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Abstract
A distinct structural change in the trabecular meshwork (TM) of patients with primary open-angle
glaucoma (POAH) is the increase in fibrillar extracellular matrix (ECM) in the juxtacanalicular
region of the TM. Transforming growth factor (TGF)-β2 signaling may be involved, as TGF-β2 is
significantly increased in the aqueous humor of patients with POAG. In cultured human TM cells,
TGF-β2 causes an increase in ECM deposition, an effect that is blunted or prevented, if BMP7 is
added in combination with TGF-β2. In order to know more about the signaling network that is
induced in HTM cells treated with BMP7, TGF-β2 or the combination of both factors, we
identified differentially regulated genes by microarray analysis, and confirmed selected genes by
quantitative RT-PCR, Western blotting, or immunohistochemistry. We observed multiple effects
of both TGF-β2 and BMP7 on the expression of a considerable number of genes involved in
growth factor signaling, ECM structure and turnover, and modification of the cytoskeleton.
Among the genes that were found to be regulated were CAPZA1, CDC42BPB, EFEMP1, FGF5,
FSTL3, HBEGF, LTBP1, LTBP2, MATN2, NRP1, SERPINE1, SH3MD1, SMTN, SMAD7, TFPI2,
TNFAIP6, and VEGF. Since SMAD7 encodes for Smad7, an inhibitory Smad that acts in a
negative feedback loop to inhibit TGF-β activity, we silenced Smad7 mRNA in cultured human
TM cells by a specific small interfering RNA. Silencing of its mRNA caused a substantial knock
down of Smad7 in TM cells. Following combined BMP7/TGF-β2 treatment, the antagonizing
effect of BMP7 on TGF-β2 induced CTGF expression was abolished. We conclude that Smad7 is
the key molecular switch that inhibits TGF-β2 signaling, and mediates the blunting effects of
BMP7 on TGF-β2 in TM cells. A therapeutic modulation of Smad7 might be a promising
approach to influence ECM turnover in the TM and to treat POAG.
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1. Introduction
An intraocular pressure (IOP) that is too high for the health of the optic nerve head is the
critical risk factor for primary open angle glaucoma (POAG) (Gordon et al., 2002; Leske et
al., 2003; The AGIS Investigators, 2000), a major cause of blindness worldwide (Quigley,
1996). In most cases of POAG, IOP is increased because of an abnormally high aqueous
humor outflow resistance in the juxtacanalicular region (JCT) of the trabecular meshwork
(TM) (Johnson, 2006; Tamm et al., 2007). The characteristic structural change in the JCT of
eyes with POAG is a significant increase in the amounts of extracellular banded fibrillar
elements which have been termed “plaque material” (Lütjen-Drecoll et al., 1986; Rohen et
al., 1993). The molecular nature of plaque material has not been identified, but there is
evidence that collagen type VI (Lütjen-Drecoll, 1999; Lütjen-Drecoll et al., 1989) and
fibronectin (Hann et al., 2001) are associated with it. Extracellular matrix synthesis of
cultured human trabecular meshwork (HTM) cells is induced upon treatment with TGF-β2
(Fuchshofer et al., 2007; Li et al., 2000; Zhao et al., 2004; Zhao and Russell, 2005), and
comparable effects have been observed in the TM of human anterior eye segment perfused
organ cultures, in which perfusion with TGF-β2 causes an accumulation of fine fibrillar
extracellular material, and an increase in fibronectin synthesis (Fleenor et al., 2006;
Gottanka et al., 2004). The increase in ECM deposition in TGF-β2-treated anterior eye
segment perfused organ cultures correlates with a reduction in outflow facility. Since higher
than normal levels of TGF-β2 have been found in the aqueous humor of patients with POAG
(Inatani et al., 2001; Ochiai and Ochiai, 2002; Picht et al., 2001; Tripathi et al., 1994), TGF-
β2 signaling appears to be causatively involved in the pathogenetic mechanisms that lead to
the structural and functional alterations of the trabecular meshwork outflow pathways in
POAG (Tamm and Fuchshofer, 2007).

In a recent study, we identified bone morphogenetic protein-7 (BMP7) as a potent antagonist
of the fibrogenic effects of TGF-β2 on HTM cells (Fuchshofer et al., 2007). BMP7, a growth
factor of the bone morphogenetic protein family, plays a critical role during development of
the kidney and the eye (Dudley et al., 1995; Luo et al., 1995). In the adult organism, the
expression of BMP7 is retained in the eye, in which its expression and that of its receptors
has been shown in cornea, trabecular meshwork, and optic nerve (Wordinger et al., 2002;
You et al., 1999). Treatment of HTM cells with BMP7 prevents the TGF-β2-induced
increase in the expression of fibronectin, collagen types IV and VI, plasminogen activator
inhibitor, thrombospondin-1, and connective tissue growth factor (Fuchshofer et al., 2007).
Comparable results have been reported by Wordinger and colleagues, who could show that
BMP4, another member of the bone morphogenetic protein family, blocks the TGF-β2
induced expression of fibronectin in HTM cells (Wordinger et al., 2007).

Since BMP-signaling might be useful for the pharmacologic modulation of TGF-β2
signaling in the eyes of patients with POAG, we wanted to know more about the signaling
network that is induced in HTM cells treated with BMP7, TGF-β2 or the combination of
both factors. To this end, we performed a microarray study in order to identify differentially
regulated genes. Selected genes were confirmed by quantitative RT-PCR or Western
blotting. While we observed multiple antagonistic and synergistic effects of both TGF-β2
and BMP7 on the expression of a considerable number of genes with different functional
properties, we also noted that both growth factors caused a substantial induction of Smad7.
Smad7 belongs to the group of inhibitory Smads (I-Smads) in the TGF-β superfamily
signaling pathway, and functions as intracellular antagonist of TGF-β signaling (Park,
2005). By performing subsequent experiments with small interfering (si) RNA specific for
Smad7, we were able to show that the knock down of Smad7 mRNA expression in HTM
cells completely inhibits the antagonizing effects of BMP7 on TGF-β2 signaling. Our results
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strongly indicate that Smad7 is a key molecule to prevent TGF-β2-induced gene expression
in the TM.

