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ABSTRACT 
Two-dimensional (2D) cell culture systems are important tools for basic in vitro research. However, 

they form a thin monolayer structure and poorly mimic the complex in vivo conditions in terms of 

biochemical signals, cell-cell and cell- extracellular matrix (ECM) interactions. In this study, we 

performed a comparative study on SH-SY5Y and SK-N-AS neuroblastoma cell lines in terms of their 

microtissue forming capacity. Both cell lines are commonly used to model neurodegenerative diseases 

in vitro. Cells were cultured using 3D Petri Dish
®
 technique.  The cells’ microtissue forming capacity 

was observed morphologically and microtissues’ size was analized. Results indicate that microtissue 

forming capacity of SH-SY5Ycell line was better than that of SK-N-AS cell line. SH-SY5Y 

microtissues can be used as an alternative, scaffold-free in vitro 3D model for neurodegenerative 

diseases and neuroblastoma research. 
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ÖZ 

İki boyutlu (2B) hücre kültür sistemleri temel in vitro araştırmalar için önemli araçlar olmasına 

rağmen, biyokimyasal sinyal iletimi, hücre-hücre ve hücre-matris etkileşimleri gibi kompleks koşulları 

taklit ederken, in vivo modellere göre zayıf kalmaktadır. Bu çalışmada, in vitro nörodejeneratif 

hastalık model hücreleri olarak sıklıkla kullanılan SH-SY5Y ve SK-N-AS nöroblastom hücre 

hatlarının, 3D Petri Dish
®
 tekniği ile mikrodoku oluşturma kapasiteleri karşılaştırılmış olup, 

mikrodokuların morfolojileri gözlemlenmiş ve boyut analizleri gerçekleştirilmiştir. Sonuç olarak, SH-

SY5Y mikrodokularının nörodejeneratif hastalıklar  ve nöroblastoma çalışmaları için alternatif bir 3B 

model olabileceği belirlenmiştir. 
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1. INTRODUCTION 

 

 When cells are cultivated on flat 2D culture systems, they form a thin non-physiological 

monolayer structure and poorly mimic the complex conditions like biochemical signals and 

nutrient gradients that are essential for tissue functioning, cell morphology, in vivo like cell-

cell and cell-extracellular matrix (ECM) interactions, and coordinated assembly of cells in 

living organism [1]. Three-dimensional (3D) cell culture systems eliminate all these 

drawbacks of 2D cell culture systems, provide a high surface area for growth and migration, 

which can be tuned to support other cell behaviors, such as morphology, viability, 

proliferation, response to stimuli, differentiation or maturation and mimic human tissue 

micro-environment, pathological conditions and biological mechanisms much more closely 

[1, 2]. 3D culture systems are used in an extensive area of cell-based studies [3], including 

cell adhesion/migration, tumour biology [4-6], stem cell research [7], regenerative medicine, 

tissue engineering and  preclinical testing in drug discovery [8-11]. 

 

 There are several approaches for culturing cells in 3D including scaffolds and scaffold-

free techniques. Scaffold-free cultures are advantegous in providing self-assembly of cells and 

true physiological interactions between different types of cells without any secondary 

interfering material [12-14]. One of the scaffold-free methods is the micromolded technique 

utilizing nonadhesive hydrogels, cells of either one type or of more than one type 

spontaneously aggregate to form 3D microtissue spheroids  [12-19] providing physiologically 

relevant conditions and a suitable platform for testing of drugs at early stage development 

[16] and high throughput screening processes [9]. In this context, multi-layers of cells within 

the microtissue spheroid forms natural barriers to drugs as intercellular tight junctions bind 

cells together and block or slow down the diffusion of drugs as in human tissues [19].  

 

 The aim of the present study was to create scaffold-free microtissue spheroids using 3D 

Petri Dish
®
 technique [20-22] that mimic the cellular microenvironment of SH-SY5Y and 

SK-N-AS neuronal cell lines that are commonly used as in vitro models for neurodegenerative 

diseases and neuroblastoma research [23, 24]. We have investigated the microtissue spheroids 

forming potential/capacity of these cell lines as in vitro 3D models, and the effective size of 

them considering diffusional transport limitations for oxygen and other essential nutrients. 

Such engineered models will help identification of molecular mechanisms under strictly 

controlled conditions and represent a significant step towards uncovering causes of 

neurodegenerative diseases, as well as facilitate fast and reliable highthroughput pre-clinical 

screening of novel drugs. 

