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A Comparative Study of 3D Culture
Methods in Lung Cancer Research:
Finding the Optimal Path for
Spheroid Formation

Akciger Kanseri Arastirmalarida

3 Boyutlu Kiiltiir Y ontemlerinin
Karsilastirmali Incelemesi: Sferoid
Olusumu i¢in En Uygun Yontemin
Belirlenmesi

ABSTRACT

Objective

Cancer, characterized by uncontrolled cell proliferation and invasion into surroun-
ding tissues, is a leading cause of global mortality. Traditional two-dimensional (2D)
cell culture systems fail to adequately replicate the tumor microenvironment (TME).
In contrast, three-dimensional (3D) culture systems, which better simulate cell—cell
and cell-extracellular matrix (ECM) interactions, have become powerful tools in
biomedical research. This study aims to compare the spheroid formation capacity of
A549 lung cancer cells using three different 3D culture methods: ultra-low attach-
ment (ULA) plates, agarose hydrogel, and the hanging drop technique. The primary
objective is to identify the most effective spheroid formation method for A549 cells
and to provide findings that can guide future biomedical research, particularly in
cancer modeling, drug screening studies, and investigations of the tumor microen-
vironment.

Materials and Methods

AS549 cells were cultured using three different 3D culture methods: ultra-low attach-
ment plates, agarose hydrogel, and the hanging drop method. In the ultra-low attach-
ment method, spheroid formation was observed at cell densities of 5,000, 10,000,
and 30,000 cells/ml. In the agarose hydrogel method, agarose concentrations of 1%,
1.5%, and 2% were used to evaluate cell aggregation and spheroid stability. In the
hanging drop method, cells aggregated under the influence of gravity. Spheroid di-
ameter and area were analyzed using ImagelJ software.

Results

In this study, the spheroid formation capacity of A549 lung cancer cells was eval-
uated using three different three-dimensional (3D) culture methods. The ultra-low
attachment (ULA) plate method allowed cell aggregation; however, the resulting
structures were not large or compact enough to be classified as spheroids. The hang-
ing drop method showed that cells formed small clusters by day 3 but failed to
develop a compact and stable spheroid structure by day 7. The agarose hydrogel
method, particularly at a 2% agarose concentration, demonstrated the highest spher-
oid formation capacity compared to the other methods. In this method, spheroid for-
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mation began at 72 hours depending on cell density, with
significant growth observed at a density of 30,000 cells/
ml (p < 0.0001). Trypan Blue staining results indicated
that 2% agarose and cell densities of 10,000-30,000 cells/
ml provided the highest cell viability. Specifically, 4,800
viable cells were counted at a density of 30,000 cells/ml,
while 3,600 viable cells were observed at 10,000 cells/ml.
These findings suggest that the agarose hydrogel method,
especially at 2% agarose concentration and higher cell
densities, offers optimal spheroid formation and cell via-
bility for A549 lung cancer cells.

Conclusion

This study demonstrated that the agarose hydrogel method
effectively promoted stable and organized spheroid for-
mation in A549 lung cancer cells. Notably, the 2% agarose
concentration was identified as the most effective condi-
tion for maintaining cell viability and optimizing spheroid
size. In contrast, the ultra-low attachment (ULA) plate and
hanging drop methods exhibited limited spheroid forma-
tion capacity, resulting in less compact and disorganized
structures. These findings emphasize the critical role of
three-dimensional (3D) cell culture methods in biomedi-
cal research, particularly for experimental tumor model-
ing and drug screening studies. In this context, the agarose
hydrogel method, with its high spheroid formation capaci-
ty and ability to support cell viability, emerges as a prom-
ising 3D culture model that warrants further exploration
in cancer research.
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Amacg

Kanser, kontrolsiiz hiicre proliferasyonu ve ¢evre dokulara
invazyon ile karakterize edilen, kiiresel 6l¢ekte onemli bir
mortalite nedenidir. Geleneksel iki boyutlu (2B) hiicre
kiiltiirt sistemleri, tiimr mikrogevresini (tumor microen-
vironment, TME) yeterince taklit edemezken, ii¢ boyutlu
(3B) kiiltiir sistemleri, hiicre-hiicre ve hiicre-ekstraseliiler
matriks (ECM) etkilesimlerini daha gercekei bir sekil-
de modelleyerek biyomedikal arastirmalarda 6nemli bir
arag haline gelmistir. Bu ¢aligmada, A549 akciger kanseri
hiicrelerinin sferoid olusturma kapasiteleri, ii¢ farkli 3B
kiiltiir yontemi - ultra diisiik yapigma (ULA) ylizeyli kiiltiir
plakasi, agaroz hidrojel ve asili damla (hanging drop)
teknikleri - kullanilarak karsilagtirilmistir. Calismanin te-
mel amaci, A549 hiicreleri i¢in en etkili sferoid olusturma
yontemini belirleyerek elde edilen bulgularin gelecek bi-
yomedikal arastirmalara 6zellikle kanser modelleme, ilag
tarama caligmalar1 ve tiimor mikrogevresi arastirmalari
gibi uygulamalara rehberlik etmesini saglamaktir.

Gerec¢ ve Yontemler

A549 hiicreleri ultra diisiik tutunma plakasi, agaroz hidro-
jel ve asili damla yontemleri kullanilarak kiiltiire edilm-
istir. Ultra diisiik tutunma plakasi yonteminde 5 x 103, 1 x
104 ve 3 x 104 hiicre/ml yogunluklarinda sferoid olusumu
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gozlemlenmistir. Agaroz hidrojel yonteminde 1%, 1.5%
ve 2% agaroz konsantrasyonlar1 kullanilarak hiicre agre-
gasyonu ve sferoid stabilitesi degerlendirilmistir. Asili
damla yonteminde hiicreler yergekimi etkisiyle kiimelen-
mis, sferoid ¢ap1 ve alan1 ImageJ yazilimi ile analiz edil-
mistir.

