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Abstract
Epithelial membrane protein 2 (EMP2) regulates collagen gel contraction by the retinal pigment
epithelium cell line ARPE-19 by modulating FAK activation. Collagen gel contraction is one in
vitro model for an aberrant wound healing response, proliferative vitreoretinopathy (PVR), which
occurs as a complication of severe ocular trauma. The purpose of this study is to investigate
whether EMP2 specific recombinant diabody decreases activation of FAK and collagen gel
contraction in ARPE-19. Anti-EMP2 diabody was recombinantly constructed from a human phage
library-derived clone selected for reactivity against an extracellular domain of human EMP2.
ARPE-19 cells were exposed to an anti-EMP2 or control diabody, and toxicity, adhesion, and
migration were assessed respectively through toluidine blue exclusion, binding to collagen type 1,
and a migration assay. Collagen gel contraction was assessed using an in vitro assay. FAK
activation was evaluated using Western blot. Exposure to anti-EMP2 diabody resulted in a 75%
reduction in EMP2 protein levels at 4 hours. No significant toxicity was observed with anti-EMP2
diabody at levels that maximally reduced EMP2. Anti-EMP2 diabody, but not control diabody
significantly reduced collagen gel contraction (p<0.001), and was not secondary to changes in
adhesion or migration. Concordantly, anti-EMP2 diabody as compared to a control diabody
reduced collagen stimulated FAK activation (p=0.01). Anti-EMP2 diabody decreases EMP2
protein levels, FAK activation, and collagen gel contraction by ARPE-19 cells without an adverse
effect on cell survival. Modulation of EMP2 using anti-EMP2 diabody could be a new approach
for targeting EMP2 and pathologic consequences associated with EMP2.

INTRODUCTION
The most common reason for failure of surgical repair of retinal detachment or open globe
injuries is the proliferation and contraction of cellular membranes that form in the vitreous
cavity, termed proliferative vitreoretinopathy (PVR) (Colyer et al., 2007; Kirchhof, 2004;
Sobaci et al., 2000). It is estimated that PVR occurs as a complication in up to 5–20% of
cases of rhegmatogenous retinal detachment (Al-Khairi et al., 2008; Asaria and Gregor,
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2002; Campochiaro, 1997; Cardillo et al., 1997; Charteris et al., 2002; Glaser et al., 1987;
Hinton et al., 2002; James et al., 2007; Kirchhof, 2004; Kruger et al., 2002). In ocular
trauma, the risk of PVR is very high. A review of veterans who had suffered ocular trauma
with intraocular foreign bodies in Iraq during the years 2003–2005 revealed PVR as the
cause for poor vision in 21% of the patients (Colyer et al., 2007). Other studies have
reported PVR as the cause for up to 38% of severe vision loss associated with combat or
trauma (Bonnet and Fleury, 1991; Sobaci et al., 2005; Sobaci et al., 2000). Surgical therapy
for PVR is not always successful. An effective surgical adjuvant to help prevent or treat
PVR development may be of potential therapeutic benefit.

The retinal pigment epithelium (RPE) is believed to be one of the critical cell types
implicated in PVR. PVR pathogenesis is complex; however it is likely that, following
trauma or retinal detachment, RPE cells migrate from their normal anatomic compartment,
proliferate, dedifferentiate, undergo an epithelial to mesenchymal transformation (EMT),
respond to many stimuli, and help create an intravitreal membrane (Al-Khairi et al., 2008;
Asaria and Gregor, 2002; Campochiaro, 1997; Cardillo et al., 1997; Glaser et al., 1987;
Kruger et al., 2002; Shimada et al., 2006). It is likely that the RPE cells produce membrane
contraction that generates tractional force leading to retinal detachment (Hinton et al., 2002;
Jin et al., 2000; Mukherjee and Guidry, 2007; Sakamoto et al., 1994). Control of RPE
cellular functions relevant to the pathobiology of PVR, such as membrane contraction, is a
primary goal in developing a therapy for PVR.

