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Abstract
The development of vectors and techniques to transfer therapeutic genes to corneal epithelium has
broad clinical applications. To determine if adenoviral (Ad5) vectors could be tailored to increase
transduction of corneal epithelial progenitor cells expressing epidermal growth factor receptor
(EGFR), the feasibility of targeting gene therapy vectors to genetically modify primary cultured
human corneal epithelial cells (PHCEC) was evaluated. PHCECs were cultured from human
limbal explants and transduced with Ad5 vectors containing the enhanced green fluorescent
protein (GFP) reporter cassette to mediate gene transfer. The efficiencies of transduction with
different Ad5 dosages and different time periods of exposure were compared. Metabolically
biotinylated Ad5 vectors were retargeted to PHCECs using biotinylated epidermal growth factor
(EGF) as a cell-targeting ligand. Phenotypes and function assays of transduced cells were
determined by real-time PCR and BrdU incorporation. Ad5 vectors transduced approximately 50–
93% of PHCEC at 10–100 PFU/cell in a dose-dependent manner and the transgene persisted for
more than 2 weeks in vitro. Retargeting of biotinylated Ad5 with EGF increased transduction of
EGFR and ABCG2-expressing corneal epithelial progenitor cells up to nine-fold and reduced
transduction of K12 and involucrin-expressing differentiated corneal epithelial cells and had
higher BrdU incorporation indexes. These data provide proof of principle that ligand-bearing
modified Ad5 vectors can target a population of corneal epithelial progenitor cells for corneal gene
therapy.
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1. Introduction
The corneal surface is covered by a non-keratinized stratified squamous epithelium
approximately five cell layers thick. The cornea is an excellent target for gene therapy, since
it has well-defined anatomy, is transparent, and is easily accessible. Furthermore, unlike
other transplantable tissues, the cornea can be maintained in standard culture conditions for
extended periods of up to 1 month prior to transplantation, which allows a window of
opportunity for genetic modification prior to reintroduction into patients. There are many
potential applications for corneal gene therapy, including those aimed at reducing
inflammation and autoimmune reactions after allogeneic corneal transplantation or
maintaining stem like properties and proliferative potential of corneal epithelial progenitor
cells containing stem cells (SC) and transient amplifying cells (TAC).

While gene delivery to differentiated corneal epithelial cells will likely have utility for a
number of ocular surface diseases, genetic modification of more primitive epithelial
progenitor cells (PCs) may have greater utility by enabling the production of gene products
in the whole lineage of their progeny or by providing bioactive proteins to the epithelium
early in the repair process. The epithelial PCs in the limbal region of the cornea supply the
regenerative capacity of the cornea by replacing the differentiated post-mitotic corneal
epithelial cells as they naturally slough off the surface of the eye. Three functionally
different cell populations reside at the limbus: putative SC, TACs, and terminally
differentiated cells (DCs) (Cotsarelis et al., 1989; Schermer et al., 1986). Although corneal
epithelial SCs have been long known to reside in the limbus (see review articles by Dua and
Azuara-Blanco, 2000; Lavker and Sun, 2000; Tseng, 1989), a marker identifying these
putative SCs has remained elusive. Recently, we characterized a phenotype of corneal
epithelial PCs in the basal epithelia of the human limbus (Chen et al., 2004b). These cells
bear a number of unique markers including p63 and the ABCG2 and high levels of
epidermal growth factor receptor (EGFR). In contrast to other cells in the limbal and corneal
epithelium, these PCs lack expression of involucrin, keratins K3 and K12.