Bulgular

Bu calismada, ii¢ farkli ii¢ boyutlu (3B) kiiltiir yontemi
kullanilarak A549 akciger kanseri hiicrelerinin sferoid
olusturma kapasiteleri degerlendirilmistir. Ultra diisiik
tutunma (ULA) plakasi yontemi, hiicre agregasyonuna
olanak saglamig ancak olusan yapilar sferoid olarak sini-
flandirilacak kadar biiyiik ve kompakt bir yap1 olustura-
mamustir. Asili damla (hanging drop) yontemi, hiicrelerin
3. giinde kiigiik kiimeler olusturdugunu, ancak 7. giine
kadar kompakt ve stabil bir sferoid yapisi gelistiremedigi-
ni gostermistir. Agaroz hidrojel yontemi ise ozellikle
%?2 agaroz konsantrasyonunda, diger yontemlere kiyasla
en yiiksek sferoid olusturma kapasitesini sergilemigtir.
Bu yontemde sferoid olusumu hiicre yogunluguna bagh
olarak 72. saatte baglamis ve 30.000 hiicre/ml yogun-
lugunda anlamli bir biiylime gozlenmistir (p < 0.0001).
Trypan Blue boyama sonuglari, %2 agaroz ve 1 x 104
— 3 x 104 hiicre/ml yogunluklarinda en yiiksek hiicre can-
liliginin elde edildigini ortaya koymustur. Bu baglamda,
30.000 hiicre/ml yogunlugunda 4.800 canli hiicre, 10.000
hiicre/ml yogunlugunda ise 3.600 canli hiicre sayilmistir.
Bu bulgular A549 akciger kanseri hiicreleri i¢in agaroz hi-
drojel yonteminin, 6zellikle %2 agaroz konsantrasyonu ve
yiiksek hiicre yogunlugunda optimum sferoid olusumu ve
hiicre canlili1 sagladigini ortaya koymaktadir.

Sonug¢

Bu calisma, agaroz hidrojel yonteminin A549 akciger
kanseri hiicrelerinde stabil ve organize sferoid olusumu
sagladigini gostermistir. Ozellikle %2 agaroz konsant-
rasyonu, hem hiicre canliligini koruma hem de sferoid
biiyiikliigiinii optimize etme agisindan en etkili kosul
olarak belirlenmistir. Ultra diisiik tutunma (ULA) plakasi
ve asilt damla (hanging drop) yontemleri ise sferoid
olusumu agisindan sinirli bir kapasite gostermis ve daha
az kompakt yapilar tretmistir. Elde edilen bulgular,
iic boyutlu (3B) hiicre kiiltiirii yontemlerinin, 6zellikle
deneysel timor modellemesi ve ila¢ tarama caligmalari
gibi biyomedikal arastirmalarda kritik bir rol oynadigin
vurgulamaktadir. Bu baglamda, agaroz hidrojel yontemi,
yiiksek sferoid olusum kapasitesi ve hiicre canlili1 sagla-
mast nedeniyle, kanser aragtirmalarinda etkili bir 3B
kiiltiir modeli olarak degerlendirilmeye acik bir yontem
olarak 6ne ¢ikmaktadir.

Anahtar Kelimeler
Akciger Kanseri, 3B Hiicre Kiiltiirii, Sferoid



INTRODUCTION

Cancer is a group of diseases characterized by the uncon-
trolled proliferation of cells and their infiltration into sur-
rounding tissues, remaining one of the leading causes of
death worldwide (1). The etiology of cancer arises from
a complex interplay between genetic and environmental
factors, resulting in distinct clinical subtypes and biologi-
cal behaviors. Lung cancer is a major cause of cancer-re-
lated mortality globally with millions of new cases diag-
nosed each year (2). This disease is particularly known for
its poor prognosis, especially in advanced stages, posing a
significant public health challenge in both developed and
developing countries. Histopathologically, lung cancer
is divided into small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC), with approximately 85%
of cases classified as NSCLC (3). The major subtypes of
NSCLC include adenocarcinoma, squamous cell carcino-
ma, and large cell carcinoma. Notably, the A549 cell line,
derived from adenocarcinoma, represents human alveolar
basal epithelial cells and was established by D.J. Giard
and colleagues in 1972 cell lines are frequently utilized in
cancer research due to their ability to mimic in vivo phys-
iology within in vitro environments (4, 5).

Cancer cells exist within complex microenvironments
where they are exposed to various physical and chemical
stimuli that significantly influence their behavior, prolif-
eration, and resistance to therapy (6). Accurately model-
ing these tumor microenvironments is crucial for under-
standing cancer biology and developing novel therapeutic
approaches. The molecular pathogenesis of lung cancer
involves the dysregulation of numerous oncogenes and tu-
mor suppressor genes (7). Specifically, targetable molecu-
lar alterations, such as mutations in the epidermal growth
factor receptor (EGFR) and anaplastic lymphoma kinase
(ALK), have paved the way for personalized treatment
strategies (8).

In vitro cell culture systems have been instrumental in
cancer research, providing critical insights into cellular
processes and responses to treatment. Traditional two-di-
mensional (2D) cell culture systems, which allow cells
to grow in a monolayer, have limitations in accurately
modeling cell-cell interactions and the tumor microenvi-
ronment (9, 10). These limitations mean that the behavior
of cancer cells in natural settings is not fully replicated,
restricting the translation of findings to clinical applica-
tions. To address these challenges, three-dimensional (3D)
cell culture systems have been developed, allowing cells
to grow in a more complex environment that better mim-
ics the natural cellular architecture (11). In 3D cultures,
cell-cell interactions, cell-matrix relationships, and cellu-
lar morphology are more faithfully preserved (12).

Spheroid formation in 3D cultures is particularly note-
worthy, offering significant advantages in modeling the
in vivo growth and metastatic potential of cancer cells
(13, 14). Spheroids enable the examination of cell pro-
liferation, differentiation, and apoptotic processes with-
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in a more natural microenvironment. Additionally, these
structures serve as ideal models for investigating cellular
resistance mechanisms to chemotherapy and radiother-
apy (15). In 3D culture systems, various methods such
as tumor spheroids, scaffold-based approaches, bioreac-
tors, microfluidic devices, and organoids are employed to
maintain and proliferate cancer cells. Among these, spher-
oids are recognized as one of the most compatible models,
playing a crucial role in the identification of new drugs
and biological agents across different cancer types (10).

