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Purpose: Inhibiting exaggerated wound healing responses, which are primarily mediated by human Tenon’s fibroblast
(HTF) migration and proliferation, has become the major determining factor for a successful trabeculectomy. Anti-
vascular endothelial growth factor (anti-VEGF) has showed promising results as a potential antifibrotic candidate for
use concurrently in trabeculectomy. Preliminary cohort studies have revealed improved bleb morphology following
trabeculectomy augmented with ranibizumab. However, the effects on HTFs remain unclear. This study was conducted
to understand the effects of ranibizumab on transforming growth factor (TGF)-p1 and transforming growth factor
(TGF)-B2 expression by HTFs.

Methods: The effect of ranibizumab on HTF proliferation and cell viability was determined using 3-(4,5-dimethyl-
thiazone-2-yl)-2,5-diphenyl tetrazolium (MTT) assay. Ranibizumab at concentrations ranging from 0.01 to 0.5 mg/ml
were administered for 24, 48, and 72 h in serum and serum-free conditions. Supernatants and cell lysates from samples
were assessed for TGF-B1 and TGF-f2 mRNA and protein levels using quantitative real-time polymerase chain reaction
(QRT-PCR) and enzyme-linked immunosorbent assay (ELISA).

Results: At 48 h, 0.5 mg/ml of ranibizumab significantly induced cell death under serum-free culture conditions
(p<0.05). Ranibizumab caused a significant reduction in TGF-B1 mRNA, but not for TGF-B2. However, the total protein
production of TGF-f1 and TGF-B2 was unaffected by this anti-VEGF treatment.

Conclusions: Exposure of HTFs to an intravitreal dose of ranibizumab significantly suppresses cell viability in vitro;
however, the application seemed unable to affect the ultimate production of TGF-f. Therefore, we highlighted ranibi-
zumab as a potential antiscarring agent that acts via a different mechanism when used synergistically with another
antifibrotic agent. Understanding the mechanism of actions of ranibizumab offers an additional view of a possible new
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rational therapeutic strategy.

Extreme tissue scarring and wound healing processes at
the filtering bleb serve as the major cause of trabeculectomy
failure [1]. In trabeculectomy, a filtering bleb is created under
the conjunctival and subconjunctival area to assist the outflow
of aqueous humor from the anterior chamber of the eye, there-
fore maintaining the ideal intraocular pressure (IOP). Aber-
rant deposition of extracellular matrix components that result
from human Tenon’s fibroblast (HTF) activities contribute to
the significant surgical failure. Although antimetabolites such
as mitomycin-C (MMC) and 5-flurouracil (5-FU) effectively
prevent post-surgical scarring, their application is associated
with devastating and potentially blinding complications [2-4].

Scarring at the filtering bleb involves HTF proliferation
and migration. This series of events is highly influenced by
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various cytokines and growth factors [5,6]. Transforming
growth factor (TGF)-f is a multifunctional growth factor
that acts as a potent inducer of scarring throughout the body
[7,8]. There are three isoforms of TGF-f in humans (TGF-B1,
TGF-B2, and TGF-B3). TGF-B2 is the predominant isoform,
and its presence has been identified in normal and diseased
eyes [9] and in several ocular scarring processes particularly
post-trabeculectomy [10-12]. In addition, an in vitro investi-
gation by Tripathi et al. revealed that TGF-f1 but not TGF-32
mRNA and protein were significantly expressed by primary
cultured HTFs [13]. Although cultured conjunctival fibro-
blasts were shown to express all three TGF-f isoforms, the
expression of TGF-B1 was the strongest and most upregulated
[14].

Vascular endothelial growth factors (VEGFs) have been
implicated as proangiogenic agents responsible for vascular
endothelial cell growth and increased vascular permeability
[15]. The involvement of VEGF as a primary inducer of
neovascularization in age-related macular degeneration
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(AMD), diabetic retinopathy, and neovascular glaucoma
has been well-established [16-18]. Data have shown that
VEGF inhibition effectively suppresses scar formation at the
filtering bleb and thus increases the success of trabeculec-
tomy [19,20].

