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INTRODUCTION 

 

Cell adhesivity is a basic biological principle, which provides mechanisms for construction 

of multicellular organisms, tissue genesis, migration and individual cell survival. In vivo, 

the cell adhesive environment is provided by extracellular matrix molecules, neighboring 

cell surfaces and soluble factors delivered either by tissue cells or by blood circulation. 

Components of the extracellular matrix not only provide an adhesive scaffold for the cells, 

but influences their proper migration, survival, proliferation and differentiation. The exact 

molecular composition of the micro-environment of a cell is not properly understood.  The 

non-defined molecular composition of “native” adhesive components hinders their 

application when defined culture conditions are necessary, as for an example, growing 

human cells for further clinical application. Applying large, substrate-coating molecules as 

backbones for carrying specific adhesive peptide motifs provides a relatively cheap, non-

contaminated, reproducible and chemically defined group of synthetic adhesion molecules.  

In vitro propagation of homogeneous populations of neural stem/progenitor cells bear great 

significance. Clinical applications, such as cell replacement therapies of CNS disorders, or 

the basic studies related to neural stem cell biology both favour a neural stem/progenitor 

cell model that can be easily established, propagated in culture and has a non-genetically 

modified background. The most widespread in vitro neural stem cell model, the 

neurosphere assay was established by Reynolds and Weiss in 1992. Their discovery, that 

neural stem cells could be maintained in culture as floating, clonogenic cell aggregates, 

called neurospheres, opened the way for a great number of significant improvements in 

neural stem cell biology. Despite the indubitable strengths and advances of the neurosphere 

assay, it also has remarkable limitations. Most importantly, neurospheres consist of 

different cell types. Previous studies indicate that neural stem cell lines can be derived from 

ES cells or primary cultures of embryonic or adult brains, and can be propagated as 

adherent cultures without the need of neurosphere formation, referred as NS cells (. 

Culturing these cells as adherent monolayers provides plenty of advantages in contrast to 

floating aggregates, such as neurospheres. Populations of adherently propagated neural 

stem cells are much more homogenous than neurospheres, which are rather like a mixture 



of stem cells, progenitors and differentiated cell types. However, the need of serum-free 

environment makes the culturing of neural stem cells a hard issue, primarily because 

inappropriate cell adhesion. 



OBJECTIVES 

 

1. The construction and test of synthetic adhesive peptide-conjugates, which 

 - can adsorb to solid surface materials used in cell technology and as implants 

 - have a natural origin, thus can interact with the cells’ specific adhesive receptors  

- provide adhesive surface for various cell types 

- promote the long-term cell culturing without the need of any other adhesive 

substrates 

- allow the selection of particular cell types 

2. Utilizing the cell-selective properties of the peptide-conjugates and adhesive sorting of 

radial glia-like neural stem cells. Describing the characteristics of radial glia-like cells in 

vitro.  

3. Comparing the cell-differentating activity of synthtetic adhesive peptides and native 

ECM-comonents. 



MATERIALS AND METHODS 

 

- Synthesis and analysis of polypeptides 

- Atomic Force Microscopy 

- Cell culturing 

- Microscopy, time-lapse microscopy 

- Cell adhesion assay 

- Derivation of radial glia-like cell cultures 

- RT-PCR 

- Immunocytochemistry 

- Preparation of metaphase chromosomes 

- Cell viability assay 

- Cell proliferation assay 



RESULTS AND DISCUSSION 

 

Effects of cyclic RGD pentapeptides on the adhesion of NE-4C neural stem cells 

Before conjugating a specific peptide motive to the adhesive polypeptide, we tested the 

effect of different adhesive peptides on the adhesion of NE-4C neural stem cells. We tested 

the laminin-specific IKVAV- and YIGSR-sequences, as well as linear and cyclic RGD-

peptides. In the concentration range of 10-9-10-4 M, only cyclic RGD-pentapeptides could 

significantly decrease cell adhesion. In the lack of adhesion to the solid surface, cells could 

only adhere to each other, forming multicellular aggregates (Markó et al, 2004).  

