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Abstract
Decorin, a small leucine-rich proteoglycan, is a natural inhibitor of transforming growth factor beta
(TGFβ). Myofibroblast and haze formation in the cornea have been attributed to TGFβ hyperactivity
released from corneal epithelium following injury to eye. This study tested the hypothesis that decorin
gene transfer inhibits TGFβ-driven myofibroblast and haze formation in the cornea. Human corneal
fibroblast (HSF) cultures generated from donor human corneas were used. Decorin cDNA was cloned
into mammalian expression vector. Restriction enzyme analysis and DNA sequencing confirmed the
nucleotide sequence of generated vector construct. The decorin gene cloned into mammalian
expression vector was introduced into HSF with lipofectamine transfection kit. Expression of decorin
in selected clones was characterized with RT-PCR, immunocytochemistry and western blotting.
Phage contrast microscopy and trypan blue exclusion assay evaluated the effects of decorin gene
transfer on HSF phenotype and viability, respectively. Real-time PCR, western blot and
immunocytochemistry were used to analyze inhibitory effects of decorin gene transfer on TGFβ-
induced myofibroblast formation by measuring differential expression of alpha smooth muscle actin
(SMA), a myofibroblast marker, mRNA and protein expression. Analysis of variance (ANOVA) and
the Bonferonni-Dunn adjustment for repeated measures were used for statistical analysis. Our data
indicate that decorin-gene transfer into HSF do not alter cellular phenotype or viability. Decorin-
overexpressing HSF clones grown in the presence of TGFβ1 under serum-free conditions showed a
statistically significant 80–83% decrease in SMA expression (p value <0.01) compared to naked-
vector transfected clones or un-transfected HSF controls. Decorin-transfected, naked-vector
transfected and un-transfected HSF grown in the absence of TGFβ1 showed no or extremely low
expression of SMA. Furthermore, decorin over-expression did not affect HSF phenotype and
decreased TGFβ-induced RNA levels of profibrogenic genes such as fibronectin, collagen type I, III,
and IV that play important role in stromal matrix modulation and corneal wound healing. The results
of study suggest that decorin gene transfer effectively prevents TGFβ-driven transformation of
keratocyte and corneal fibroblast to myofibroblasts. We postulate that decorin gene therapy can be
used to treat corneal haze in vivo.
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1. Introduction
Blindness due to corneal scarring or haze is third leading cause of global blindness [Congdon
et al., 2004; Kempen et al., 2004]. Corneal haze is also a common complication of refractive
laser surgery, photorefractive keratectomy, used widely throughout the world to correct
refractive errors in humans [Fong C.S., 2007; Seiler and McDonnell, 1995]. Injury and/or
infections to the eye have been shown to cause corneal haze [Seiler and McDonnell, 1995;
Azar, 2006]. The molecular mechanisms for the development of corneal haze have been
extensively studied using various experimental models [Jester et al., 1999; Wilson et al.,
2001; Mohan et al., 2003; Netto et al., 2006; Stramer et al., 2003]. Scores of growth factors
and cytokines have been found to play role in corneal wound healing, myofibroblast and haze
development [Imanishi et al., 2000]. Out of many cytokines TGFβ has been found to play a
central role in the development of corneal haze following injury by facilitating
transdifferentiation of keratocyte to myofibroblasts [Imanishi et al 2000]. The corneal
fibroblasts grown in presence of TGFβ under serum-free conditions expressed α-smooth
muscle actin (α-SMA), a biochemical marker for myofibroblasts, and acquired fibroblastic
phenotype but grown in the absence of TGFβ neither expressed α-SMA nor acquired
fibroblastic morphology [Jester et al., 1996]. A reduction in corneal fibrosis by the topical
application of TGFβ neutralizing antibodies on keratectomy wound in rabbit eyes has also been
reported [Jester et al., 1997].