The discovery of antivascular endothelial growth factor
(anti-VEGF) offers an alternative as a safer and effective
mediator in preventing scarring post-trabeculectomy. Bevaci-
zumab (Avastin; Genetech, Inc., San Francisco, CA) is a full-
length, humanized monoclonal antibody designed against all
types of VEGF. Bevacizumab is approved by the U.S. Food
and Drug Administration (FDA) for the treatment of metas-
tasic colorectal cancer [21]. Several studies have demonstrated
the efficacy of bevacizumab in the management of neovas-
cular AMD and pathologic myopia [22,23]. In vivo and in
vitro studies of bevacizumab have demonstrated significant
decrease in the IOP with minimal bleb vascularity through
the reduction of viable HTFs, which induces cell death at a
low level and inhibits cell-mediated gel contraction [24-26].
Ranibizumab (Lucentis; Genetech, Inc.) is a recombinant,
humanized monoclonal antibody Fab derived from the same
precursor of bevacizumab. Ranibizumab has been approved
by the FDA for the treatment of choroidal neovascularization
(CNV) due to AMD. Intravitreal ranibizumab has a good
safety profile and is effective as an antiangiogenic mediator
in AMD [27], and synergistic action with MMC in trabecu-
lectomy causes a more diffuse bleb with less vascularity [28].

Although many clinical studies have deliberately
described the significance of using anti-VEGF in trabecu-
lectomy, the mechanism of action of anti-VEGF is not well
understood [28,29]. Recently, Park et al. reported the direct
effect of VEGF on myofibroblast transformation via induction
of TGF-B1 synthesis [30]. This finding verified the parallel
effect between VEGF, TGF-B1 synthesis, and myofibroblast
deposition at the filtering bleb. The role of ranibizumab
(anti-VEGF) in this antifibrotic strategy seems important.
Thus, we investigated the role of ranibizumab in TGF-f1 and
TGF-B2 expression by HTFs.

METHODS

Cell culture: Primary HTFs were propagated from Tenon’s
capsule explanted from patients with primary open-angle
glaucoma (POAG) undergoing trabeculectomy as previously
described [31]. This study adhered to tenets of the Declaration
of Helsinki, ARVO statement on human subjects, and our
local government institution review board (Medical Research
and Ethics Committee of The Ministry of Health Malaysia).
Patients gave their written informed consent. Primary HTFs
were harvested as an expansion culture of the human Tenon’s
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explants and were propagated in Roswell Park Memorial
Institution (RPMI) culture media (Gibco; Life Technology,
Grand Island, NY). Culture media were supplemented with
fetal bovine serum (FBS), 20% of the final volume (Gibco,
Life Technology), penicillin 100,000 U/I, and streptomycin 10
ml/1 (Gibco). The cells were maintained at 37 °C in 5% CO,
in a humidified atmosphere. Only HTFs between the third
and sixth passages were used for all experiments. Cells at the
higher passage indicated altered morphology compared to the
ones at the lower passage, and this might affect the response
to treatment.

Immunofluorescence for vimentin antibody staining: HTFs
were cultured in a four-chamber culture chamber at the
concentration of 10x103 cells/well in complete culture media
and incubated at 37 °C, 5% CO, for 24 h. The slides were
fixed with 100% acetone (R&M, Essex, UK) and were left
to dry. The slides then were washed with PBS (1X 0.02 mol/l
NaPO,, 0.15 mol/l NaCl, pH 7.0; DAKO; Agilent Tech-
nologies, Glostrup, Denmark) and subsequently incubated
with anti-vimentin antibody [V9] (ab8069) from (Abcam;
Cambridge, UK) with 1:100 dilution in a wet chamber. Then
the slides were washed again with PBS and were further
incubated with goat polyclonal secondary antibody to mouse
(Abcam, Ab96879) in 1:100 dilution in a wet chamber. These
steps were performed in a dark room. After the final washing
step, the slides were mounted with 4’6-diamidino-2-phenyl-
indole-dilactate (DAPI; DAKO) and fluorescence mounting
medium and covered with coverslips. The slides then were
viewed immediately. HTF cytoplasm stained positively with
anti-vimentin antibody appeared green, and the nucleus
appeared blue.

