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Introduction

Cell culture has been traditionally used in biomedical 
research as a well-established tool to avoid large-scale and 
cost- intensive tests on animals. Growing cells on flat and 
rigid substrate as a two dimensional (2D) monolayer is the 
most commonly used model in basic applicative research. 
Although 2D cell cultures are a good model for cell based 
methods, the limitations are evident when it comes to cel-
lular response to drug treatment or other external stimu-
li1. In the body, cells are naturally enclosed by extracel-
lular matrix (ECM) or in direct contact through tight 
junctions with other cells of the same or different lineages. 
Until recently, most of biological studies conducted on cell 
model were carried out mostly on cell monolayers in 2D 
form. This model is well-established, controlled, with uni-
form cell environment and can be monitored by micro-
scopic evaluation. Today, 2D model is replaced with three 
dimensional (3D) form of cell culture because of 2D incon-
sistencies with real time conditions.

3D cell culture is a new approach in scientific research 
platforms based on cell culture in vitro. In 3D, cells are 
grown as aggregates2, on a scaffold3,4, or embedded in gel5. 
3D cultured cells behave essentially different then 2D 
monolayers preserving or regaining major physiological 
properties possessed by the original cells in vivo6. Good 
example are multipotent mesenchymal stromal cell (MSC)-
derived hepatocytes grown in 3D model. They maintain 
functions such as albumin and urea synthesis, as well as 
better ammonia and drug clearance4. Loss of function in 
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hepatocytes and primary articular chondrocytes grown in 
2D can be prevented or restored by 3D culturing7,8.

 The most frequent usage of 3D is formation of aggre-
gates named from mammosphere9, micromass10, spher-
oids11, to micro fabricated tissues12 with emphasis on 
spheroids which we will consider in this work. 

3D Models and Applications 

In 3D culture, cells are formed in multilayer spheroids 
with cells in different stage of growth. Depending of re-
search requirements, 3D cell culture can be formed from 
one cell type forming monoculture or co-culture that con-
sists of different cell types. Viable dividing cells, are lo-
cated in the outer layer of the spheroid and are exposed to 
cellular medium. As shown in Figure 1, center of the 

Fig. 1. Formation of 3D cell spheroid and distribution of 
nutrients and metabolic products within the spheroids.
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spheroid is a hypoxic zone with cells in necrosis or apop-
tosis. Derda et al.13 indicated in cell-model called “cell-in-
gel-in-paper” (CiGiP) that proliferating cells are localized 
in the outer paper layer while necrotic and cell cycle ar-
rested cells are in the inner paper layer14 which correlates 
with tumor biopsy13. Similar to native tumor tissue, cells 
grown as 3D culture exhibit a strong proliferation gradi-
ent that reflects the distribution of oxygen, nutrients and 
energy from the outer to the inner side of the spheroid. 
Biological characterization of 3D spheroids strongly de-
pends on cell types and culturing conditions1,15–18. 

Establishing a 3D cell culture can be done with or with-
out a scaffold base with cells that have a natural tendency 
to aggregate and form spheroids. Scaffold free 3D cell cul-
ture methods involve aggregation of the cells in non-ad-
herent conditions. These models of 3D cell culture are 
achieved by using low adhesion plates with U- or V- bottom 
or by coating surface with poly hydroxyethyl methacrylate 
or agarose (Figures 2a and b). Additionally, scaffold free 
spheroids can be grown by hanging drop method, where 
the drop of media containing the cells promotes cell-to-cell 
interaction. Hanging drop method can be done using spe-
cially designed plates or Petri dishes (Figure 2 c and d)16. 
Furthermore, the spheroids can be formed in a bioreactor 
under dynamic culturing conditions with constant fluidic 
flow. By using spinner flasks or microgravity bioreactors 
it’s possible to produce a large-scale spheroid (Figure 3). 

Scaffold based modeling 3D cell culture uses constructs 
made of biological or artificial porous materials that serve 
as a support in the formation of 3D spheroid structures. 
Artificial scaffolds are made from a variety of materials 
with different porosities, permeability, surface chemistries 
and mechanical characteristics designed to mimic the mi-
croenvironment of specific tissues. Biological scaffolds 
mostly use Matrigel and collagen as structural support 
providing physiologically relevant microenvironment of 
growth factors, hormones and other molecules and simulat-
ing in vivo environment19. The porous matrix contributes 
to optimal permeability and nutrient diffusion, mediates 
radial gradients and protects cells from environmental per-
turbation facilitating adhesion and cell migration20.

One of the newest approaches to 3D cell culture forma-
tion is magnetic levitation. Cells are not normally mag-
netic and to be able to levitate they need to be fed with 
metal nanoparticles. After that by applying magnetic force 
cells are levitated on the interface between media and air. 
Method is suitable for all cell types. All components are 
biocompatible and do not interfere with testing external 

treatments such as drugs21. During levitation cells pro-
duce their own ECM and there is no specific media that 
has to be used. This approach is readily scalable and does 
not require adaptation of existing 2D protocols22. The 
seamless transition from 2D to magnetic levitation 3D 
culture makes it a good way to introduce cost effective 3D 
culture in your research.