Small leucine rich proteoglycans such as decorin and betaglycan are known to modulate growth
factor action, cell cycle machinery, tissue development and remodeling [Kalamajski and
Oldberg, 2010; Schaefer and Iozzo, 2008]. Decorin is a small leucine-rich proteoglycan and
has been shown to play an important role in the organization of extra cellular matrix [Reed and
Iozzo, 2002; Jarvelainen et al., 2006; Ferdous et al., 2007]. It consists of a 40kD core protein
and a glycosaminoglycan side chain [Iozzo1997, Reed and Iozzo, 2002]. Decorin has been
reported to be involved in extracellular matrix metabolism and fibrillogenesis [Reed and Izzo,
2002; Douglas et al., 2006]. Numerous studies showed that decorin interact with matrix
molecules such as collagen, fibronectin, thrombospondin, and growth factors like TGFβ
[Yamaguchi, 1990; Neame et al., 2000; Ferdous et al., 2007]. The interactions of decorin with
TGFβ appear to be more complex than binding to a single isolated peptide sequence. Its binding
to TGFβ predominantly occurs through core protein as lack of glycosaminoglycan chain did
not affect binding activity [Hildebrand et al. 1994; Cheifetz and Massague 1989]. TGFβ protein
is released into the intercellular space, binds to latency-associated protein and forms small
latent complex. Subsequently, this complex binds to latent TGFβ binding protein and forms a
large latent complex, which is secreted to the extracellular matrix [Rifkin, 2005; Stander et al
1999]. The interactions of this large TGFβ complex to decorin or collagen-bound decorin lead
to anti-fibrotic response [Stander et al 1999]. Decorin binds with all three isoforms of TGFβ
(1–3) with similar efficiency [Yamaguchi et al, 1990; Hildebrand et al., 1994]. The expression
of decorin in corneal stromal has been reported [Axelsson and Heinegard, 1975; Hassell et al.,
1979; Brown et al., 2002]. It was also identified that the biological function of decorin in the
cornea is regulated by the core protein and not by the glycosaminoglycan side chain [Rada et
al., 1993].

Decorin over-expression in many non-ocular tissues has been shown to reduce TGFβ-induced
fibrosis effectively in vivo in scores of experimental models [Giri et al., 1997; Shimizukawa
et al., 2003; Isaka, et al., 1996; Margetts et al., 2002; Zhao et al., 1999; Kolb et al., 2001].
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However, the mechanism of TGFβ inactivation is still unclear (Markmann et al., 2000). Decorin
has also been shown to regulate collagen fiber formation in vivo as decorin-deficient transgenic
mice showed fragile and low tensile strength in the skin (Danielson et al., 1997). Binding of
decorin to fibrillar collagens and inhibition of fibrillogenesis by decorin was confirmed using
in vitro model (Keene et al., 2000). Decorin and lumican have been shown to retard corneal
collagen fibrillogenesis in vitro [Reed and Iozzo, 2002; Neame et al., 2000]. Based on the facts
that corneal scarring occur due to TGFβ hyperactivity and decorin is a natural inhibitor of
TGFβ it was hypothesized that decorin gene transfer could prevent myofibroblast and haze
development in the cornea. This study tested our hypothesis using an in vitro corneal scarring
model.

2. Materials and methods
2.1 Reagents

The cell culture reagents, pcDNA3.1/V5-HisA,B,C mammalian gene expression vector,
transfection reagents, and secondary antibodies were purchased from Invitrogen, San Diego,
CA, USA. The RNA extraction kit was purchased from Qiagen Inc., Valencia, CA and ImProm-
II Reverse Transcription kit to prepare cDNA was obtained from Promega, Madison, WI. The
iQ SYBR green super mix and JumpStart PCR mix were obtained from Bio-Rad Laboratories,
Hercules, CA and Sigma-Aldrich, St Louis, MO, USA, respectively. TGFβ1 was purchased
from PeproTech Inc, Rocky Hill, NJ, USA. The decorin and SMA primary antibodies were
either purchased from Santa Cruz Boitechnology, Santa Cruz, CA or R&D System
Minneapolis, MN. The decorin antibody was also procured from Dr. Larry W Fisher, National
Institute of Dental and Craniofacial Research, NIH, Bethesda, MD, USA. The DAPI containing
mounting medium was purchased Vector Laboratories, Inc., Burlingame, CA, USA.