Ranibizumab effects on HTF viability: The cell viability
test was based on the ready-to-use cell viability reagent
4,5-dimethylthiazone-2-yl)-2,5-diphenyltetrazolium bromide
(MTT,; Promega, Madison, WI). HTFs were seeded at a
concentration of 5x10° cells/well in a 96-well plate (Thermo
Scientific, Waltham, MA) and incubated overnight in 100
ul complete culture media. The fibroblast monolayers were
then washed to remove serum and replaced with serum-free
culture media overnight for starvation. After treatment for
24, 48, and 72 h with various concentrations of ranibizumab
(starting concentration (0.5 mg/ml), 1/2 (0.25 mg/ml), 1/10
(0.05 mg/ml), and 1/50 (0.01 mg/ml) of the human intravit-
real dose) in 5% FBS media and serum-free media, 10 pl of
the MTT reagent was added to the medium in each well and
incubated in a humidified atmosphere at 37 °C in 5% CO,
for 4 h. MTT assay was performed only up to 72 h due to the
cells’ susceptibility to prolonged starvation and exposure to
treatment. Then, all the media in the well were discarded, and
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TABLE 1. HUMAN PRIMER SEQUENCES USED FOR RT-PCR.
Gene Accession number Primers (5’-3°) nM
TGF-p1 NM_000660.5 F: CTCGCCAGAGTGGTTATCTT 50
R: AGTGTGTTATCCCTGCTGTCA
TGF-p2 NM_003238.3 F: GAGGGATCTAGGGTGGAA 50
R: GCTGTGCTGAGTGTCTGAA
GAPDH NM_002046.5 F: GAAGGTGAAGGTCGGAGTC 50
R: GAAGATGGTGATGGGATTTC
ACTIN AK225414.1 F: CATGTACGTTGCTATCCAGGC 50

R: CTCCTTAATGTCACGCACGAT

GenBank accession numbers are available at NCBI.

100 pl of dimethyl sulfoxide (DMSO) was added in each well
and further incubated for 1 h in the same environment. The
optical density was determined with the Victor X5, Multilabel
Reader Spectrophotomer (Perkin Elmer, Waltham, MA) at
570 nm, and cell viability data were obtained from at least
three experiments with at least six wells at each concentra-
tion. Viability experiments were repeated that compared
ranibizumab with non-humanized control immunoglobulin
G (IgQG) isotype (Invitrogen, Life Technology). The mRNA
and protein studies were conducted according to the optimum
concentration and condition (time and culture media) of
ranibizumab on the HTFs obtained from this assay.

mRNA extraction and quantification from HTFs: HTFs were
seeded in six-well plates at a density of 3x10° cells/well and
were treated with 0.5 mg/ml of ranibizumab for 48 h. In the
control wells, cells were treated with control IgG antibody
with the same concentration. Total mRNA was isolated from
the cultured cells by using the NucleoSpin RNA isolation
kit (Macherey-Nagel, Duren, Germany). Briefly, 353 ul of
buffer and B-mercaptoethanol (B-ME) was added to the cell
pellet and vigorously vortexed for 30 s. The mixture then
was filtered through the NucleoSpin filter, and the lysate was
centrifuged for 1 min at 11,000 xg. The homogenized lysate
then was added with 350 pl ethanol and mixed thoroughly.
The lysate was loaded into the column and centrifuged for
30 s at 11,000 xg. Then 350 pl of membrane desalting buffer
(DMB) was added to the lysate and centrifuged at 11,000 xg
for 1 min. The lysate was incubated with 95 ul of the DNase
reaction mixture at room temperature for 15 min. After three
steps of washing and centrifuge, the lysate finally was eluted
with 40 ul of RNase-free H,O and centrifuged at 11,000 x g
for 1 min. Total mRNA was quantified using the Agilent
2100 Bioanalyzer (Santa Clara, CA). Each sample contained
approximately 200 pg/ul.