2. Material and Methods
Cell Cultures

Cultures of human trabecular meshwork (HTM) cells were established from the eyes of nine
human donors according to protocols published previously (Fuchshofer et al., 2003; Tamm
et al., 1996). HTM cells of the third passage were seeded in 35 mm culture wells (4.0 × 105

cells per well) and grown to a confluent monolayer. After seven days of confluence, wells
were incubated in serum-free medium F-10 (Invitrogen, Karlsruhe, Germany) for 24 h
followed by an incubation in fresh serum-free medium supplemented with 300 pM BMP7,
300 pM TGF-β2 (both R&D Systems GmbH, Wiesbaden, Germany), or a combination of
both for 72 hours. Treated cells were compared with those from control dishes that were
incubated under identical conditions for 72 h, but without supplemented TGF-β2 or BMP7.
Each of the described experiments was done with a minimum of three primary cell lines.
Methods for securing human tissue were humane, included proper consent and approval, and
complied with the Declaration of Helsinki.

cDNA Microarray Analysis
HTM cells from four different donors were treated with growth factors as described above
and total RNA was isolated by using TRIzol (Invitrogen, Karlsruhe, Germany), according to
the manufacturer’s instructions. The RNA concentration was determined by absorbance at
260 nm (Eppendorf BioPhotometer; Eppendorf, Hamburg, Germany). Doubled-stranded
cDNA was synthesized from 5 μg purified total RNA with a kit (Superscript Double-
Stranded cDNA Synthesis Kit, Invitrogen) and a T7-(dT)24 primer (Affymetrix, Santa
Clara, CA). After the double-stranded cDNA was purified by phenol-chloroform extraction,
in vitro transcription reactions were performed (Bioassay High Yield RNA Transcript
Labeling Kit; Enzo Diagnostics, Farmingdale, NY), according to the manufacturer’s
protocol. Biotin-labeled cRNA was purified (Qiagen, Valencia, CA) and quantified using a
ND-1000 Nano-drop spectrophotometer (Nano-Drop Technologies, Wilmington, DE),
before being fragmented to 35 to 200 base fragments in an alkaline buffer. For each of the
four cell lines, four arrays were hybridized. Each of these four arrays was subjected to one
of the following treatments: BMP7, TGF-β2, BMP7/TGF-β2, or untreated control. Thus, 16
samples were separately hybridized to Human Genome U133A Arrays (Affymetrix), which
probe for 22,215 genes. Washing, staining, and scanning were performed on the GeneChip
Fluidics Stations and Scanner (Affymetrix) as recommended in the manufacturer’s technical
manual, and data were extracted and analyzed using GeneChip® Operating Software
(GCOS; Affymetrix). The absolute intensity values of each chip were globally scaled a
target intensity value of 150 in order to normalize the data for inter-array comparisons. The
target intensity levels and detection calls of each gene were generated using the Statistical
Expression Algorithm in GCOS (Affymetrix). Genes that passed the following filters were
included in the analysis: Genes detected to be present in all eight arrays as determined by the
Statistical Expression Algorithm, genes with a p-value less than 0.05 as determined using
the Welch one-way Anova t-test, and genes with a fold-change greater than or equal to 1.5.

Generation and transfection of siRNA
Target sequences for human Smad7 siRNA were designed according to the Ambion web-
based criteria and generated with a Silencer siRNA construction kit (Ambion, Austin, TX,
USA). Different Smad7 siRNAs were tested in initial transfection experiments and
subsequent RT-PCR analysis. Best results were obtained by transfecting 15 nM of the
Smad7-519 siRNA (named after the nucleotide start site in the Smad7 sequence) using
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lipofectamine for transfection according to manufacturer’s instructions (Invitrogen,
Karlsruhe, Germany). The primers used to generate Smad7-519 siRNA were Smad7-519 5′-
AGGUCACCACCAUCCCCACUU-3′ (sense) and 5′-GUGGGGAUGGUGGUGACCUUU
-3′ (antisense). To assess the effects of Smad7-519 siRNA on BMP7-, TGF-β2-, and BMP7/
TGF-β2-induced changes in gene expression, cells were seeded as previously described,
transfected with 15 nM Smad7-519 siRNA and supplemented after 4 h with media
containing BMP7-, TGF-β2-, or BMP7/TGF-β2 at a final concentration of 300 pM. Cells
were incubated for 48 h before harvesting for RNA isolation.

Western Blot Analysis
Culture medium of treated HTM cells was collected and aliquots (500 μl) were concentrated
50-fold by centrifugation through a Vivaspin500 tube (10 kD cutoff; Vivascience,
Hannover, Germany), according to the manufacturer’s instructions. Protein contents were
determined by a Bradford protein assay (Biorad, Munich, Germany). To obtain protein
extracts of cells grown on tissue culture dishes, cells were directly lysed in RIPA
(RadioImmuno Precipitation Assay) buffer (50 mM Tris–HCl pH 8, 150 mMNaCl, 1%
NP-40, 0.5% sodium deoxycholate, 0.1% SDS) and protein content was measured using the
BCA protein assay reagent (Pierce, Rockford, IL, USA). All probes were supplemented with
SDS-loading buffer and denaturated by boiling for 5 min. 2 μg of each sample were
separated by SDS-polyacrylamide gel electrophoresis (PAGE) and transferred onto a
polyvinyl difluoride membrane (PVDF; Roche) by semi-dry blotting. Membranes were
blocked in TBST/BSA (Tris-buffered saline, 0.1% tween-20, 5% bovine serum albumin, pH
7.2) for 1 h. Primary antibodies were added in TBST (Table 1) and allowed to react
overnight at 4°C. After washing with TBST, secondary antibodies were added in TBST at
the appropriate dilution (Table 1) for 30 min at room temperature. For detection, CDP-star, a
chemiluminescent substrate for alkaline phosphatase, was diluted 1:100 in detection buffer,
and the membranes were incubated for 5 min at room temperature. Chemiluminescence
signals were analyzed on a LAS3000 imaging workstation (Fujifilm Europe GmbH,
Düsseldorf, Germany). Exposure times ranged between 1 and 5 min. Quantification was
done using the AIDA Biopackage software (Raytest, Straubenhardt, Germany).

Immunohistochemistry
HTM cells were grown on microscopic slides to preconfluency and treated as described
above. After incubation, cells were fixed with 4% paraformaldehyde for 15 min and
subsequently washed twice with PBS containing 0.1% Triton X-100. Primary antibodies
were added in appropriate dilutions (Table 1) in PBS/BSA (5%) and allowed to bind for 4 h
at room temperature. After washing three times with PBS, fluorescein-conjugated secondary
antibodies were added (Table 1) for 1 h at room temperature. 4′,6-diamidino-2-phenylindole
(DAPI) was used to counterstain nuclear DNA. Slides were mounted using Vectashield
mounting medium with DAPI (Vector Laboratories, Burlington, CA, USA), and analyzed
under a Zeiss Axio Imager fluorescence microscope (Carl Zeiss AG, Oberkochen,
Germany). To control for unspecific binding of secondary antibodies, negative controls were
performed, which were handled similarly, but incubated in PBS/BSA without primary
antibody.