2.2 Human Corneal Fibroblasts Culture
Primary HSF cultures were generated from donor human corneas obtained from eye banks
using method described previously [Sharma et al., 2009]. Briefly, The epithelium and
endothelium of the cornea were removed by gentle scraping with scalpel blade after washing
the tissue with Minimum Essential Medium (MEM). The cornea was cut into small pieces,
placed on culture dishes, and incubated in humidified CO2 (5%) incubator at 37°C in MEM
supplemented with 10% fetal bovine serum for 3–5 weeks to obtain human corneal fibroblasts.
Seventy percent confluent HSF cultures (1–3 passage) were used for experiments.
Myofibroblasts were produced by culturing HSF cultures under serum free conditions in
presence of TGFβ1 (1ng/ml). TGFβ1 was purchased from PeproTech Inc, Rocky Hill, NJ and
cell culture reagents were purchased from Invitrogen, San Diego, CA, USA or Sigma-Aldrich,
St Louis, MO, USA.

2.3 Vector generation, transfection and selection of stable clones
The pcDNA3.1/V5-HisB mammalian gene expression vector system (Invitrogen, San Diego,
CA) was used. A PCR-amplified human decorin (Accession # NM_001920) cDNA (~1.1Kb)
was cloned into pcDNA3.1/V5-His A vector employing standard molecular biological
techniques. Restriction mapping and DNA sequencing were used to confirm the nucleotide
sequence of the pcDNA3.1/V5-HisB-decorin (hereafter denoted as pcDNA3.1-decorin) vector
construct. The transfection of pcDNA3.1-decorin plasmid into HSF was performed with
Lipofectamine 2000 (Invitrogen) following vendor’s instructions. Briefly, for each
transfection, 10µg plasmid DNA in 100µl of MEM was added to 100µl Lipofectamine™ 2000
diluted with MEM, and incubated at room temperature for 20 minutes or until solution became
cloudy. The DNAL-ipofectamine solution was added drop wise to the cells containing 1.5ml
medium by rocking the plate back and forth. Cultures were incubated at 37°C in a CO2 (5%)
incubator for 6–8 hours, washed with medium, and incubated 48–72hrs for transient transgene
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expression. The stably transfected clones were identified by growing cultures in presence of
MEM medium supplemented with 10% serum and geneticin (250µg/ml).

2.4. Cellular morphology and viability
The cellular morphology of clones was monitored with Leica DMIL phase-contrast microscope
equipped with Leica DFC290 imaging system. Cultures were visualized at different time
intervals and their phenotype was recorded using digital camera. Trypan blue assay was
performed as reported earlier following manufacturer’s instructions (BRB 2010). Briefly, at
selected time points, cells were trypsinised and mixed with equal amounts of 0.4% trypan blue
solution (Invitrogen). Dead cells with ruptured membranes stained blue and live cells white
were counted with Neubauer’s chamber. Cellular viability was calculated as a percent.

2.5 RNA Extraction, cDNA Synthesis and Quantitative Real Time PCR
Total RNA from the cells was extracted using RNeasy kit (Qiagen Inc., Valencia, CA, USA)
and was reverse-transcribed to cDNA following vendor’s instructions (Promega, Madison, WI,
USA). Real-time PCR was performed using iQ5 real-time PCR Detection System (Bio-Rad
Laboratories, Hercules, CA, USA) and hot start PCR were performed using JumpStart Taq
DNA polymerase (Sigma, St Louis, MO, USA). A fifty microliters real-time PCR reaction
mixture containing 2µl cDNA (250ng), 2µl forward (200nM) 2µl reverse primer (200nM) and
25µl 2X iQ SYBR green super mix (Bio-Rad Laboratories) was run at universal cycle (95°C
for 3 min, 40 cycles of 95°C 30 sec followed by 60°C 60 sec) following vendor’s instructions
[Sharma et al 2009]. A fifty microliters conventional hot start polymerase chain reaction
containing cDNA (250ng), forward primers (36 pg/ml), reverse primers (36 pg/ml), dNTP (400
mM of each), and JumpStart Taq polymerase (4 units) in a 10 mM Trizma–HCl, pH 8·3, 50
mM KCl, 1·5 mM MgCl2, and 0·001% gelatin was run using cycle conditions (95°C for 4 min,
followed by 40 cycles of 95°C for 1 min, 55°C for 30 sec, and 72°C for 1 min, with a final
cycle at 72°C for 10 min) reported earlier [Mohan et al., 2003]. The forward and reverse primers
used in this study are given in Table-1. Beta actin was used to test the quality of cDNA and as
a house keeping gene in real-time PCR. The threshold cycle (Ct) was used to detect the increase
in the signal associated with an exponential growth of PCR product during the log-linear phase.
The relative expression was calculated using the following formula, 2−ΔΔCt. The ΔCt
validation experiments showed similar amplification efficiency for all templates used
(difference between linear slopes for all templates less than 0.1). Three independent
experiments were performed and the average (± SEM) results are presented in graphic form.