Epithelial membrane protein-2 (EMP2) is highly expressed in RPE (Wadehra et al., 2003b).
EMP2 is a member of the growth arrest specific gene 3/peripheral myelin protein 22 (GAS3/
PMP22) group of the tetraspan protein superfamily (Forbes et al., 2007; Wadehra et al.,
2004; Wadehra et al., 2002; Wadehra et al., 2008; Wadehra et al., 2003a; Wang et al., 2001).
EMP2 has been shown to regulate trafficking, intracellular compartmentalization, and
surface display of selected receptors and glycolipids by facilitating transfer of molecules
from post-Golgi endosomal compartments to appropriate plasma membrane locations
(Wadehra et al., 2004). We have previously shown that EMP2 physically associates with
and regulates activity of integrin-FAK signaling complexes (Forbes et al., 2007; Morales et
al., 2009b; Wadehra et al., 2005). The FAK signal transduction pathway is a key signaling
pathway regulating cellular contractile capacity (Morales et al., 2009a; Morales et al., 2007;
Morales et al., 2009b). Increased expression of EMP2 in ARPE-19 cells increased cellular
contractile capacity, leading to a more rapid and further development of disease in an in vivo
rabbit model of PVR, concomitantly, decreased EMP2 levels reduced PVR severity
(Telander et al., 2011). Blockade of EMP2 with anti-human polyclonal EMP2 antibody
significantly decreased PVR severity (Telander et al., 2011). These findings, concordant
with the role of other members of the tetraspan family, suggest that EMP2 curates molecules
at the cell surface that are brought into engagement with specific signaling complexes
therefore controlling downstream biologic responses.

Although the polyclonal anti-EMP2 antibody was effective both in vitro and in vivo, a goal
was to create a monoclonal antibody reagent that could be effective in blocking the activities
of EMP2. A recombinant anti-EMP2 diabody, created in our laboratory, was previously
reported to induce cell death and caspase-3 cleavage in human endometrial and ovarian
cancer cell lines (Fu et al.; Shimazaki et al., 2008). This response correlated to cellular
EMP2 expression. In vivo, treatment of subcutaneous human xenografts of HEC-1A cell
lines with anti-EMP2 diabodies suppressed tumor growth and induced cell death in the
xenograft (Fu et al., 2010). These studies observed that anti-EMP2 diabody is toxic to
malignant cells. In the present paper, the question of efficacy of controlling collagen gel
contraction and toxicity of the anti-EMP2 diabody in ARPE-19 cells was tested. The
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experiments confirmed that anti-EMP2 diabody decreased FAK activation and collagen gel
contraction by ARPE-19 without inducing cell death.

METHODS
Cell Line

ARPE-19, a spontaneously arising retinal pigment epithelial (RPE) cell line, which
expresses the RPE-specific markers CRALBP and RPE-65, was obtained from the American
Type Culture Collection (CRL-2302, ATCC, Manassas, VA). ARPE-19/EMP2, an EMP2
overexpressing cell line, was produced through stable infection of an EMP2 over expressing
retrovirus construct (Morales et al., 2007). ARPE-19 cells were cultured in DMEM-F12
medium, supplemented with 10% fetal bovine serum (FBS) (ATCC, Manassas, VA) at 37°C
in a humidified chamber with 5% CO2.

Diabody Construction
Diabody construction was performed as previously described (Shimazaki et al., 2008).
Briefly, anti-EMP2 diabodies binding to the second extracellular loop of human EMP2 were
isolated from a human tonsil antibody phage display library. Preparations of diabody were
expressed and purified according to published protocol (Marks and Bradbury, 2004).

Toxicity
ARPE-19 cells were pretreated with 20 μg/ml of anti-EMP2 or control diabody for 2 hours.
The cells were then incubated for 48 hours in a 6-well plate in 1ml of serum free media
containing 20 μg/ml of diabody. As a positive control for apoptosis ARPE-19 cells were
incubated with 4μM Camptothecin (CPT) for 48 hours. Camptothecin inhibits DNA
topoisomerase I leading to the induction of apoptosis (Hueber et al., 1998; Nair et al., 2005).
Cells death was analyzed by cell count using toluidine blue exclusion.

Adhesion Assay
Adhesion assay was performed as previously described (Morales et al., 2009a). Briefly,
ARPE-19 and ARPE-19/EMP2 cells were pretreated with 20 μg/ml of anti-EMP2 or control
diabody for 2 hours. The cells were then plated onto a 24-well collagen coated plate (BD
Biosciences) at a concentration of 2×105 cells per well. The cells were incubated at 37°C in
a humidified chamber with 5% CO2 for 2 hours. The plate was then washed 3 times with
PBS to remove any unattached cells. Bound cells were stained with 0.2% crystal violet
solution in 10% ethanol. The cell-bound stain was completely solubilized and absorbance
measured at a wavelength of 595nm by a Bio-Rad microplate reader 550 (Hercules, CA).
Each experiment included at least eight replicates, and at least three independent
experiments were performed with comparable results. A Student’s t-test (unpaired, two-
tailed) was used and a P<0.05 was judged to be statistically significant.