Spheroid structures are particularly valuable in stem cell
research due to their biophysical similarity to in vivo solid
tumors, encompassing aspects such as cell morphology,
proliferation, oxygenation, nutrient uptake, and drug de-
livery (16). Stem cell spheroid cultures have gained atten-
tion in recent years, particularly in the context of cancer,
due to their enhanced anti-inflammatory, tissue regener-
ation, and repair potential. However, it is essential to se-
lect and optimize the most appropriate model for spheroid
formation based on the study's objectives and the specific
cancer type being investigated (17). In the case of lung
cancer, findings suggest that stem cells contribute to in-
creased tumor heterogeneity and accelerate the metastatic
process, underscoring the need for a detailed examination
of their biological behaviors. 3D culture systems provide
a suitable model for understanding the role of stem cells
in these complex processes and for developing potential
therapeutic strategies (18).

In this study, we aim to compare the formation of three-di-
mensional spheroids in lung cancer using different 3D cell
culture methods, evaluating their biological and therapeu-
tic implications. By utilizing the adenocarcinoma-derived
A549 cell line, our research compares three distinct 3D
methods-agarose hydrogel, ultra-low attachment (ULA)
plates, and hanging-drop techniques a platform that as-
sesses the viability and size of the formed spheroids. This
study adopts a multidisciplinary approach, integrating
both engineering and molecular biology to contribute to
the development of more effective strategies for lung can-
cer treatment. By evaluating the advantages and disadvan-
tages of different 3D culture methods, we aim to identify
more suitable models for lung cancer research and to fos-
ter the development of new therapeutic approaches.

MATERIALS and METHODS
Three-dimensional (3D) cell culture methods have gained
significant attention in biomedical research due to their su-
perior ability to mimic the in vivo environment compared
to traditional two-dimensional (2D) cultures. Among these
methods, agarose-based cultures, ultra-low attachment
(ULA) plates, and hanging drop techniques are prominent
for their unique advantages in promoting cell aggregation
(19-21).
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Cell Culture

This study was conducted on the non-human-derived A549
cell line. The A549 cell line used in this study was kindly
gifted from Dr. Zuhal Hamurcu. The cell line was original-
ly derived from human lung adenocarcinoma and is reg-
istered in the American Type Culture Collection (ATCC,
CCL-185). Since no experiments were performed on liv-
ing humans or animals, ethical approval is not required.
Cryogenic vials containing A549 cells were retrieved
from the -80°C storage or liquid nitrogen tank and quickly
thawed in a 37°C water bath for 1-2 minutes. To prevent
overheating, the vials were promptly removed from the
water bath. Subsequently, 1 ml of pre-warmed Dulbecco's
Modified Eagle Medium (DMEM; Gibco, #41966029),
containing 10% Fetal Bovine Serum (FBS) (Thermo Fish-
er, #10270106), supplemented with 1% penicillin-strep-
tomycin (Thermo Fisher Scientific, #15070063), 1% am-
photericin B (Thermo Fisher Scientific, #15290026), and
1% L-glutamine (STEMCELL Technologies Inc., #7100),
was slowly added to the vial. The cell suspension was
gently mixed using a pipette to ensure homogeneous dis-
tribution. The suspension was centrifuged at 300 x g for
5 minutes, and the supernatant was carefully discarded.
The resulting cell pellet was resuspended in 1 ml of fresh
medium. The prepared cell suspension was transferred to
a 25 cm? cell culture flask and incubated at 37°C in a hu-
midified atmosphere containing 5% CO; to promote pro-
liferation. Cell growth and morphology were monitored
daily using a bright-field microscope, and the medium was
replaced or cells were passaged when 80-90% confluency
was reached.

Three-Dimensional Cell Culture

When the cells reached 80-90% confluence, the medium
was removed, and the cells were detached with 0.25%
Trypsin-ethylenediaminetetraacetic acid (EDTA) (Ther-
mo Fisher, #25200056). The trypsinization process was
carried out in a 37°C, 5% CO, incubator for 3 minutes,
followed by the addition of an equal volume of medium
containing 10% fetal bovine serum (FBS)(Thermo Fisher,

AS549 cell line
| 500 cell
—_— 1000 cell
Trypsinize and 2500 cell
count cells 5000 cell
10.000 cell

Cell culture

#10270106) to neutralize trypsin activity. The cell suspen-
sion was centrifuged at 400 x g for 5 minutes, the super-
natant was discarded, and the cell pellet was resuspended
in the appropriate medium for seeding. Cells were counted
using a hemocytometer and allocated for three different
3D culture methods: ultra-low attachment plate, agarose
hydrogel, and hanging drop. The cell densities for each
culture method were determined based on the optimal cell
numbers reported in the literature:

Ultra-low attachment plates: To support the formation of
spherical cell aggregates, the minimum cell density was
set at 5 x 102 cells/well, while the maximum cell density
was 8 x 10? cells/well (22-24).

Agarose hydrogel method: To ensure homogeneous cell
distribution and growth within the gel, cell densities were
determined within the range of 5 x 10° to 8 x 10° cells/
well (25, 26).

Hanging drop method: To maintain the optimal spheroid
size and cell viability, cell densities of 5 x 102, 1 x 103, 3 x
10, and 5 x 10? cells/drop were used (27-29).

Ultra-Low Attachment Plate Method

ULA plates are designed to prevent cells from adhering
to the culture surface, thereby promoting the formation
of spheroids and organoids. These plates are coated with
hydrophilic materials, which inhibit cell attachment and
encourage cellular self-aggregation (30, 31). This method
is particularly useful for studying cell-cell interactions and
cancer cell behavior within a more physiologically rele-
vant context (32).

A 96-well ultra-low attachment plate was used to culture
A549 cells. Cells were seeded at densities of 5x102, 1 x
103,2,5x 103, 5x 103, 1 x 104, 2 x 104, 3 x 104, 4 x 104,
and 8 x 104 cells per well in serum-free DMEM containing
1% penicillin-streptomycin, 1% amphotericin B, and 1%
L-glutamine. The cells were incubated in a 37°C, 5% CO-
environment and monitored daily for 15 days. Fresh me-
dium (50 pl) was added every 2 days. Spheroid formation
was observed and captured using an inverted microscope
(Figure 1).