Given the promise of corneal gene therapy, we have tested short-term gene delivery methods
that could be used to treat ocular surface diseases needing transient correction (i.e.
inflammation, corneal ulcers, wound healing, limbal epithelial deficiency and expressed
specific growth factor or cytokine, etc.). In addition, we tested vectors that avoid integration
of DNA into the genomes of corneal cells to avoid the potential for insertional mutagenesis
(Ritchie et al., 2004). Previous work in the cornea has demonstrated functional delivery of
genes by non-integrating methods into corneal cells by gene gun (Zagon et al., 2005),
electroporation (Chen et al., 2004a; Oshima et al., 1998), liposomes (Lipofectamine) (Dean
et al., 1999); and with adenoviral serotype 5 (Ad5) vectors (Danjo and Gipson, 2002;
Fehervari et al., 1997; Larkin et al., 1996; Oral et al., 1997; Tsubota et al., 1998). But these
data were limited to the corneal endothelial cells of rat, rabbit or mice, an SV-40
transformed human corneal epithelial cell line and human conjunctival epithelial cells.
Recently Xiao et al. reported gene delivery on human primary cultured corneal epithelial
cells by adenovirus 19 (Xiao et al., 2005). However, this report did not determine which
lineages of cells in the corneal cells were modified by this approach.

In this study, we transferred genes to PHCEC using Ad5 of different titers and found that the
transducing efficiency reached as high as 93%, depending on the dosage of Ad5 used, and
noted that expression of transduced genes lasted more than 2 weeks in vitro. We also
evaluated if transduction into the epithelial PCs could be increased and delivery into
epithelial DCs could be decreased by retargeting Ad5. To do this, we retargeted
metabolically biotinylated Ad5 (Parrott et al., 2003) by conjugating this vector to the
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biotinylated EGF ligand using tetrameric avidin as a bridge (Fig. 1). Using this approach, we
demonstrated that the EGF-targeted Ad5 vector enhanced gene delivery into epithelial PCs.

2. Materials and methods
2.1. Generation of biotinylated Adenovirus (Ad-Fiber-BAP)

First generation replication incompetent (E1 deleted) Ad5 vectors carrying a green
fluorescent protein (GFP) reporter cassette, together with a biotinylation domain added to
the C-terminus of the fiber, were produced in 293 cells as previously described (Parrott et
al., 2003). Briefly, 293 cells were harvested 3 days after infection from seed viral stock (Ad-
Fiber-BAP). The cells were pelleted by centrifugation and freeze/thawed three times. The
resulting viral lysate supernatant was then banded twice on a CsCl gradient. The viral band
was subsequently collected, desalted into HEPES buffer (10 mM HEPES, 150 mM NaCl, 1
mM MgCl2, 5% w/v sucrose, pH 7.8) and stored at −80 °C (Fig. 1). Viral concentrations
were then determined by measuring absorbance at 260 nm and real-time polymerase chain
reaction (PCR).

2.2. Formation of epidermal growth factor (EGF) targeted complex (Ad-Fiber-BAP/EGF)
5 × 1012 viral particles of purified Ad-Fiber-BAP were incubated with a 10-fold molar
excess of neutravidin (Pierce, Rockville, IL) on ice for 30 min to saturate the biotins on the
vector. These viral complexes were then banded on a CsCl gradient to remove excess avidin.
The viral band was isolated and incubated with a 100-fold molar excess of biotinylated EGF
for 30 min on ice, followed by banding on another CsCl gradient. The band was then
isolated and desalted in HEPES buffer. Viral concentrations were measured by real-time
PCR.

2.3. PHCEC preparation and transduction
Fresh human corneoscleral tissues from donors aged 19–67 years (less than 72 h post
mortem) that were not suitable for clinical use, were obtained from the Lions Eye Bank of
Texas (LEBT, Houston, TX). Human corneal epithelial cells were cultured from fresh limbal
explants by a previously described method (Kim et al., 2004). Briefly, after carefully
removing the central cornea, excess sclera, iris, corneal endothelium, conjunctiva and
Tenon's capsule, the remaining limbal rim was cut in 12 pieces and cultured in a 6-well plate
with the epithelial side up in SHEM medium for explant culture. Twenty-four hours before
transduction, confluent cultured cells were trypsinized with 0.25% trypsin/0.03% EDTA
solution for 10–15 min. After the epithelial sheet detached from the culture well, 10% fetal
bovine serum with DMEM was added to neutralize the trypsin. The cell suspension was then
harvested by centrifugation and resuspended in Keratinocyte-SFM (KSFM) (Invitrogene–
GIBCO BRL, Grand Island, NY) and seeded at 4 × 104 cells/cm2 into 12-well plates.

