
Sarstedt, Inc. Cell Culture Application Note 
 
Improvements in Transfection-mediated and Native Biomarker Expression 
in Cell Cultures Grown on GrowCoat Biological Matrices 
Aaron Haubner, Ph.D.  Sarstedt, Inc. Newton, NC 
 
 
INTRODUCTION      
 
Transfection is the process of delivering nucleic 
acids into a cellular host in order to initiate or 
modulate protein production.  Numerous non-viral 
methods are available including electroporation, 
liposome carriers, and various nanoparticle-based 
systems among others1.  Despite the availability of 
improved tools and methods, in most instances 
low efficiency and high cytotoxicity remain major 
hurdles to robust successful transfection.  Through 
a variety of interrelated mechanisms the in vitro 
growth surface can profoundly influence cellular 
proliferation, metabolism, and overall health, 
significantly affecting transfection results.     
 
Research to identify and study clinically relevant 
biomarkers is increasing2.  While new proteomic 
tools are powerful and sensitive, long term culture 
often leads to changes in expression over time, 
especially when starting with primary tissue 
samples.  Special care should thus be taken to 
optimize biomarker expression in relevant cell 
culture model systems.  The composition of the 
extracellular matrix (ECM) is known to influence 
native protein expression3; therefore a variety of 
cell culture surfaces should be evaluated for any 
new model system in order to optimize expression 
of the target protein in vitro.                 
           
Cell-ECM interactions are known to influence 
important cellular functions like attachment, 
growth rate, apoptosis resistance, drug resistance 
and protein expression, among others4 so a simple 
and cost-effective way to optimize culture 
conditions for both transfection-mediated and 
native protein expression is to grow cultures on a 
more supportive ECM.   The Sarstedt GrowCoat 
line of products features gelatin, poly-D-lysine and 
PureCol® type I collagen coatings that have been 
shown to enhance adhesion, proliferation and 

overall health for a variety of fastidious and 
primary cell lines. 
 
Enhanced green fluorescent protein (eGFP) is a 
common reporter used to monitor transgenic 
protein expression levels. VCaP prostate cancer 
epithelial cells grown on standard TC treated, 
enhanced Cell+ treated, and GrowCoat poly-D-
lysine coated surfaces were transfected in a flask 
with an unmodified vector carrying an eGFP 
reporter.  Total GFP expression after 24 hours was 
measured to determine which growth surface 
supported maximum expression levels.     
 
Alpha fetoprotein (AFP) is a factor associated with 
cellular growth, differentiation, and regenerative 
processes5.  AFP is also a biomarker for 
developmental disorders and malignant diseases 
including hepatocellular carcinoma6.  HepG2/C3A 
hepatocellular carcinoma cells naturally express 
this protein at clinically-relevant levels.  In an 
attempt to maximize native AFP expression 
HepG2/C3A cells were grown on standard treated 
surfaces and three coated surfaces to determine 
which GrowCoat ECM best promotes AFP 
expression in vitro. 
           
METHODS AND MATERIALS 
 
General 
Microsoft Excel software was used for all data 
analysis and graphs.  Images were taken with an 
OptixCam 3.0mp digital camera on an Omano 
inverted, phase contrast microscope.  All 
laboratory consumables were from Sarstedt.    
 
Transfection 
Low passage VCaP, human prostate carcinoma 
cells, were seeded onto Sarstedt standard treated, 
Cell+ treated and GrowCoat poly-D-lysine coated 
T-25 flasks.  Cells were grown in RPMI-1640 
medium plus 10% FBS at 37°C, 100% RH and 



5% CO2.  On day three an eGFP control vector for 
pReceiver-M02 (Genecopoeia) was transfected in 
reduced volume using Lipofectamine 2000 
reagent (Invitrogen) in serum-free medium for 2 
hours.  Transfection was stopped by dilution with 
10% serum containing medium and flasks were 
returned to the incubator for 24 hours.  Phase 
contrast and fluorescent images were taken to 
compare transfection results. 
 
AFP Expression Assay 
HepG2/C3A cells (ATCC) were seeded at 7x103 
cells/ml onto standard treated and each of three  

GrowCoat coated 6-well plates.  Cells were 
incubated for 5 days in Eagle’s MEM with 10% 
FBS, P/S/A (Sigma A-5955), at 37ºC and 10% 
CO2, with a medium change on day three.  
Secreted AFP was measured by AFP ELISA kit 
(CalBioTech).  The assay detection limit and the 
linear portion of the standard curve were 
determined by serial dilution of test medium prior 
to assay.  Test samples (n=6) were measured by 
%Abs according to manufacturer’s instructions.  
The standard curve was determined using AFP 
standards included with the kit.  Blank medium 
was used as negative control.   

 
RESULTS  
 

         
 

       
Figure 1.  VCaP cells cultured on standard TC treated (left), Sarstedt Cell+ (middle), and GrowCoat poly-D-lysine flasks prior to 
transfection with eGFP expression vector.  Phase contrast and fluorescent microscope images were taken 24 hours post transfection.      
 
 
As seen above, VCaP cells grew to a higher density and showed a healthier morphology consistent with 
improved attachment when grown on the GrowCoat poly-D-lysine surface.  Cells cultured on standard and 
Cell+ surfaces showed a more irregular shape and rounded morphology.  Fluorescent images reveal a major 
improvement in total eGFP signal (>5-fold) for VCaPs grown on the GrowCoat poly-D-lysine surface.  
There was no signal from the negative transfection control (data not shown).  These results illustrate that 
increased cell counts, improved cellular health, and transfection efficiency and/or cell viability resulting from 
the GrowCoat poly-D-lysine surface combine to support a more robust level of in vitro expression.       
 
Native AFP Expression 
HepG2/C3A cells cultured on a GrowCoat gelatin coated surface produced almost twice as much AFP as 
cells grown on GrowCoat poly-d-lysine or collagen, and nearly four times as much as cells grown on a 
standard treated surface.   All three GrowCoat surfaces produced a significant increase in AFP production 
(p<0.01) ranging from 83% increase to 276% increase during the five days in culture (Fig. 1 below).   



HepG2/C3A cells grown on all three GrowCoat 
surfaces gave higher cell counts ranging from 
158%-183% of TC control.  Although potential 
causes for the increase may include improved 
adhesion or cell spreading, this increase in cell 
count is generally beneficial when performing 
biomarker assays.  Even when normalized to cell 
count, AFP levels were increased significantly on 
the GrowCoat poly-D-lysine and gelatin surfaces 
(29% and 216% respectively).  These results show 
that an optimal growth surface can substantially 
improve native in vitro expression through 
multiple pathways, including increasing cellular 
proliferation and intrinsic protein expression.   
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Fig. 2  AFP assay in HepG2/C3A cells cultured for 5 days on 
standard plates or in each of three GrowCoat plates.    

        
Figure 3.  HepG2/C3A cells, 5 days on TC treated (left), GrowCoat PureCol® collagen (middle), and GrowCoat gelatin surfaces. 
 
Conclusions: 
By selecting the optimal growth surface it is possible to boost transgenic and native expression, improve 
assay efficiency, and/or speed time to detection.  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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