2. MATERIALS AND METHOD 

2.1. Cell Culture 

 SH-SY5Y (cat. CRL-2266
TM

, ATCC
®
) and SK-N-AS (cat. CRL-2137

 TM
, ATCC

®
, 

passage 5-11, Figure 1) neuroblastoma cells were obtained from Ege University, 

Bioengineering Department, Animal Cell Culture and Tissue Engineering Labratory 

Collection. Cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, D5796, 

Sigma-Aldrich, Life Science, St. Louis, Missouri, ABD) containing high glucose (4500 

mg/L), 1% (v/v) L-glutamine, NaHCO3, and pyridoxine HCl. This medium was supplemented 

with 20% (v/v) heat-inactivated fetal bovine serum (FBS, S0113, Biochrom, Germany) and 

0,1% (v/v) gentamicin (15750-060, Thermo-Fisher Scientific, Waltham, Massachusetts, 

ABD). Cells were cultivated in T75 flasks at 37 °C with 5% CO2 at saturated humidity (95%). 

 

http://www.thesaurus.com/browse/approach
https://www.google.com.tr/search?rlz=1C1GTPM_enTR675TR675&biw=1366&bih=599&q=st+louis&stick=H4sIAAAAAAAAAOPgE-LUz9U3sLC0SK5U4gAxzcoryrW0spOt9POL0hPzMqsSSzLz81A4VhmpiSmFpYlFJalFxQDMHhGVQwAAAA&sa=X&sqi=2&ved=0ahUKEwidxdS_4NjKAhVDtRQKHVQXBssQmxMImwEoATAZ
https://www.google.com.tr/search?rlz=1C1GTPM_enTR675TR675&q=waltham+ma+usa&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcUAAxikqkQAAAA&sa=X&ved=0ahUKEwjS6vepvdzKAhVCORQKHeWmB24QmxMIhgEoATAS
https://www.google.com.tr/search?rlz=1C1GTPM_enTR675TR675&q=waltham+ma+usa&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcUAAxikqkQAAAA&sa=X&ved=0ahUKEwjS6vepvdzKAhVCORQKHeWmB24QmxMIhgEoATAS
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2.2. Manufacturing of SH-SY5Y and SK-N-AS Microtissue Spheroids  

 Microtissue spheroids of SH-SY5Y and SK-N-AS were manufactured, using 3D petri dish 

technique [25]. 330 μL molten 2% (w/v) agarose containing 0,9% (w/v) NaCl was poured into 

800 µm diameter micro-molds (MicroTissues, Inc., Sharon, MA, USA). After non-adhesive 

agarose was gelled at room temperature, the micro-molds were carefully flexed to remove the 

3D Petri dishes and conditioned with the cell culture medium for 30 minutes. 75 L cell 

suspensions of SH-SY5Y and SK-N-AS at 10
5
, 5×10

5
 and 10

6
 cells/75 μL concentrations 

were added to each 3D petri dish and grown in agarose microwells, and incubated at 37°C in 

5% CO2 atmosphere at saturated humidity (95%) for 5 days. Medium was changed every 

second day and microtissue forming capacity of SH-SY5Y and SK-N-AS cell lines was 

observed visually by inverted light microscopy (Axio Vert.A1, Zeiss, Germany) at 4X.  

2.3. Size Analysis of Microtissue Spheroids 

 To determine suitable agarose mold size and incubation time for most stable microtissue 

formation, diameters of SH-SY5Y and SK-N-AS microtissue spheroids were measured via 

ImageJ version 1.46r (NIH, Bethesda, Maryland, USA) and average diameter of spheroids 

was expressed and graphed as mean ± standard deviation (SD) by two-way analysis of 

variance (ANOVA) in GraphPad Prism version 6 for Windows (GraphPad Software, San 

Diego California USA). p <.05 was considered statistically significant. 

 

3. RESULTS AND DISCUSSION 

 

 Both SH-SY5Y and SK-N-AS (Figure 1) neuroblastoma cell lines grew as monolayers 

homogeneously and they showed neuronal morphology with extended neurites, as expected 

[26, 27].  

