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cultured HCECs (Figure 4, lane 2). Pretreatment with DNase
did not diminish the strength of the obtained band (Figure 4,
lane 3). Sequence analysis of the obtained RT-PCR product
showed 100% homology to the human COL8A2 cDNA
sequence (UCSC Genome Bioinformatics). RT-PCR of
HCEC total RNA with commercially available f-actin
primers yielded a band of the expected 661 bp size (Figure 4,
lane 4). Human mononuclear cell total RNA was negative for
COLS8A?2 and positive for f-actin on RT-PCR analysis (Figure
4, lanes 5 and 6).
Transfection:

Lipid-/Liposome-mediated reagents—Transfection of
pIRES-EGFP plasmid with Fugene and lipofectin each
showed a rate of transfection of approximately 5%. For

Figure 2. Human corneal endothelial cells after 10 days of culturing
before first passage. Cells exhibited a polygonal shape similar as in
vivo.

Figure 3. Human corneal stromal fibroblast cells after two weeks in
culture before first passage. Cells exhibited a characteristic spindle-
shaped appearance.
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Fugene, optimal results were obtained with an incubation time
of 60 min, 1 pg DNA, and 6 ul Fugene. With lipofectin, the
most successful parameters were 2 ug DNA and 20 pl
lipofectin with an incubation time of 6 h. The addition of
PlusReagent to lipofectin did not significantly alter the rate of
transfection. The rate of transfection with Fugene and
lipofectin (with and without PlusReagent) was too small to
yield a positive selection by the addition of neomycin.
Different parameters led to a lower success of transfection.
Transfection of pEGFP-N1 with GenCarrier2 showed the
highest rate of transfection of all tested chemical reagents and
was approximately 20%. For GeneCarrier2, the optimal rate
of transfection was obtained with 3 pg DNA and 18 pg
GenCarrier2 with an incubation time of 45 min (cell
suspension). Cell toxicity of the reagents was low (~5%) and
showed a concentration dependence.

Electroporation and cell-sorting—In electroporation
experiments with the BT X method using pEGFP-N1 plasmid,
the highest yield was obtained with a setting of three electric
pulses and an interval of 100 ms, pulse length of 1 ms, and a
voltage of 150 V. Transfection rate with these parameters was
about 20%. With the second setting tested (as described
above), success was considerably lower. Further evaluation
was not performed.

With the Amaxa nucleofector using pmaxGFP, the rate
of transfection varied from 20%-30% in the first two to four

Figure 4. RT-PCR of total RNA of HCECs and human mononuclear
cells for COL8A2 and S-actin. Agarose gel shows in lane 1: 1 kb plus
ladder, lane 2: COL8A42 with HCECs, lane 3: COL8A42 with HCECs,
pretreated with DNase (control to rule out DNA contamination), lane
4: S-actin (housekeeping gene serving as positive control), lane 5:
COL8A2 with human mononuclear cells (negative control), lane 6;
[-actin with human mononuclear cells (positive control), lane 7: no
template (negative control to rule out contamination of reagents),
lane 8: PCR with HiFi Taq of HCEC total RNA using COL8A2
primers (negative control to rule out contamination of HCEC total
RNA with genomic DNA).
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Figure 5. Human corneal endothelial cells on day 5 after transfection with Amaxa. Fluorescence microscopy (A) shows a transfection rate of
~30% compared with corresponding bright-field image (B).

Figure 6. Human corneal endothelial cells transfected with Amaxa using pmaxGFP on day 3 after FACS. Fluorescence microscopy (A),
exhibits an essentially pure population of transfected cells as compared with corresponding bright-field image (B).

days after transfection, depending on the electrical program  removed from the medium. Removal of neomycin did not lead
used as assessed by fluorescence microscopy. By day 5, rate to sufficient recovery of the cells. Selection with FACS after
of transfection was 30% for all of the five electrical settings, electroporation with Amaxa was performed four times and led
M-03, T-05, T-23, T-27, and U-11 (Figure 5). Electroporation =~ to a nearly homogeneous population of transfected cells
with Amaxa was performed once for each program. Four (Figure 6). Gate settings were chosen to select a pure
additional replicates were performed using programs T-23 population of GFP-positive cells. These settings yielded a
and T-27 only (see Methods). Variation in transfection  percentage of 22%+14% (mean+SD) GFP-positive cells.
efficiency was dependent on the cell count used for each
electroporation procedure. Final cell count used for Amaxa DISCUSSION
ranged between 4x10° and 6x10° per reaction. In this work, methods of harvesting, genetically modifying,
BTX- and Amaxa-related cell death was approximately  and enriching populations of HCECs were directly compared.
10%. In cells transfected with the pEGFP-N1 plasmid (with Our main focus was to report optimal methods that are
neomycin resistance gene), we added neomycin after fivedays  technically feasible and most efficient for research and
(as fluorescence increased after transfection for  potentially clinical uses. The challenges of establishing and
approximately five days). After 10 days, neomycin was  maintaining primary HCEC cultures make such optimal

634


http://www.molvis.org/molvis/v15/a64

Molecular Vision 2009; 15:629-637 <http://www.molvis.org/molvis/v15/a64>

© 2009 Molecular Vision

TABLE 2. PREVIOUS STUDIES OF HUMAN CORNEAL ENDOTHELIAL CELL GENETIC MODIFICATION.