2.6 Protein extraction and Immunoblotting
Cells were washed with ice-cold PBS, lysed with 0.6ml RIPA buffer (50mM Tris-HCl, pH 7.5,
150mM NaCl, 1% NP40, 0.5% sodium deoxycholate) containing protease inhibitor cocktail
(Roche Applied Sciences, Indianpolis, IN, USA) and transferred to 1·5 ml microfuge tubes.
DNA was sheared by passing cell lysates through a 21-gauge needle at least ten times and
debris was removed by centrifugation at 14 000g at 4°C. The protein concentration of the
lysates was determined using the Bio-Rad assay [Sharma et al., 2009].

The western blotting was performed by denaturing protein samples in Laemmli’s sample buffer
containing β-mercaptoethanol at 70°C for 10 min. Proteins were resolved on 4–10% SDS–
PAGE, and electrophoretically transferred to a 0.45-µm pore size PVDF membrane using
Xcell-II blot module (Invitrogen). The membrane was blocked with 5% nonfat dry milk in
TBST for 1 hr and probed with SMA, decorin or GAPDH primary antibodies (1:100 dilution)
followed by secondary anti-mouse-or goat antibodies (1:2000 dilution). The bands were
visualized by NBT/BCIP.
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2.7 Immunocytochemistry
Immunofluorescent staining for SMA, a myofibroblast marker responsible for corneal fibrosis,
was performed using mouse monoclonal antibody for SMA. Myofibroblast formation in
decorin-transfected, naked vector-transfected and un-transfected HSF was stimulated by
culturing clones in the presence of TGFβ1 (1ng/ml) under serum-free conditions. At study end-
point, cultures were washed twice with PBS and incubated at room temperature with a mouse
monoclonal antibody for SMA (DAKO) at a 1:200 dilution in 1X PBS for 90 minutes and with
secondary antibody Alexa 488 or 594 goat anti-mouse IgG (Invitrogen) at a dilution of 1:500
for 1 hour. Cells were mounted with Vectashield containing DAPI (Vector Laboratories) to
allow visualization of nuclei. Irrelevant isotype-matched primary antibody, secondary antibody
alone, and tissue sections from naïve eyes were used as negative controls. Culture slides were
visualized under Leica fluorescent microscope (Leica, Wetzlar, Germany) and photographed
with a digital camera (SpotCam RT KE, Diagnostic Instruments Inc., Sterling Heights, MI,
USA) equipped to microscope. The SMA-stained cells in ten randomly selected areas were
counted per 200× and/or 400× magnification field.

2.8 Statistical analysis
Statistical analysis was performed using two-way analysis of variance (ANOVA) followed by
Bonferroni multiple comparisons test for cell toxicity assay. The results were expressed as
mean ± standard error of the mean (SEM). The real-time PCR data was analyzed using one-
way ANOVA followed by Tukey’s multiple comparison tests. A “p value” <0.05 was
considered significant. The immunoblotting data was analyzed using image J 1.38 × image
analysis software (NIH, USA).

3. Results
3.1 Detection of decorin Transcript in HSF clones

Various combinations of forward and reverse primers designed from decorin and vector DNA
sequences were used in PCR to amplify decorin cDNA originating from RNA in HSF
transfected with pcDNA3.1-decorin or control vector. Figure 1 shows the amplification bands
detected in tested clones. Detection of DNA fragment of about 1.2 Kb corresponding to
expected amplification product size confirmed new decorin mRNA transcription from the
characterized decorin over-expressing clones. Control cultures showed no decorin
amplification indicating that decorin expression in.