Prior to transduction, the culture media was changed to remove dead cells, the HPCEC
density was around 3 × 104 cells/cm2 into 12-well plates, different doses of Ad5 (500, 1000
and 5000 viral particles per cell) were added to the PHCEC. Cells were incubated in KSFM
for 1 h at 37 °C. Cells were then washed twice with phosphate-buffered saline (PBS) to
remove unbound viruses before the addition of SHEM. Fresh medium was added the next
day, and the cells were harvested after 48 h for analysis.

2.4. Flow cytometry analysis of receptor density measurements on HPCEC
PHCEC were evaluated for expressions of Coxsackie and adenovirus receptor (CAR) and
EGFR by flow cytometry. Briefly, 0.5 × 106 cells were allowed to incubate with 1:100
dilution of anti-CAR antibodies (ATCC, Manassas, VA; CRL-2379, 1:40, 0.4 mg/ml) or
anti-EGFR antibodies (Lab Vision, Fremont, CA; Clone H11, 1:100, 1 mg/ml) for 20 min at
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4 °C. The cells were then washed twice with PBS/1% FBS, and 1:500 dilution Alexa-Fluor
488-conjugated goat anti-mouse antiserum was then applied to the cells for 20 min at 4 °C.
The cells were washed again and resuspended in SHEM media. The receptor densities on
these cells were then analyzed by flow cytometry (Beckman Coulter, Hialeah, FL) at the
Baylor College of Medicine Flow Cytometry Core Facility.

2.5. FACS of transduced cells
EGFR expression by PHCEC and GFP expression in Ad5 transduced PHCEC were
evaluated by fluorescence activated cell sorting (FACS). The cell populations were then
sorted into subpopulations according to their relative level of EGFR expression (EGFR-
positive versus EGFR-negative) or GFP expression (GFP-positive versus GFP-negative).
FACS was performed at the Baylor College of Medicine Core Facility using a triple-laser
Beckman Coulter Altra high-pressure, high-speed cell sorter (Beckman Coulter). A 488 nm
Argon laser excited fluorescein isothiocyanate and a band-pass filter of 525/20 were used to
measure emitted light. Gates in the right angle scatter versus forward scatter diagrams were
used to exclude debris. All FACS data was analyzed with Expo 32 software.

2.6. Immunofluorescent staining
Immunofluorescent staining was performed by a previously reported method (Kim et al.,
2004) to evaluate protein expression in GFP-positive and GFP-negative cell populations
after Ad5 transduction. Briefly, sorted cells were seeded into wells of 8 chamber slides and
incubated overnight at 37 °C with 4% CO2. They were then fixed in cold methanol at 4 °C
for 10 min, and then blocked with 10% normal goat serum in PBS for 1 h to decrease non-
specific background. Primary monoclonal antibodies against EGFR (Lab Vision; Clone
H11, 1:20, 10 μg/ml), ABCG2 (Calbiochem, San Diego, CA; Clone BXP-21, 1:100, 2.5 μg/
ml), K3/K12 (Chemicon, Temecula, CA; Clone AE5, 1:50, 20 μg/ml) or involucrin (Lab
Vision; SY5, 1:40, 5 μg/ml) were applied and incubated for 1 h at room temperature. After
extensive washing, secondary antibodies, Alexa-Fluor 594 conjugated goat anti-mouse
(Molecular Probes, Eugene, OR; 1:400), were then applied and incubated in a dark chamber
for 1 h, followed by extensive washing and counterstaining with Hoechst 33342 DNA
binding dye (1μg/ml in PBS) for 2 min. After washing with PBS, antifade Gel/Mount
(Fisher, Atlanta, GA) and a coverslip were applied. Cells were then examined and
photographed with an epifluorescent microscope (Eclipse 400, Nikon, Japan) with a digital
camera (model DMX 1200, Nikon) with 1 s exposure times.

