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3D-models creation based on solid tumor cell lines
for assessment of antitumor treatment
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Abstract — The creation of three-dimensional cellular
models promotes the study of tumor microenvironment. It
contributes to a more adequate assessment of the therapeutic
effects on malignant cells, which improves the prognostic value
of preclinical research and promotes the progress of effective
drug therapy for malignant tumors. In this study, 3D models
(tumoroids) were obtained from solid tumors cells of patients
treated at the N.N. Petrov National Medical Research Center of
Oncology. The therapeutic effect of chemotherapy on tumoroids
with previous treatment of patients was analyzed.
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Motivation and Aim

Motivation

A malignant tumor is a complex multi-component system,
which has individual characteristics for each patient. A model
system must adequately reproduce the key characteristics of
the tumor in order to study the molecular composition of the
tumor and its response to drug therapy.

The most common cell models in vitro for many decades
were two-dimensional (monolayer) cultures, in vivo - animal
models. However, these models have several disadvantages.
In particular, two-dimensional models are well reproducible,
have low cost in content, but practically do not retain
phenotypic similarity with the tumor material from which
they were derived. Animal models perfectly simulate the
complex three-dimensional arrangement of cells, the gradient
of substances, and features of the tumor microenvironment.
But this models are difficult to reproduce and expensive in
content.

Adequate model systems should reflect the anatomical and
physiological complexity of the malignant tumor that affects
the distribution of cellular receptors and various substances,
including drug molecules. Tumoroids (3D models) can be
used as a micromodel to reflect the main features of the
patient's tumor. They are as close in structure and
physiological properties to the natural tumor system as
possible, well reproducible and inexpensive to maintain [1].
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Aim

The aim of the study is experimental 3D models development
from solid tumor cell lines for imitation a tumor foci in vitro
and for creation a personalized approach in treatment of
malignant tumors.

Methods

Three cultures of tumor cells were used in the study: skin
melanoma (n=1), myxofibrosarcoma (n=1), embryonic
rhabdomyosarcoma (n=1). Cultures were derived from the
surgical material of patients and cryoconserved in the
biobank of the N.N. Petrov National Medical Research
Center of Oncology. Cells were cultivated in monolayer (2D-
format) and in the spheroids (3D-format), obtained by the
"hanging drop method" under standard conditions (37 °C, 5%
CO2, 100%) with using DMEM/F-12 medium, containing
20% fetal bovine serum and glutamine. Various clinical
chemotherapeutic agents and their combinations were used to
evaluate the chemosensitivity and invasive properties of
tumour cells cultivated in 3D systems. Selection of various
chemotherapeutic agents and their combinations, used in the
clinic, was carried out retrospectively on the basis of previous
patients treatment at the N.N. Petrov National Medical
Research Center of Oncology. (Table.1) [2].

TABLE I. SELECTION OF TEST DRUG TO STUDY THE
CHEMOSENSITIVITY AND INVASIVE POTENTIAL OF

TUMOROIDS IN ACCORDANCE WITH CLINICAL
TREATMENT OF PATIENTS
Cell culture Patient'f P re\iious Model system
Skin melanoma Paclitaxel Paclitaxel
Gemcitabine+Doce
taxel, Doxorubicin+
Myxofibrosarcoma Doxorubicin+ifosf ifosfamide;
amide. Paclitaxel
Embryonic Doxorubicin+tifosf | Doxorubicin+
rhabdomyosarcoma amide ifosfamide

MTT-test was used to evaluate chemoresistance of tumor
cells. Two concentrations of drug were used for MTT-test
staging: therapeutic (corresponding to 10% of the peak



concentration in blood plasma) and ten times higher than
therapeutic (corresponding to the peak concentration in blood
plasma - 100%). Tumor spheroids and monolayer cultures
were placed in the wells of the 96-well plate with the addition
of 200 pl of full nutrient medium (DMEM/F-12, 10% FBS,
Glu) (control group) and full nutrient medium (DMEM/F-12,
10% FBS, Glu) + drug and incubated during the time
corresponding to the period of drug half-life in the organism.
Then MTT (0.5 mg/ml) (Roche, Basel, Switzerland) was
introduced at the wells where monolayer cell lines and tumor
spheroids were cultivated and incubated under CO»-
conditions (+37°C, 5-6.5% CO,). After 4 hours 100 pl DMSO
per 1 hour was added to monolayer cultures and spheroids.
Optical density of the obtained solutions was measured on
iMark microplate photometer (Bio-Rad Laboratories, USA)
at wavelength 595 nm.

To assess the invasive potential tumoroids were placed in a
48-well pre-coated with a polymerized matrix plate with the
addition of 700 pl of full nutrient media (DMEM/F-12, 10%
FBS, Glu) (control group) and full nutrient media (DMEM/F-
12, 10% FBS, Glu) + drug for 96 hours in CelllQ (automated
cell culture and analysis system,CM Technologies Oy,
Finland). The CelllQ Analyser™ software (CM
Technologies Oy, Finland) was used to analyze changes in
the area occupied by a tumoroid (Area size).

Results
The  chemosensitivity to  the  combination  of
doxorubicint+ifosfamide was found in the

rhabdomyosarcoma cell culture in 2D and 3D-systems in the
MTT-test. Peak concentration of this drugs combination (1
pg/ml + 440 pg/ml) decrease 17% of tumor spheroids
viability, while in monolayers the number of live cells after
incubation was 59.5%. The invasive potential of the
spheroids was almost unchanged when peak concentrations
of drugs were added to the medium. This cell response to the
combination of doxorubicint+ifosfamide was correlated with
the clinical course of the disease in response to the
combination of antitumor drugs.

Sensitivity to the combination of doxorubicint+ifosfamide
was noted for the monolayer culture of myxofibrosarcoma,
while the tumoroids weren’t practically sensitive to such
therapy. Myxofibrosarcoma tumoroids showed the same
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response to the combination of doxorubicintifosfamide in
two concentrations (1 pg/ml + 440 pg/ml; 0.1 pg/ml + 44
pg/ml). The number of viable cells was 83 and 83.5%,
respectively. The maximum cytotoxic effect of the
combination of doxorubicin+ifosfamide was observed in
monolayer cultures. Addition of peak concentration (1 pg/ml
+ 440 pg/ml) leads to 59.5% of viable cells and for
therapeutic dose (0.1 pg/ml + 44 pg/ml) - 79.5. In the clinic
background of chemotherapy lines observed progression of
tumor disease. At the same time myxofibrosarcomas
tumoroids in vitro under the influence of paclitaxel (2,17
pg/ml; (0,217 pg/ml) demonstrated decrease of invasive
potential. Chemosensitivity to paclitaxel was also
demonstrated in MTT-test.

The changes results in the invasive potential by using the
automatic analytical system CellIQ in culturing on the matrix
with drug correlated with the results of sensitivity in MTT-
test for skin melanoma culture. Tumoroids don’t react to the
presence in the medium the peak paclitaxel concentration
(2.17 pg/ml). Melanoma tumoroids were reacted without
their invasive properties changing and proliferative activity,
which corresponds to the clinical course of the disease, in
which the progression was observed.

An individual comparative analysis of the chemotherapy
effectiveness and their combinations in vitro and in vivo on
tumor cells with different origins and cultivated in different
model systems, in general, demonstrates that tumoroids as a
test system for the selection of chemotherapy drugs and
individualization of patients treatment with malignant tumors
is justified.
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