaHUAX.

KntoueBble cnosa:
NepPBUYHbIE KYNbTYpPbl KETOK, KIETOYHbIE IMHUMW, METOAbI AMCCOoLMaLmmn KNeTok, 2-D kynbTypbl, 3-D Kynb-
Typbl, MUKpodItonAHbIE NNaTOPMbI, IKCNIAHTaTbI
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RELEVANCE

A primary culture is called cell culture at the
stage which is immediately after cell isolation
from samples and before the first seeding [1].
The primary tumor cell cultures are ex vivo pop-
ulations isolated by surgical resection of tumor
tissue fragments [2]. Primary cell lines include
both tumor cells and microenvironment cells
(fibroblasts, T-cells, vascular endothelial cells)
that are relevant in the physiology, structure, and
functioning of the tumor [3]. The tumor and it's
microenvironment can cause mutual changes
in the phenotype and functions that support the
continuous process of carcinogenesis. Transfer-
able cell lines derived from a small proportion
of tumors, usually very aggressive, are the most
common in vitro model for research in Oncology.
However, such models do not provide a repre-
sentation of the entire spectrum of tumor sub-
populations. Primary cell cultures reflect the high
heterogeneity of tumor cells, and represent an
important tool for research into the biology of
tumors, and new opportunities in personalized
medicine in General. While preserving cells with
phenotypes similar to those of the original tu-
mor, primary cell lines play an important role in
the study of mechanisms of chemoresistance,
the search for new drug candidates, which is
particularly relevant in preclinical research. The
study of interactions between tumor cells and its
microenvironment includes the development of
optimal models for the study of tumor migration
and proliferation [4]. In the era of personalized
therapy, researchers need to create more prima-
ry tumor lines from patients, which will provide
high-quality data for translating in vitro results
into in vivo models and, ultimately, implementa-
tion into the clinic. In this review, we will look at
the methods currently available for generating
and culturing primary tumor cell lines.

TUMOR CELLS ISOLATION METHODS

Isolation and cultivation of tumor cells in vitro
conditions similar to the microenvironment of
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the original tumor is a complex task and requires
certain methods. Successful isolation of tumor
cells with the use of appropriate technologies
depends on the method of destruction of the ex-
tracellular matrix, which consists of a variety of
related factors (connective tissue fibers, glyco-
proteins and tissue-specific proteins). Additional
difficulties in isolating primary cell culture include
the presence of tumor material in the samples:

1. cell debris and non tumor cells, that affect
the proliferation of tumor cells, often slowing
down the proliferative activity of the primary cul-
ture;

2. a small number of viable cells due to resec-
tion in the necrotic area;

3. fibroblasts, that actively proliferate during
the cultivation [5].

The selection of a good method of tumor dis-
sociation material affects the selection of a suffi-
cient number of viable cells and introduction into
the primary culture. There are several methods
for dissociating material and obtaining primary
cell lines from tumors; however, very few meth-
ods have been recognized as promising. It is nec-
essary to develop modern techniques adapted to
each type of tumor tissue for reproducible gener-
ation of primary cell lines from tumors. Currently,
such methods as mechanical, chemical and en-
zymatic disaggregation are used for dissociation
of tumor samples [6].

Fermentative Dissociation

The fermentative dissociation is the most us-
able method for disaggregating tissue and pro-
ducing a suspension of individual tumor cells,
while maintaining their viability and integrity.
Usually, proteolytic enzymes are used for dis-
sociation of tumors, including trypsin, papain,
elastase, hyaluronidase, collagenase, pronase,
and deoxyribonuclease [7]. Some researchers
use a mixture of enzymes, such as collagenase/
hyaluronidase combinations and a solution of
dyspase and DNA-ase to dissociate breast tumor
samples [8]. In a study by Volovitz et al. neutral
protease (NP) from Clostridium histolyticum, an
enzyme not previously used in the field of neuro-
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biology, was used for enzymatic dissociation of
brain tissues and tumors. Dissociation under the
influence of protease allowed to obtain a cell sus-
pension for introduction into the primary culture
with significantly higher cell viability, compared
to the enzymatic action of collagenase, DNA-ase,
and papain [9].