2.7. BrdU incorporation
A BrdU incorporation assay was performed to measure DNA synthesis and cell
proliferation. All groups (n = 3 every group) including unfractionated cells (control), GFP-
positive and -negative cells transduced by Ad-Fiber-BAP, and EGF-positive and -negative
cells transduced by Ad-Fiber-BAP/EGF were incubated in fresh medium containing 10 μM
BrdU for 30 min and then BrdU immunofluorescent staining and label index counting were
performed. The BrdU labeling index was assessed by point counting through a Nikon TE200
inverted microscope using a 40× objective lens. A total of 500–951 nuclei were counted in
6–8 representative fields because this number was considered as a minimum requirement to
obtain representative figures (Selvamurugan et al., 2004). The labeling index was expressed
as the number of positively labeled nuclei/total number of nuclei × 100%.

2.8. Relative quantitative real-time PCR
Total RNA was isolated by guanidinine–isothiocyanate ethanol and silica-gel-based
membrane extraction using a Qiagen (Valencia, CA) RNA extraction kit. The RNA was
quantified by its absorption at 260 nm and stored at −80 °C before use. Relatively
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quantitative real-time PCR was performed by the following method. Briefly, the first-strand
cDNA was synthesized from 1 μg of total RNA with random hexamer and M-MuLV reverse
transcriptase using Ready-To-Go You-Prime First-Strand Beads. Real-time PCR was
performed in a Smart Cycler (Cepheid, Sunnyvale, CA) with a 25 μL reaction volume
containing cDNA, TaqMan® primers and reporter probes for EGFR, ABCG2, involucrin,
K12 (TaqMan Gene Expression Assays, Applied Biosystems) and TaqMan Universal PCR
Master Mix. Assays were performed in duplicate. A non-template control was included in all
the experiments to evaluate DNA contamination of the reagent used. The results of were
analyzed by the comparative threshold cycle (CT) method and normalized by GAPDH as an
internal control.

2.9. Colony forming efficiency (CFE) and growth capacity
To evaluate growth capacity of the EGFR selected cell populations, a mitomycin C (MMC)
treated 3T3 fibroblast feeder layer was used as previously described (Schlotzer-Schrehardt
and Kruse, 2005; Tseng et al., 1996). Each cell population was seeded at 1 × 103 cells/cm2

into 6-well culture plates at least in triplicate. The CFE was calculated as a percentage of the
number of colonies generated at day 6 by the number of epithelial cells plated in a well.

2.10. Statistical analyses
Based on the normality of the data distribution, the Student t-test was used for statistical
comparison of assay results between groups of CFE (Fig. 3), and real-time PCR relative
folds (Fig. 5).

3. Results
3.1. Ad5 transduction

PHCECs were incubated with 500 Ad5 particles/cell (10 PFU/cell) and were examined after
48 h by fluorescence microscopy and flow cytometry. About 52 ± 1.5% of PHCECs
expressed the GFP transgene (Fig. 2A). When the amount of vector was titrated, higher
concentrations of Ad5 increased transduction efficiency to a maximum of 93% when 5000
viral particles/cell (100 PFU/cell) was used (Fig. 2A). Toxicity was not observed with any of
the concentrations of Ad5 tested.

Persistence of the transferred gene in the cultured cells was evaluated by monitoring them
for 2 weeks after transduction. Seventy percent of cells remained transduced after 2 weeks
(Fig. 2B); however, the mean fluorescence intensity (MFI) of the cell population decreased
over time to 25% of the original value (1 day post transduction).

3.2. Surface markers expression and growth potential of PHCECs
Flow cytometry was used to detect expression of surface markers by PHCEC. The assay
showed that 74.6 ± 4.7% of PHCECs expressed CAR, while only 37.9 ± 9.1% of the cells
expressed EGFR (Fig. 3A). To evaluate the growth capacity of the EGFR-positive and
EGFR-negative populations, CFE was compared. CFE on day 6 from three separate
experiments showed that EGFR-positive cells isolated from PHCEC by FACS had a greater
growth potential than EGFR-negative cells. EGFR-positive cells produced almost 5-fold
higher CFE than EGFR-negative cells (6.35 ± 0.21% versus 1.33 ± 0.28% Fig. 3B, n = 3, P
< 0.001).

