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Abstract
To elucidate and understand complex physiological mechanisms, in vivo research is the gold standard. However,
in 1907, Harrison started the in vitro cell culture as we know today, opening a path for new assays and techniques.
This was a major advance in the scientific field. The possibility to monitor cell growth, differentiation and response
to any number of stimuli was a leap for drug trials and screening. More than 100 years has passed, and various cell
cultures techniques were developed and perfected. Diverse culture mediums and culture conditions were elaborated
to attend the scientist needs. Among those advances, three-dimensional cell culture was a major breakthrough that
enables a better representation of the in vivo microenvironmental characteristics. With those continuous advances in
cell culture, in vitro assays are getting more reliable providing results that better represent in vivo responses.

Background
The cell culture technique is widely explored in the research fields.
It aims to comprehend the cellular behavior and mechanisms in various
diseases, such as cancer. However, cell culture studies and assay are
only possible because in 1907, Harisson, a pioneer in cell culture, was
determined to study and understand the origin of nerve fibers. For that,
he developed a method to keep live cells in the laboratory, initiating the
in vitro cell culture procedures [1,2].
After the results obtained by Harrison, Alexis Carrel also focused
his studies in the in vitro culture and conservation of animal cells for
extended periods of time [1]. From those studies, other researches
such as Holtfreter, Moscona and Leighton, dedicated themselves to the
improvement of in vitro cell culture techniques. Since them, massive
advances were made in this field [3-5].
Initially, the monolayer cell culture was fundamental for cellular
research. However, the tissue specific architecture, cell-cell interactions,
mechanical and biochemical signals are lost in the simplified conditions
of the monolayer culture (2D) [2,6].
Since each tissue and cell type have specific needs and behavior,
different culture techniques and mediums were developed, to fulfill
the cells every need. Culture medium has a direct impact in the
development, nutrition and differentiation of cells. They can be
altered or supplemented to proper nourish the cells, however, it is of
fundamental importance to consider that tissues and organs are threedimensional structures, continuously perfused by the blood stream
[7]. That said, a significant difference is evident between the cellular
functions and behavior in a monolayer culture bathed by culture
medium, and a three-dimensional complex structure nurtured by the
blood stream [6,7].
In this way, aiming to mimic the cellular characteristics of an in vivo
environment, new methodologies have been proposed and developed,
enabling three-dimensional (3D) cell culture in vitro.