Implementation of 3D cell culture is recognized as a 
good model for investigation of tissue and cell biology, tu-
mour biology, drug discovery and toxicity, as well as for 
tissue engineering15,23. Mostly, 3D cell culture systems pro-
voke rising interest in area of pharmacology and in vitro 
drug screening due to study of cell-cell interactions, hy-
poxia, drug penetration, response and resistance or produc-
tion/deposition of extracellular matrix24. Growing cells in 
a monolayer was the most commonly used model for detec-
tion and early characterization of new small molecules that 
represent good candidates for further development of anti-
tumor drugs. Although a good model for the formation of a 
potential molecular database, this model does not reflect 
the pathophysiology of solid tumours. Cells cultured in 2D 
exhibit modified gene expression and activation of signal-
ling pathways. They reproduce neither tight junctions and 

Fig. 2. Scaffold free 3D cell culture formation: a) cell monolayer, b) spheroid formation on a coated surface, c) spheroid formation in 
low attachment U-bottom well, d) hanging drop method on a specially designed plate, e) hanging drop method on a Petri dish lid.

Fig. 3. Spheroid formation in a bioreactor: a) spinner flask and 
b) rotating vessel.
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cell-to-cell interactions nor a gradient of pH, oxygen and 
nutrients, which are pivotal in tumour progression, chemo 
resistance and metastasis25. Native solid tumours often 
show hypoxia/necrosis, sporadic proliferation and uneven 
diffusion of drugs, which contributes to the different re-
sponse to treatment26,27. Accordingly, the study of drug 
discovery in 3D models allows better insight into tissue 
specific architecture, along with elements in the enclosing 
microenvironment, leading to better understanding of tu-
mour pathobiology16. This approach generates specific type 
of spheroids usually known as multicellular tumour spher-
oids (MCTS) which are anchorage-independent scaffold-
free spherical self-assembled aggregates25, like spheroids 
in Figure 4.  Formed spheroids may display tumour-specif-
ic characteristics like heterogeneous proliferation, oxygen 
and nutrient slope, necrotic centre as well as cell-to-cell and 
ECM-cell contact28–30. Other type of 3D spheroid cell model 
is anchorage-dependent multi-layered cell culture (MCCs) 
grown on a membrane or specific substrate for the purpose 
of drug diffusion evaluation16. Each of the mentioned mod-

els has a big importance in production of high -throughput, 
high replication, low-cost, point-of-care device for antitu-
mor drug testing in personalized medicine20.

Conclusion 

Overall, 3D culture is rapidly becoming the mainstay 
in laboratory practice. It is extremely valuable in differen-
tiation studies and cell physiology research. In drug de-
velopment surroundings it bridges the gap between con-
ventional 2D in vitro and animal models24 ultimately 
arising in improved translation and downsizing the num-
ber of animals in drug discovery programs16 and preclini-
cal research.
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Fig. 4. Hanging drop 3D cell model. Three tumour cell lines (Caco-2, HeLa, MCF-7) are grown in culture cell media for 96 hours 
before exposure to different dyes as follows: a) bright field; b) Hoechst 33258; c) fluorescein isothiocyanate – FITC; d) propidium 

iodide – PI; e) overlay of b), c) and d). Photos are taken by ZOETM Fluorescent Cell Imager (BIO RAD, USA) at blue LED channel 
(ex.355 nm / em 433 nm), green LED channel (ex.480 nm / em 517 nm), and red LED channel (ex.556 nm / em 615 nm) with 

measurement scale (100 µm).
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3D STANIČNA TEHNOLOGIJA U BIOMEDICINSKIM ISTRAŽIVANJIMA

S A Ž E T A K

Klasična dvodimenzionalna stanična kultura omogućila je veliki napredak u biomedicini, ali potrebno ju je unapri-
jediti kako bi odgovorila zahtjevima modernih biomedicinskih istraživanja. Monoslojna 2D kultura ne može replicirati 
tkivni odgovor i potrebno ju je nadopuniti iscrpnim istraživanjima na životinjama. Uzgoj stanica u trodimenzionalnim 
potpornim sustavima rezultira funkcionalnijim biomedicinskim modelima u odnosu na klasične monoslojne kulture. U 
ovisnosti o potrebama i složenosti istraživanja, 3D modeli se mogu formirati na nekoliko načina. Jednostavni sferoidi se 
mogu uzgojiti kao viseća kap te na slabo adherirajućim površinama dok se veliki sferoidi i ko-kulture uzgajaju u jačim 
sustavima podrške poput hidrogelova. Magnetska levitacija je jedan od načina pripreme koji omogućuje  najveću fleksibil-
nost u uzgoju sferoida. U radu ćemo ponuditi kratki pregled različitih 3D modela i njihovih karakteristika kako bismo 
olakšali odabir metode kod uspostave 3D kulture. 