Use of trypsin and accutase in the Skog study
et.al on autodermal grafts, it was also shown
to produce cells with greater viability after tryp-
sinization, but samples treated with accutase lat-
er proliferated better in the primary culture. There
was no significant difference between the aver-
age intensity of fluorescence of stem cell mark-
ers, both after trypsinization and after accutase
treatment [10]. For the research of primary cul-
tures of breast cancer Nishikata et.al we used the
Explant method and obtained a suspension of
cells. For dissociation of a fragment of the tumor
used dispute Il. The most effective method for
obtaining primary culture of breast tumors was
considered to be obtaining a suspension of cells
after dissociation with a dyspase Il [11]. Models
for obtaining primary cultures of brain neurons
using enzymatic papain dissociation are being
actively developed to study cellular and molec-
ular genetic features of brain functioning [12].
Protocols for perfusion of mouse liver fibrous
tissue with pronase/collagenase solutions and
isolation of mouse liver stellate cells into primary
culture are being implemented [13].

Chemical dissociation

Various types of cations maintain the integrity
of the cell surface and the intracellular structur-
al matrix [7]. Chemical dissociation is a process
in which Ca2 + and Mg2 + cations are washed
out of epithelial cells, reducing intercellular in-
teractions. Removal of Ca2 + and Mg2 + is best
achieved when exposed to EDTA (ethylenedi-
aminetetraacetic acid) or tetraphenylboron com-
plexes with potassium ions, which are used for
dissociation of liver tissues, intestinal crypt cells,
and solid breast tumors [14]. Hypertonic solu-
tions of sucrose, maltose, and lactose affect the
slit contacts and areas of dense contacts, which

causes the presence of cell clusters after enzy-
matic tissue cleavage [15]. Some researchers
perform double perfusion of liver cells with EDTA
/ collagenase to isolate and culture primary he-
patocytes, culturing them with the addition of
insulin and glucose [16]. Trojaneck and his col-
leagues successfully obtained 14 primary mela-
noma lines using tumor material obtained from
45 patients with melanoma. Tumor samples were
affected by EDTA and DTT (dithiotreitol) [17].

Mechanic dissociation

There are several options for mechanical disso-
ciation of tumors: conventional manual homoge-
nization and various automatic dissociators for
suspensions of individual cells. Mechanical dis-
sociation of tissue involves shredding a resect-
ed tumor sample with scissors or sharp blades,
homogenization (using BD Medimachine, Becton
Dickinson), filtration through nylon filters or steel
mesh filters (with different pore diameters), shak-
ing, re-aspiration through serological pipettes, or
any combination of these methods. Usually, tumor
samples are first crushed into small pieces (near-
ly 1-2 mm), and then washed in a tissue-specific
medium or salt solutions (Hanks ' solution, Dal-
becco's solution) to remove loosely bound cells
or non-specific debris by light mixing. In this way,
a suspension of individual cells is obtained. Me-
chanical dissociation is a simple but effective
method for removing primary colorectal cancer
cell lines obtained from primary tumors with an
efficiency of 39.4%, as well as cell lines isolated
from corresponding lymph node metastases with
an efficiency up to 70% [18]. However, some re-
searchers believe that this type of dissociation of
tumor tissue using mechanical methods leads to
significant cell death and is not suitable for ob-
taining tumor cells and introducing them into pri-
mary culture [19].

Comparing mechanical and enzymatic disso-
ciation of primary glioblastoma, some research-
ers prefer enzymatic methods to obtain cells
with higher migration activity [20]. Qiu X et.al we
have developed a microfluidic device that allows
for a softer mechanical cell disaggregation using
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a network of channels and "hydrodynamic scal-
pels" [21]. In the Kar et.al study, the primary ovar-
ian cancer cell lines were successfully obtained
both by mechanical tissue dissociation and enzy-
matically by a Dispase Il [22].

The own data

The laboratory of cell technologies National
Medical Research Centre for Oncology of the
Ministry of Health of Russia studied the possi-
bility of using collagenase from crab hepatopa-
ncreas to isolate breast cancer stem cells. After
studying the effect of collagenase in three con-
centrations and a variant without the use of col-
lagenase (using only the mechanical method of
disaggregation), we obtained a higher concentra-
tion of living cells when applying enzymatic dis-
aggregation [23].