Real-time RT-PCR Analysis
Quantification by real-time PCR was performed on a Biorad IQ5 real-time thermal analyzer
(Bio-Rad Laboratories, Munich, Germany). The S9, GAPDH and GNB2L genes served as
an endogenous control to normalize the differences in the amount of cDNA in each sample.
Hot Star Taq polymerase (Qiagen) was used for PCR reaction according to the
manufacturer’s protocol. PCR reaction was performed in a volume of 25 μl, consisting of
2.5 μl of 10x PCR buffer, 2.0 to 2.5 μl of MgCl2 (25 mM), 0.5 μl of dNTPs (10 mM each;
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Promega), 0.5 μl of Hot Star Taq (5 U/μl), 0.5 μl of primer mix (20 μM each) and 2.5 μl of
1x SYBR Green I solution (Sigma). All samples that had to be compared for expression
differences were run in the same assay as duplicates. After completion of PCR
amplification, data were analyzed with Biorad iQ5 Optical System Software (Version 2.0).
Data were initially expressed as a threshold cycle and are expressed as fold increases in gene
expression in untreated HTM cells compared with the expression of the different treatments
investigated. For each experiment, the mean value of untreated cells was set at 100%. Each
individual experiment was repeated four times and mean values and standard deviations
were calculated. After amplification was complete, the PCR products were analyzed by
agarose gel electrophoresis. Sequences of primers and PCR product sizes of primer pairs are
given in Table 2.

Number of Experiments and Statistical Analysis—Immunohistochemistry or
Western blot experiments were repeated at least three times with cells or protein extract
from primary HTM cell lines of at least three different donors. Each real-time RT-PCR
analysis was performed in duplicate and repeated at least three times with RNA from HTM
cell lines of at least three different donors. Student’s t-test was used for statistical analysis.

3. Results
In order to identify TM genes that are modified in their expression pattern by the presence of
TGF-β2, BMP7 or the combination of both factors, hybridization of DNA microarrays was
performed with RNA from treated HTM cells, and untreated controls. For each of these
conditions, four microarrays were hybridized. Table 3 lists those genes that fulfilled the
following criteria: An intensity level and detection call that qualified “presence” in all eight
arrays (experimental and control), a p-value less than 0.05 using the Welch one-way Anova
t-test, and a fold-change of at least 1.5 (experiment relative to control, or control relative to
experiment). 16 genes were found to be up- or downregulated following treatment with
TGF-β2, 5 genes after treatment with BMP7, and 18 genes after combined TGF-β2/BMP7
treatment (Table 3). Following similar criteria, gene expression of cells treated with TGF-β2
was compared with that of cells treated with BMP7, and the effects of combined TGF-β2/
BMP7 were compared with those after treatment with TGF-β2 or BMP7 alone (Table 3).
The highest number of genes that were differentially regulated (57) was observed between
BMP7-treated cells and those treated with the combination of TGF-β2 and BMP7. In
contrast, only six genes were different in their expression profile when comparing TGF-β2-
treated cells with those receiving combined TGF-β2/BMP7 treatment. 21 genes were
differentially regulated when comparing TGF-β2 treatment with BMP7 treatment. Since the
major purpose of our study was to shed light on the signaling network that is involved in the
action of BMP7 and TGF-β2 on HTM cells, we sorted the genes that were identified by this
approach and focused on those genes that encode for proteins belonging to the following
groups: Cytokines and their receptors, proteins involved in TGF-β- or BMP-signaling,
cytoskeletal proteins, ECM proteins, and proteins involved in the extracellular proteolytic
system. Genes were selected from each of these groups to confirm the data obtained by
microarray analysis with quantitative real-time RT-PCR, western blotting or
immunohistochemistry.

Cytokines and cytokine receptors
By quantitative real time RT-PCR, tumor necrosis factor α-induced protein 6 (TNFAIP6 or
TSG6), a secretory protein containing a hyaluronan-binding domain and member of the
hyaluronan-binding protein family (Milner et al., 2006), was found to be significantly
upregulated following combined TGF-β2/BMP7 treatment (4.2 ± 0.2-fold, p < 0.01) or
treatment with TGF-β2 alone (3.9 ± 0.2-fold, p < 0.05) corroborating the results obtained by

Fuchshofer et al. Page 5

Exp Eye Res. Author manuscript; available in PMC 2011 January 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



microarray analysis (Fig. 1A). The expression of fibroblast growth factor 5 (FGF5), a
secreted member of the FGF gene family (Allerstorfer et al., 2008), which was
downregulated 0.5-fold by TGF-β2 in the microarray analysis, was found to be decreased
using real time RT-PCR (Fig. 1A) albeit with marginal statistical significance (0.6 ± 0.08-
fold, p > 0.06). Microarray data identified a higher expression of vascular endothelial cell
growth factor (VEGF), heparin-binding EGF-like growth factor (HBEGF), and follistatin-
like 3 (FSTL3) in HTM cells treated with the combination of BMP7/TGF-β2 as compared to
HTM cells treated with BMP7 alone (Table 3). VEGF has important roles in mammalian
vascular development and in diseases involving abnormal growth of blood vessels (Breen,
2007). HBEGF possesses a heparin binding domain that allows its interaction with cell
surface and matrix heparin sulfate proteoglycans (Higashiyama et al., 1992; Thompson et
al., 1994), while follistatin-like 3 is a glycoprotein that binds to various growth factors of the
TGF-β superfamily and modulates their activity (Sidis et al., 2006). In contrast to VEGF,
HBEGF, and follistatin-3, the expression of neuropilin 1 (NRP1), a membrane-bound co-
receptor involved in VEGF and semaphoring signaling (Staton et al., 2007), was
substantially lower in BMP7/TGF-β2-treated HTM cells than in BMP7 treated cells (Table
3). The influence of combined BMP7/TGF-β2-treatment on the expression of VEGF,
HBEGF, follistatin-like 3, and neuropilin 1 could be confirmed by real time RT-PCR
analysis. For VEGF, real time RT-PCR experiments showed a 4.11 ± 0.4-fold increase (p <
0.01) as compared to controls after treatment with TGF-β2. A smaller 3.4 ± 0.5-fold (p <
0.01) increase in mRNA for VEGF was observed after combined TGF-β/BMP7 treatment.
Comparable findings were observed for HBEGF (5.8 ± 0.8-fold increase after TGFβ2, p <
0.05; 4.0 ± 0.1-fold increase after TGF-β2/BMP7, p < 0.01), and FSTL3 (3.81 ± 0.4-fold
increase after TGFβ2, p < 0.05; 3.95 ± 0.3-fold increase after TGF-β2/BMP7, p < 0.01).
Treatment with BMP7 had no substantial effects on the expression of VEGF, HBEGF, and
follistatin-like 3. Real time RT-PCR showed a significant decrease in the expression of
neuropilin 1 following BMP7 treatment (0.3 ± 0.1- fold, p < 0.01). To analyze, if the
changes in VEGF mRNA expression correlated with the amounts of secreted VEGF, and to
identify which VEGF isoform is predominantly expressed and regulated in HTM cells,
western blot analysis was performed. The antibodies that were used bind to the 121 aa, 165
aa, and 189 aa VEGF splice variants, which migrate at around 14–18 kDa, 18–23 kDa, and
27 kDa, respectively (Ferrara et al., 1992; Ferrara et al., 1991). All three bands were
detected in HTM cell culture medium (Fig. 1B). Similar to the results obtained by RT-PCR,
BMP7-treatment had no effect on the amounts of VEGF, while treatment with TGF-β2 or
TGF-β2/BMP7 substantially increased the amounts of detected VEGF165 that migrated at
around 21 kDa. By densitometry, the increase in VEGF165 was 3.8 ± 0.4- fold after
treatment with TGF-β2 and 3.0 ± 0.5-fold after combined TGF-β2/BMP7.