3.1 Immunodetection of decorin transfected HSF clones
The protein cell lysates prepared from HSF clones transfected with pcDNA3.1-decorin or
control vector were analyzed by western blotting using anti-decorin antibodies. Figure 2 shows
representative immunoblotting data. The HSF clones trasfected with pcDNA3.1-decorin
revealed a positive signal for decorin while no decorin signal was detected in clones transfected
with naked vector.

3.3 Cellular morphology and viability
The cellular morphology of HSF clones transfected with pcDNA3.1-decorin or control vector
were examined under phase-contrast microscopy. Both, decorin- and naked-vector transfected
HSF, clones presented phenotype exhibited by normal human corneal fibroblasts. The
characterized clones were long, spindle-shaped and possessed typical fibroblastic morphology
when grown to confluence in medium containing 10% serum. Figure 3 shows cellular
morphology of HSF clones transfected with pcDNA3.1-decorin or naked vector in confluent
cultures. This data suggest that decorin gene transfer into HSF do not alter cellular morphology.
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The effect of decorin gene transfer on HSF viability was determined by trypan assay. Tested
decorin-and naked-vector transfected clones showed varied cellular viability. Both, the
decorin- and naked-vector transfected HSF clones at early passages (up to 3) showed >93%
viable cells very similar to normal untransfected HSF (data not shown). A gradual decrease in
cellular viability (10% or more) was observed in decorin- and naked-vector transfected tested
clones in later passages. The clones were not sub-cultured after passage 6. This data suggest
that decorin over-expression in HSF does not affect its viability.

3.4 Effect of decorin trasfection on fibrosis-related genes in HSF
Quantitative PCR investigated mRNA expression of the extracellular matrix (ECM)
components namely fibronectin, collagen type I, III and IV in decorin- or naked-vector
transfected HSF clones grown in +/− of TGFβ1 (1ng/ml) under serum-free conditions or 10%
serum-containing medium. Figure 4 presents quantitative mRNA measurements performed
with real-time PCR. The TGFβ1 stimulation caused statistically significant increase in the
expression of tested pro-fibrogeneic genes fibronectin (4.8-fold; p<0.01), collagen type I (1.6-
fold; p<0.05), collagen type III (1.4-fold; p<0.05), and collagen type IV (4.1-fold; p<0.01) in
naked vector-transfected HSF cultures. The decorin transfection to HSF significantly inhibited
TGFβ1-driven increase of ECM as decorin-transfected HSF cultures showed significant
decrease in fibronectin (3.1-fold; p<0.001), collagen type I (1-fold; p<0.01), collagen type III
(0.9-fold; p<0.01), and collagen type IV (3.2-fold; p<0.001) RNA levels compared to the
naked-vector transfected HSF cultured under similar conditions (Figure 4). No significant
differences in the fibronectin, collagen type I, III or IV RNA levels were detected between the
un-transfected normal and naked-vector transfected HSF cultures (data not shown).

3.5 Effect of decorin transfection on TGFβ1-driven myofibroblast modulation
To test the hypothesis that decorin gene transfer inhibits myofibroblast formation in the cornea,
the effect of decorin on TGFβ1-stimulated transformation of in corneal fibroblast to
myofibroblasts was examined. The levels of α-smooth muscle actin (SMA), a myofibroblast
marker, mRNA and protein in decorin-transfected and untransfected HSF clones grown in
presence or absence of TGFβ1 (1ng/ml) under serum-free conditions were quantified with
immunostaining and immunoblotting. Figure 5 shows quantitative measurement of SMA RNA
in decorin-transfected and un-transfected HSF cultures. As evident from the data TGFβ1
stimulated un-transfected HSF culture showed 8.3 fold (p<0.01) increase in the levels of SMA
gene expression compared to HSF not stimulated to TGFβ1, and decorin-transfected HSF
cultures demonstrated significant decrease in SMA (more than 6-fold; p value <0.001) under
similar conditions (Figure 5). Figures 6 and 7 show analysis of SMA protein performed with
immunocytochemistry and western blot, respectively. As evident from the
immunocytochemistry data shown in Figure 5, decorin-transfected HSF clone (panel D)
showed a statistically significant lowering in SMA-stained cells (~79%, p value <0.01)
compared to the untransfected normal HSF grown in the presence of TGFβ1 (panel B) under
serum-free conditions. Conversely, neither untransfected normal (panel A) nor decorin-
transfected (panel C) cultures grown in absence of TGFβ1 showed any SMA-stained cells
(Figure 6). Similar results were observed with western blot analysis and are shown in Figure
7. The whole cell lysates of decorin-transfected HSF cultures showed a statistically significant
decrease in SMA levels (~83%, p value <0.01) compared to un-transfected HSF cultures. These
findings support our hypothesis that decorin gene transfer could inhibit myofibroblast and haze
development in the cornea in vivo.