Cells were seeded on low-
adherent plates to promote
spheroid formation

e "
Q'l_.u‘.

|

L 20,000 cell

40.000 cell
80.000 cell

—

Did not reach the minimum
size required for
classification as a spheroid

Figure 1. Experimental workflow and time-course evaluation of spheroid formation at various cell densities using ultra-low attachment plates in the
AS549 cell line. This figure illustrates the experimental workflow and the process of spheroid formation. A549 cells were trypsinized and counted, then
seeded in ultra-low attachment plates with different cell densities (of 5x10%, 1x103, 2,5x103, 5x103, 1x10%, 2x10%, 3x10%, 4x10%, and 8x10* cells per
well). Although cell aggregation occurred the clusters did not reach the minimum size required for classification as spheroids.
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Agarose Hydrogel Method

Agarose, a versatile polysaccharide, serves as an excellent
scaffold for 3D cell cultures. Its neutral charge minimiz-
es non-specific interactions with biomolecules, making it
suitable for various applications in tissue engineering and
cell biology (33, 34). Studies have shown that agarose ef-
fectively encapsulates cells, facilitating the investigation
of mechanotransduction and cellular responses within a
controlled 3D microenvironment (35). Moreover, the bio-
compatibility of agarose and its ability to support cell vi-
ability make it a popular choice for generating spheroids
and other multicellular aggregates (36).

Agarose powder "
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Agarose (Sigma-Aldrich, #9012-36-6) was used to prepare
hydrogels in 96-well plates for cell aggregation. Agarose
solutions were prepared at concentrations of 1%, 1.5%,
and 2% (w/v) by dissolving agarose in DMEM. The solu-
tions were autoclaved at 120°C and 2 bar for 20 minutes,
then distributed into wells (50 pl per well) and allowed to
cool for 20 minutes. A549 cells were seeded at densities of
5x 103, 1x104 2x104,3x 104, 4x 104, and 8 x 104 cells
per well and incubated at 37°C in a 5% CO. incubator.
Half of the culture medium was replaced with fresh me-
dium every other day. Spheroid formation was monitored
daily, and images were captured (Figure 2).

=

| Powdered agarose was
| mixed with DMEM

—_—
==

A I Preparation of Agarose
Solution

[ En
1% (w/v) agarose 1.5% (w/v)
solution

2% (w/v) agarose
agarose solution solution

. Spheroid

Figure 2. Assessment of A549 spheroid formation and growth using the agarose hydrogel method, highlighting changes in cell aggregation, spheroid
size, and diameter across different cell densities and time points. Agarose hydrogel method for spheroid formation. A549 cell culture was prepared and
powdered agarose was mixed with DMEM to create agarose solutions of varying concentrations (1%, 1.5%, and 2%). Cells were seeded in 96-well
plates with different agarose concentrations and cell densities (5x103, 1x104, 2x104, 3x104, 4x104, and 8x104 cells per well). Spheroid formation was

successfully observed in specific conditions.

Hanging Drop Method

The hanging drop technique is another effective 3D cul-
ture method that utilizes gravity to facilitate cell aggrega-
tion and spheroid formation. In this method, droplets of
cell suspension are placed on the underside of a culture
plate lid, allowing cells to aggregate without adhering to
any surface (31, 37). This technique is widely employed
for creating tumor spheroids and studying their respons-
es to various therapeutic agents (37). The hanging drop
method is particularly advantageous due to its simplicity
and ability to produce uniform spheroids, which are es-
sential for reproducibility in experimental setups (31, 38).

For the hanging drop technique, a 100 mm culture dish
was utilized. In this method, cell aggregation is facilitated
by gravitational forces. Droplets of 15 ul, 17 pl, and 20 pl
were placed on the lid of the culture dish, each contain-
ing 5x 102, 1 x 103, 3 x 103, 5 x 103cells. The dish was
inverted and incubated at 37°C in a 5% CO, environment.
To prevent droplet evaporation and changes in osmolality,
5 ml of DPBS was added to the culture dish. Cell aggre-
gation and spheroid formation were monitored daily, and
images were captured. Fresh medium (2 pl per droplet)
was added every 2 days (Figure 3).
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Figure 3. Experimental workflow and time-course evaluation of spheroid formation using the hanging drop method at different cell densities and
volumes in the A549 cell line. Hanging drop method for spheroid formation. A549 cells were cultured and dispensed into drops containing different
cell densities (5x102, 1x103, 3x103, or 5x103 cells per drop) and volumes (15 pL, 17 pL, and 20 pL). Despite varying cell densities and volumes, no

spheroid formation was observed under these conditions.

Cell Viability Determination

Cell viability was assessed using the Trypan Blue ex-
clusion method, which differentiates viable cells from
non-viable ones. A 0.4% Trypan Blue solution was pre-
pared, and 10 pl of cell suspension was mixed with 10 pl
of the dye. The mixture was applied to a hemocytometer,
and cells were counted under an inverted microscope. The
following formulas were used to determine cell viability:
e Cell count/ml = (Average cell count in four squares) x
104 x (Dilution ratio) x 2

e % Viable cells = [1.00—(Number of blue cells /Total
number of cells)] x 100

Statistical Analysis

Microscopic images of spheroids were analyzed using Im-
agel software. The analysis settings were optimized for
the specific cell type to achieve accurate image segmenta-
tion. Parameters such as size, area, volume, and diameter
of the spheroids were measured and recorded. Statistical
significance across the compared cell densities and aga-
rose concentrations was assessed using Two-Way ANO-
VA. All analyses were conducted using GraphPad Prism
9.0.0 (GraphPad Software Inc., USA) statistical software,
and a p-value <0.05 was considered statistically signifi-
cant.

RESULTS

In the hanging drop and ULA 3D cell culture methods,
spheroid images were obtained on days 3, 5, and 7. How-
ever, due to cell death at day 7, no further images were
captured beyond this time point. In contrast, in the aga-
rose-based 3D culture, spheroid formation was observed,
and images were recorded on days 3, 5, 7, 9, and 11. The
findings obtained are consistent with the existing literature.

1. Cell Aggregation Profiles in Ultra-Low At-

tachment Plates

The results indicated that the ultra-low attachment method
allowed some degree of cell aggregation but the structures
formed were not large enough to be classified as spher-
oids. At higher seeding densities, cell aggregation in-
creased however the resulting structures still did not reach
the required size for spheroid classification (Figure 4).

2. Effectiveness of the Hanging Drop Method

in Spheroid Formation

The hanging-drop method failed to induce aggregation or
spheroid formation in any of the droplets. On Day 3, small
cell groups started to aggregate but the organization re-
mained loose and incomplete. By Day 5, the clusters grew
larger but they still lacked the compact structure typically
associated with mature spheroids. On Day 7, the cells con-
tinued to form dispersed clusters with no cohesive or sta-
ble spheroid formation. These observations indicate that
under the current experimental conditions, the hanging
drop method was insufficient to promote the development
of compact and mature spheroids (Figure 5).