RT-PCR: cDNA was synthesized from mRNA with iScript
Reverse Transcription Supermix (Bio-Rad, Hercules, CA).
Amplification and analysis of the cDNA fragments were
performed with CFX96 Real-Time PCR. Cycling conditions
were initial denaturation at 95 °C for 5 min, followed by 44
cycles consisting of 10 s annealing and extension at 60 °C.
The PCR primers for TGF-B1, TGF-B2, GAPDH, and ACTIN
were designed from published human gene sequences (Table
1). These two housekeeping genes were chosen because they
were the most established and reliable genes used in PCR
analysis particularly in HTFs [32-34]. Each sample was
analyzed in triplicate. TGF-f1 and TGF-f2 mRNA levels
were measured as threshold cycle (CT) values. Data generated
from each PCR were analyzed with CFX Manager (Bio-Rad).

Protein extraction and quantification of HTFs: HTFs were
seeded in six-well plates at a density of 3x10° cells/well and
were treated with 0.5 mg/ml of ranibizumab for 48 h. The
wells that served as the control were treated with control IgG
antibody with the same concentration. Supernatants were
collected after 48 h incubation in serum-free culture media
and spun at 1000 xg for 15 min in 15 °C to remove particu-
lates. Total soluble proteins in samples were quantified with
the NanoDrop 1000 Spectrophotometer (Thermo Scientific)
and immediately stored at —80 °C until use. Samples were
standardized to 1 mg/ml to normalize the enzyme-linked
immunosorbent assay (ELISA) results.

Activation on latent TGF-1 and TGF-f2: To activate latent
TGF-P1 and TGF-B2 to the immunoreactive forms detectable
by the assay, the activation procedure was conducted. For
100 pl of sample, 20 pl of 1 N HC was added, mixed well,
and incubated for 10 min. Then, 13 pl of 1.2 N NaOH/0.5 M
HEPES was added to neutralize the acidified samples. The
mixture was then mixed well and assayed immediately.

ELISA for TGF-p1 and TGF-p2: The supernatants were
analyzed in triplicate for TGF-B1 and TGF-B2 protein with
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solid phase sandwich ELISAs (Cusabio Biotech Co, Wuhan,
China). Purified human TGF-B1 and TGF-B2 (Cusabio
Biotech Co) were used as standards. Standards and samples
were incubated in a high-binding 96-well microtiter plate
precoated with antibody specific to TGF-B1 and TGF-$2
for 2 h at 37 °C. Subsequently, liquid from each well was
removed, and the biotin antibody that had been diluted 1:100
in biotin antibody diluent was added to each well. Plates were
incubated for 1 h at 37 °C. Then, the plates were washed
with wash buffer for three cycles. Horseradish peroxidase
(HRP)-avidin working solution that had been diluted 1:100
with HRP diluent was added to each well, and the plate was
incubated for 1 h at 37 °C. After the final washing steps,
3,3"5,5'-tetramethylbenzidine (TMB) substrate was added to
each well, and the plates were incubated for 15-30 min at
37 °C in the dark. Finally, stop solution was added to each
well, and within 5 min, the optical density was determined
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with Victor X5, Multilabel Reader Spectrophotomer (Perkin
Elmer) at 450 nm.

Statistical analysis: Data were presented as means =+ stan-
dard deviation (SD). Statistical evaluation of significant
differences was performed using the Kruskal-Wallis test for
mean comparison and Mann—Whitney U test for multiple
comparisons. P values less than 0.05 were considered statisti-
cally significant. The statistical analysis was performed with
SPSS version 16.0.

RESULTS

Immunofluorescence for vimentin antibody staining: Immu-
nocytochemistry assay of vimentin, a special cell marker
of HTF, was used in our study to identify HTFs. As shown
in Figure 1, the fibroblasts isolated from Tenon’s capsule
expressed vimentin in the cytoplasm, which indicated HTFs