In The next study was used the tumor material
obtained from patients with astrocytic tumors.
Dissection of the tumor was performed by sur-
geons of the Department of neuroncology Na-
tional Medical Research Centre for Oncology of
the Ministry of Health of Russia under visual con-
trol using the Blue E400 unit of the Opmi Pentero
™ microscope and 5-ALA (5-aminolevulinic acid).
The tumor tissue was disaggregated at room
temperature on BD Medimachine (Becton Dick-
inson, USA) in sterile Medicons (Becton Dickin-
son, USA) with a pore diameter of 50 microns.
The study was produced cell lines of low-grade
astrocytic tumor material after dissection of the
tumor, has also been shown that this method is
effective, as it enables selection of a material
with viable cells [24].

Isolation of tumor stem cells from brain tu-
mors was performed to obtain primary cell lines.
Initially, the noo formation tissue was subjected
to mechanical or enzymatic dissociation. Me-
chanical dissociation of tumor tissue was per-
formed in BD Medimachine (Becton Dickinson)
in Hanks solution at room temperature. Enzy-
matic dissociation was performed using a set of
reagents Brain Tumor Dissociation Kit (Miltenyi
Biotec) in accordance with the manufacturer's
instructions. Based on the results of tests of vari-
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ous combinations of techniques for tissue disso-
ciation: the use of a set or the use of mechanical
dissociation, it was found that for brain tumors,
the optimal result was achieved when using an
enzymatic set. The number of living cells in this
case was on average less than in mechanical
dissociation, but the proportion of living cells
was 2 times higher. In addition, enzymatic treat-
ment of the tissue allowed to obtain a more ho-
mogeneous suspension, in which the cells were
well separated and did not form conglomerates
during subsequent cycles of centrifugation and
resuspending.

THE PRIMARY CELL LINES
CULTIVATION METHODS

There are several types of cultivation of prima-
ry cell lines after dissociation of tumor tissue.
The suspension of tumor cells can be cultured in
2D culture (monolayer of cells), 3D culture (spher-
oids, gels, scaffolds), microfluidic technologies,
explants (cultivation of small tumor fragments).
After disaggregating the material, the cells are
cultured in a nutrient medium, making the nec-
essary tissue-specific additives, fetal bovine se-
rum, amino acids, and antibiotics. Nutrient media
are supplemented by various factors detected
in vivo. In order to maintain the viability and en-
sure the safety of the genotype and phenotype of
tumor cells in vitro, mitogenic growth factors are
introduced into the nutrient media [25].

The 2D cultures

The 2D cultures are ordinary monolayer cul-
tures, grown under conditions that do not reflect
in vivo conditions: tissue physiology, tumor mi-
croenvironment. The suspension of tumor cells
is sown on Petri dishes, culture tablets or vials,
conducting passages as the primary culture
forms a monolayer. After separation from the
tissue and transition to 2D conditions, the mor-
phology of cells changes, as well as the way
they divide. Changes in the cell phenotype are
the result of 2D culture, which can affect their
function, organization of intracellular struc-
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tures, cytokine secretion, and cell signaling.
Due to violations in interaction with the external
environment, cells attached to the plastic sur-
face lose their polarity, which leads to a change
in the response of these cells to apoptosis in-
ducers. Another disadvantage of 2D culture is
that cells in the monolayer have unlimited ac-
cess to the environment's ingredients, such as
oxygen, nutrients, metabolites, and signaling
molecules. For tumor cells in vivo, the availabili-
ty of nutrients, oxygen, etc. is more variable due
to the natural architecture of the tumor mass.
It is noted that the 2D system changes gene
expression and cell biochemistry. Due to many
disadvantages of 2D cell line culture systems,
it became necessary to search for alternative
models. The advantages of 2D crops include
ease of operation and their low cost. To grow
2D cultures of tumor cells, a special plastic
coated for monolayer cell lines or plastic coat-
ed with collagen, D-lysine, or a mixture of vari-
ous components is used [25].