 

 

  
 

Figure 1. (a) SH-SY5Y and (b) SK-N-AS cell lines at 20X 

 

 Both SH-SY5Y and SK-N-AS cell lines started to self-assembly into microtissue 

spheroids within the microwells of an agarose mold on day 1 (Figures 2-3). Kumar et al. 

mentioned different neuroblastoma cell lines, including SK-N-AS had potential to form 

spherical shape naturally [28]. In this study with using the 3D Petri Dish
®

 technique, we saw 

that both cell lines at different concentrations were able to form microtissue spheroids. If the 

distance between cells are close, cell-cell interactions will dominate due to adhesive and 

cohesive forces, and cells will form microtissue spheroids, and they will be able to grow in an 

(a) (b) 
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in vivo-like microenvironment [17, 29]. SH-SY5Y microtissue spheroids had more regular 

morphology and the spheroids at each concentration had similar shape on 1
st
 and 2

nd
 days. 

However, after 3
rd

 day, we observed that the microtissues started to fall apart. On the other 

hand, SK-N-AS microtissue spheroids were unstable and they tended to fall apart from 1
st
 

day. This could be SH-SY5Y cell line had better cell-cell interactions compared to SK-N-AS.  

 

 The average diameter of SH-SY5Y spheroids was measured as 398.64 μm on the 1
st
 day, 

458.98 μm on the 2
nd

 day, and 430.54 μm on the 5
th

 day; and a significant increase between 

the 1
st
 and the 2

nd
 days (p <0.05) was determined. However, after the 2

nd
 day, the average 

diameter of the spheroids decreased. This decrease might be because cell concentration (10
5 

cells/75 μL) wasn’t enough for cells to interact with each other, and the spheroids were 

dissambled. The average diameter of SH-SY5Y spheroids at 5×10
5 

cells/75 μL was measured 

as 660 μm on the 1
st
 day, 569.90 μm on the 2

nd
 day, and 584.16 μm on the 5

th
 day. 

 

SH-SY5Y 

Concentration 
1

st
 day 2

nd
 day 5

th
 day 

 

 

 

10
5
 

cells/75µL 800 µm 

 
  

5×10
5
 

cells/75µL 
   

10
6
  

cells/75µL 
   

   
Figure 2. Self assembly of SH-SY5Y microtissue spheroids within the agarose 3D Petri dishes (10

5
, 5×10

5
 and 

10
6
 cells/75 μL) on the1st, 2nd and 5th days (4X) 

 

 

 SH-SY5Y spheroid sizes were bigger at this concentration than at 10
5 

cells/75 μL. We 

observed a significant decrease of the average diameter between the 1
st
 and the 2

nd
 days (p 

<0.0001), and the size did not change much until the 5
th

 day (p <0.001). The decrease in size 

is an indicator of high cell to cell interactions, and formation of tight connections between the 

 

800 µm 
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cells. The incubation time might be increased, but we observed that the spheroids began to fall 

apart on the 5
th

 day. 

 

 At 10
6 

cells/75 μL concentration, SH-SY5Y microtissue spheroids’ diameter was 

measured as 710.00 μm on the 1
st
 day, 576.65 μm on the 2

nd
 day, and 703.45 μm on the 5

th
 

day. A significant contraction on the 2
nd

 day was evident similar to the previous 

concentration, followed by a significant increase on the 5
th

 day (p <0.0001) (Figure 4). This 

behavior shows the development of tight connections between the cells on the first two days. 

Ozturk et al. showed in their study with SaOs-2 osteoblastic cell spheroids, a similar decrease 

of size of spheroids [29]. The size increase afterwards might be due to a decrease in the cell to 

cell interactions and/or a fast proliferation rate, which needs to be tested for further 

evaluations. However, the evidence of spheroids’ starting to fill the mold and lose their 

regular shape on the 5th day, seen on Figure 2, suggests that the cell number is substantially 

high, causing the cells to abandon their self assembly characteristics.   
 

