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Abstract

Preclinical research to predict the effects of drugs and chemicals on humans is
commonly carried out either by cell culture studies in vitro condition or on animals in
vivo condition. While drug studies tested on cells cultured as a monolayer in plastic
flasks are incompatible with realistic results, falsifying findings can also be achieved
from in vivo studies performed on different species. In recent years, research on drug
tests using spheroid cultures formed by growing cells in three-dimensional (3D) in
vitro has attracted great interest. One of the techniques to form 3D spheroids
structures is the hanging-drop technique (HDT) in which spheroids are formed by
growing the cells in a drop suspended on superhydrophobic surfaces. In this study,
HEK-293 cells were investigated on parafilm surfaces displaying superhydrophobic
properties by growing in 2 pl volume using HDT in terms of spheroid formation.
Light microscopy images from spheroid structures were taken on different incubation
days and the area of spheroids was measured using the ImageJ program. Our study
holds important findings for a chip platform that can be developed for use in vitro
drug tests.
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1. Introduction

In order to assess the safety and efficiency of drugs or chemicals, preclinical studies such as 2
dimensional (2D) in vitro cell culture tests and animal works are unreliable since cells grow as a
monolayer on a plastic surface in vitro cell culture condition (Fig. 1A), and completely different
species are used in vivo models [1]. Interest in spheroids (Fig. 1B) or organoids obtained from
growing cells three dimensional (3D) in vitro has been gradually increasing due to mimicking the
complex morphology and physiological tasks of natural tissues [2].

Spheroids were first introduced by Moscona (1952) as cell aggregates in vitro cell suspension [3]
and using spheroids in cancer research was recognized by Sutherland in the 1970s. Term of
spheroid can simply be described as a spherical (-like) shape cell aggregates grown in vitro
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condition. To form spheroids, there are numerous techniques such as hanging-drop technique,
liquid overlay technique, microfluidics devices, and cultures on low-adhesive substrates [2]. The
hanging-drop technique (HDT) is one of the widely used technique and which is based on
sedimentation of cells growing in a droplet incubated upside down on a sterile petri dish (Fig.
1B) [4].
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Figure 1. A) 2D in vitro cell culture and B) 3D in vitro cell culture

For high-throughput fabrication of spheroids, defined size (a few hundred micrometers) and
composition are very crucial parameters in supplying an adequate amount of oxygen to the cells
located at the core of spheroids and in preventing necrotic damage [2]. Superhydrophobic
surfaces, minimizing contact with a solid substrate, and controlling positional adhesion, is an
important prerequisite for a high-throughput spheroid formation at low cost [5].

Parafilm, mainly made of paraffin wax, is highly hydrophobic and resistant to many chemical
compounds such as acidic and basic solutions and weak organic solvents. It is a suitable material
for microfluidic paper-based analytical devices (WPADs) due to its low cost, hydrophobicity, and
sticky and stretchable nature [6, 7].

The objective of this study was to form 3D spheroid structures on the Parafilm surface as a
platform mimicking natural tissues in order to use in tests analyzing drug efficiency. Here, we
present Parafilm as a new spheroid formation platform. Fig. 1B shows a schematic of the
spheroid formation in 2 pl volume of cell suspension on the Parafilm surface. Our results showed
that Parafilm has good physical and chemical properties for spheroid formation with its high
hydrophobicity and safety and it would be a promising platform material for microfluidic
biochips.

2. Materials and Method

2.1. Maintaince of cell line and culture conditions

Human epithelial cell line, HEK-293, was kindly provided to us by Dr. Ersin AKINCI at Akdeniz
University and cultured in DMEM medium supplemented with 10% bovine serum (v/v) and 1%
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antibiotics/antimycotics solution (v/v) (DMEM-10). HEK-293 cells were then maintained at
37 °C and 5% CO2 in an incubator (Nuve EC 160). HEK-293 cells grown on plastic flasks as a
monolayer were collected by trypsinization and cells in suspension mixed with trypan blue dye
(% 0.2) (1:1 v/v) were counted using a Neubauer counting chamber under a light microscope
(Olympus, CKX53). More than 80% confluent cells with at least 90% viability were used in the
cell culture experiments.