Cytoskeletal proteins
When gene expression profiles of BMP7/TGF-β2-treated HTM cells were compared with
those of BMP7 treated cells, the expression of mRNA for smoothelin (SMTN), a structural
protein that associates with actin stress fibers (Niessen et al., 2004; Niessen et al., 2005; van
Eys et al., 2007) was found to be upregulated, while that of CAPZA1, another actin-binding
protein (Wear and Cooper, 2004) was downregulated (Table 3). Real-time RT-PCR analysis
confirmed the upregulation of SMTN mRNA following BMP7/TGF-β2 treatment as
compared to untreated cells (3.0 ± 0.5-fold, p < 0.01) or BMP7-treated cells (Fig. 2A). The
difference to control cultures was substantially higher after treatment with TGF-β2 alone
(4.1 ± 0.4–fold, p < 0.01). In contrast, the expression of mRNA for CAPZA1 was not
obviously different when comparing BMP7/TGF-β2-treated HTM cells with BMP7-treated
ones. Still, treatment with TGF-β2 alone caused a substantial decrease of mRNA for
CAPZA1 when compared with untreated HTM cells (0.5 ± 0.1-fold, p < 0.01), or those
treated with BMP7 alone. By microarray analysis, mRNA for CDC42 binding protein kinase
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beta (cdc42bpb), a member of the serine/threonine protein kinase family and involved in
cytoskeletal reorganization (Wilkinson et al., 2005) was downregulated in BMP7 treated
cells when compared to controls (Table 3). Comparable results were observed by real time
RT-PCR analysis in which less mRNA for cdc42bpb was found in BMP7-treated (0.78 ±
0.2-fold, p < 0.05) and BMP7/TGF-β2-treated cells (0.75 ± 0.14-fold, p < 0.05), when
compared to untreated cells (Fig. 2A). A comparable decrease was observed after Western
blot analysis with antibodies specific to cdc42bpb which detected the protein at its molecular
weight of 180 kDa in all probes (Fig. 2B). Cells treated with BMP7 or BMP7/TGF-β2
contained less cdc42bpb than control cultures (0.7- fold) or those treated with TGF-β2 alone
(Fig. 2B).

Extracellular matrix
Two ECM proteins that were found to be regulated in their expression patterns by
microarray analysis were matrilin-2 (MATN2), a protein involved in the formation of
filamentous ECM (Deak et al., 1999; Wagener et al., 2005), and EGF-containing fibulin-like
extracellular matrix protein1 (EFEMP1, fibulin-3), a secreted protein with unknown
functions (Kobayashi et al., 2007). Both MATN2 and EFEMP1 were downregulated in their
expression when BMP7/TGF-β2-treated HTM cells were compared with those treated with
BMP7 only (Table 3). The results obtained by real time RT-PCR were at variance with those
obtained by microarray analysis, as the expression of both MATN2 and EFEMP1 did not
substantially differ between BMP7/TGF-β2- and BMP7-treated cells. Still, the expression of
MATN2 was substantially downregulated by combined BMP7/TGF-β2 treatment (0.4 ± 0.2-
fold, p < 0.05) when compared with control cultures (Fig. 2C). Comparable results were
obtained for EFEMP1 which was downregulated 0.4 ± 0.2-fold by BMP7 treatment (p <
0.01) and 0.3 ± 0.1-fold by combined BMP7/TGF-β2 treatment (p < 0.01). In addition to
structural ECM components, also genes involved in the extracellular proteolytic system
were found to be regulated. Plasminogen activator inhibitor-1 (PAI-1, SERPINE1) showed
higher expression in microarray analysis of BMP7/TGF-β2-treated HTM cells compared to
cells treated with BMP7 (Table 3). The same was true for tissue factor pathway inhibitor 2
(TFPI2), a 32 kDa serine proteinase inhibitor and ECM protein that inhibits plasmin (Chand
et al., 2005). By real-time RT-PCR analysis, a dramatic increase of TFPI2 mRNA (37.99 ±
4.6-fold, p < 0.01) was observed when RNA from BMP7/TGF-β2-treated HTM cells or
from TGF-β2-treated cells (37.1 ± 3.9-fold, p < 0.01) was compared with control cultures
(Fig. 3A). Comparable results were obtained by Western blot analysis with antibodies
against TFPI2, in which a specific band at 32 kDa was detected in TGFβ2- and BMP7/
TGFβ2-treated HTM cells, whereas no or only a very faint signal was observed in untreated
control or in BMP7 treated cells (Fig. 3B). The cellular localization and the amounts of
TFPI2 in HTM cells were also investigated by immunohistochemistry. Faint
immunoreactivity in vesicular structures was observed in untreated control cells and cells
treated with BMP7 (Fig. 3C). In contrast, after TGF-β2 treatment or treatment with BMP7/
TGF-β2 more and brighter labeled vesicles were observed in the cytoplasm of HTM cells
(Fig. 3C). Control cultures that were not incubated with the primary antibody showed no
staining (data not shown). The induction of mRNA for PAI-1 following treatment with
BMP7/TGFβ2 which was seen by microarray analysis was not confirmed by an independent
assay, as the influence of TGFβ2 on the HTM expression of PAI-1 had been shown in
several other studies (Fleenor et al., 2006; Fuchshofer et al., 2003; Fuchshofer et al., 2007;
Zhao et al., 2004).

