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INTRODUCTION      
 
In their native environment cells are connected 
through a scaffold of adhesion proteins and 
glycosaminoglycans known as the extracellular 
matrix (ECM)1. Cellular attachment to a growth 
surface is a complex interaction involving a 
variety of surface adhesion receptors, and it affects 
cellular functions like proliferation, apoptosis, 
protein expression, invasion, and differentiation 
among others, primarily via effects on the 
cytoskeleton2,3,4.  While most in-vitro cell cultures 
have been adapted over time to grow on traditional 
surfaces like glass and treated plastic, some cell 
types including weakly adherent cells, primary 
cells, stem cell lines, and some transfected cells 
benefit from a robust growth surface that better 
mimics the native ECM5.  Because of this, cell 
culture performance may be improved by 
switching from a traditional surface treatment to 
one of a variety of specialty coated surfaces like 
those offered in the GrowCoat line of products. 
 
The Sarstedt GrowCoat line of products features 
gelatin, PureCol® type 1 collagen, and poly-D-lysine 
coatings that have been shown to enhance overall 
health, adhesion and proliferation for a variety of 
fastidious and primary cell lines6.  To highlight the 
advantages these biological coating offer, GrowCoat 
products were evaluated in a variety of performance 
assays against Sarstedt’s standard surface treatment 
and Cell+ treatment, and a leading competitor’s 
brand of coated products.  Critical performance 
features like surface wettability, attachment and 
growth, differentiation and post-cryo health were 
evaluated using common cell lines.   
 
All GrowCoat surfaces were found to be more 
hydrophilic than the standard treated Sarstedt 
product.  Weakly adherent and fastidious cell lines 
like PC-12 and HepG2 cells showed improved 
attachment and proliferation on select surfaces.  

Low-passage PC-12 cells showed a robust response 
to 7S-NGF induced differentiation when cultured on 
GrowCoat PureCol® collagen and improvements in 
post-thaw attachment were observed in multiple cell 
lines when cultured on the GrowCoat surfaces.  
These results highlight some of the major 
advantages gained by switching to a superior quality 
cell culture coating like those offered in the Sarstedt 
GrowCoat line. 
 
METHODS AND MATERIALS 
 
General 
Microsoft Excel software was used for all data 
analysis and graphs.  Images were taken using an 
OptixCam 3.0mp digital camera on an Omano 
inverted, phase contrast microscope.  All 
laboratory consumables were from Sarstedt, and 
all reagents were from Sigma unless specified.       
 
Contact Angle 
Sample pieces were fractured to obtain a suitably 
sized portion of the coated polystyrene surface.  
Using a calibrated pipetter, a uniform volume of 
dH2O was applied to each GrowCoat surface.  
Using a Cam-Micro contact angle meter from 
Tantec (Schaumburg, Ill.), the meter screen was 
aligned to the applied water droplet according to 
the manufacturer’s instructions and contact angle 
measurements were recorded.   
 
Cellular Proliferation 
PC-12 and HepG2 cells (ATCC: CRL-1721 and 
CRL-10741) were seeded at 1x104-3x104 cells/ml 
onto Sarstedt Cell+ or GrowCoat 6-well plates.  
Cells were grown from 72-96 hours in supplier-
recommended growth medium plus 1x P/S/A 
(Sigma A-5955).  CellTiter 96® Aqueous One 
Assay (Promega G3580) was used to quantify 
cellular proliferation according to manufacturer’s 
standard protocol; %Abs measured at 490nm.  A 
titration on a test sample was made in order to 



optimize the assay detection window prior to 
testing and cell-free, conditioned media was used 
as the negative control.  
         
Cell Adhesion Assay 
PC-12 and WPE-stem cells (ATCC: CRL-2887) 
were seeded at 3x104 cells/ml onto Sarstedt 
standard treated, GrowCoat PureCol® collagen 
and competitor collagen plates and grown for 96 
and 72 hours respectively in supplier-
recommended growth medium plus 1x P/S/A 
(Sigma A-5955).  WPE-stem cells were grown in 
serum-free keratinocyte medium supplemented 
with bovine pituitary extract and recombinant 
epidermal growth factor.  Suspended cells were 
gently aspirated while adherent cells were 
removed with 1xHyQtase solution (HyClone).  
Cell counts were taken on a Countess cell counter 
(Invitrogen # C10227).    
 
Differentiation 
PC-12 cells were seeded at 3x104 cells/ml onto 
GrowCoat PureCol® collagen and competitor 
collagen 6-well plates.  100ng/ml final 
concentration mouse 7S-NGF was added with the 
first media change on day 3.  Cells were incubated 
under standard conditions.  After 8 days of 
continual 7S-NGF treatment, differentiated cell 
numbers were obtained by counting in random 
fields under the 40x objective lens (n=8).  Cells 
exhibiting differentiated neuronal morphology 
(enhanced flattening, cell body elongation and 
extensive neurite outgrowth) were included.          
 