4. Discussion
The results of this study show that decorin transfection inhibits TGFβ driven elevated
expression of profibrogenic genes, and formation of myofibroblasts in human corneal
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fibroblasts. TGFβ regulates a diverse set of essential cellular processes. The pathogenic role
for TGFβ in many corneal diseases and dystrophies including corneal scarring has been
demonstrated in many experimental models [Jester et al. 1997]. It is also implicated in the
development of haze in the cornea following refractive laser eye surgery. Formation of corneal
haze involves keratocyte apoptosis, proliferation and transformation of corneal keratocytes to
fibroblasts and myofibroblasts as well as increase in the expression of smooth muscle actin
and deposition of disorganized extra-cellular matrix proteins [Jester et al., 1999; Wilson et al.,
2001; Mohan et al., 2003; Netto et al., 2006; Stramer et al., 2003]. Numerous studies showed
up-regulation of TGFβ RNA and its receptors are after surface laser ablation in laser eye surgery
photorefractive keratectomy [Imanishi, 2000]. We observed a time-dependent increase in the
expression of TGFβ1 and TGFβ2 in the corneal stroma of rabbit eye subjected to −9 diopter
photorefractive keratectomy with excimer laser [Mohan et al Unpublished data]. The blocking
of TGFβ activity with antibodies, or antisense RNA specific to TGFβ1 has been shown to
reduce synthesis of ECM proteins and corneal scarring in animal models [Jester et al., 1997;
Nakamura, 2004]. It was postulated that administration of anti-TGFβ genes such as
proteoglycan decorin in the cornea repressing TGFβ activity is an attractive approach to control
corneal scarring. Decorin gene transfer has been shown to inhibit fibrosis in many non-ocular
tissues [Border et al.1992; Giri et al. 1997; Isaka et al. 1996; Kolb et al 2001].

Proteoglycans have ability to modulate activities growth factors. The lumican, keratocan, and
decorin proteoglycans are important components of extracellular matrix of the cornea
[Tanihara et al., 2002; Chakravarti, 2002; Kao and Liu, 2002; Funderburgh,1989; Funderburgh,
2001]. In corneal stroma, proteoglycans regulate collagen fibril organization, thus playing a
critical role in corneal transparency [Funderburgh, 2001]. The structural abnormalities in the
corneas of proteoglycan null mice have been demonstrated [Chakravarti, 2002; Kao and Liu,
2002]. Funderburg et al showed a reduction in keratin sulfate and an increase in dermatan
sulfate gylcosaminoglycans in rabbit cornea. It is also evident from numerous studies that
proteoglycans can act as signal molecule for kinases and growth factor receptors that influence
cellular functions such as cell migration, proliferation and apoptosis [Iozzo, 1997; Schaefer
and Iozzo, 2008]. These cellular functions are essential components of corneal healing and
emphasize the role of proteoglycans in corneal wound healing. Indeed, mice lacking
proteoglycans such as lumican or keratocan have shown delayed corneal healing [Tanihara et
al., 2002; Chakravarti, 2002]. Decorin, a small leucine rich proteoglycans, has been shown to
modulate the fibrillar organization of collagen and regulate collagen fibrillogenesis [Reed and
Iozzo, 2002]. Impaired angiogenesis in injured cornea of the decorin-deficient mice suggests
its role in corneal angiogenesis [Schonherr et al., 2004]. Increased production of decorin in
human mesangial cells has been shown to downregulate expression of the growth factors like
TGFβ, PGDFβ, extracellular matrix components such as fibronectin, tenascin, collagens are
type I, and collagen type IV suggesting that decorin plays important role in regulating wound
healing and fibrosis. Collagen type I and III are commonly affected during fibrosis, however,
modulation of collagen type IV in the laser ablated cornea following photorefractive
keratectomy and laser in situ keratomileusis surgeries has also been reported [Mohrenfels et
al. 2002a; Mohrenfels et al. 2002b; Kaji et al. 2001]. A decrease of collagen I, III and IV RNA
expression detected in decorin over-expressing clones suggest that decorin plays important
role corneal matrix organization and TGFβ-induced wound healing. Furthermore, suppression
of glomerular matrix production and accumulation in the injured glomeruli of rat by decorin
injections provide strong support to our hypothesis that decorin gene transfer in the cornea may
prove to be clinically useful in treating corneal diseases associated with hyperactivity of
TGFβ.