HTF characterization with vimentin and DAPI

HTF morphology changes due to ranibizumab treatment

E i F

Figure 1. Characterization of human
Tenon’s fibroblast by vimentin and
DAPI staining and cells morpho-
logical changes due to ranibizumab
treatment. A: Cytoplasm stained
in green (Vimentin). B: Nucleus
stained in blue (DAPI). C: Merge.
D: Monochrome. E: Untreated HTF.
F: HTF treated with Ranibizumab
0.5 mg/ml.
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Figure 2. Ranibizumab effects on
HTEF’s viability in different concen-
trations and conditions (incuba-
tion time and culture media). A:
Reduction in MTT absorbance in
HTFs treated with ranibizumab at
concentration 0.5 mg/ml in 5% FBS
media conditions (continuous 24 h;
p <0.05; n=3) *p <0.05 with respect
to cells in media with 5% FBS
with no ranibizumab treatment. B:
Reduction in MTT absorbance in
HTFs treated with ranibizumab at
concentration 0.5 mg/ml in cells in
serum-free media (continuous 24 h;
p <0.05; n=3).*p<0.05 with respect
to cells in serum-free media with no
ranibizumab treatment. C: Reduc-
tion in MTT absorbance at 0.5 mg/
ml ranibizumab in cells in media
with 5% FBS. (continuous 48 h; p
<0.05; n=3) *p<0.05 with respect to
cells in media with 5% FBS with no

ranibizumab treatment. D: Reduction in MTT absorbance at ranibizumab concentration of 0.05 mg/ml and 0.5 mg/ml in cells in serum-free

media (continuous 48 h; p<0.05; n=3).*p<0.05 with respect to cells in serum-free media with no ranibizumab treatment.

in vitro. Fibroblast produced vimentin stained positively

Effects of ranibizumab on HTF viability: The untreated HTFs

green. Nuclei stained with DAPI were blue. appeared as spindle-shaped cells (Figure 1E) as observed
in the phase contrast pictures. This shape did not change
after treatment with ranibizumab (Figure 1F). The effect of
HTF treated with ranibizumab and control isotype antibody (48H in serum free)
0.2 -
0.15 A
£
c
S
~N
n
Y 01 A
c
@©
2
2
.é: 0.05 - Figure 3. Comparison between the
’ effects of ranibizumab and control
antibody on HTFs (continuous
48 h) in serum-free condition.
0 - Ranibizumab 0.5 mg/ml induced
Serum Free Media Ranibizumab 0.5 ISOtype 0.5 signiﬁcant human Tenon’s fibroblast
Treatment and Dose (mg/ml) (HTF) death at 48 h in serum-free
conditions compared to the control
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TGF-B1 and TGF-82 mRNA investigation by RT-PCR
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Figure 4. TGF-B1 and TGF-B2
mRNA investigated with RT-PCR
(continuous 48 h) in serum-free
conditions. Ranibizumab regulated
transforming growth factor-f1
(TGF-B1) mRNA expression in
vitro. Human Tenon’s fibroblasts
(HTFs) treated with ranibizumab
concentration 0.5 mg/ml demon-
strated significant decrease in the
mRNA level of TGF-B1 (p<0.05;
n=3). However no significant
changes distinguished the mRNA
level of TGF-B2 (p<0.05; n=3).

TGF-B2

ranibizumab on Tenon’s fibroblast viability was quantified
with the MTT assay to determine the number of viable cells
(Figure 2). Application of ranibizumab caused a significant
decrease in HTF viability only at 24 and 48 h. At 72 h, HTF
showed a non-specific proliferation trend following the treat-
ment due to prolong starvation and exposure to ranibizumab.
For all concentrations, cell viability was significantly reduced
at the human intravitreal dose of 0.5 mg/ml. At 24 h incu-
bation, a statistically significant decrease in the number of
fibroblasts was observed with 0.5 mg/ml of ranibizumab
(p<0.05) in cells with 5% FBS; see Figure 2A. In the serum-
free conditions, a significant reduction in the ranibizumab-
treated fibroblasts was observed at the 0.5 mg/ml concentra-
tion (p<0.05); Figure 2B. At 48 h, a statistically significant
decrease in HTF viability was observed at the 0.5 mg/ml
concentration (p<0.05) in cells with 5% FBS; see Figure 2C.
Meanwhile in the serum-free condition, a relevant reduction
in viable HTFs was observed at 0.05 mg/ml and 0.5 mg/ml
(p<0.05); see Figure 2D. In this investigation, we found that
ranibizumab caused a significant reduction in HTF viability
at 24 and 48 h incubation, but not at 72 h. However, the degree
of reduction was much higher at 48 h compared to 24 h. This
showed that ranibizumab exerts its optimum antiprolifera-
tive property at 48 h. With regard to serum and serum-free
media, a greater impact of ranibizumab on HTF viability
was observed in the serum-free media. To confirm that the
fibroblast death was specific to ranibizumab and not due to a
nonspecific consequence of high antibody concentration, we
compared the viability assays of ranibizumab with those of
an isotype control antibody. Experiments were performed in