Post-cryo Viability 
Cryo-preserved CHO, PC-12, and WPE-stem cells 
stored in complete growth medium plus 10% 
DMSO were immediately thawed in a 37°C water 
bath.  Samples were spun down and re-suspended 
in fresh complete growth medium and plated at 
6x104 cells /ml into standard treated or Sarstedt 
GrowCoat coated T-25 flasks.  Media was 
exchanged on days 1 and 4.  Cell counts and 
viability were measured every 24 hours for four 
days.   
 
RESULTS AND DISCUSSION 
 
Excellent Wettability 
Polystyrene remains the material of choice for cell 
culture products due to its ease of molding and 
optical clarity.  However, unmodified polystyrene 

is naturally hydrophobic and not an ideal surface 
for culturing adherent cells, hence the need for 
special treatments to alter surface chemistry and 
improve hydrophilicity.  Biological coatings 
intended to support cellular adhesion should 
confer a high level of wettability.   
 

The most simple and reliable way to measure 
surface wettability is with the contact angle test.  
The angle formed between the bottom surface and 
the apex of an applied water droplet measures 
relative hydrophilicity; naturally, the smaller the 
contact angle, the more wettable the surface.  Here 
we demonstrate that all Sarstedt GrowCoat 
matrices provide enhanced wettability compared 
to a standard treated surface as demonstrated by 
reduced contact angle measurements.   
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Figure. 1  Contact angle data normalized to the standard TC 
treatment reveals significantly improved wettability for all 
three GrowCoat biological coating (P<0.001), (n=6).       
 
As seen in Fig. 1, GrowCoat surface coatings 
confer statistically significant reductions in 
contact angle measurements of between 24-42% 
for the coatings tested.  For adhesion-dependent 
cell lines this enhanced wettability of the growth 
surfaces should improve cellular attachment 
compared to standard TC treated surfaces.            
 

Improved Cellular Proliferation 
Multiple factors contribute to cell proliferation 
including survival rate, passage number, pH, and 
medium among others.  Cellular proliferation is 
most commonly used to monitor the overall health 
of a cell culture.  Sarstedt GrowCoat coatings 
were evaluated for the ability to support robust 
attachment and promote cellular growth.  In 
testing it was found that all GrowCoat matrices 
conferred appreciably higher growth rates than 
either the standard treated or the enhanced Cell+ 
surface for PC-12 and HepG2 cell types (fig. 2A). 
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Figure 2  A.  CellTiter  96® assay results show improved               B.  HepG2 cells grown on GrowCoat gelatin-coated surface  
cellular proliferation on all three GrowCoat surfaces tested (n=3).       demonstrate improved proliferation versus Cell+ treatment. 

 
PC-12 and HepG2 cells were seeded at a uniform concentration on either the specialty treated Sarstedt Cell+ 
surface or each of three GrowCoat surfaces.  After three to four days in culture a significant improvement in 
proliferation, ranging from 13% to 30%, was observed when PC-12 cells were grown on the three GrowCoat 
matrices (p<0.05).  HepG2 cells showed substantial improvement on all three matrices and were found to 
benefit the most (30% increase) when cultured on the GrowCoat gelatin matrix (Fig. 2 B).  
 
Enhanced Attachment 
For many whole-cell assays excellent adhesion to the underlying ECM is critically important to experimental 
success, especially in HTS testing requiring automated wash steps.  Although changes to medium, serum 
content, passage number, various growth factors, etc. can all affect attachment, one of the easiest and best 
ways to improve cellular attachment is to select the optimal growth surface for the cell type used.   
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  Figure 3.  WPE-stem cells show improved cell count and              Figure 4.  PC-12 cells show similar total count but a higher 
  percentage of adherent cells on GrowCoat® collagen, (n=4)           percentage of adherent cells on the GrowCoat® collagen, (n=4). 
 
Weakly adherent cells (WPE-stem and PC-12) were plated onto Sarstedt GrowCoat PureCol® collagen, 
Sarstedt standard surface treatment, and a leading competitor’s type I collagen 6-well plates at equal density.  
After three days incubation, suspended cells were aspirated and counted and the remaining adherent cells 
were enzymatically removed with HyQtase (HyClone) and counted.  WPE results show a 12% increase in 
total cells and a 36% increase in adherent cells when grown on GrowCoat PureCol® collagen surface versus 
standard treatment (Fig. 3).  PC-12 cells grown on GrowCoat PureCol® type I collagen gave a similar total 
cell count but a highly significant 24% increase in the number of adherent cells compared to growth on the 
Competitor B type I collagen plate (Fig. 4).  



      
Figure 5.  Images of WPE-stem cells taken prior to attachment assay (above) show a similar total count but a significantly    
improved adherent cell count for cells cultured on GrowCoat PureCol® type I collagen (left) versus Competitor B type I collagen 
(right).  A substantial increase in the number of rounded and loosely adherent cells was observed on the Competitor B surface. 

 
It’s possible that this result is due to the specially purified, ultra high-grade PureCol® type I collagen used 
exclusively in the GrowCoat line.  These results show that depending on the cell type, both total cell counts 
and the percent of adherent cells can be improved by selecting a GrowCoat coated surface versus a standard 
treatment or even the leading competitor’s coated cell culture product.              
 