 

Structure and cell-adhesive function of AK-cyclo(RGDfC) peptide-conjugate 

The macromolecular AK carrier peptide consisted of a poly-L-lysine backbone wich 

terminal amino groups were substituted with oligo-DL-alanine side chains. According to 

the amino acid analysis, the length of the alanine spacers was between 3-6, and every third 

spacer carried a specific ligand. The cyclic RGD-pentapeptide is specific to αv-integrins 

and it may replace ECM molecules such as vitronectin or fibronectin. We also designed and 

constructed two control peptides: AK-RGDfC and AK-cyclo(RADfC). 

Topographic AFM images on peptide-coated glass substrates showed that the AK-

cyclo[RGDfC] polypeptide conjugate formed continuous layers on the substrate. The 

roughness values of peptide-covered surfaces highly exceeded the values obtained for the 

pure glass (Ra<0.1 nm) substrate. The surface roughness increased with the increasing 

peptide concentrations (0.025-2.5 μg/mL). Sectional analyses on the structural details 

showed aggregates extending from the layer. The peak values of emerging aggregates 

reached about 10nm on surfaces deposited from 2.5μg/mL peptide solution. 

The initial attachment, spreading and short-term (24-48 hours) survival of different types of 

cells were investigated on surfaces coated with AK-[cRGDfC] polymer and were compared 

to the cell behavior on plastic or glass surfaces coated with control peptides. The 

morphological observations on the cell shape during initial attachment and spreading 

followed with videomicroscopy and conventional microscopy indicated a rapid initial 

attachment to AK-cyclo[RGDfC] coated surfaces. In the initiation of flattening, however,  



Name Rate of  adhesion 
MDCK (Madine Darby Canine Kidney) *** 
HSG (Human Salivary Gland) *** 
A431 *** 
GENC (Glomerular Endothelial Cell) *** 
HUVEC (Human Umbilical Vein Endothelial Cell) * 
A7r5 ** 
Primary fibroblast *** 
Bone marrow mezenchyme ** 
MC3T3-E1 sc4 * 
NE-4C ** 
Primary astrocyte * 
Radial glia *** 
Primary neuron  - 

 

cell type-dependent differences were observed. MDCK, GENC or NE-4C cells were 

flattening against the AK-cyclo[RGDfC] coated surface within 10-15 min, while spreading 

of MC 3T3 osteoblasts, HUVECs or astroglial cells  was observed not sooner than 40-60 

min after plating. AK-cyclo[RGDfC] improved attachment if it was deposited from 

solutions containing 0.025-2.5 μg peptide pro cm2. The sufficient coating density however, 

was cell type-dependent. MDCK or NE-4C cells needed less dense (0.025 μg/cm2 or 0.25 

μg/cm2, respectively) coating, while MC 3T3 osteoblasts, astroglia or fibroblast cells 

demanded higher density (2.5 μg/cm2) for robust attachment. Addition of fetal bovine 

serum (5%) to the medium could improve the attachment at low AK-cyclo[RGDfC] surface 

densities at the initial (1.5-3 hrs) period, but failed to influence cell attachment at or above 

the optimum coating density. While cell type dependent growth factors have to be provided 

for long-term culturing of a number of cells, the application of AK-cyclo[RGDfC] surface 

could prevent anoikis (cell death initiated by lack of adhesion) in case of anchorage-

dependent cells.  The AK-cyclo[RGDfC] surface supported a 48-hour survival of several 

(tested for NE-4C, MDCK, GENC) types of cells in defined media, a “long-term” period if 

rapid anoikis is regarded.  

 

Radial glia-like neural stem cells selected on AK-cyclo(RGDfC)-coated surface 

Radial glial cells with neurogenic potential dominate the mouse forebrain by embryonic 

day (E) 14 and are present until the end of neurogenesis. We therefore attempted to derive 



radial glial cell populations from E14-E16 mouse forebrain primary neural cell cultures. 

The primary cultures of foetal forebrain cells (composed of committed neuroblasts and 

stem/progenitor cells) were plated onto AK-cyclo[RGDfC] coated surface and were 

cultured for 6-8 days in defined medium, containing DMEM/F12 (1/1) plus B27, 

supplemented with 20 ng/ml EGF. By the end of the first week of culturing, surface-

anchored radial glial cells with elongated, bipolar morphology became the predominant cell 

type, while the proportion of neurons and other cell types gradually decreased. At the same 

time control cultures plated onto PLL (Poly-L-Lysine) composed mainly of neuronal 

aggregates, with very few surface-anchored cells. Cultures were then harvested by 

trypsinization, and cells were transferred to a fresh dish coated with the same AK-

cyclo[RGDfC] substrate in a cell number to get a semi-confluent monolayer. In fourteen 

separate series of experiment, this first passage resulted in a virtually homogenous culture 

of radial glia-like cells that could be cultured in defined media in the presence of EGF. 

