
Introduction
Human epidermal growth factor receptor 2 (HER2) and epidermal 
growth factor receptor (EGFR) are both members of the ErbB family 
of receptor tyrosine kinases. The study of this receptor family is of 
high therapeutic interest as their overexpression has been associated 
with numerous types of cancer as well as acquired resistance to 
some chemotherapeutic agents.1 We have developed novel 
genetically engineered cell lines as unique research tools to study 
these receptors.

Zinc finger nucleases (ZFNs) are synthetic proteins engineered to 
bind DNA at a sequence-specific location and create a double strand 
break. The cell’s natural machinery repairs the break in one of two 
ways: non-homologous end joining (NHEJ) or homologous 
recombination. We utilized the homologous recombination pathway 
to insert a transgene into a defined location of the specific genes. In 
this case, the desired location was near the C-terminus of HER2 and/
or EGFR and the transgene chosen was a fluorescent reporter 
protein. The fluorescent fusion protein was stably integrated into  
the cells preserving endogenous regulation of gene expression  
and protein function. 

In addition to endogenous tagging of specific genes, we also 
designed a domain-based, genetically encoded biosensor for  
EGFR by transduction with lentivirus. The biosensor is composed  
of a specific protein-binding domain, derived from known natural 
domain-binding proteins, fused to a fluorescent protein that serves 
as a reporter.  

Materials and Methods
A549 and SK-OV-3 cells (Cat. No. CCL-185 and HTB-77) cells were 
obtained from ATCC. The SK-OV-3 cells were cultured according to 
the product manual and A549 were grown in RPMI-1640, 2 mM 
glutamine, 10% FBS in 5% CO2, 37°C. 

ZFN nucleofections were performed with the Amaxa® Nucleofector® 
device (Cat. No. AAD-1001) and Nucleofector® Kit T or Nucleofector® 
Kit V (Cat. No. VCA-1002 or Cat. No. VCA-1003) from Lonza AG 
according to the product manual. Donor plasmids were designed 
and constructed in house. 

To make a stable cell line the biosensor was packaged in lentiviral 
particles and transduced into A549 at an MOI of 5 in media with  
8μg/ml hexadimethrine bromide.

Fluorescent reporter genes were obtained from Evrogen  
(http://evrogen.com/products/TagFPs.shtml). CompoZr® ZFNs  
were designed and manufactured by Sigma-Aldrich. Fluorescent 
microscopy was performed with a Nikon Eclipse TE2000-E inverted 
research microscope and MetaMorph® software. Unless otherwise 
indicated, all reagents and materials used in this work were obtained 
from Sigma-Aldrich (St. Louis, MO USA).

 

Figure 1: ZFN targeting mechanism. A. ZFNs bind to the target site. 
Then the FokI endonuclease domain dimerizes and makes a double 
strand break (DSB) between the binding sites. DSBs are repaired by 
either an error-prone NHEJ pathway or high-fidelity homologous 
recombination. In the presence of a donor DNA having homology 
flanking the target site, homologous recombination can use the donor 
as template to repair a DSB, achieving targeted integration. B. Generic 
workflow. The donor plasmid consists of homologous arms (HA-L and 
HA-R) of the ZFN cut site flanking a fluorescent reporter molecule (GFP)

Figure 2: Design of Tag Sequence Integration at the EGFR and 
HER2 Loci. A. Genomic sequence of EGFR’s last exon at the target 
region for integration of the fluorescent tag GFP or RFP. CompoZr® 
ZFN binding sites (blue boxes), the ZFN cut site (scissors), and the tag 
sequence integration site (red arrow). B. EGFR locus and the donor 
with the locus showing the coding regions (blue) and untranslated 
regions (gray). The donor (top) has the homology arms of indicated 
length and the GFP sequence (green) fused near the end of the EGFR 
coding sequence (a C-terminal fusion). C. Genomic sequence of 
HER2’s last exon at the target region for integration of the fluorescent 
tag GFP. CompoZr® ZFN binding sites (blue boxes), the ZFN cut site 
(scissors), and the tag sequence integration site (red arrow). D. HER2 
locus showing the coding region (blue), untranslated region (gray), 
and the ZFN cut site (scissors). The donor (top) has the homology arms 
of indicated length and the GFP sequence (green) fused at the end of 
HER2 coding sequence (a C-terminal fusion).