3D Cell Culture
The 3D cell culture represents an important advance in cellular
biology studies, since relevant biological aspects of the in vivo structures,
can now be better represented in vitro.
Although this formidable technique has receive more attention
in the scientific community in the last years, was Carrel in 1912 that
observed the direct relation between cells proliferation and growth
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medium availability, when he noticed that the central region of his cell
colonies presented a high incidence of necrosis. To solve this issue,
Carrel used silk treads as a scaffold for cells growth and development,
describing what could be the first three-dimensional cell culture
method, more than 100 years ago [1,8].
Based on Carrel’s idea, other platforms were developed aiming
to improve 3D cell culture techniques. Alternative methods for 3D
cell culture can present the use of scaffolds, similar to the experiment
conducted by Carrel, while others aim to use scaffold-free methods,
preventing the cell adhesion to the surface, and enabling the formation
of cellular spheroids. Zhao et al. [8] proposed the use of alginate
hydrogel for the culture of bovine embryos cells, to observe their
development in a 3D system. Andersen et al. [9] also presented this
system as a formidable tool for 3D cell culture; since alginate is a linear
anionic polysaccharide, with the capability of polymerize in a reversible
way in the presence of calcium or others divalent cations. Thereof, this
polysaccharide, when polymerized is nontoxic, biocompatible and can
be injected in animal models without harm.
Matrigel is another well explored system for the formation of
three-dimensional structures. Sodunke et al. [10] presented two
methodologies to create bulk micropatterns of matrigel, microtransfer
molding (microTM) and dry lift-off technique. This scaffold was used to
culture normal and cancer epithelial mammary cells in 3D. The results
showed that both cells were able to develop with phenotypes similar
to those observed in 3D cell cultures conducted by other techniques.
Furthermore, normal cells developed as predicted, with an organized
structure, while cancer cells presented a disorganized growth with
invasive behaviour. Dolega et al. [11] proposed a valuable model for cell
culture in matrigel, based on the use of matrigel beads with microfluidic
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flow control. Prostatic and breast cells were encapsulate on the beads,
and the acinus development was monitored. With this technique, each
bead function as one single 3D cell culture compartment, for single
cells to develop in one acinus per bead, facilitating the cell population
control and allowing the isolation and analysis of singles beads and
cells.
Another study based on scaffold technique was reported by RechaSancho and Semino [12], that used heparin based self-assembling
peptide scaffold (RAD16-I) as a 3D culture model to recover cartilage
phenotype of de-differentiated human articular chondrocytes. The
reestablishment of chondrogenic phenotype included: change in cell
morphology to a more elongated shape, synthesis of proteoglycans
(PGs) by cells, formation of a compacted structure with improved
mechanical properties and up-regulation of specific extracellular
matrix (ECM) proteins of mature cartilage.
There are also scaffold-free models that use, for example, constant
rotation systems, inhibiting the cells adhesion and promoting the
formation of cellular spheroids. Cha et al. [13] presented a simple
method for 3D mesenchymal stem cells culture, using a rotation
platform. In this system, the cells were maintained in constant
suspension with mild rotation, and were capable of forming cellular
spheroids, maintaining their viability, differentiation capabilities and
normal proliferation rates.
Other important advance in 3D cell culture is the use of the
magnetic levitation method (MLM), proposed by Haisler et al. [14].
This method use iron oxide (Fe2O3) and gold (Au) nanoparticles covered
with polylysine, and a magnetic apparatus to enable the formation
of a 3D structure. By this technique the cell remain suspended in an
air-liquid interface and are clustered together in a dense 3D spheroid
structure, by the application of an external magnetic field, provided by
the magnetic apparatus. Besides enabling the synthesis of extracellular
matrix components, this structural organization is able of mimicking
the cellular microenvironment in a more reliable way [14,15].
The MLM has been of great importance for the 3D cell culture studies,
because it allows the use of 3D cultured cell in other assays, such as
western blotting, immunofluorescence, qPCR, immunohistochemistry,
cellular invasion, differentiation, co-culture, and even for the selection
of biological targets against specific cells [16,17]. Molina et al. [18]
demonstrated a cellular invasion assay with human glioblastoma and
normal astrocytes cultures, to investigate the invasion mechanisms of
the former. Tseng et al. [19] used MLM to create co-culture models,
applying sequential assembly in various 3D cell cultures. Souza et al.
[17] applied the MLM in the culture of prostate tumor cell linage,
PC-3, to select specific RNA aptamers, since the authors claim that
the 3D cell culture enable better expression and exposure of specific
membrane surface proteins, besides mimicking the in vivo tumor
microenvironment.
Miyamoto et al. [20] used a different 3D culture technique, he used
a Tapered Stencil for Cluster Culture (TASCL) device, to create liver
spheroids in vitro in order to study drug discovery. The TASCL device
consists of microwells and has an overall size of 10 mm × 10 mm. It was
created using polydimethylsiloxane and can be placed on a six-well cell
culture. The cell suspension added to the device, sediment and forms a
cluster in the microwells. Another different 3D culture device also used
to perform drug testing was described by Patra et al. [21]. Spheroids of
human hepatocellular carcinoma cells (HepG2) were formed, cultured,
and treated with anti-cancer drugs inside a microfluidic device
composed of two polydimethylsiloxane (PDMS) layers.
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There are also methodological approaches that link scaffold and
scaffolds-free techniques. Laundos et al. [22] applied a rotary orbital
hydrodynamic culture system to single-cell suspensions of embryonic
stem (ES)-derived neural stem/progenitor cells (ES-NSPCs), to obtain
homogeneously-sized neurospheres. Then, these rotary neurospheres
were cultured in a 3D fibrin hydrogel, resulting in an increased
percentage of neuronal cells.
As we can see, the cell type and the 3D culture method, impacts on
cell organization and formation of different 3D structures.

2D versus 3D Cell Culture
2D cell culture fail to mimic in vivo state, as the monolayer
morphology allows that only a portion of the cell membrane contacts
with neighboring cells, and cells are not allowed to pile on top of
one another. Because oxygen, nutrient or waste gradients and true
extracellular matrix (ECM) are absent, the microenvironment is nonphysiologically uniform. Other limitations associated with 2D models
have been identified; such as the loss of tissue-specific architecture, cellto-cell interactions and mechanical and biochemical signals [23,24].
In contrast, the microenvironment generated by 3D cell culture
exhibits unique biochemical and morphological features more
representative of the in vivo state, once it permits cells to grow or
interact with its surroundings, resulting in relevant cell-cell and cellECM interactions. Such interactions are considered essential for
multiple cellular processes, including differentiation and proliferation
[23,24]. Because of multiple variables in the environment surroundings
cells in a 3D model, respond differently to stimuli when compared to
2D cultures [25].
The majority of developing targets identified from in vitro systems
fail in clinical trials due to either unacceptable toxicity or limited
efficacy in humans. This demonstrates that the traditional 2D cell
systems are ineffective in predicating clinical responses. On the other
hand, the 3D models tend to have better drug predicative value [23],
once they create an artificial environment that mimic more accurately
the in vivo cells [24]. Furthermore, the use of 3D models for in vitro
analysis, increase the relevance and efficiency of in vitro studies and
reduce the dependence on in vivo studies [26], which can reduce the
cost and time to identify new drug candidates [27]. Figure 1 represents
the main aspects and differences related to cell culture in 2D and 3D.

Differences

Figure 1: The keys aspects and differences between 2D and 3D cell cultures.
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3D Cell Culture and Cancer Researches
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Once the 3D cell culture simulates physiological in vivo conditions,
of a heterogeneous microenvironment, it can contribute to the
understanding of tumor cell growth and survival, therapy resistance
and identification of novel cancer targets [28,29]. Thereby, this method
is currently being used in a wide range of cancer researches.
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