2.2. Characterization of Parafilm

In order to determine the thickness of Parafilm, 15 measurements from different areas were taken
using an electronic digital caliper.

The surface hydrophobicity of the Parafilm membrane was analyzed measuring the contact angle
using a goniometer (Kriiss Advance Drop Shape Analyzer, DSA100). The membrane was cut
into a thin strip before analyzed. For the measurement of the contact angle, measurements were
taken from 2 ul of distilled water (pH 7) or dilodomethane was dropped on the Parafilm strip.

The geometric mean method which is based on the contact angle measurement of 2 different
liquids deposited on to a solid surface, was used to calculate the surface free energy of Parafilm
using equation (1) described by Fernandez and Khayet (2015) [8]:

2 2
Jvé‘ v+ \/Y?d Y% = v;(1 + cosQ) 1)

Where y¢ is the dispersive component of the solid; y¢ is the dispersive component of the liquid;
y? is the non-dispersive component of the solid; y* is the non-dispersive component of the
liquid; y; is the total surface free energy or surface tension of the liquid and Q is the contact angle
measured between the liquid and the solid under study.
From the total surface tension and surface tension components estimated by the methods
described above, the solubility parameter (8) of the Parafilm surface was calculated using the
equation (2) [8]:

§ = (e)"? )

Where e, (mJ m~3) is the cohesive energy density, which is related to y, (mJ m2) as equation (3)

[8]:
e. = (vs/ 0-75)3/2 3)
2.3. Spheroid formation using HDT

For spheroid formation using HDT, previously published methods were followed with minor
modifications [4, 9]. Parafilm was sealed to the upper part of a sterile Petri dish (90 mm
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diameter; Isolab) using a forceps and Petri dishes, parafilm side up, were sterilized by incubating
in a laminar flow hood under UV exposure for 20 min (Biobase) (Fig. 2A). After UV
sterilization, 2 ul of cells suspended in culture media (1200 cells/2 ul DMEM-10) was pipetted
onto the Parafilm surface to form a drop (Fig. 2B). The bottom part of the Petri dish (85 mm
diameter; Isolab) was filled up to half with sterile phosphate-buffered saline (PBS) to provide
moisture and prevent drops from drying. The lid bearing drops was carefully closed and Petri
dishes were incubated upside down at 37 °C and 5% CO- in a humidified incubator.

Figure 2. A) UV streilization of Parafilm and B) Drops of cell suspension on the parafilm surface.

2.4. Light microscopy and morphometric analysis of spheroids

Spheroid images were acquired every day over 9 days, using an Inverted Light Microscope
(Olympus, CKX53) and analyzed using ImageJ Software. The diameter and area of at least 4
different spheroids were measured at different incubation times. Also, spheroids were stained
with trypan blue solution (% 0.2) (1:1 v/v) to observe dead and live cells under the microscope.

2.6. Statistical test

Statistical analyses of experimental data were performed using Minitab® 17 software. Differences
between means of diameters measured on different incubation time were determined using one-
way analysis of variance (ANOVA) with a multiple comparison with Tukey’s test (p >0.05). The
table showing diameters of spheroids were presented as means + standard deviation.

3. Results

3.1. Thickness of Parafilm and contact angle measurements

The average thickness of Parafilm was measured 135 + 1 um. The contact angle of water and

diiodomethane on the Parafilm surface was measured 111.15 + 0.55 and 67.53 + 0.41,
respectively (Fig. 3).
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Figure 3. Contact angle measurements of A) water B) diiodomethane on Parafilm surface

The surface free energy of Parafilm was calculated 12.47 using contact angles of water and
diiodomethane on the Parafilm. From surface free energy, the solubility parameter was calculated
8.23 for Parafilm. The surfaces with the lower surface energy result in higher contact angle, thus
display high hydrophobicity [10].

3.2. Morphometric analysis of spheroids

Trypsinized cells suspended in growth medium were observed to start clump together in 2 hours
of incubation and full spheroid-like cell aggregates were achieved at the end of the day-1
incubation. The perfect spheroid shape was being observed through 7 days following 2 days of
incubation. At the end of the day-14, a lot of dead cells surrounding spheroid were observed (Fig.
4). Irregular spheroid shapes observed in day-1 is getting in a more regular spheroidal shape with
incubation time; however, the spherical shapes were seen to be disaggregating with excess
incubation due to the dying cells at the surface. In short, more compact spheroids were observed
after day-1.