Migration
Migration assay was performed as previously described (Morales et al., 2009b). Briefly,
ARPE-19 cells were seeded onto a 24-well plate and incubated for 3 days until cells reached
confluency. The cells were washed with PBS, serum free media was added, and the cells
were incubated overnight. A 10μl pipette tip was used to make a scratch in the monolayer
and the media was removed and replaced with serum free media that contained 20 μg/ml of
anti-EMP2 or control diabody. Pictures of the wound were taken at various time points and
percent closure of the scratch was quantified using NIH Image J software. The area of the
scratch was measured immediately after the wound is created. Over time, there is migration
of cells into the cleared area, however a gap was still visible after 24 hours. The gap size
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was measured, divided by the original scratch size, and this value was expressed as percent
closure.

Collagen Gel Contraction
Collagen gel contraction assays were performed as previously reported (Morales et al.,
2007). Briefly, collagen gels were prepared by combining collagen type I (BD Biosciences,
San Diego, CA) 10X DMEM, and DMEM/F12. The final concentration of the collagen type
I mixture was 2.5mg/ml. 500μl of the collagen solution was added to each well of a 24 well
plate and incubated at 37°C in 5% CO2 for 1 hour. Cultured ARPE-19 and ARPE-19/EMP2
cells were harvested and resuspended at a final concentration of 5×105/ml in serum-free
DMEM/F12 containing 2, 7, or 20 μg/ml anti-EMP2 or control diabody. The cells were
pretreated with diabody for 2 hours and then seeded onto the collagen gel at a concentration
of 2.5×105 cells per well and the percent contraction was measured at 24 hours. The area of
the each gel was obtained by taking a picture of the gel using image capture (Gel Doc) and
quantified using NIH Image J software. To measure the area of the gel the oval measuring
tool was used to outline each gel. The area of the gel at time zero was compared to the area
of the gel after 24 hours, generating a percent contraction for each sample. Each experiment
included at least six replicates, and at least three independent experiments were performed
with comparable results. A Student’s t-test (unpaired, two-tailed) was used and a P<0.05
was judged to be statistically significant.

Western blot analysis
Cultured ARPE-19 cells were harvested and resuspended in serum-free DMEM/F12
containing 20 μg/ml anti-EMP2 diabody. The cells were plated onto 6-well plate at a
concentration of 1×106 cells per well. The cells were incubated on the plate for various
times and then protein was isolated for western blot analysis. Cell protein was isolated using
RIPA buffer containing protease and phosphatase inhibitors (Upstate, Charlottesville, VA)
and the protein concentration determined with BCA Protein Assay (Bio Rad, Hercules, CA).
A total of 10 μg of protein was loaded in each lane and the proteins fractionated by 4–20%
SDS-PAGE gradient gel under reducing conditions. Proteins were transferred to
nitrocellulose membranes (Amersham Life Sciences, Buckinghamshire, UK) and the
adequacy of transfer confirmed using Ponceau S red staining (Sigma Chemical Co., St.
Louis, MO). The membrane was then blocked with nonfat milk in TBS Tween (TBST;
Upstate, Charlottesville, VA). Blots were incubated for 1 hour with primary antibody at a
dilution of 1:200 for p-FAK (Tyr 576/577), 1:1000 for EMP2, and 1:5000 for β-actin.
Horseradish peroxidase–conjugated goat anti-rabbit or horseradish peroxidase–conjugated
goat anti-mouse was exposed to the blots at a 1:2000 dilution. Blots were then developed
with ECL to visualize bound antibody (Pierce, Rockford, IL) and quantified using β-actin as
an internal control. The blots were quantified using the NIH program Image J, digitized
using a flatbed scanner and the band density measured. To account for loading variability β-
actin was used to normalize each sample. At least three independent experiments were
performed and, where indicated, the results were evaluated for statistical significance using
a Student’s t-test (unpaired, two-tailed). A level of P<0.05 was considered to be statistically
significant.

Immunofluorescence
ARPE-19 cells were plated overnight onto glass coverslips (Fisher Scientific, Pittsburgh,
PA). The following day the media was changed to serum-free DMEM/F12 containing 20
μg/ml of anti-EMP2 diabody. The cells were incubated for various times and then the cells
were fixed with 4% paraformaldehyde for 20 minutes. Cells that were permeabilized were
incubated for 15 minutes with 0.075% saponin. Cells were blocked with 10% normal
donkey serum for 30 minutes. Our data suggests that EMP2 is internalized with the anti-
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EMP2 antibody and both are degraded. Therefore the second overnight incubation at 4°C in
a humidified chamber with the primary antibody is needed to view newly produced EMP2
protein. The cells are then washed three to four times with PBS plus 0.01% Triton X-100
(PBST). Cells were incubated for 1 hour with anti-Myc FITC or Texas Red-conjugated
donkey anti-goat at room temperature in a humidified chamber. Cells were washed with
PBST, rinsed briefly with double-distilled H2O, and mounted onto microscope slides with
mounting medium (Vectashield; Vector Laboratories, Burlingame, CA).