Proteins involved in TGF-β- and BMP-signaling
With regard to proteins involved in TGF-β-signaling, microarray data showed an
upregulation of latent TGF-β binding protein-1 (LTBP-1) when comparing BMP7/TGF-β2-
treated or TGF-β2-treated cells with those treated with BMP7 (Table 3). LTBP-1 targets
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latent complexes of TGF-β to the extracellular matrix, and is involved in the activation of
TGF-β (Annes et al., 2004;Saharinen et al., 1999). Comparable results were observed for the
closely related LTBP-2 which was also upregulated in BMP7/TGF-β2-treated cells as
compared to BMP7 treated cells (Table 3). The upregulation was also seen by real time RT-
PCR analysis which showed an increase in the expression of LTBP-1 and LTBP-2 both after
treatment with TGF-β2 alone (3.5 ± 0.2-fold for LTBP-1, p < 0.05, and 8.25 ± 0.3 for
LTBP-2, p < 0.01), and, at lower levels, after combined BMP7/TGF-β2-treatment (2.9 ± 0.1-
fold for LTBP-1 p < 0.05, and 5.2 ± 0.2-fold for LTBP-2, p < 0.01) when compared with
untreated cells (Fig. 4A). Another protein involved in TGF-β-signaling that microarray
analysis identified as regulated in HTM cells both after TGF-β2- or BMP7/TGF-β2-
treatment was Smad7, an inhibitory Smad in the TGF-β superfamily signaling pathway
(Park, 2005). The upregulation in Smad7 expression was also seen by real time RT-PCR, in
which treatment with TGF-β2 caused a 3.73 ± 0.4–fold (p < 0.01) increase as compared to
controls, and combined BMP7/TGF-β2-treatment an increase of 4.8 ± 0.4 –fold (p < 0.01,
Fig. 4A). Interestingly, real time RT-PCR experiments showed also an increase in the
expression of Smad7 after treatment with BMP7 (1.5 ± 0.3-fold, p < 0.05), which was
smaller than that observed after TGF-β2- or BMP7/TGF-β2-treatment. In order to analyze, if
the differences in mRNA expression for Smad7 did also result in different amounts of
proteins in HTM cells, Western blot analysis was performed. A specific band at 51 kDa was
detected in HTM cells, which was faint in control cells, somewhat more intense in BMP7-
treated cells, and considerably stronger in cells treated with TGF-β2 or BMP7/TGF-β2 (Fig.
4B). Densitometry showed a 2.9 ± 0.2-fold increase of Smad7 in HTM proteins after TGF-
β2, and a 4.3 ± 0.5-fold increase after combined BMP7/TGF-β2-treatment. Data obtained by
immunohistochemical analysis of HTM cells treated with BMP7, TGF-β2, or BMP7/TGF-
β2 correlated markedly with those obtained by Western blotting. In untreated control cells,
immunoreactivity for Smad7 was found to be restricted to a distinct perinuclear area, while
the rest of the cytoplasm was largely unstained (Fig. 4C). In contrast, after treatment with
BMP7, labeling for Smad7 were was seen to branch away from the perinuclear area into the
periphery of the cytoplasm. This was even more prominent in cells treated with TGF-β2 or
combined BMP7/TGF-β2, in which immunoreactivity for Smad7 was seen as a reticular
network throughout the entire cytoplasm of HTM cells (Fig. 4C).

SMAD7 silencing
Since Smad7 functions as intracellular antagonist of TGF-β signaling (Park, 2005), we
hypothesized that the substantial induction of Smad7 in HTM cells after combined BMP7/
TGF-β2-treatment might be involved in the antagonizing effects of BMP7 on TGF-β2-
signaling in HTM cells (Fuchshofer et al., 2007). To clarify this hypothesis, we used siRNA
specific for Smad7 to knock down the expression of Smad7 mRNA in HTM cells.
Quantitative real time RT-PCR analysis confirmed that following transfection with specific
siRNA, the expression of mRNA for Smad7 was considerably downregulated (0.4 ± 0.1-
fold, p < 0.01), an effect that was not seen when unspecific scrambled siRNA was used (Fig.
5A). Western blot analysis confirmed that the decrease in mRNA expression resulted in
substantially lower amounts of Smad7 in transfected HTM cells (Fig. 5A). Again,
transfection with scrambled siRNA had no effects. As a next step, we analyzed the
expression of connective tissue growth factor (CTGF) in HTM cells after treatment with
BMP7, TGF-β2 or the combination of both factors. We choose CTGF, as we had shown in a
previous study that the expression of CTGF and its mRNA is substantially upregulated
following treatment with TGF-β2, an effect that is completely prevented by adding BMP7 to
TGF-β2 and treating HTM cells with combined BMP7/TGF-β2 (Fuchshofer et al., 2007).
We started to transfect HTM cells with scrambled siRNA as described above in order to test,
if transfection with scrambled siRNA would change the effects of BMP7, TGF-β2 or BMP7/
TGF-β2 on the expression of mRNA for Smad7 or CTGF. Similar to experiments shown
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above, a substantial induction of Smad7 mRNA (p < 0.01) was observed after treatment with
TGF-β2 or BMP7/TGF-β2 (Fig. 5B). In addition, treatment with TGF-β2 caused a
substantial increase in mRNA for CTGF (p < 0.01), an effect that was completely prevented
when BMP7 was added to TGF-β2 (Fig. 5B), corroborating the findings of our previous
study (Fuchshofer et al., 2007). Western blot analysis confirmed that the increase in mRNA
for CTGF after treatment TGF-β2, but not after combined BMP7/TGF-β2, resulted in an
increase of secreted CTGF in culture medium of HTM cells (Fig. 5B). We concluded that
transfection with scrambled siRNA has no effects on TGF-β2 and BMP7 signaling in HTM
cells. Subsequently, we transfected HTM cells with Smad7 siRNA as described above and
analyzed the amounts of CTGF and Smad7 mRNA by real time RT-PCR. In contrast to the
results observed with untransfected cells or cells transfected with scrambled siRNA, the
amounts of Smad7 mRNA remained unchanged following treatment with BMP7, TGF-β2 or
BMP7/TGF-β2 (Fig. 5C). The expression of mRNA for CTGF was upregulated significantly
following treatment with TGF-β2 (4.1 ± 0.6-fold, p < 0.01), an effect that was similar to that
observed after treatment with combined BMP7/TGF-β2 (4.3 ± 0.2-fold, p < 0.01). Western
blot analysis confirmed that the increase in mRNA for CTGF after treatment with Smad7
siRNA resulted in a considerable increase of secreted CTGF in culture medium of HTM
cells following treatment with TGF-β2 or combined BMP7/TGF-β2 (Fig. 5C). Overall, the
data obtained by siRNA experiments confirmed our hypothesis that the inhibitory action of
Smad7 is required to mediate the antagonizing effects of BMP7 on TGF-β2-signaling.