The 3D cultures

3-D tumor cell culture is currently used in re-
search, both in personalized medicine and in
regenerative medicine. This technology most ac-
curately displays the processes occurring in the
tumor in vivo and recreates the tumor phenotype,
which is a valuable tool for studying the biology of
the tumor, and will also allow preclinical evalua-
tion of anti-tumor drug candidates on primary cell
lines. Currently, the most commonly used model
includes small cell aggregates-spheroids, which
have been used by oncologists for decades [26].
The use of cell culture spheroids to evaluate the
effectiveness of anti-cancer drugs is not a new
concept. For almost 50 years, colony formation
analysis in soft agar has been the gold standard
in vitro method used to determine the status of
cell transformation, as well as testing new can-
didate drugs with low throughput [27]. Figure 1
shows an example of spheroids obtained in our
own research In the laboratory of cell technolo-
gies National Medical Research Centre for Oncol-
ogy of the Ministry of Health of Russia.

Tumor spheroids are formed using various
methods and techniques: the "hanging drop"
method; cultivation on plastic with a non-adhe-
sive coating; using scaffolds: hydrogels; using
magnetic mixers and bioprinting.

The "hanging drop" method was originally
used in Microbiology to study and cultivate bac-
teria. A suspension of tumor cells is placed on
the inside of the Petri dish lid and covered with
a Cup containing a phosphate-salt buffer to pre-
vent the droplets from drying out. At the tip of the
drop, cells aggregate at the air-liquid interface
and then spheroids are formed [28]. This method
does not require the use of any substances as
a matrix or framework. However, the size of the
drops should not be too large — drops with a lig-
uid volume of more than 50 ml will not attach to
the Petri plates, because the surface tension of
the liquid is overcome by gravity. Replacement of
the nutrient medium must be carried out careful-
ly, so as not to damage the resulting spheroid.

An example of the "hanging drop" method Pro-
tocol for creating spheroids (permanent lines) is
shown in table 1 [29].

Using the "hanging drop" method, spheroids
can be maintained in culture for up to several
weeks.

Researchers Jeppesen et. al. developed a pro-
tocol for obtaining spheroids from colorectal
cancer tissue samples (table 2).

From 18 adenocarcinomas, spheroids were
successfully created for 15 samples, using this
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Fig. 1. A culture of spheroids obtained from a glial tumor.
Magnification x100

41



South Russian Journal of Cancer 2020, v.1, N23, p. 36-49
I.V.Mezhevova*, A.0.Sitkovskaya, 0.1.Kit / Primary tumor cell cultures: current methods of obtaining and subcultivation

protocol. We also assessed if the primary cul- obtained from the patient's material. Compar-
ture spheroids of colorectal cancer belong tothe  ison of spheroids with a sample of the original
histotype of the original tumor. One approach to  tumor showed that the cells in the culture pre-
improving the effectiveness of treatment is to  served the histology of the adenocarcinoma and
determine the chemosensitivity of tumor cells  the patterns of expression of cytokeratin 20 and

Table 1. The protocol for the "hanging drop" method.

N2 p/p

Steps

Cell suspension making

Cultivate cell lines to form a monolayer. Wash the cells twice with dobs buffer and decant the liquid. Add 2 ml
of 0.05% trypsin - Tmm EDTA, incubate at 37 ° C. Control cell detachment. Add 2 ml of the complete nutrient
medium to inactivate the trypsin. Resuspend the cells. Transfer to a 15 ml centrifuge tube.

Add 40 mcl 10 mg / ml of DNAase, incubate for 5 minutes at room temperature. Shake the test tube and

2 centrifuge at 200 g for 5 minutes.

3 Remove the supernatant, wash the sediment with 1 ml of full nutrient medium. Repeat, then resuspend the cells in
2 ml of full nutrient medium.

4 Count the cells using a hemocytometer or an automatic cell counter. The required cell concentration is 2.5 x 106

in1ml.

Formation of "hanging drops"

5 Add 50 ml of phosphate-salt buffer to the bottom of a 60 mm Petri platelet.
Remove and flip the lid off the Petri platelet. With a 20-ml dispenser, place 10-ml drops of the nutrient medium

6 with the cells at the bottom of the lid, so that they do not touch each other. At least 20 drops are placed on one
lid.

7 Carefully flip the lid and close the Petri platelets. Incubate at 37°C, 5% C02, 95% humidity. Daily do microscopy of
the platelets, cultivate up to the formation of cell aggregates.