3.3. Transduction of PHCECs with biotinylated adenovirus targeted with EGF
PHCEC were incubated with either Ad5, untargeted biotinylated Adenovirus (Ad-Fiber-
BAP, a modified virus with reduced CAR-mediated transduction [Parrott et al., 2003]), or
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EGF-targeted Ad-Fiber-BAP (Ad-Fiber-BAP/EGF) and their transduction efficiencies were
examined after 48 h. Ad-Fiber-BAP without EGF produced an 8-fold lower transduction
than the wild-type Ad5 vector (Fig. 4A,B) consistent with previous results on other CAR-
expressing cells (Parrott et al., 2003). When transduction by Ad-Fiber-BAP and Ad-Fiber-
BAP/EGF complexes were compared, the addition of EGF to the vector doubled the number
of GFP-positive PHCECs and increased the mean fluorescent intensify (MFI) of the
population by 9 times (272.6 in cells transduced with Ad-Fiber-BAP/EGF compared to 30.8
in cells transduced with untargeted Ad-Fiber-BAP) (Fig. 4A,B). To determine if EGF was
mediating this increase, competition experiments were performed with excess EGF or EGFR
antibodies. When either EGF or EGFR antibody were used as competitor, the MFI was
reduced by half in the Ad-Fiber-BAP/EGF group (Fig. 4C), while no difference was
observed in Ad-Fiber-BAP group (data not shown).

3.4. Phenotype of Ad-Fiber-BAP/EGF transduced cells
Cells transduced by Ad-Fiber-BAP and Ad-Fiber-BAP/EGF were sorted by FACS for GFP-
positive and -negative cells and were analyzed for phenotypic expression of specific cellular
markers by real-time PCR and by immunofluorescent staining. GFP-positive cells after Ad-
Fiber-BAP/EGF transduction expressed 6-fold higher levels of EGFR mRNA than their
untransduced counterparts by real-time PCR (Fig. 5, P < 0.05) and by immunofluorescence
(Fig. 6). In contrast, there was no difference in EGFR mRNA expression between the GFP-
positive and -negative cells modified by the untargeted Ad-Fiber-BAP (Fig. 5, P > 0.05 and
Fig. 6). When the cells were analyzed for phenotypic markers, the GFP-positive cells
produced by transduction with Ad-Fiber-BAP/EGF expressed 4 times more ABCG2 mRNA
than the GFP-negative population (Fig. 5, n = 3, P < 0.05) and were more strongly stained
with ABCG2 antibody (data not shown). The same GFP-positive cells from Ad-Fiber-BAP/
EGF expressed 8 and 2.5 lower levels of involucrin and keratin K12 than the GFP-negative
cell population (Fig. 5, n = 3, P < 0.01 and P < 0.05, respectively) and were more weakly
stained by keratin and involucrin antibodies (data not shown). Analysis of cells transduced
with the untargeted Ad-Fiber-BAP vector revealed that both GFP-positive and GFP-negative
cells expressed similar levels of ABCG2, involucrin and K12 mRNAs (Fig. 5, n = 3, P >
0.05) and were stained similarly by immunofluorescence (data not shown). These data
suggest that re-targeting Ad5 with EGF enhanced transduction of EGFR and ABCG2-
expressing cells and decreased transduction of involucrin and K12-expressing epithelial
cells.

Immunofluorescent staining confirmed that the GFP-positive Ad-Fiber-BAP/EGF
transduced cells expressed significantly more EGFR on their surface than EGF/GFP-
negative cells (Fig. 6). When unmodified and transduced cells were analyzed for the
proliferative capacity by BrdU incorporation, notable differences were observed in the
populations. In bulk, unmodified PHCEC cells, 24.6 ± 3.5% of the cells were positive for
BrdU (Fig. 6). In contrast in Ad-Fiber-BAP/EGF transduced cells, 45.3 ± 5.1% of the GFP-
positive cells were positive for BrdU, whereas only 7.5 ± 2.3% of the GFP-negative cells
were positive. When compared to the unmodified PHCEC cells, this indicated that the cells
transduced with the EGF-targeted vector were enriched for proliferating cells, whereas the
GFP-negative, untransduced cells were depleted for proliferating cells. When untargeted
Ad-Fiber-BAP transduced cells were analyzed, BrdU incorporation was essentially identical
between the GFP-positive and -negative cells (27.7 ± 2.9 and 22.6 ± 3.3%, respectively) and
the unmodified bulk PHCEC cells (24.6 ± 3.5%). These data suggest that the EGF-targeted
vector transduced a subpopulation of PHCECs with higher ABCG2 expression and higher
proliferative capacity.
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4. Discussion
4.1. Ad5 efficiently transduced PHCECs in a dose-dependent manner