4. Discussion
Using microarray analysis and real time RT-PCR, we have identified a substantial number
of HTM genes that are differentially regulated in their expression by treatment with TGF-β2,
BMP7 or combined BMP7/TGF-β2. While the effects of BMP7 or BMP7/TGF-β2 on
overall gene expression in HTM cells have not been investigated before, some of us have
previously studied the genomic and proteomic expression changes in HTM cells following
treatment with TGF-β2 (Zhao et al., 2004). Using comparable protocols for HTM cell
culture, treatment with TGF-β2, and microarray analysis, 21 genes were identified as
differentially regulated in the study by Zhao and colleagues, while 16 genes were found in
the present study. It is certainly of interest to note, that out of these 37 genes, MAF was the
only one to be found regulated in both of the studies. MAF, which was upregulated in its
expression upon treatment with TGF-β2, encodes for a basic region leucine zipper
transcription factor that plays an important role during development of the anterior eye (Kim
et al., 1999; Ring et al., 2000). Mutations in MAF cause cataract, anterior segment
dysgenesis and coloboma (Jamieson et al., 2002). In another microarray study, 10 genes
were shown to be regulated in HTM cells after treatment with TGF-β2 (Fleenor et al., 2006).
Again, only two of those (SERPINE1 and LTBP1) where also identified as regulated in the
present study. In addition, several genes did not show up in our arrays, which in other
studies that were using a candidate approach had been found to be regulated by TGF-β2 in
HTM cells. Among these genes were those encoding for thrombospondin-1 (Flügel-Koch et
al., 2004), fibronectin (Fuchshofer et al., 2007; Li et al., 2000; Welge-Lüssen et al., 2000),
collagen types IV and VI (Fuchshofer et al., 2007), tissue transglutaminase (Welge-Lüssen
et al., 2000), αB-crystallin (Welge-Lüssen et al., 1999), myocilin (Tamm et al., 1999),
CTGF (Fuchshofer et al., 2007), and TGF-β1 (Li et al., 1996). We conclude that microarray
analysis, at least as performed in our hands, is prone to false negative results, and is not an
experimental approach that allows identification of a complete list of genes that are
regulated upon treatment with a specific cytokine or growth factor. Nevertheless, microarray
analysis is certainly a very powerful tool to identify new genes as being regulated, an
advantage that allowed us to obtain substantial new insights on the action of BMP7 and/or
TGF-β2 in HTM cells.
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Among the genes that were newly identified as regulated by TGF-β2 and BMP7/TGF-β2
was TNFAIP6 which encodes for tumor necrosis factor-α-induced protein 6 (TSG6). TSG6
which already has been shown to be regulated by TGF-β1 (Zhao et al., 2004), tumor
necrosis factor-α, and interleukin-1a (Acott and Kelley, 2008) in HTM cells, is a
multifunctional secretory protein that interacts with a wide rage of glycosaminoglycans such
as hyaluronan, chondroitin-4-sulphate, dermatan-sulfate, heparin, and heparan-sulfate, and
with proteoglycans such as aggrecan and versican (Milner et al., 2006). In addition, it
interacts with thrombospondin-1 and with fibronectin (Kuznetsova et al., 2005; Kuznetsova
et al., 2008). In vitro, the interaction of TSG6 with other molecules of the extracellular
matrix leads to significant functional changes, such as to an increase in hyaluronan cross-
linking, or to an increase in fibronectin fibril assembly. Since all of the known binding
partners of TSG6 have been identified in fresh HTM (Acott and Kelley, 2008), it is tempting
to speculate that the functional properties of TSP6 are also important for TM cell biology in
the living eye.

Regulation by TGF-β2, BMP7 and/or BMP7/TGF-β2 was also shown for several growth
factors and related genes. FGF-5 and HB-EGF play important roles during embryonic
development where they are involved in hair follicle formation (Hebert et al., 1994), or
blastocyst implantation (Xie et al., 2007). In the adult organism, FGF-5 has been found to be
expressed mainly in neurons of brain and spinal cord, on which it acts as neurotrophic factor
(Hughes et al., 1993; Lindholm et al., 1994). HB-EGF appears to be involved in wound
healing, renal injury, smooth muscle hyperplasia, and atherosclerosis (Raab and Klagsbrun,
1997). In the eye, HB-EGF is expressed in retinal pigment epithelial (RPE) cells and Müller
glia, and has been identified in epiretinal membranes of patients with proliferative
vitreoretinopathy (Hollborn et al., 2006; Hollborn et al., 2005). The role of both FGF-5 and
HB-EGF for TM biology remains unclear at the moment. The expression of VEGF in HTM
cells is surprising as VEGF plays important roles in vascular development and angiogenesis
(Breen, 2007), while the normal TM is a tissue that needs to remain avascular for its proper
function. Indeed, very high amounts of VEGF (40 to 113-fold more than in the AH of
patients with cataract or POAG) have been found in the aqueous humor of patients with
neovascular glaucoma caused by vascularization of the chamber angle (Tripathi et al., 1998).
On the other hand, there is considerable evidence that in the adult organism, certain vessels
depend on VEGF for the maintenance of a highly permeable and fenestrated endothelium
(Eremina et al., 2007; Eremina et al., 2003; Kamba et al., 2006). VEGF165, the isoform that
was found to be secreted by HTM cells in the present study, increases the permeability of
venules and capillaries, in which it induces fenestration (Roberts and Palade, 1995). The
endothelium of Schlemm’s canal (SC), the vessel that is directly adjacent to the TM, is
highly porous providing one of the highest vascular permeabilities in the body (Johnson,
2006). It is tempting to speculate that the high permeability of SC endothelium depends on
paracrine VEGF-signaling from the TM. Finally, follistatin-like 3 is an extracellular
regulatory protein for several members of the TGFβ-superfamily including BMPs that acts
via high-affinity binding to prevent interaction with the respective receptor (Sidis et al.,
2006; Tsuchida et al., 2000). The upregulation of follistatin-like 3 expression following
treatment with TGF-β2 might amplify the action of TGF-β2 by binding to BMP7 and/or
BMP4 to modify the antagonizing effects of both factors on TGF-β2-signaling (Fuchshofer
et al., 2007; Wordinger et al., 2007).

TGF-β1 is known to induce the synthesis of α-smooth muscle actin and to generate a
myofibroblast-like contractile phenotype in fibroblasts (Desmoulière et al., 1993; Ronnov-
Jessen and Petersen, 1993) and HTM cells (Tamm et al., 1996). Similar properties have been
shown for TGF-β2 in lens epithelial (Hales et al., 2000; Wormstone et al., 2002) and RPE
cells (Gamulescu et al., 2006). In correlation with these observations is the finding that two
actin binding proteins, smoothelin and CAPZA1 were found do be differentially regulated
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by treatment with TGF-β2 in our study. Smoothelin, which was upregulated, is
characteristically found in fully differentiated contractile smooth muscle cells and is
regarded as marker for such cells (van Eys et al., 2007). Mice that are deficient in
smoothelin die because the smooth muscle cells in the gastrointestinal tract do not contract
properly (Niessen et al., 2005). CAPZA1 encodes for the α1-subunit of capping protein, a
heterodimer composed of α and β subunits, which binds to the barbed ends of actin filaments
(Wear and Cooper, 2004). The downregulation of CAPZA1 expression following treatment
with TGF-β2 as observed in our study might be important in a scenario where actin
fibrillogenesis, and elongation and reorganization of the actin cytoskeleton are happening.