3. Optimization of Spheroid Formation with

Agarose Hydrogel

The agarose hydrogel method successfully facilitated
spheroid formation. Cells aggregated over time, forming
stable spheroid structures. Various agarose concentrations
were tested, and the optimal concentration was determined
to be 2%, which supported consistent spheroid formation.
Spheroids were first detected 72 hours after cell seeding
(Figure 6).

Figiir 7 A and 7 B illustrate the changes in spheroid areas
of A549 cells at different cell densities (5 x 103, 1x 104
and 3 x 104cells) and time points (Days 3, 5, 7, 9, and
11). The spheroid areas increased significantly over time
and with higher cell densities (Figiir 7 A; ** p < 0.0001,
* p < 0.001). This increase was particularly pronounced
at higher cell densities (e.g., 3 x 104 cells/ml). However,
no statistically significant differences were observed be-
tween time points at the same cell density (Figure 7 B; p
> (0.0005). Similarly, the changes in spheroid diameters at
different time points and cell densities are shown in Figiir
7 C and Figiire 7 D. The spheroid diameter exhibited a sig-
nificant increase with higher cell densities (Figure 7 C; **
p <0.0001, * p <0.001). Nonetheless, no significant dif-
ferences were observed between time points at the same
cell density (Figure 7 D; p > 0.0005).

These findings indicate that cell density is the primary
determinant of spheroid size, while the agarose hydrogel
matrix provides a stable microenvironment for consistent
spheroid growth over time.

4. Cell Viability Analysis: Results from the
Trypan Blue Assay

The Trypan Blue assay was used to assess the viability
of spheroids. Trypan Blue is a dye that distinguishes be-
tween living and dead cells. The dye penetrates only the
membranes of dead cells and does not affect living cells.
Thus, living cells appear bright, allowing them to be dis-
tinguished from dead cells (Table I).

Table I. Effect of Agarose Concentration (1-2%) and Cell Density (104 and
3x104 cells) on Viable Cell Count (Mean + Standard Deviation, n = 3).

Agarose Live Cell Count Live Cell Count
Concentration (3x10* Density) (10° Density)
1% 2000 + 100 1500 + 50

1.5% 1100+ 50 1000 + 20

2% 4800 + 100 3600 + 100

All data are expressed as mean + standard deviation (SD). Statistical analyses were
performed using two-way analysis of variance (Two-Way ANOVA) followed by
the Post Hoc Tukey test. A p-value of p<0.05 was considered statistically signif-
icant.
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Table I demonstrates that 2% agarose is the most effective
concentration for maintaining cell viability at both 1 x 104
and 3 x 104 cell densities. In the 3 x 104 -cell condition,
2% agarose resulted in the highest live cell count (4800
cells), indicating that higher agarose concentrations provide
a stable and protective matrix to preserve cell integrity. In
contrast, 1.5% agarose was less effective, particularly un-
der high-density conditions, where metabolic stress and
nutrient competition are more pronounced. Similarly, at 1
x 104 cell density, 2% agarose yielded the best outcome,
with 3600 live cells, reinforcing the idea that this concen-
tration provides an optimal environment for cellular growth
and stability. The drop in live cell counts at 1.5% agarose
highlights the importance of carefully balancing agarose
concentration with cell density to reduce metabolic stress
and promote viability.

In summary, the Trypan Blue assay confirms that 2% aga-
rose offers the best support for maintaining cell viability
(Table I). While higher cell densities (3 x 104 cells) impose
greater metabolic demands and stress, optimizing the aga-
rose concentration can mitigate these effects. Therefore,
using 1 x 104 cells with 2% agarose represents the most fa-
vorable combination for achieving stable and viable 3D cell
models, particularly for applications such as tumor model-
ing (Figure 8 A).

Figure 8 A and 8 B illustrate the effects of agarose concen-
tration and cell density on cell count. The number of A549
cells significantly varied depending on both the agarose
concentration (1%, 1.5%, 2%) and the initial cell density
(3 x 104 and 1 x 104 cells per well). As shown in Figure 8
A, an increase in cell density within the same agarose con-
centration resulted in a significant rise in cell count (** p
< 0.0001). Similarly, Figure 8 B compares the combined
effects of agarose concentration and cell density on cell
count. Notably, higher agarose concentrations (e.g., 2%)
and cell densities (3 x 104 cells/well) led to significantly
higher cell counts (** p < 0.0001). These findings suggest
that both agarose concentration and cell density have a syn-
ergistic effect on cell viability and proliferation, with higher
concentrations providing a more supportive environment
for cell stability and growth.
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Day 3 Day 5

Figure 4. Spheroid formation of A549 cells over time. Images show cell aggregation and spheroid development on Days 3, 5, and 7. On Day 3, small
and loosely organized cell clusters are visible. By Day 5, cell aggregation has progressed, resulting in denser structures. On Day 7, more compact and
organized spheroid structures are observed, though full maturity is not yet reached (10X, size bar = 200 pm).

Day 3 Day 5 Day 7

Figure 5. Spheroid formation process of A549 cells on Days 3, 5, and 7. On Day 3, cells started to cluster loosely. By Day 5, cell aggregation increased
resulting in a denser structure. On Day 7, the cells spread over a larger area, but a fully compact spheroid structure had not yet formed. Day 3 (4X, size
bar 500 pm.) Day 5 and Day 7 (4X, size bar =200 pm)