8 After forming of the aggregates, they can be transferred to round-bottomed glass shakers in 3 ml of the complete

nutrient medium. Incubate in a shaken water bath at 37 °C, 5% CO2 until spheroids form.

Table 2. The protocol for obtaining spheroids from colorectal cancer tissue samples

Ne p/p Steps

1 Wash the tumor tissue in a phosphate-salt buffer containing antibiotics. Remove fat and necrotic areas with
sterile tools (scalpel or scissors).

2 Split the tumor material into 1 £ 2 mm pieces.

3 Add a phosphate-salt buffer containing 1 mg / ml of type Il collagenase (Gibco) and antibiotics. Incubate the
sample with enzymes for 20 minutes at 37°C.

4 Pass the tissue suspension through several filters in the following sequence: 230 pym filter (Sigma-Aldrich), 100
um filter (BD Biosciences), 40 um filter (BD Biosciences) and 30 um pre-separation filter (MACS, Miltenyi Biotec).

5 Tissue samples,that have not passed through the filter 230 microns, collect and incubate with collagenase (item
2) for 10 minutes at 37°C. Pass it through the filters

6 Collect the tumor fragments with the use of filters of 100.40 and 30 microns and divide them into three fractions
according to the size of the filtered cells.
Isolated tumor fragments are cultured in a stem cell medium (Thermo Fisher) with the addition of antibiotics (200

7 u/ml of penicillin, 200 u / ml of streptomycin, 100 u/ml of gentamicin and 2.5 u / ml of amphotericin B) in Petri

dishes coated with agarose (Sigma-Aldrich) at 37°C, 5% CO2.
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cancer-embryonic antigen. In this paper, chemo-
sensitivity screening using spheroid cultures of
five patients showed individual drug response
profiles, which is a promising in vitro model for
use in personalized medicine [30].

Monocultural spheroids obtained in breast can-
cer research in vitro are called mammospheres.
There is evidence that the source of metastases
are breast cancer cells with a phenotype similar
to stem cells. Mammosphere culture is often
used to study breast cancer stem cells [31].

Researchers Lombardo and others have devel-
oped the protocol for obtaining primary mammo-
spheres from human breast tumor tissue after
mastectomy (table 3) [32].

Halfter et al. Have compared the chemosensi-
tivity of spheroids obtained from HER2 — positive
breast cancer cell lines with spheroids from 120
fresh tissue samples. Their results showed great-
er yield efficiency and lower metabolic activity of
spheroids obtained from primary cultures com-
pared to spheroids obtained from cell lines [33].

Qureshy-Baig et al. it was reported that prima-
ry colorectal cancer spheroids retained their che-
moresistance and genetic mutations in relation
to the tumor tissue from which they were isolat-
ed [34]. In the Weiswald colorectal cancer study
et.al. created "colospheres” using the technique

of mechanical disaggregation of a sample of tu-
mor tissue with a scalpel and crushing it using
a syringe piston. The researchers obtained this
model of "colospheres” in 95% of patients.the
success of culturing this type of spheroid was
associated with the aggressiveness of the tu-
mor [35]. Jaganathan and his colleagues created
a cartless 3D model in vitro using lines of breast
cancer epithelial cells and fibroblasts cultured in
a magnetic stirrer incubator in collaboration with
NanoshuttlesTM. Fibroblasts were found more
on the periphery of three-dimensional structures,
while epithelial cells were located in the center. In
this model, the authors tried to reproduce the het-
erogeneity of the tumor environment observed
in vivo, so they used fibroblasts, thus simulating
the extracellular matrix. Treatment of the tumor
with doxorubicin resulted in inhibition of the
growth of the resulting 3D model [36].

Cultivation in gels

The interaction of the cell with the extracellu-
lar matrix (ECM) can modify cellular organization,
cell function, and response to therapy. In this re-
gard, there is a need to create a three-dimensional
culture model that repeats the role of ECM in vivo.