Although TGF-β2 is known to induce the synthesis of a wide variety of structural ECM
molecules in HTM cells (Tamm and Fuchshofer, 2007), the only such molecules that were
identified as regulated in the present study were matrilin-2 and fibulin-3. Matrilins are
adaptor proteins in the ECM that mediate interactions between collagen-containing fibrils
and other matrix constituents such as proteoglycans. Fibulin-3 has been shown to bind to
tropoelastin (Kobayashi et al., 2007), and is mutated in some forms of age-related macula
degeneration where it is found in sub-RPE deposits (Marmorstein et al., 2007; Marmorstein
et al., 2002). Matrilin-2 and fibulin-3 were found to be downregulated following all three
kinds of treatment, a finding that is difficult to analyze in the absence of more detailed
information on the function of both proteins. In previous work, we could show that TGF-β2
does not only act on the expression of structural ECM molecules, but does also modify the
expression of various molecules involved in the extracellular proteolytic system (Fuchshofer
et al., 2003). A critical molecule in this system is PAI-1, an inhibitor of the plasminogen/
plasmin system that reduces the enzymatic activation of matrix-metalloproteinases (MMPs).
Our finding that the expression of PAI-1 was increased upon treatment with TGF-β2
corroborates data of previous studies (Fleenor et al., 2006; Fuchshofer et al., 2003;
Fuchshofer et al., 2007), and supports the hypothesis that inhibition of MMP activation may
be a critical factor that leads to an increase in ECM in the TM of patients with POAG. In
this context, the finding of the present study appears to be important that tissue factor
pathway inhibitor-2 (TFPI2) is expressed in the TM and is highly induced following
treatment with TGF-β2. TFPI2 is a matrix associated Kunitz-type serine proteinase inhibitor
that inhibits plasmin gelatinolytic activity of MMP-2 and MMP-9 (Chand et al., 2005). It is
tempting to speculate that PAI-1 and TFPI2 have synergistic roles on the extracellular
proteolytic system in the HTM.

Two genes, LTBP-1 and SMAD7, which are directly involved in TGF-β-signaling were
found to be regulated by TGF-β2. Together with the TGF-β propeptide, also called the
latency-associated protein, LTBP-1 is part of the secreted inactive TGF-β complex
(Saharinen et al., 1999). Extracellular activation of this complex is a critical but
incompletely understood step in TGF-signaling which appears to involve binding of LTBP-1
to extracellular matrix compounds and/or cell-membrane associated integrins (Annes et al.,
2004; Saharinen et al., 1999). The major fraction (>90%) of secreted LTBP-1 does not
contain TGF-β (Saharinen et al., 1999) indicating that LTBP-1 also serves a separate role as
structural ECM protein. LTBP-1 and the closely related LTBP-2, which was also induced in
HTM cells following TGF-β2, share a high degree of homology with fibrillin and have been
found to associate with microfibrils of elastic fibers (Hirai et al., 2007; Hirani et al., 2007;
Isogai et al., 2003). In the normal human eye, LTBP-1 has been localized to ECM fibrils in
the anterior eye segment including TM and scleral spur (Schlötzer-Schrehardt et al., 2001).
The induction of LTBP-1 and -2 following treatment with TGF-β might be part of the
overall fibrogenic effects of TGF-β2.