Successful restoration of vision in human patients with gene therapy affirms its promise to cure
ocular diseases and prevent blindness [Bainbridge et al., 2008; Maguire et al., 2008]. The
feasibility of gene therapy to treat corneal scarring has already been demonstrated in
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experimental animals by delivering herpes simplex virus thymidine kinase or cyclin G1 gene
into rabbit keratocytes with retrovirus vector [Seitz, 1998; Behrens et al., 2002]. The potential
of decorin gene therapy to inhibit TGFβ-driven fibrosis has been demonstrated in many non-
ocular tissues employing various in vivo and in vitro experimental models [Giri et al., 1997;
Shimizukawa et al., 2003; Isaka et al., 1996; Margetts et al 2002; Zhao et al 1999; Kolb et al.,
2001]. Nevertheless, no studies have been performed to examine the potential of decorin gene
therapy in modulating wound healing and curing fibrosis in the cornea. This study is the first
to investigate the effect of decorin gene transfer in human corneal fibroblast cultures. The
results of our study demonstrate that increased production of decorin in HSF, obtained by the
decorin transfection, down-regulates collagen type IV and fibronectin gene expression
indicating modulation of matrix accumulation and retardation of fibrosis. Additionally studies
with HSF exhibiting decorin production detected a significant reduction in TGFβ-stimulated
transformation of HSF to myofibroblasts suggesting that decorin is capable of treating fibrosis
in the cornea. Thus, we postulate that decorin gene therapy can cure corneal fibrosis in vivo.
This is a promising approach that deserves further investigation.
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Fig. 1.
PCR analysis showing delivery of plasmid containing decorin gene into several identified HSF
clones. After reverse transcribing total RNA from HSF cultures transfected with pcDNA3.1-
decorin (6 clones) or naked vector (2 clones) were amplified using primers sets prepared from
decorin and vector DNA sequences. An expected 1.2 Kb band for decorin was detected after
21 cycles of amplification. The “L” represents 100 bp DNA ladder and “W” is negative control
reaction ran without cDNA.
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Fig. 2.
Immunoblotting analysis showing expression of decorin in two decorin-transfected HSF
clones. Total protein extracts prepared from HSF transfected with pcDNA3.1-decorin or naked
vector were analyzed. A protein band at 43 kDa, specific for decorin, was detected in decorin-
transfected HSF clones. The naked vector transfected HSF clone did not show any band.
Commercially available decorin-transfected and non-transfected 293T cell lysates were used
as positive and negative controls, respectively.
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Fig. 3.
Representative phase-contrast light microscopy images showing un-transfected and decorin-
transfected HSF clones phenotype. The 80–90% confluent decorin-transfected (left panel) HSF
clone showed morphology similar to un-transfected HSF clones (right panel). This suggests
that decorin gene transfer does not alter HSF phenotype. Scale bar denotes 50 µm.
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Fig. 4.
Real-time quantitative PCR showing analysis of pro-fibrogenic genes, fibronectin, alpha
collagen type-I, -III, and -IV expression in un-transfected, naked vector-transfected, and
decorin-transfected HSF cultures grown in presence or absence of TGFβ1 (1ng/ml) under
serum-free conditions. The TGFβ1 caused 1.1–4.8-fold increase in tested genes in un-
transfected or naked-vector transfected HSF cultures grown in presence of TGFβ1 compared
to cultures grown in absence of TGFβ1. Decorin transfection showed statistically significant
inhibition of TGFβ1-induced expression of fibronectin, collagen type-I, -III and -IV. *=p<0.01
and τ=p<0.05 (−TGFβ1 naked-vector transfected HSF vs +TGFβ1 naked-vector transfected
HSF), **=p<0.001 and π=p<0.01 (−TGFβ1 naked vector-transfected vs +TGFβ1 decorin-
transfected HSF). No significant differences in the RNA levels of fibronectin, collagen type I,
III or IV were detected between the un-transfected normal and naked-vector transfected HSF.
(Data not shown)
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Fig. 5.
Real-time quantitative PCR showing analysis of SMA RNA levels in un-transfected and
decorin-transfected HSF cultures grown in presence or absence of TGFβ1 (1ng/ml) under
serum-free conditions. A statistically significant more than 8-fold (p<0.01) increase in the SMA
gene was detected in un-transfected HSF cultures grown in the presence of TGFβ1 compared
to cultures grown in the absence of TGFβ1. Decorin transfected HSF samples showed a
statistically significant decrease (>6-fold; p<0.001) in SMA compared to un-transfected HSF
cultures grown under similar conditions. The * indicates a p<0.01 compared to negative control
(no TGFβ1) and the ** indicates a p<0.001 of un-transfected HSF versus decorin-transfected
HSF grown in the presence of TGFβ1.
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Fig. 6.
Representative images showing immunocytochemistry of SMA, a myofibroblast marker, done
in un-transfected HSF and decorin-transfected HSF cultures grown in presence or absence of
TGFβ1 (1ng/ml) under serum-free conditions. Decorin-transfected HSF (D) showed a
significant decrease (79%, p<0.01) in SMA-positive cells compared to the un-transfected HSF
(B) grown in the presence of TGFβ1. No SMA-positive cells were detected in un-transfected
(A) or decorin-transfected cultures (C) grown in the absence of TGFβ1. Scale bar denotes 50
µm.
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Fig. 7.
Western blot analysis (panel A) and digital quantification (panel B) of SMA expression
detected in un-transfected HSF and decorin-transfected HSF grown in the presence or absence
of TGFβ1 under serum-free conditions. Decorin-transfected HSF cultures showed a significant
decrease in SMA-expression compared to un-transfected HSF grown in the presence of
TGFβ1 (~83%, p<0.01). Neither un-transfected nor decorin-transfected HSF cultured in the
absence of TGFβ1 expressed SMA.
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Table 1