Donated human corneoscleral tissues are an excellent source for whole or lamellar corneal
transplantation and for isolation of PHCECs for corneal cell therapy or tissue engineering.
Previous gene delivery studies were limited to animal corneal endothelial cells or SV40
transformed human corneal epithelial cells (Chen et al., 2004a; Danjo and Gipson, 2002;
Dean et al., 1999; Fehervari et al., 1997; Larkin et al., 1996; Oral et al., 1997; Oshima et al.,
1998; Tsubota et al., 1998; Zagon et al., 2005). To the best of our knowledge, this is the first
reported attempt to transduce PHCECs with Adenovirus 5. Compared to other vectors,
adenoviral vector are clearly safer than integrating vectors such as adeno-associated virus,
retroviruses, or lentiviruses.

To test the feasibility of directly genetically modifying these cells, PHCECs cultured from
limbal tissue explants were used as gene delivery targets. The transduction efficiency of Ad5
reached a maximum of 93% without observed toxicity. Due to episomal loss of GFP
transgene through cell division, the MFI of the cell population decreased over time, but the
expression of the transgene was still observed 2 weeks after transduction in vitro. Ad5 gene
transfer can provide long-term expression in mitotically quiescent tissues; however,
transgene expression in dividing cells is only transient due to the non-integrated status of the
adenoviral genome (Benihoud et al., 1999). Under homeostatic conditions in vivo, the
proliferative rate of PHCECs is low (Kim et al., 2004). Therefore, it is likely that expression
of this gene vector could be sustained for months when these cells are maintained under
conditions where their proliferation is suppressed.

4.2. Ad-Fiber-BAP/EGF retargets transduction to cells EGFR-positive PHCECs
We have previously shown that phenotypes of corneal epithelial cells, ranging from basal
undifferentiated to superficial differentiated cells, are maintained in both single cell and
explant cultures ex vivo (Kim et al., 2004). One of these cell populations has a smaller, more
compact morphology and expresses the limbal stem cell (SC)-associated markers, ABCG2,
p63, EGFR, K19 and integrin β1. Furthermore, expression of EGFR has been noted to
markedly decrease in terminally differentiated corneal epithelial cells (Liu et al., 2001).
EGFR-positive cells isolated from PHCEC by FACS showed greater growth potential with
5-fold higher CFE than EGFR-negative cells.

To determine if transduction of these PCs could be enhanced, we utilized metabolically-
biotinylated Ad5 vectors (Parrott et al., 2003). These vectors are biologically biotinylated at
a specific biotin acceptor peptide (BAP) on the fiber protein of the virus during vector
production and they can be easily retargeted to new receptors by conjugation of a
biotinylated ligand to the vector using tetrameric avidin as a bridge (Parrott et al., 2003).
Given the higher expression of EGFR on the limbal epithelial PCs, we complexed
biotinylated Ad5 (Ad-Fiber-BAP) to biotinylated EGF to test if this could increase
transduction of these PCs.

Ad5 normally utilizes CAR for cell binding. Our data showed that the level of CAR
expression in PHCECs is double that of EGFR expression. Ad-Fiber-BAP maintains this
CAR binding function, but this interaction is reduced approximately 3- to 9-fold due to
steric hindrance of the BAP on the c-terminus of the fiber protein (Parrott et al., 2003).
Therefore, Ad-Fiber-BAP targeted with EGF could preferentially bind via EGFR on the cell
surface of the PCs, but retain some residual transduction via CAR.