Day-3 Day-4 Day-7 Day-14

Figure 4. Images of spheroids on the parafilm surface observed through 14 days. Scale bars correspond to 250 pm.
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The highest diameter of spheroids was measured 212.73 um at day-1 using Image J software.
Following incubation days (through day-1 to -7) the spheroid size remained almost the same with
approximately 192 um. At day-14 the exact size of spheroids could not be measured due to the
excess number of dead cells surrounding the spheroid. The areas of spheroids were calculated
35530 pm? at day-1 and it remained approximately 29000 pm? during day-7 (Table 1).
Statistically significant differences in the diameters between the groups were not detected
(p>0.05).

Table 1. Calculated area (with standard deviations) and diameter of spheroids.

Day-1 Day-2 Day-3 Day-4 Day-7 Day-14

Area of spheroids

(um?) 35525+ 253 29131+160 28813+310 29266+ 558 28902 + 743 Nd”

Diameter of

. 212.73 192.64 191.58 193.08 191.88 Nd
spheroids (um)

*Nd: Not detected

Also, spheroids were stained with trypan blue dye to differentiate dead and live cells at the
surface of spheroids. The number of the dead cell population was increased with incubation time.
There were many cells that were imaged in blue color surrounding the spheroid surface at the end
of the day-7 and many more cells were observed spread around the spheroid structure at day-14

(Fig. 5).

Day-7

Day-1

Figure 5. Images of spheroids stained with trypan blue dye

4. Discussion

In the present work, we were able to observe spheroid structures formed by HEK-293 cells on the
Parafilm surface using the HDT technique. Various parameters such as cell type, cell density,
microwell or microstructure dimensions, and duration of incubation influence the spheroid
diameter. In order to produce spheroids in the desired diameter, cell size is the most crucial
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parameter that should be taken into consideration [11]. In a study performed with HepG2 (10’
cells/ml) and COS-7 (10° cells/ml) cells, spheroids in 200 pm and 80 pm size were produced,
respectively. The spheroid size of two different cell lines did not display an arithmetical increase
with cell number used. This conflict can be explained by the fact that Cos-7 cells have a larger
cell diameter than HepG2 cells. [12]. Corroborating with our findings, Liu and co-workers
produced spheroids with 201 um in diameter from HEK-293 cells cultivating them in a spinner
flask operated at 50 r/min for 7 days [13]. Unlike this study, however, the method described here
requires no specialized equipment or reagents and is therefore highly cost-effective. In another
study, spheroids were produced from HEK-293 cells using the HDT technique. In comparison to
our work, 10 ul cell suspension was directly dropped on a petri dish and 20 times more cells were
used in the aforementioned study [14]. With the new method we developed, similar findings
using less volume and cell number on the Parafilm surface have been achieved. The decreased
cell number was reported leading to the formation of less compact spheroids. However, it was
also speculated surface hydrophobicity was found as a key parameter in the production of more
compact spheroids (with a smaller diameter) since cells are easily getting concentrated in
suspension on hydrophobic surfaces [15]. Considering the calculated surface energy value, it can
be seen that the Parafilm was found quite hydrophobic. Besides, HDT was evaluated as a far
superior technique compared to round-bottom wells and Matrigel embedding techniques in order
to form well-organized spheroids. Taken together, the production of compact spheroids can be
attributed to the high hydrophobicity of Parafilm, which leads to ease of gathering of cells in
suspension despite using less cell number.

Conclusions

In summary, the 3D spheroid culture of HEK-293 cells has been successfully produced on the
Parafilm surface using HDT. As a result, we have achieved the formation of 3D spheroids that
are similar to previous studies, using a reduced volume of cell suspension and cell number on the
Parafilm surface. High hydrophobicity of the Parafilm, leading to gathering cells in a drop
incubated upside down, helps to the formation of compact spheroids. Therefore the coating
biochips with Parafilm-like high hydrophobic materials may increase the efficiency of spheroid
formation and so the development of cost-effective and equipment-free drug test systems with
higher performance.
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