serum-free conditions that compared the effect of 0.5 mg/ml
ranibizumab with 0.5 mg/ml of the isotype control antibody.
The isotype control antibody had no significant effect on
the number of viable cells. There was a statistically signifi-
cant decrease in the number of viable fibroblasts with the
ranibizumab-treated cells only (p<0.05); see Figure 3.

Effect of ranibizumab on TGF-f1 and TGF-$2 mRNA expres-
sion: Due to the important role of TGF-B1 and TGF-B2 in scar
formation, we further evaluated the quantitative mRNA level
of these growth factors using SYBR Green PCR technology.
TGF-B1 mRNA was significantly downregulated in cultures
treated with ranibizumab at 0.5 mg/ml for 48 h. However,
ranibizumab treatment showed no significant impact on the
TGF-B2 level (p<0.05); see Figure 4.

Effect on TGF-p1 and TGF-p2 protein expression: A
relevant increase in the production of TGF-B1 and TGF-f2
was observed. Protein expression of TGF-B1 in ranibizumab
increased from 2.10 ng/ml + 0.01211 (p<0.01) in the control
cultures to 2.20 ng/ml £ 0.0179 in the treated cultures; see
Figure SA. Additionally, the TGF-B2 level in the ranibizumab-
treated cultures increased from 1.48 pg/ml £ 0.02811 (p<0.05)
in the control cultures to 1.56 ng/ml = 0.01452 in the treated
cultures; see Figure 5B.

DISCUSSION

Our study was driven by the need to find effective antifibrotic
agents with less toxicity to prevent scarring after glaucoma
filtration surgery. We explored the antifibrotic effect of
ranibizumab on cultured human Tenon’s fibroblasts. The use
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of anti-VEGF as a wound modulator agent has increased the
overall success of trabeculectomy. However, to date, anti-
VEGF has been routinely applied with other known antime-
tabolites such as MMC and 5-FU. The success of a single
application of ranibizumab thus far has not been elucidated.
By understanding the actual influence of ranibizumab on cell
behavior, we will possibly offer an appropriate adjustment of
the treatment.

Ranibizumab is anti-VEGF agent that exhibits an inhibi-
tory effect on various cells in vitro. Although ranibizumab is

© 2015 Molecular Vision

widely used as an antiangiogenic and antiproliferative agent,
the underlying mechanism is relatively unknown. Deissler
et al. described that ranibizumab significantly reverses cell
proliferation and migration stimulated by VEGF in immortal-
ized bovine retinal endothelial cells (iBRECs) [35]. Mean-
while, Lowe et al. examined the capability of ranibizumab to
bind to recombinant human VEGF , VEGF,, and VEGF
and therefore inhibit VEGF-A induced human umbilical
vein endothelial cells (HUVECSs) [36]. Apart from in vitro
analyses, ranibizumab has been applied in a prospective

TGF-f1 investigation by ELISA
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Transforming growth factor -61
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0.00
Control ab 0.5

Treatment and dose (mg/mL)
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Ranibizumab 0.5

TGF-f2 investigation by ELISA
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Transforming growth factor-82
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Figure 5. TGF-f1 and TGF-B2
protein evaluated with ELISA
(continuous 48 h) in serum-free
condition. A: Human Tenon’s fibro-
blasts (HTFs) treated with the 0.5
mg/ml ranibizumab concentration
demonstrated significant increase
in transforming growth factor- 8
1 (TGF-B1) levels compared to the
control antibody (p<0.01; n=3).
B: HTFs treated with the 0.5 mg/
ml ranibizumab concentration
for 48 h in serum-free conditions
demonstrated a significant increase
in the TGF-B2 levels compared to

1197

the control antibody (p<0.05; n=3).


http://www.molvis.org/molvis/v21/1191

Molecular Vision 2015; 21:1191-1200 <http://www.molvis.org/molvis/v21/1191>

randomized pilot study and showed effectiveness in lessening
bleb vascularity with more diffuse blebs [28].