Differentiation 
Cells in culture are often treated with various compounds and growth factors during the course of an 
experiment to stimulate specific growth or initiate differentiation.  The semi-adherent PC-12 line is cloned 
from rat adrenal medullary pheochromocytoma, and these cells undergo differentiation in the presence of 
nerve growth factor 7S-NGF.  Like other neuronal cell types, PC-12 cells attach poorly to traditional glass or 
treated plastic surfaces.  Morphological changes associated with differentiation are anchorage-dependent for 
 
 

       
 

        
  Figure 6.  PC-12 cells on GrowCoat PureCol® collagen surface (top row) and on Competitor B collagen surface (bottom row) under  
  identical conditions on day 1,4, and 8 following 7S-NGF addition.  When PC-12 cells were cultured in a GrowCoat collagen plate  
  a 36% increase in the number of differentiated cells was observed compared to cells cultured in a collagen plate from Competitor B.   

 
 



PC-12 cells in culture; therefore, it is no surprise 
that small changes in the composition of the ECM 
may result in significant changes in assay 
outcomes.  Since improved attachment of PC-12 
cells on the GrowCoat PureCol® collagen surface 
compared to the Competitor B collagen surface 
was previously demonstrated, an increase in 
observable differentiation was expected.  In order 
to determine if improved adhesion can help 
maximize cellular differentiation during exposure 
to 7S-NGF, PC-12 cells were cultured on either 
GrowCoat PureCol® collagen 6-well plates or 6-
well collagen plates from leading Competitor B.  
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         Figure 7.  Differentiated PC-12 cell counts  8 days (7S-NGF)  
 
Results from the comparison testing (Fig. 7) reveal that culturing PC-12 cells on the GrowCoat PureCol® 
collagen surface results in a 36% increase in the number of differentiated cells compared to cells grown on 
Competitor B’s type I collagen surface.  These combined results illustrate that culturing cells on superior 
GrowCoat PureCol® collagen rather than on a competitor’s collagen surface significantly improves the level 
of adhesion and differentiation in certain cell types. 
 
Post-cryo Attachment and Growth 
Cell aliquots are routinely grown from frozen stocks for a variety of reasons, including replenishing low-
passage cells, expanding new cell lines for new testing, and reconstituting cell lines lost due to 
contamination.  Cells typically take a long time to recover from the harsh process of cryogenic freezing, 
which can slow the output of a cell culture lab.  To improve post-cryo recovery, more frequent media 
changes and increased serum concentrations are typically employed, which are both time-consuming and 
expensive.  One simple and cost-effective way to improve post-cryo recovery is to grow the first passage of 
cells on a specialty coated surface known to improve cellular attachment and health.   
 
In this test PC-12 and WPE-stem cells were rapidly thawed from frozen stocks ranging from 5 years to 3 
months old.  Aliquots were pooled and cells were plated at 50,000 cells per ml into 6-well plates with 
standard TC surface treatment or one of the three GrowCoat coatings.  Each day adherent cells were removed 
enzymatically and counted on the Countess (Invitrogen) automated cell counter to determine what effect, if 
any, the growth surface has on promoting attachment and post-thaw recovery.      
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   Figure 8.  PC-12 (left) and WPE-stem (right) post-cryo cell counts.  Both were seeded on day 0 with 50,000 cells/ml.     

 



Experimental data (Fig. 8 and 9) reveals an improvement in both cell lines for post-cryo attachment and 
proliferation on collagen and poly-D-lysine GrowCoat surfaces compared to the standard TC treated surface.  
After only four days, cell counts for PC-12 cells grown on GrowCoat PureCol® collagen and poly-D-lysine 
surfaces were equal to counts achieved with cells grown for seven days on standard TC treated surfaces, 
essentially providing three days in time savings (43% time savings).  A similar result was obtained for the 
WPE-Stem cells with the GrowCoat PureCol® collagen and poly-D-lysine resulting in up to 2 day time 
savings (29% time savings).  For these two cell lines it is likely that the improved cell recovery and 
proliferation rates result from increased adhesion of the fragile and slowly proliferating cells to the cell 
culture surface.  These results clearly show that weakly adherent cell lines like PC-12 and WPE-stem recover 
more quickly post-thaw when cultured on specialty coated surfaces like those in the GrowCoat product line.     

 

    
 

    
Figure 9.  PC-12 cells (top row) and WPE-stem cells (bottom row) cultured 7 days post-thaw on (left to right) standard 
Sarstedt TC surface, and GrowCoat PureCol® collagen, gelatin and poly-D-lysine surfaces.     

 
 

Conclusions 
By selecting the optimal GrowCoat surface for the cell type and application, surface adhesion, proliferation, 
differentiation, and post-cryo growth can be improved.  Optimization of these parameters may lead to 
substantial savings in time and material while also improving the quality of cell culture-based experiments.        
 
 
Cell lines grown on Sarstedt GrowCoat surfaces: 

• LNCaP 
• PC-12 
• WPE-stem  (serum-free)  
• HEK 
• CHO 

• L929 
• RBE4 
• VCaP 
• HUV EC 
• HepG2 
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