In this context, natural or synthetic hydrogels
are used [27] of natural origin (for example, Matri-

Table 3. The protocol for obtaining mammospheres from human breast tumor tissue

Ne p/p Steps

Keep the tumor material in a cold place

1 Put the sample into 100mm Petri platelets. Remove adipose tissue using sterile tools.

2 Add 2-3 ml of DMEM/F12 and chop the sample into pieces about 1 mm? in size with a sterile scalpel.

Resuspend tumor samples in 10 ml of DMEM containing proteolytic enzymes (3000 E / ml collagenase and
1000 E / ml hyaluronidase). Incubate at 37°C in a rotary shaker until all tissue fragments dissociate. Complete

3 dissociation takes from 1 to 3 hours. Time of dissociation vary depending on the tissue. (For example, breast
adenocarcinoma is usually more difficult to dissociate compared to mucosal carcinoma). Evaluate the degree of

dissociation in the hemocytometer every half hour.

Precipitate the fragments for 5 minutes, then transfer the supernatant into a 15 ml conical polypropylene tube

cells or mesenchymal stem cells).

and centrifuge at 200 g for 10 minutes at room temperature. Remove the capillary fluid and resuspend the cells in
1-5 ml of mammospheric culture medium (it is possible to use specialized culture media for growing tumor stem
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gel ™, collagen, alginate and fibrin), synthetic (for
example, polyethylene glycol or PEG) and some
semi-synthetic hydrogels that are a combination
of synthetic and natural polymers (for example,
hyaluronan, polypeptides) [30]. The cells are in-
serted into the upper part of the matrix after it has
solidified or mixed with a liquid hydrogel. In both
methods, tablets for cell culture are pre-coated
with hydrogel [37].

Examples of natural scaffolds are Matrigel ™
and collagen. Matrigel ™ is acommercial ECM that
includes basal membrane proteins from mouse
tumor cells Engelbreth-Holm-Swarm (EHS), such
as collagen IV, entactin, laminin perlecan, matrix
metalloproteinase-2, and growth factors neces-
sary for polarization, growth regulation, chemo-
therapeutic resistance, and cell adhesion [38].
Collagen —the most frequent fibrous protein —in
the composition of ECM provides strength, reg-
ulates cell adhesion, and participates in cell mi-
gration and chemotaxis. In three-dimensional
cultures, type | collagen is often used, but type Il
and Il collagen can also be used [39]. Like Matri-
gel ™, collagen varies from batch to batch and
has a low stiffness. In addition, natural hydrogels
can cause immunogenic reactions [40]. Variabil-
ity in properties may affect the reproducibility of
results and limit the use of such frameworks for
drug screening. To overcome the disadvantages
of natural hydrogels, synthetic alginate hydro-
gels have been developed. The use of synthetic
hydrogel allows you to control the biochemical
and mechanical properties of ECM. There are
PEG-based hydrogels, which may include cell
adhesion molecules, peptides, or bioactive nat-
ural polymers (collagen, fibrin) to enhance cellu-
lar activity [41]. Natural and synthetic hydrogels
have their limitations for re-determining tumor
ECM. Alternatively, semi-synthetic hydrogels can
be used. Semi-synthetic hydrogels can provide
a controlled environment. Hyaluronan-the main
component of natural ECM-is a biocompatible,
biodegradable polymer that does not cause im-
mune reactions. It has a high affinity for cell sur-
face receptors involved in cell proliferation, adhe-
sion, migration, and differentiation [42].
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Spontaneous formation of spheroids:

the method of non-adhesive surface

For this method, pre-coated plates are used, in
which the lower surface is hydrophilic, charged
neutrally, and covalently bound to the surface of
a polystyrene vessel. This coating prevents the
cells from adhering to the surface, causing the
cells to be suspended and therefore form three-
dimensional spheroids. The coating is stable,
non-cytotoxic and does not decompose. Howev-
er, there is a problem associated with the forma-
tion of inhomogeneous spheroids [37].

The 3D frame systems

De et.al a new 3D system for ex vivo culture
of circulating tumor cells (CTCs) from blood
samples of breast cancer patients using po-
ly-e-caprolactone (PCL) scaffolds was present-
ed. It has been shown that this 3D PCL-based
frame system can be used to study circulating
tumor cells [43].