PHCEC that were incubated with Ad-Fiber-BAP without EGF showed an 8-fold lower
transduction than those incubated with untargeted wild-type Ad5 vector. Thus Ad-Fiber-
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BAP can be considered to be partially detargeted from its native CAR receptor and provides
a lower background of transduction of PHCECs. When Ad-Fiber-BAP and Ad-Fiber-BAP/
EGF complexes were compared, the addition of EGF to the vector increased the number of
GFP-positive PHCECs 2-fold and the MFI of the population by 9 times.

Competition experiments showed the specificity of Ad-Fiber-BAP/EGF for EGFR-positive
cells. The specificity was also confirmed again by real-time PCR and immunofluorescent
staining. The EGF-targeted vector mediated 6-fold higher selectivity of transduction into
EGFR-positive cells relative to EGFR-negative cells by real-time PCR. As expected, in Ad-
Fiber-BAP/EGF transduced cells, EGF/GFP-positive cells expressed significantly more
EGFR on their surface than EGF/GFP-negative cells.

4.3. Ad-Fiber-BAP/EGF transduced cells are corneal epithelial PCs that express SC
associated markers and have higher proliferative capacity

ABCG2 is a putative marker for stem cells in bone marrow, corneal epithelium and cancers.
Basal limbal epithelial cells expressing ABCG2 have been found to have greater
proliferative potential in culture (de Paiva et al., 2005). In our study, we found that the GFP-
positive cells transduced with Ad-Fiber-BAP/EGF expressed more ABCG2 mRNA and had
higher BrdU incorporation index than the parallel GFP-negative population. Furthermore,
Ad-Fiber-BAP/EGF transduced cells had reduced mRNA expression of the epithelial
differentiation markers, involucrin and keratin K12, compared to their untransduced
counterparts. In contrast, the untargeted Ad-Fiber-BAP vector mediated showed no
differences in ABCG2, EGFR, keratin, or involucrin expression, and no differences in
proliferation. These data suggest that the EGF-targeted Ad5 vector increased gene delivery
into EGFR-expressing epithelial PCs and provide proof of principle that gene delivery can
be tuned towards particular cell populations for ocular surface gene therapy. These data also
support strategies to deliver therapeutic genes into either epithelial PCs or epithelial DCs to
mediate gene therapy with varied cell specificity and persistence.
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Fig. 1.
Cartoons of Adenovirus 5 (Ad5), biotinylated adenovirus with EGF complex (Ad-Fiber-
BAP/EGF) carrying EGF reporter cassette.
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Fig. 2.
Ad5 transduction of PHCEC in a dose-dependent manner (A); transduction can be
maintained in PHCEC at 70% after 14 days (B).
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Fig. 3.
(A) Flow cytometry for EGFR (37.9 ± 9.1%) and CAR (74.6 ± 4.7%) expressions in the
PHCEC. (B) The CFE on day 6 of EGFR-positive cells and EGFR-negative cells sorted by
FACS based on EGFR expression compared to (ALL). **P < 0.01, compared with
unfractionated cells (ALL).
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Fig. 4.
Transduction of PHCECs by Ad5, targeted and untargeted Ad-Fiber-BAP. (A) Flow
cytometry analysis of transduction efficiency and mean fluorescent intensity (MFI) of
PHCEC transduced with different Ad5. (B). Fluorescent images of transduction by different
adenovirus vectors at 500 particle Ad5/PHCEC. (C) EGF and anti-EGFR competitively
inhibit the Ad-Fiber-BAP/EGF transduction efficiency.
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Fig. 5.
Representative relative-quantitative real-time PCR showing mRNA expressions of EGFR,
ABCG2, involucrin, K3 and GAPDH of unfractionated cells (control, ALL) GFP-positive
and GFP cells transduced by Ad-Fiber-BAP, EGF/GFP-positive and EGF/GFP cells
transduced by Ad-Fiber-BAP/EGF sorted by flow cytometry based on levels of GFP
expression of PHCEC. *P < 0.05, **P < 0.01.
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Fig. 6.
Immunofluorescent staining of EGFR, BrdU incorporation in unfractionated cells (control),
GFP-positive cells and GFP-negative cells transduced by Ad-Fiber-BAP, and EGF/GFP-
positive cells and EGF/GFP-negative cells transduced by Ad-Fiber-BAP/EGF. Hoechst
33342 was used as a counterstain.
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