Cells adhering to AK-cyclo[RGDfC]-coated surface uniformly express the neuroepithelial 

marker nestin, and immunoreactive to the radial glia marker antibody RC2. On the other 

hand, the proportion of more differentiated cell types (neurons and astrocytes, detected with 

III β-tubulin- or GFAP-staining, respectively) is negligible. The mRNA profile of the 

cultures also reveales the characteristics of radial glial/neural stem cells: they express Pax6, 

Sox2, Glast and Blbp but lack the expression of the pluripotency markers, Oct4 and Nanog.  

Radial glia-like cells also express many integrin receptor subunits: Itga3, Itga5, Itga6, 

Itga7, Itgav, Itgb1, Itgb3, Itgb5, Itgb8, so they can adhere to the most important 

extracellular matrix components, such as fibronectin (α5β1, αvβ1, αvβ3, αvβ5, αvβ8), 

vitronectin (αvβ1, αvβ3, αvβ5, αvβ8), laminin (α3β1, α6β1, α7β1), reelin (α3β1) or tenascin 

(αvβ3).  

Cultures of radial glia-like stem/progenitor cells growing on AK-cyclo[RGDfC]-coated 

surfaces in the presence of EGF can be maintained for months without considerable 

differentiation. However, if culture conditions are changed, these cells can give rise to 

multiple differentiated cell types. Upon withdrawal of EGF, confluent cell layers of radial 

glia-like cells quit proliferation and start to differentiate. On the surface of more flattened 

glia-like cells, βIII-tubulin-positive neurons appear after one week of EGF-withdrawal. The 



identity of the flattened, glia-like cells is uncertain as they are negative to astrocyte-specific 

markers such as GFAP. Astrocytic differentiation of radial glia-like cells however can be 

achieved: if FCS is added to the cultures, GFAP-positive cells appear within three days.       

 

Acinotubular differentiation on AK-cyclo(RGDfC)- or Matrigel-coated surfaces 

As AK-cyclo(RGDfC) peptide-conjugate promoted the adhesion of meny cell types, we 

asked if it could replace other ECM molecules of natural origin as a differentiating factor. 

We used immortalized Human Salivary Gland (HSG) and MDCK cells as models. 

In growth factor reduced Matrigel (4.55 mg/ml final concentration), HSG cells formed 

spherical structures within 24 h and developed microvilli on the cell surfaces. Increasing 

numbers of cells formed acinar structures by the next day. Dense granules appeared in the 

bodies of the acinar-like cells at Day 4 and lumen formation was detectable in the center of 

the acinar structures, which also exhibited strong amylase expression (Szlávik et al, 2008). 

All these changes indicated the acinar differentiation of HSG cells. 

Unlike Matrigel, AK-cyclo(RGDfC) failed to induce the formation of globular structures 

from HSG cells. On the other hand, it was predictable, that MDCK cells could form similar 

structures due to the action of AK-cyclo(RGDfC), as fibronectin was reported to induce the 

tubular differentiation of MDCK cells. Indeed, MDCK cells adhered well on AK-

cyclo(RGDfC), coated in density between 0,025-2,5 μg/cm2, but high density (2,5 μg/cm2) 

of the peptide-conjugate (but not any of the control peptides) evoked the tubular 

differentiation after 24 hours.  



CONCLUSION 

 

- AK-cyclo(RGDfC) peptide-conjugate can adsorb to solid materials used  used in 

cell technology and as implants 

- Provides an adhesive surface for many cell types 

- Promotes long-term cell culturing 

- Binds to specific adhesive cell surface receptors 

- Enables cell sorting by adhesive selection 

- A radial glia-like neural stem cell population can be selected and cultured on AK-

cyclo(RGDfC)-coated surface   

- AK-cyclo(RGDfC) evokes the tubular differentiation of MDCK cells 

 