Since breast cancer cell lines lose their original
tumor gene expression profiles when cultured in
a monolayer, a model was developed for cultur-
ing primary breast cancer cells by decellulariza-
tion of tumor-associated fibroblasts on three-
dimensional polymer scaffolds. The presence of
an extracellular matrix derived from tumor fibro-
blasts deposited on a polycaprolactone scaffold
promotes cell attachment and viability, which is
associated with higher levels of phosphorylated
kinase, which provides cell attachment via inte-
grins. Individual cells of primary breast cancer
self-organize into tumor spheroids during long-
term cultivation. In this model, the response of
tumors received from different patients to che-
motherapy drugs differed significantly from sam-
ple to sample. The authors suggest using this
model as an ex vivo platform for culturing prima-
ry cell lines to develop effective and personalized
chemotherapy regimens [44].

The magnetic levitation method

In this method, cells are grown to 80% con-
fluence, treated with hydrogels containing
magnetic iron oxide (MIO), and cultured over-
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night [45]. The treated cells are trypsinized and
placed in an ultra-low attached plate. Simulta-
neously, a cover with a neodymium magnet is
attached to the top of the plate. Spheroids be-
gin to form within a few hours at the air-liquid
phase boundary due to attraction to a magnet.
When cells aggregate with each other, they be-
gin to synthesize ECM proteins such as colla-
gen, fibronectin, and laminin. Spheroids can
be incubated for several days until they reach
the required size for research. This method has
many advantages: the growth rate of spheroids
is high compared to more common methods;
spheroids form their own ECM (there is no
need for an artificial framework), spheroids
have a size in the mm? range (this size better
reproduces the necrotic and hypoxic regions
found in tumors) and, finally, they do not require
a specialized nutrient medium. Disadvantages
include the high cost of MIO, as well as it’s pos-
sible cytotoxicity.

Microfluidic platforms

Microfluidic platforms are devices in which
living cells can be cultured and permanently in-
serted into micrometer-sized chambers. This
method allows precise control of the cellular mi-
croenvironment, ensuring continuous isolation of
growth factors or nutrients [46]. In the simplest
system, one microfluidic chamber contains one
type of cultured cell. It is also possible to study
the interaction between different cell types to
recreate the boundaries between different tis-
sues. To do this, micro-channels are connected
to each other through porous membranes lined
on opposite sides of different cell types (tumor/
organ on a chip). The goal is to create an environ-
ment in which different types of cells can interact
with each other. The organs on the chip allowed
us to recreate the entire complex structure and
environment, such as skin and hair [47], lungs
[48], liver [49] and intestines [50]. This method is
convenient for high-performance testing for var-
ious drugs, but requires special equipment. Re-
cently, a two-layer microfluidic device has been
developed that allows forming, cultivating and

testing drugs on 5000 spheroids of tumors of the
same size with different geometry of the culture
chamber (200x200 m? and 300x300 m?) [51].

Explantates

The method of cell explant culture is suitable
for the development of primary tumor cell lines.
This technique is the cultivation of small pieces
of tumor tissue (2-5 mm in size) in a culture me-
dium. This method significantly facilitates the
preservation of the native architecture of tissues
and microenvironment, which more fully reflects
the interactions in the tumor in vivo. However, ge-
netic variation can also occur in the culture being
re-grafted and persist in media containing serum.
In addition, it is possible to change the cell phe-
notype due to incorrect orientation of the explant
in the culture medium. This method requires se-
quential subcultivation to produce primary tumor
cell lines [6].

By direct explantation, Indian researchers were
able to obtain primary epithelial cells of the oral
cavity with a yield of up to 90% without microbial
expansion in the primary culture [52].

In the research Goldman et.al. suggest the
presence of dynamic phenotypic heterogeneity
in tumor cells, resulting from the use of chemo-
therapy, causing resistance to chemotherapy
drugs. The authors used explants extracted from
the biopsy material of breast cancer patients to
analyze the clinical consequences of metabolic
reprogramming [53].

Baird et. Al. conducted a study of the STING-li-
gand (the ligand that stimulates the interferon
gene) on an Explant model from patients under-
going resection for head and neck cancer to as-
sess the patient's tumor response to the ligand.
Treatment with sting ligands resulted in a statis-
tically significant increase in IFN-a secretion in
the Explant [54].