Day 5 Day 7 Day 9 Day 11

Figure 6. Progressive development of A549 cell spheroids over time. Images show cell aggregation and spheroid formation on Days 3, 5, 7, 9, and 11.
Initial days exhibit dispersed cell clusters, while more compact and mature spheroids are observed in later days. (10X, size bar = 200 pm).
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Figure 7. A) Spheroid area measurements of A549 cells at different cell densities (5x103, 1x10%, 3x10* cells) and time points (Days 3, 5, 7,9, and 11)
using the agarose hydrogel method. Statistically significant differences in spheroid area are indicated (** p < 0.0001, * p < 0.001). The data show an
increase in spheroid area with time, particularly at higher cell densities. B) Spheroid area measurements of A549 cells at different cell densities (5x104,
1x103, and 3.104cells) and time points (Days 3, 5, 7, 9, and 11) using the agarose hydrogel method. Each color represents a specific time point: blue
for Day 3, red for Day 5, green for Day 7, purple for Day 9, and orange for Day 11. No statistically significant differences were observed across time
points at the same cell density (p > 0.0005). C) Spheroid diameter measurements of A549 cells at different cell densities (5x103, 1x10%, 3x10% cells) and
time points (Days 3, 5, 7, 9, and 11) using the agarose hydrogel method. Statistically significant differences in spheroid diameter are indicated (** p <
0.0001, * p<0.001). The data show an increase in spheroid diameter with time, particularly at higher cell densities. D) Spheroid diameter measurements
of A549 cells at different cell densities (5x103, 1x10%, 3x10* cells) and time points (Days 3, 5, 7, 9, and 11) using the agarose hydrogel method. Each
color represents a specific time point: blue for Day 3, red for Day 5, green for Day 7, purple for Day 9, and orange for Day 11. No statistically significant
differences were observed across time points at the same cell density (p > 0.0005).
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Figure 8. Effect of Different Agarose Concentrations and Cell Densities on Cell Proliferation. A) Effect of agarose concentration and cell density on cell
count. Bars represent cell counts at different agarose concentrations (1%, 1.5%, and 2%) and cell densities (3X104 and 1x10% cells per well). Each color
represents a different agarose concentration, with blue for 1%, red for 1.5%, and green for 2%. Significant differences between cell densities within each
agarose concentration group are indicated with **** (p < 0.0001). This demonstrates that both agarose concentration and cell density. B) Comparison
of cell counts across different agarose concentrations (1%, 1.5%, and 2%) and cell densities (3)(104 and 1x10% cells per well). Each color represents a
specific agarose concentration: blue for 1%, red for 1.5%, and green for 2%. Significant differences between each agarose concentration and cell density
combination are indicated with **** (p <0.0001). The data reveal a statistically significant effect of both agarose concentration and initial cell density
on cell viability, with higher cell counts generally observed at increased agarose concentrations and higher cell densities.

DISCUSSION

Cancer remains a leading cause of mortality worldwide,
characterized by uncontrolled cell proliferation and in-
vasion into surrounding tissues. However, cancer is not
merely an accumulation of unregulated proliferating cells;
rather, it consists of highly organized and interconnect-
ed structures. According to the latest GLOBOCAN 2022
data, approximately 20 million new cancer cases were di-
agnosed worldwide, leading to 9.7 million cancer-related
deaths. Lung cancer remains the most frequently diagnosed
malignancy, with 2.48 million new cases (12.4%) and 1.82
million deaths, making it the leading cause of cancer-re-
lated mortality globally (39). Similarly, in Turkey, 41,032
new lung cancer cases were reported, representing 17.1%
of all cancer cases, with 38,505 lung cancer-related deaths,
accounting for 29.7% of total cancer-related deaths (39).
Among lung cancer subtypes, non-small cell lung cancer
(NSCLC) accounts for approximately 80-85% of cases,
with adenocarcinoma being the most common histological
variant (40). The A549 cell line, derived from human lung
adenocarcinoma, was established by D.J. Giard et al. in
1972 and has since become a widely used in vitro model for
lung cancer research (LGC, CCL-185). Due to their ability
to mimic in vivo conditions, cell lines are an essential tool
in cancer research, particularly for investigating cancer bi-
ology, drug responses, and therapeutic strategies (41). For
decades, two-dimensional (2D) cell culture systems have
been the standard model in cancer research. However, these
models fail to accurately replicate the biological behavior
of cells within the tumor microenvironment. Since 2D cul-
tures grow on flat surfaces, they lack critical cell-cell and

Bo

cell-extracellular matrix (ECM) interactions, leading to
discrepancies in cell proliferation, gene expression, and
drug response when compared to in vivo tumors (42). Con-
sequently, three-dimensional (3D) culture techniques have
gained significant attention as they enable cells to self-or-
ganize into structures that more closely resemble natural
tumor architecture (11, 19). Studies have demonstrated that
tumor cells cultured in 3D environments exhibit gene ex-
pression profiles more closely aligned with clinical tumor
samples than those cultured in 2D systems (43).

Thus, 3D culture models provide a more predictive and
physiologically relevant platform for cancer research and
the development of novel therapeutic strategies. This study
compared three distinct 3D culture techniques—ultra-low
attachment plates (ULA), the hanging drop method, and the
agarose hydrogel method—to evaluate their effectiveness
in generating A549 lung cancer spheroids. The results re-
vealed substantial differences between the methods, with
the agarose hydrogel method emerging as the most efficient
and reliable approach for producing stable and compact
spheroids. The ULA method facilitated limited cell aggre-
gation, as shown in Figure 1 and Figure 4. At higher cell
densities (e.g., 4 x 104and 8 x 104 cells/ml), clusters were
observed; however, these structures lacked sufficient com-
pactness for classification as spheroids. Over time, small
and loosely organized clusters formed by day 3 progressed
to denser structures by day 7, yet these structures remained
immature. These findings align with previous research,
which has shown that while ULA plates promote initial ag-
gregation, they lack the structural support required for the
development of stable spheroids (44, 45).



Similarly, the hanging drop method failed to produce co-
hesive spheroids under the tested conditions. As depicted
in Figiir 2 and Figiire 5, cell clusters remained loose and
disorganized throughout the experiment, and by day 7,
although larger aggregates had formed, they lacked com-
pact spheroid structure. These findings are consistent with
previous studies indicating that hanging drop cultures are
less effective for cell lines lacking strong intrinsic adhesion
properties or requiring scaffold-like support for proper or-
ganization (46).

In contrast, the agarose hydrogel method successfully
promoted robust spheroid formation, particularly at a 2%
agarose concentration and cell densities of 1 x 104 to 3 x
104 cells/ml. As shown in Figiir 3 and Figiir 6, spheroids
were detectable by day 3 and became progressively more
compact and organized by day 11. Quantitative analyses
revealed significant increases in spheroid area and diame-
ter over time, particularly at higher cell densities (e.g., 3 X
104 cells; Figiir 7 A- Figlir 7 D, p < 0.0001). These find-
ings suggest that the semi-solid agarose matrix provides
mechanical support while promoting cell-cell interactions,
which is consistent with previous studies (47).