Our observation that both BMP7 and TGF-β2 induce the expression of Smad7 and its
mRNA in HTM cells, an effect that appears to be additive when HTM cells are treated with
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combined BMP7/TGF-β2, lead to the hypothesis that Smad7 is responsible for the
antagonizing effects of BMP7 on TGF-β2-signaling. This hypothesis could be supported by
subsequent experiments using siRNA for Smad7, which showed that a knockdown of Smad7
completely prevents the antagonizing effects of BMP7 on the TGF-β2-induced expression of
CTGF (Fuchshofer et al., 2007). Smad7 is an inhibitory Smad which functions as
intracellular antagonist that inhibits TGF-β signaling, a situation that is in marked contrast to
that of the group of receptor-associated Smads (Smad2/3) which mediate TGF-β signaling
(Park, 2005). Several mechanisms have been suggested how Smad7 exerts its negative
effects on TGF-β-signaling (ten Dijke and Hill, 2004). Smad7 inhibits signaling through
stable binding to activated type I receptors and competition with receptor-associated Smads
for receptor activation. In addition, Smad7 can recruit the E3 ubiquitin ligases Smurf1 and
Smurf2 to the type I receptors, resulting in receptor ubiquitination, degradation, and
termination of signaling. Finally, Smad7 appears also to act in the nucleus to disrupt the
formation of the TGF-β-induced functional Smad-DNA complex (Zhang et al., 2007). Since
TGF-β1 and BMP7 induce the expression of Smad7 in several cell types (Afrakhte et al.,
1998), the concept has been proposed that Smad7 plays an essential role in an autoinhibitory
negative-feedback regulation of TGF-β signaling (Itoh and ten Dijke, 2007; Park, 2005; ten
Dijke and Hill, 2004). In HTM cells, the model would imply that TGF-β2 induces Smad7,
an effect that shortens the time interval during which TGF-β2-signaling is promoting the
expression of its specific target genes. If BMP7 is added to TGF-β2, the expression of target
genes is blunted or completely prevented, as the available amounts of Smad7 are induced to
much higher levels than when TGF-β2 would act alone. While this model is attractive and
supported by the data of our study, it does not explain why some of the genes that were
identified in the present study as regulated by TGF-β2 (TFPI2, TNFAIP6, FSTL3) were
expressed to almost similar levels after treatment with BMP7/TGF-β2. The possibility that
different pathways of TGF-β2-signaling exist in the TM, some of which cannot be inhibited
by Smad7, is currently under investigation in our laboratory. Nevertheless, the data of the
present study strongly indicate that Smad7 is a key molecular switch to inhibit TGF-β2-
signaling in the TM. In other systems, the induction of Smad7 expression has already been
successfully used to inhibit the pathogenic effects of TGF-β-signaling in experimental
models of renal (Hou et al., 2005; Ka et al., 2007; Li et al., 2002) and liver fibrosis (Dooley
et al., 2008), and proliferative vitreoretinopathy (Saika et al., 2007). Similar strategies
appear to have promise to prevent the adverse effects of TGF-β2-signaling on the aqueous
humor outflow pathways in eyes with POAG.
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Fig. 1.
Differentially expressed growth factor-related genes in untreated HTM cells (Co), or cells
treated with BMP-7, TGF-β2 or combined BMP-7/TGF-β2. A. Real-time RT-PCR analysis,
means ± standard deviations of four independent experiments run in duplicate are shown.
The mean value obtained with RNA from control cultures was set at 1 (* p < 0.05, ** p <
0.01). B. Western blot analysis for the presence of VEGF in cell culture medium of HTM
cells.
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Fig. 2.
Differentially expressed cytoskeletal (A,B) or ECM (C) genes in untreated HTM cells (Co),
or cells treated with BMP-7, TGF-β2 or combined BMP-7/TGF-β2. A,C. Real-time RT-PCR
analysis, means ± standard deviations of four independent experiments run in duplicate are
shown. The mean value obtained with RNA from control cultures was set at 1 (* p < 0.05,
** p < 0.01). B. Western blot analysis for the presence of cdc42bpb in HTM cells.
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Fig. 3.
Expression of TFPI2 in untreated HTM cells (Co), or cells treated with BMP-7, TGF-β2 or
combined BMP-7/TGF-β2. A. Real-time RT-PCR analysis, means ± standard deviations of
four independent experiments run in duplicate are shown. The mean value obtained with
RNA from control cultures was set at 1 (* p < 0.05, ** p < 0.01). B,C. Western blot analysis
(B) and immunohistochemistry (C) for the presence of TFPI2 in HTM cells.
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Fig. 4.
Differentially expressed genes involved in TGF-β-signaling in untreated HTM cells (Co), or
cells treated with BMP-7, TGF-β2 or combined BMP-7/TGF-β2. A. Real-time RT-PCR
analysis, means ± standard deviations of four independent experiments run in duplicate are
shown. The mean value obtained with RNA from control cultures was set at 1. (* p < 0.05,
** p < 0.01). B. Western blot analysis for the presence of Smad7 in HTM cells. C.
Immunohistochemical staining for Smad7 shows a perinuclear staining in untreated HTM
cells, whereas in the BMP7, TGF-β2 and BMP7/TGF-β2 treated cells, an additional reticular
staining is seen throughout the cytoplasm of cells (arrows).
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Fig. 5.
Silencing of Smad7 mRNA following transfection with specific Smad7 siRNA (siSmad7) or
scrambled siRNA, and its effects on Smad7 and CTGF expression in untreated HTM cells
(Co), or cells treated with BMP-7, TGF-β2 or combined BMP-7/TGF-β2. A. Real-time RT-
PCR for Smad7 mRNA and Western blot analysis for Smad7. B. Real-time RT-PCR for
Smad7 and CTGF mRNA in HTM cells, and Western blot analysis for CTGF in culture
medium of HTM cells transfected with scrambled siRNA. C. Real-time RT-PCR for Smad7
and CTGF mRNA in HTM cells, and Western blot analysis for CTGF in culture medium of
HTM cells transfected with siRNA against Smad7 (for real time RT-PCR experiments,
means ± standard deviations of four independent experiments run in duplicate are shown, *
p < 0.05, ** p < 0.01. The amounts of Smad7 mRNA were normalized to that of GAPDH).
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Table 1

Antibodies used for Western blot and immunohistochemistry in the present study (WB, Western blot; IHC,
immunohistochemistry)

Antibodies Abbreviation Dilution Companies

fluorescein swine anti goat IgG Sw anti G-Cy3 1:100 Dako, Glostrup, Denmark

horseradish peroxidase-conjugated chicken anti
goat IgG

Ch anti G-HRP 1:2000 Santa Cruz Biotechnology, Santa Cruz, USA

horseradish peroxidase-conjugated chicken anti
rabbit IgG

Ch anti R-HRP 1:2000 Santa Cruz Biotechnology, Santa Cruz, USA

polyclonal goat anti human CTGF G anti hCTGF 1:500 (WB) Santa Cruz Biotechnology, Santa Cruz, USA

polyclonal rabbit anti human SMAD7 rb anti hSMAD7 1:700 (WB) Santa Cruz Biotechnology, USA

Polyclonal rabbit anti human VEGF Rb anti hVEGF 1:500 (WB) Santa Cruz Biotechnology, USA

Polyclonal goat anti human TFPI G anti hTFPI 1:1000 (WB) 1:200
(IHC)

Santa Cruz Biotechnology, USA

Polyclonal goat anti human MRCKβ G anti hMRCKβ 1:300 (WB) Santa Cruz Biotechnology, USA
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Table 2

Primers used for PCR amplification in the present study.

Target Sequence Position Product Size

VEGF 5′-tgcccgctgctgtctaat–3′
5′-tctccgctctgagcaagg-3

1540–1609 70

FGF5 5′-ttctgccaagattcaagcag–3′
5′-aggtggctttttcttttcagg-3

702–778 77

FSTL3 5′-tacatctcctcgtgccacat–3′
5′-ttctgcagactcaccacctg-3

687–806 120

TNFAIP6 5′-ggccatctcgcaacttaca–3′
5′-cagcacagacatgaaatccaa-3

263–326 64

HBEGF 5′-tggggcttctcatgtttagg–3′
5′-tgcccaacttcactttctcttc-3

797–871 75

NRP1 5′-cacatttcacaagaagattgtgc–3′
5′-catcaattttaatttctgggttcttt-3

2930–2999 70

SMTN 5′-caaaaagtcctaacccctgct–3′
5′-tcatgtcgtccacctccac-3

2954–3030 77

Cdc42bpb 5′-gacgacgtgctgagaaacac–3′
5′-aatccagaaaagcctgtgtga-3

1352–1413 62

Capza1 5′-ggaagttcaccatcacacca–3′
5′-aaccaactgaacattgccatc-3

922–1013 92

Matn2 5′-gctgaggatgggaagaggt–3′
5′-tcacatccgtggttttctga-3

1165–1226 62

EFEMP1 5′-aacccttcccaccgtatcc–3′
5′-tgcagtgcactcgtctatgtc-3

589–672 84

TFPI2 5′-cgccaacaatttctacacctg–3′
5′-ggcaaactttgggaacttttt-3

291–364 74

LTBP1 5′-tgctgtcatggctggagtaa–3′
5′-acatggcggaacacagcta-3

517–585 69

LTBP2 5′-ctgaacactgtgaacggacag–3′
5′-cagcagtcctcctgggtagt-3

2053–2117 65

SMAD7 5′-cgatggattttctcaaaccaa–3′
5′-attcgttccccctgtttca-3

931–1004 74
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