Wound healing consists of a series of events that is highly
influenced by numerous cytokines and growth factors. To the
best of our knowledge, we are the first to describe the poten-
tial underlying mechanism of ranibizumab on HTFs, specifi-
cally the effects on cell viability and TGF-B1 and TGF-2
production. Our in vitro analysis revealed that ranibizumab
significantly reduces HTF viability at an intravitreal dose.
Since TGF-p isoforms are known as a key mediator in fibrosis
and are critically involved in post-operative scarring [37], we
assume that ranibizumab may somehow have a direct effect
on TGF-P production. Unfortunately, we found that a single
application of ranibizumab is inadequate to arrest the produc-
tion of TGF-B1 and TGF-B2 inclusively. Thus, based on this
evidence, we pointed out ranibizumab as a potential anti-
VEGF that can reduce HTF viability; however, the combina-
tory regime with another antimetabolite seem imperative to
inhibit the wound healing process. We believe that the syner-
gistic effect between ranibizumab and the other agent triggers
an alternative distinct mechanism in minimizing the extracel-
lular matrix accumulation at the filtering bleb. These findings
are consistent with published data that describe the impor-
tance of anti-VEGF and adjunctive therapy. Kahook reported
that a combination of ranibizumab with MMC resulted in
diffuse blebs with less vascularity compared to MMC alone
[28]. Meanwhile, How et al. reported that a combination of
bevacizumab with 5-FU offers a superior antifibrotic effect
compared to monotherapy [38]. We believe that the syner-
gistic action between anti-VEGF with other antimetabolites
generates a different antiscarring mechanism that could offer
safer and more effective therapeutic approaches.

TGF-B is a cytokine with many roles, as well as being
a key player in the wound healing response and fibrosis. In
tissue injury, TGF-f is released mainly by macrophages and
by circulating lymphocytes, platelets, and fibroblasts [39,40].
Other proinflammatory and profibrogenic soluble factors, for
example, platelet-derived growth factor (PDGF), fibroblast
growth factor (FGF), epidermal growth factor (EGF), insulin-
like growth factor-1 and -2 may be also locally released
from damaged blood vessels or subconjunctival fibroblasts
during the inflammatory phase of wound healing. Later, in
the proliferative phase fibroblasts are activated to lay down
extracellular matrix components. Tenon’s fibroblasts under
autocrine regulation release several other growth factors
including VEGEF, basic fibroblast growth factor (bFGF), and
PDGF [13, 19]. Therefore, targeting VEGF has opened a new
window in the scar limitation strategy deprived of the impor-
tance of other growth factors.

© 2015 Molecular Vision

The antimetabolites 5-FU and MMC continue to be the
backbone of antiscarring treatments. Alastair et al. described
that these antimetabolites may possibly act directly on circu-
lating macrophages and resident fibroblasts [41]. Meanwhile,
ranibizumab is an anti-VEGF targeted directly to arrest fibro-
blast angiogenesis and proliferation. Xiong et al. suggested
in a meta-analysis study that antimetabolites are more effec-
tive in lowering IOP due to the nonselective cell death and
apoptosis effects compared to anti-VEGF alone although
application of anti-VEGF with antimetabolites demonstrated
greater antifibrotic effects compared with monotherapy with
anti-VEGF or antimetabolite alone [42]. This emphasized
that a single application of anti-VEGF does not carry much
weight in reducing scarring at the filtering bleb. Therefore,
the synergistic effect between anti-VEGF and antimetabo-
lites seems important to produce a great antifibrotic impact
post-trabeculectomy. More work is needed to improve our
understanding of the related pathway.

Conclusion: In summary, our study demonstrated that ranibi-
zumab had inhibitory effects on HTF viability. However,
the wound healing response is dynamic, with cytokines
and growth factors appearing and disappearing at different
time points. This is certainly a challenge for us to identify
and understand their effects individually, including all the
possible interactions of the multiple cytokines in the wound
healing milieu. Due to that reason, we suggest synergistic
therapy is the best antiscarring approach for enhancing the
success of trabeculectomy.
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