Gene Forward primer sequence
(5’-3’)

Reverse primer sequence
(5’-3’)

Product
size

Accession
Number

Decorin ATGCAGCTAGCCTGAA
AGGACTGA

TGTTGTCCAAGTGAAG
CTCCCTCA

123bp NM_001920

pcDNA3.1-
decorin

TAATACGACTCACTAT
AGGG

CCTCGACTGTGCCTTCT
A

1.3kb

Collagen
type I

TGTGGCCCAGAAGAAC
TGGTACAT

ACTGGAATCCATCGGT
CATGCTCT

89bp NM_000088.3

Collagen
type III

TATCGAACACGCAAGG
CTGTGAGA

GGCCAACGTCCACACC
AAATTCTT

94bp NM_000090.3

Collagen
type IV

AGGTGTTGACGGCTTA
CCTG

TTGAGTCCCGGTAGAC
CAAC

132bp NM_001845

Fibronectin CGCAGCTTCGAGATCA
GTGC

TCGACGGGATCACACT
TCCA

142bp NM_002026

SMA TGGGTGACGAAGCACA
GAGC

CTTCAGGGGCAACACG
AAGC

138bp NM_001613

Beta actin CGGCTACAGCTTCACC
ACCA

CGGGCAGCTCGTAGCT
CTTC

143bp x00351
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