Muff researchers et.al it is believed that the Ex-
plant method is suitable for creating primary cell
lines of bone and soft tissue sarcoma obtained
from a patient, which opens up opportunities
for molecular analysis and drug testing for such
a heterogeneous group of tumors [55].
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Solid tumor culture based on patient-derived
explants (PDE) is increasingly being used for pre-
clinical evaluation of new therapeutics and for
the detection of biomarkers. Using mass spec-
trometry, a group of Australian scientists deter-
mined the degree of absorption of enzalutamide
in 11 explants from prostate tumor samples ob-
tained from 8 patients. At the same time, inho-
mogeneous intensity of the chemo drug signal
was observed in all samples, while a higher area
of the drug signal was recorded in the epithelial
tissue of the sample with the highest concentra-
tion of the drug [56].

The PDE model is also used to study hormone-
dependent tumors, such as prostate cancer and
breast cancer. PDE cultures obtained from pa-
tients with breast or prostate cancer were grown
on a gelatin sponge, which is a high-performance
and cost-effective method that preserves the
natural tissue architecture, microenvironment,
and key oncogenic factors [57].

In the Ricciardelli study et.al we used tissue
fragments about 5 mm? in size of the ovarian
tumor after cryopreservation, obtained from pa-
tients. It has been shown that this method of cul-
tivating explants using even pre-cryopreserved
tissue allows obtaining viable tumor cells with
the initial tumor microenvironment for introduc-
tion into the primary culture [58].

Karekla et.al have developed a platform for
evaluating the response to drugs in non-small cell
lung cancer, which will allow conducting preclin-
ical trials of new drug candidates. The research-
ers propose to use the samples of tumor tissues
obtained immediately after surgery. The authors
described an optimized model of ex vivo explant
culture that allows evaluating the response of
non-small cell lung cancer to therapy while pre-
serving the tumor microenvironment [59].

CONCLUSION

For decades, the gold standard for preclinical
research has been the use of cell lines. How-
ever, the long time that cells are maintained in
a monolayer, the subcultivation of cell lines used
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to produce a stable phenotype contributes to the
change in the original phenotype of the cell pop-
ulation. Closer collaboration between clinicians
and researchers, along with improved laboratory
and methodological approaches, has led to the
fact that primary cell lines have become a prom-
ising model in the field of tumor biology research,
as well as opened up wide prospects for the use
of these cultures in personalized medicine for
preclinical evaluation of chemotherapy drugs.
Primary cell lines have the advantages of pre-
serving the original phenotype and features of
the tumor, its microenvironment. Obtaining pri-
mary cultures is a rather complex process due
to the small number of initial tumor cells, as well
as the partial loss of cell viability after resection
of the tumor and the use of methods of material
disaggregation. Many researchers prefer enzy-
matic methods of dissociation of tumor tissues,
since mechanical dissociation is a more "rough”
method, while it is possible to obtain the neces-
sary number of viable cells when using two meth-
ods simultaneously. The traditional 2D culture
systems help to study the morphology and func-
tion of tumor cells, while losing important com-
ponents of the intercellular matrix and intercellu-
lar interactions important for cell differentiation
and proliferation. The 3D cultivation of primary
tumor lines allows you to create cultivation con-
ditions close to those of in vivo. The cell culture
in Matrigel improves the integration of signaling
pathways in cells, increases the expression of
biomarkers. Scaffold-based methods for cultur-
ing primary cell lines have become important,
especially in the past two decades. These meth-
ods can potentially overcome some of the lim-
itations of modern three-dimensional cell culture
methods, such as uneven cell distribution, inad-
equate nutrient diffusion, and uncontrolled size
of cell aggregates. The use of scaffolds allows
obtaining a membrane for attachment, prolifera-
tion and migration of tumor cells. Explant culture
is a promising method for obtaining primary cell
lines for use in personalized medicine and for
use in preclinical studies to evaluate the tumor
response to new candidate drugs. New methods
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and approaches are being developed to isolate
and obtain primary cell lines from tumor sam-
ples. The choice of the method of the tumor ma-
terial dissociation and the method of culturing

the primary cell line, provides an opportunity to
study the biology of the tumor in its various as-
pects and is an excellent preclinical tool for the
study of tumors in the in vitro systems.
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