The cell viability analysis further highlighted the advan-
tages of the agarose hydrogel system. As shown in Table I
and Figure 8 A and 8 B, 2% agarose supported the highest
viable cell counts at both 1 x 104 and 3 x 104 cell densities,
with statistically significant differences across conditions (p
<0.0001). These findings emphasize the importance of op-
timizing agarose concentration and cell density to balance
structural support with nutrient diffusion, both of which are
crucial for maintaining cell viability and proliferation in 3D
cultures.

Overall, the agarose hydrogel method outperformed the
ULA plate and hanging drop techniques in generating
consistent, compact, and viable spheroids. The semi-solid
agarose matrix mimics in vivo tumor conditions, making
it a suitable model for cancer biology and drug response
studies. However, further studies incorporating additional
lung cancer cell lines and investigating hypoxia and nutri-
ent gradients are recommended to enhance the physiologi-
cal relevance of these findings.

Varol Z. et al. PNGRYE BRI RY

This study contributes to the growing body of evidence
supporting 3D spheroid culture as a robust tool for cancer
research. By tailoring culture conditions to cell-specific re-
quirements, researchers can develop more predictive tumor
models, ultimately improving translational outcomes in
drug discovery and therapeutic testing.

Ethics Committee Approval

This study does not involve human participants or animal
experiments. Therefore, ethics committee approval was not
required.

Informed Consent

As this research was conducted using the A549 cell line and
does not include human participants, informed consent is
not applicable.

Author Contributions

Concept — Z.V., S.Y.; Design — Z.V., E.A.B., M.S.K.; Su-
pervision - S.Y., M.D.S.; Resources - Z.V., E.A.B., M.S.K;
Materials - Z.V., E.A.B., M.S.K., N.M.O.; Data Collection
and/or Processing - Z.V., E.A.B., M.S. K., N.M.O.; Analysis
and/or Interpretation —-M.S.K., M.D.S.; Literature Search -
Z.V.; Writing Manuscript - Z.V., E.AB., M.SK, M.D.S,;
Critical Review - Z.V., E.A.B., M.SK., M.D.S., S.Y.

Conflict of Interest
The authors declare no conflict of interest.

Financial Disclosure
This study was supported by TUBITAK 2209-A University
Students Research Projects Support Program.



—_
<
.
53
N
=
e
5
>
—_
=
=
N
—_
el
[a\]
S
S
=l
§
el
<
<

10.

11.

12.

13.

Brown TJ, Reiss KA, O'Hara MH. Advancements
in systemic therapy for pancreatic cancer. Am Soc
Clin Oncol Educ Book 2023; 43:€397082.

Dela Cruz CS, Tanoue LT, Matthay RA. Lung can-
cer: epidemiology, etiology, and prevention. Clin
Chest Med 2011; 32(4):605-44. StatPearls. Trea-
sure Island (FL): StatPearls Publishing; 2024.

Giard DJ, Aaronson SA, Todaro GJ, Arnstein P,
Kersey JH, Dosik H, Parks WP. In vitro cultiva-
tion of human tumors: establishment of cell lines
derived from a series of solid tumors. J Natl Cancer
Inst 1973; 51(5):1417-23.

Nazari M. Use of cell lines in cancer research. Cell
Biol Rev 2020; 9(1):45-50.

Dominiak A, Chelstowska B, Olejarz W, Nowicka
G. Communication in the cancer microenvironment
as a target for therapeutic interventions. Cancers
2020; 12(5):1232.

Hoang T, Landi MT. Molecular pathogenesis of
lung cancer. Lung Cancer 2022; 165:23-35.

Bennati C, Paglialunga L, Ricciuti B, Metro G,
Marcomigni L, Gili A, Crino L. Targeting EGFR
and ALK in NSCLC: current evidence and future
perspective. Lung Cancer Manag 2016; 5(2):79-90.

Atat OE, Farzaneh Z, Pourhamzeh M, Taki F, Abi-
Habib R, Vosough M, El-Sibai M. 3D modeling in
cancer studies. Hum Cell 2022; 35(1):23-36.

Poornima K, Francis AP, Hoda M, Eladl MA,
Subramanian S, Veeraraghavan VP, Rajagopalan
R. Implications of three-dimensional cell culture
in cancer therapeutic research. Front Oncol 2022;
12:891673.

Duval K, Grover H, Han LH, Mou Y, Pegoraro
AF, Fredberg J, Chen Z. Modeling physiological
events in 2D vs. 3D cell culture. Physiology 2017
32(4):266-77.

Jubelin C, Mufioz-Garcia J, Griscom L, Cochon-
neau D, Ollivier E, Heymann MF, Vallette FM,
Oliver L, Heymann D. Three-dimensional in vitro
culture models in oncology research. Cell Biosci
2022; 12(1):155.

Pinto M, Alves PM, Cardoso C. 3D models for
studying cancer and drug resistance. Cancer Cell
Int 2020; 20(1):123-34.

Yun C, Kim SH, Kim KM, Yang MH, Byun MR,
Kim JH, Jung YS. Advantages of using 3D spheroid
culture systems in toxicological and pharmacologi-
cal assessment for osteogenesis research. Int J Mol
Sci 2024; 25(5):2512.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

El Harane S, Zidi B, El Harane N, Krause KH, Mat-
thes T, Preynat-Seauve O. Cancer spheroids and
organoids as novel tools for research and therapy:
state of the art and challenges to guide precision
medicine. Cells 2023; 12(7):1001.

Abuwatfa WH, Pitt WG, Husseini GA. Scaf-
fold-based 3D cell culture models in cancer re-
search. J Biomed Sci 2024; 31(7):1-12.

Dutta D, Heo I, Clevers H. Organoids: an in vitro
model for cancer research. Cell 2017; 173(6):1310-
25.

Chehelgerdi M, Behdarvand Dehkordi F, Chehel-
gerdi M, Kabiri H, Salehian-Dehkordi H, Abdol-
vand M, Ranjbarnejad T. Exploring the promising
potential of induced pluripotent stem cells in cancer
research and therapy. Mol Cancer 2023; 22(1):189.

Thakur G, Bok EY, Kim SB, Jo CH, Oh SJ, Baek
JC, Rho GJ. Scaffold-free 3D culturing enhances
pluripotency, immunomodulatory factors, and dif-
ferentiation potential of Wharton’s jelly-mesenchy-
mal stem cells. EurJ Cell Biol 2022; 101(3):151245.