Method
Viral vectors
adeno-associated virus, HSV
EIAV
EIAV, adenovirus, HIV, PFV
adenovirus
Lipid-/liposome-/peptide-mediated
Lipofectin
DMRIE-C
Effectene
Fugene
DAC-30
peptides (polyamidoamine)
Electroporation
GenePulser (BioRad)
Easyject Plus system (Eurogentec)
GenePulser (BioRad)

Rate of transfection Reference
2%—-5% [12]
30% [5]
43%—-99% [13]
up to 96% [14]
17%+2% [18]
11%+1% [18]
9%+1% [18]
9%+1% [18]
7%+1% [18]
2% [19]
area of clonal proliferation [20]
2.4% [21]
large number of clones [22]

methods highly relevant. Furthermore, HCEC lines are
limited reagents, which make extensive analyses more
difficult than for immortalized cell lines.

For harvesting HCECs, two different techniques were
assessed. The separation of DM by hydrodissection yielded
fewer viable cells than stripping with forceps. It seems
plausible that the stretching of DM while the bleb is forming
could damage the endothelial cells. In regard to clinical uses,
especially in the context of Descemet membrane endothelial
keratoplasty (DMEK), this observation could be of great
importance [10] as hydrodissection as used in this study is also
a convenient and reliable way of harvesting donor DM for
possible use in DMEK (11). Further studies will be necessary
to assess the risks of damaging HCECs by hydrodissection of
DM before using this technique for clinical applications.

Previous studies of HCEC genetic modification have
primarily focused on viral methods including adenovirus,
adeno-associated virus, herpes simplex virus (HSV), human
immunodeficiency virus (HIV), equine infectious anemia
virus (EIAV), and prototypic foamy virus (PFV) [5,12-14]
(Table 2). Viral transfection bears potential risks of
inappropriate viral replication or induction of host immune
responses [15]. Furthermore, use of retroviruses requires
special safety precautions and bears the theoretical risk of
insertional mutagenesis. Thus, non-viral techniques could be
a safer and more practical approach. However, a drawback of
non-viral techniques is generally lower transfection
efficiencies and lower transgene expression. Additionally,
because no integration in the host genome occurs, gene
expression is typically transient. Further selection by use of
resistance markers could be used to obtain stably expressing
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cells that have incorporated the transgene in their genome
[16,17].

In previously published studies, transfection with
chemical reagents varied highly in efficiency depending on
the reagents used [18,19] (Table 2). The most successful rate
of transfection was obtained with lipofectin and was 17% as
reported by Dannowski et al. [18]. Our transfection rates were
lower using this reagent. The difference in the outcome might
be due to our assessing the transfection rate by fluorescence
microscopy and using a plasmid with a relatively low GFP
expression level (pIRES-EGFP). Using GenCarrier2 with
pEGFP-NI1, our transfection rates were in the same range
(approximately 20%) as in other studies using lipid-based
reagents. Selection by antibiotics did not prove to be
successful due to the relatively low rates of transfection in the
liposome-/lipid-mediated  transfection = methods. One
explanation for this may be that the transfection reagents
increased the sensitivity of the cells to the antibiotic. This is
unlikely as the antibiotic was added 48 h post-transfection,
and the cells did not appear to have undue toxicity at this time
point post-transfection.

Previous publications on electroporation methods
reported a lower efficiency than in our work [20,21].
However, the previously described methods used different
electroporation techniques. With both BTX and Amaxa, we
received a higher efficiency than with the chemical reagents
tested in this study. Our results also showed that toxicity was
present but lower than 20% as has been reported in several
previous studies on electroporation [19-21] In our study, the
rate of transfection using electroporation is efficient enough
to select the transfected cells by flow cytometry to a nearly
pure population.
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Homogeneous, genetically modified HCECs could serve
as a promising therapeutic tool. These modifications could
include approaches to alter HCEC immunogenicity to prevent
allograft rejection or enhance proliferative capacities to
prevent cell loss after endothelial keratoplasty [23,24]. Some
concern remains that the fibroblastic appearance after
prolonged culturing could be due to de-differentiation.
However, prior studies assessed that physiologic functions of
cultured HCEC (such as the pump function of Na-K-ATPase
or zonula occludens-1 expression) resemble those in vivo [9,
25]. In addition, relatively early passages of cells could be
used to minimize the effects of possible morphologic or
functional changes before therapeutic use.

Early reports have described efforts to grow HCECs on
artificial matrices and transfer these grafts as sheets into
animal eyes or onto human donor corneas [25-27]. Another
potentially useful approach could involve seeding genetically
modified HCECs without a supporting material directly onto
in vivo corneal stroma denuded of pathologic endothelium
and/or DM [7,28,29]. Techniques to genetically modify and
select HCECs as shown in this study could lead to improved
success of future endothelial transplant procedures.
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