SK-N-AS 

Concentration 
1

st
 day 2

nd
 day 5

th
 day 

 

10
5
 

cells/75µL 

 

  

5×10
5
 

cells/75µL 
   

10
6
  

cells/75µL 
   

 
Figure 3. Self assembly of SK-N-AS microtissue spheroids within the agarose 3D Petri dishes (10

5
, 5×10

5
 and 

10
6
 cells/75 μL) on the 1st, 2nd and 5th days (4X) 

 

 
 

 

800 µm 
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1  

Figure 4. The change of average diameter of (a) SH-SY5Y and (b) SK-N-AS microtissue spheroids at 10
5
, 

5×10
5
 ve 10

6
 cells/75 μL concentration for 5 days (** p<0.0001, * p<0.001) 

 

 In accordance with the size analysis of SK-N-AS microtissue spheroids, at 10
5 

cells/75 μL 

concentration, the average diameters were measured as 248.00 μm, 206.70 μm and 246.30 

μm; at 5×10
5 

cells/75 μL concentration as 402.15 μm, 378.5 μm and  433.75 μm; and at 10
6 

cells/75 μL concentration as 518.15 μm, 487.26 μm and 458.41 μm on the 1
st
, 2

nd
 and 5

th 
days, 

respectively. The average diameter values of SK-N-AS microtissue spheroids did not show 

any significant change on any time point at tested concentrations. Additionally, all the 

microscopy images at each cell concentration indicated that SK-N-AS microtissue spheroids 

were unstable from the 1
st
 day. The interactions of SK-N-AS cells weren’t enough to form 

stable microtissue spheroids for 5 days. If the incubation time is extended, increased 

interactions between the cells and size of the spheroids might be seen.  

 

4. CONCLUSION 

 

 All the results indicate that microtissue forming capacity of SH-SY5Ycell line was more 

appropriate than SK-N-AS cell line and SH-SY5Y spheroids can be used as an alternative, 

fast, cheap and easy scaffold-free in vitro 3D model for neurodegenerative diseases and 

neuroblastoma research. 
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Lisans derecesini (2010) ve Yüksek Lisans derecesini (2012), Ege Üniversitesi Biyomühendislik Bölümü’nden 

almış olup, Doktora eğitimine, yine aynı bölümde, Ar. Gör. unvanıyla devam etmektedir. "Sıçan kemik iliğinden 

ve yağ dokusundan elde edilen mezenkimal kök hücrelerin PCL nanofibröz yüzeyler üzerinde tutunma ve 

çoğalma özelliklerinin incelenmesi" konulu yüksek lisans tezini tamamlamış, “Demir Oksit (Fe3O4) 

nanopartikülü ve grafen katkılı doku mühendisliği ürünlerinin in vitro ve in vivo Parkinson hastalığı modelleri 

üzerindeki etkisi” adlı doktora tezini sürdürmektedir. TÜBİTAK tarafından, yüksek lisans ve doktora bursu 

almaya hak kazanmıştır. Hayvan hücre kültürü, sinir doku mühendisliği, iskele üretimi, elektroeğirme, kök 

hücreler, hücre-biyomalzeme etkileşimleri, biyouyumluluk testleri, in vitro nörodejeneratif hastalık modelleri, üç 

boyutlu (3B) mikro doku modelleri vb. ilgilendiği alanlar arasındadır. 
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Lisans derecesini Boğaziçi Üniversitesi Makine Mühendisliği (1994), Yüksek Lisans derecesini ise, Boğaziçi 

Üniversitesi, Biyomedikal Mühendisliği (1997) bölümlerinden almış olup, doktorasını Illinois at Urbana-

Champaign Üniversitesi, Malzeme Bilimi ve Mühendisliği (2006) bölümünde tamamlamıştır. 2009 yılının Ocak 

ayından itibaren, E.Ü., Mühendislik Fakültesi, Biyomühendislik Bölümü’nde Yrd. Doç. Dr. unvanıyla çalışmakta 

olup, Hayvan Hücre Kültürü ve Doku Mühendisliği Araştırma Grubu (EgeREACT)’ın yürütücülüğünü 

üstlenmektedir. İlgi alanları arasında, hayvan hücreleri ile biyomalzemelerin etkileşimleri, doku mühendisliği, 

mekano-transdüksiyon, kök hücreler, kanser kök hücreleri ve biyouyumluluk testleri yer almaktadır. Ayrıca, 

hayvan denemelerinin minimize edilmesi amacıyla, in vitro hastalık modellerinin dizayn ve üretimiyle 

ilgilenmektedir. 20’den fazla bilimsel makale, 2 patent ve 3 kitap bölümünün eş yazarlığına sahip olmakla 

birlikte,  Yenileyici Tıp’taki Zorluklar (Challenges in Regenerative Medicine) adlı derginin editörlüğünü 

yapmaktadır. 
 