Figure 3. Design and Mechanism of EGFR Biosensor. A. EGFR 
Biosensor consists of two Src Homology 2 (SH2) domains from adapter 
protein Grb2 that specifically bind to activated EGFR and a green 
fluorescent protein tag (TagGFP). A lentiviral construct of the EGFR 
Biosensor was used to transfect A549 cells. Single cell clones were 
selected and assayed for activity with EGF. B. When EGF is added, 
the biosensor migrates to the cell membrane and is subsequently 
internalized through endocytosis.

Results

Figure 4: Localization & expression levels of endogenously tagged 
EGFR (GFP-EGFR). A & D. Differential interference contrast (DIC) and 
fluorescence microscopy images of an isolated cell clone expressing 
endogenous EGFR protein tagged with GFP (ex 450–490/em 500–550, 
40x/1.4 oil/1 second exposure in HBSS + 2% FBS). E & F. Translocation  
of GFP-EGFR protein from cell membrane to endosomes. Fluorescent-
microscopy analysis indicated that GFP-EGFR proteins were translocated 
from the cell membrane to endosomes when cells were cultured in 
medium containing 100ng/ml EGF. 

Figure 5:  Response of Endogenously Dual Tagged Cell Line to  
EGF and Tyrophostin. ZFNs were utilized to insert TagGFP2 at the 
C-terminus of HER2 and TagRFP at the C-terminus of EGFR in SK-OV-3 
cells. Fluorescent microscopy indicates that both proteins are expressed 
within the same cells (A & D). Upon the addition of 100 ng/ml EGF, the 
EGFR fusion protein is translocated from the cell membrane to the 
endosomes (B & C). Preincubation with 1µM Tyrophostin AG 1478, a 
selective EGFR inhibitor2, for 20 minutes prior to the addition of EGF 
blocks the internalization of the fusion protein (E & F).

Figure 6: Response of EGFR Biosensor to EGF. EGF acts by binding 
to EGFR, which is located on the cell surface, and stimulating tyrosine 
kinase activity. Upon the addition of 100 ng/ul EGF, the biosensor  
first shows redistribution to the cell membrane (B) and subsequent 
internalization through endocytosis (C).

Discussion and Conclusion
Traditionally, biochemical assays and immunohistochemical staining 
methods are used to study cellular pathways.  We have shown two 
approaches that allow for live cell  imaging studies of endogenous 
EGFR and HER2 activity: ZFN mediated tagging of endogenous 
fusion proteins and a genetically encoded receptor specific 
biosensor. 

With ZFN-mediated gene tagging in knock-in cell lines, EGFR and 
HER2’s native gene regulation is conserved resulting in normal 
protein expression levels and preservation of protein function. In 
contrast to biochemical assays or immunostaining, using a tagged 
protein under endogenous regulation allows detection of RTK 
activation in live cells. In wild type cells, activation of EGFR leads to 
receptor interalization.3 Having a fluorescent tag on the EGFR allows 
tracking of this normal internalization process after the addition of 
EGF to the cells (Figure 4). The internalization kinetics can be 
quantified by image analysis software to count granules (data not 
shown). The reporter response is abolished by a selective inhibitor  
of EGFR, Tyrphostin AG 1478 (Figure 5).

Similar to the ZFN modified cell lines, the EGFR Biosensor allows  
for detection of RTK activation in live cells as well as the study of 
internalization kinetics of the biosensor-receptor complex. The highly 
selective response can only be induced by EGFR ligands and the 
response is abolished by a selective EGFR inhibitor (data not shown). 
Unlike the ZFN modified cell lines, the EGFR Biosensor detects the 
endogenous activity of EGFR without the need of an EGFR tagged 
fusion protein.

Our results suggest that both strategies can be applied to the study 
of other receptor tyrosine kinases and possibly additional cellular 
signaling pathways.
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Current FP-tagged Cell Line 
Product Offerings

• Lung Carcinoma Cell Line with EGFR SH2 Biosensor – CLL1097

• Ovarian Carcinoma Cell Line with GFP-tagged HER2 – CLL1135 

• Osteosarcoma Cell Line with GFP-tagged NUP98 – CLL1136

• Ovarian Carcinoma Cell Line with GFP-tagged STAT3 – CLL1139

• Lung Carcinoma Cell Line with RFP-tagged STAT3 – CLL1140

• Lung Carcinoma Cell Line with GFP-tagged EGFR – CLL1141

•  Ovarian Carcinoma Cell Line with GFP-tagged HER2 and RFP-tagged  
EGFR – CLL1143
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