Kim W, Gwon Y, Park S, Kim H, Kim J. Therapeu-
tic strategies of three-dimensional stem cell spher-
oids and organoids for tissue repair and regenera-
tion. Bioact Mater 2023; 19:50-74.

Demirel G, Koltuk G. The importance of 3D cell
culture in drug discovery and development. Front
Life Sci Relat Technol 2024; 5(3):224-30.

Nazari SS. Generation of 3D tumor spheroids with
encapsulating basement membranes for invasion
studies. Curr Protoc Cell Biol 2020; 87(1):e105.

Ivascu A, Kubbies M. Rapid generation of sin-
gle-tumor spheroids for high-throughput cell func-
tion and toxicity analysis. J Biomol Screen 2006;
11(8):922-32.

Saleh F, Harb A, Soudani N, Zaraket H. A three-di-
mensional A549 cell culture model to study respi-
ratory syncytial virus infections. J Infect Public
Health 2020; 13(8):1142-7.

Horning JL, Sahoo SK, Vijayaraghavalu S, Dimi-
trijevic S, Vasir JK, Jain TK, Labhasetwar V. 3-D
tumor model for in vitro evaluation of anticancer
drugs. Mol Pharm 2008; 5(5):849-62.

Lee JM, Dedhar S, Kalluri R, Thompson EW. The
epithelial-mesenchymal transition: new insights
in signaling, development, and disease. J Cell Biol
2006; 172(7):973-81.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kelm JM, Timmins NE, Brown CJ, Fussenegger
M, Nielsen LK. Method for generation of homoge-
neous multicellular tumor spheroids applicable to a
wide variety of cell types. Biotechnol Bioeng 2003;
83(2):173-80.

Fennema E, Rivron N, Rouwkema J, van Blitter-
swijk C, De Boer J. Spheroid culture as a tool for
creating 3D complex tissues. Trends Biotechnol
2013;31(2):108-15.

Froehlich K, Haeger JD, Heger J, Pastuschek J,
Photini SM, Yan Y, Schmidt A. Generation of mul-
ticellular breast cancer tumor spheroids: compari-
son of different protocols. ] Mammary Gland Biol
Neoplasia 2016; 21:89-98.

Vitacolonna M, Bruch R, Agaci A, Nuernberg E,
Cesetti T, Keller F, Rudolf R. A multiparametric
analysis reveals differential behavior of spher-
oid cultures on distinct ultra-low attachment plate
types. Front Bioeng Biotechnol 2024; 12: 1422235.

Langhans SA. Three-dimensional in vitro cell cul-
ture models in drug discovery and drug reposition-
ing. Front Pharmacol 2018; 9:6.

Nath S, Devi GR. Three-dimensional culture sys-
tems in cancer research: Focus on tumor spheroid
model. Pharmacol Ther 2016; 163:94-108.

Park K, Nam Y, Choi Y. An agarose gel-based neu-
rosphere culture system leads to enrichment of neu-
ronal lineage cells in vitro. In Vitro Cell Dev Biol
Anim 2015; 51:455-62.

Tanaka N, Moriguchi H, Sato A, Kawai T, Shimba
K, Jimbo Y, Tanaka Y. Microcasting with agarose
gel via degassed polydimethylsiloxane molds for
repellency-guided cell patterning. RSC Adv 2016;
6(60):54754-62.

Wang X, June RK, Pierce DM. A 3-D constitutive
model for finite element analyses of agarose with a
range of gel concentrations. ] Mech Behav Biomed
Mater 2021; 114:104150.

Loépez-Marcial GR, Zeng AY, Osuna C, Dennis
J, Garcia JM, O’Connell GD. Agarose-based hy-
drogels as suitable bioprinting materials for tis-
sue engineering. ACS Biomater Sci Eng 2018;
4(10):3610-16.

Ma R, Mandell J, Lu F, Heim T, Schoedel K, Du-
ensing A, Weiss KR. Do patient-derived spher-
oid culture models have relevance in chondro-
sarcoma research? Clin Orthop Relat Res 2021;
479(3):477-90.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

Nath S, Devi GR. Three-dimensional culture sys-
tems in cancer research: Focus on tumor spheroid
model. Pharmacol Ther 2016; 163:94-108.

Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL,
Soerjomataram I, Jemal A. Global cancer statistics
2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 2024; 74(3):229-63.

Tomasetti C, Vogelstein B. Variation in cancer risk
among tissues can be explained by the number of
stem cell divisions. Science 2015; 347(6217):78-81.

Fang Y, Eglen RM. Three-dimensional cell cultures
in drug discovery and development. SLAS Discov
2017; 22(5):456-72.

Tevis KM, Colson YL, Grinstaff MW. Embedded
spheroids as models of the cancer microenviron-
ment. Adv Biosyst 2017; 1(10):1700083.

Edmondson R, Broglie JJ, Adcock AF, Yang L.
Three-dimensional cell culture systems and their
applications in drug discovery and cell-based bio-
sensors. Assay Drug Dev Technol 2014; 12(4):207-
18.

Friedrich J, Seidel C, Ebner R, Kunz-Schughart LA.
Spheroid-based drug screen: considerations and
practical approach. Nat Protoc 2009; 4(3):309-24.

Vinci M, Gowan S, Boxall F, Patterson L, Zimmer-
mann M, Court W, Eccles SA. Advances in estab-
lishment and analysis of three-dimensional tumor
spheroid-based functional assays for target valida-
tion and drug evaluation. BMC Biol 2012; 10:1-21.

Timmins NE, Nielsen LK. Generation of multicel-
lular tumor spheroids by the hanging-drop method.
Tissue Eng 2007; 141-51.

Long L, Huang G, Zhu H, Guo Y, Liu Y, Huo J.
Down-regulation of miR-138 promotes colorectal
cancer metastasis via directly targeting TWIST2. J
Transl Med 2013; 11:1-10.

Quarta A, Gallo N, Vergara D, Salvatore L, Nobile
C, Ragusa A, Gaballo A. Investigation on the com-
position of agarose—collagen I blended hydrogels
as matrices for the growth of spheroids from breast
cancer cell lines. Pharmaceutics. 2021;13(7):963.

<
-
5
N
S
s
>
—
—
j
[\
—
\O
[\
(=3
N
—
il
=
o
5
<