A laser scanning confocal microscope (LSM 510; Zeiss, Thornwood, NY) was used to
assess the distribution of protein. To detect FITC-labeled or Texas Red–labeled cells,
samples were excited with argon and krypton lasers at 488 and 568 nm, respectively. LSM
software was used for controlling the microscope, scanning and laser modules, image
recording, and analysis of image data. At least six fields were randomly chosen for analysis
for each sample. In all experiments, cells were observed using a 60x oil immersion
objective. Each experiment was repeated at least four times.

RESULTS
Diabody toxicity

Toxicity of the anti-EMP2 diabody was determined using ARPE-19 cells. These cells were
treated with anti-EMP2 or control diabody at a concentration of 20 μg/ml and incubated for
48 hours. This dose was chosen based on the maximum toxicity effect in our prior report
using endometrial cells (Fu et al.; Shimazaki et al., 2008). Following incubation cell
viability was analyzed by toluidine blue exclusion. Anti-EMP2 diabody, at this dose, did not
show any significant toxicity in ARPE-19 cells (Figure 1).

Diabody Effect on EMP2 Protein Expression
We previously reported that EMP2 regulates cellular contractile capacity by modulating
FAK activation (Morales et al., 2009a; Morales et al., 2007; Morales et al., 2009b). We also
have found that the anti-EMP2 diabody specifically decreases EMP2 in the human
endometrial adenocarcinoma cell line, HEC-1A (Shimazaki et al., 2008). The efficacy of the
EMP2-specific recombinant diabody in decreasing EMP2 and its associated cellular
consequences, FAK activation and collagen gel contraction, was tested. To address this issue
ARPE-19 cells were pretreated with 20 μg/ml of anti-EMP2 diabody for various times (1 to
24 hours) followed by western blot analysis to determine EMP2 protein levels (Figure 2a).
Anti-EMP2 diabody treatment reduced EMP2 protein levels in ARPE-19 cells by 75%
(P=0.03) following exposure to diabody for 4 hours. EMP2 protein levels began rising by 8
hours and were equal to untreated cells by 16 and 24 hours. To examine the localization of
EMP2 protein expression, cell surface and total expression were evaluated by
immunofluorescence (Figure 2b). This indicated that although the total EMP2 protein levels
return to normal after 24 hours, functional EMP2 expression on the cell surface is
significantly delayed, rendering the EMP2 biologically unavailable.

Diabody effect on collagen gel contraction
The foregoing showed that cells exposed to anti-EMP2 diabody decreased EMP2
expression, but otherwise were spared evidence of cellular toxicity. To address the
functional significance of anti-EMP2 diabody treatment, collagen gel contraction was
examined in cells grown in the presence or absence of anti-EMP2 diabody. ARPE-19 and
ARPE-19/EMP2 cells were exposed to various concentrations of diabody starting 2 hours
prior to use in a collagen gel contraction assay. Percent contraction was determined after 24
hours. ARPE-19 cells showed a dose dependent response to anti-EMP2 treatment (Figure
3a). The low dose of 2 μg/ml of anti-EMP2 diabody reduced contraction by 41% (P=0.005).
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The medium dose of 7 μg/ml reduced contraction by 57% (P<0.0001). The high dosage of
20 μg/ml reduced contraction by 75% (P<0.0001). Control diabody did not alter contraction.
The EMP2 overexpressing ARPE-19/EMP2 cells showed a similar, but reduced dose
response to anti-EMP2 diabody treatment (Figure 3b). Treatment using 2, 7, and 20 μg/ml
resulted in 40% (P<0.0001), 47% (P<0.0001), and 60% (P<0.0001) inhibition of contraction
respectively. The percentage inhibition of contraction, as normalized to the untreated cells,
was determined for each cell line at the different concentrations of anti-EMP2 diabody
treatment. The concentration of anti-EMP2 diabody required to achieve 50% reduction was
lower in ARPE-19 cells as compared to ARPE-19/EMP2 cells (Figure 3c). Less than 7μg/ml
was required to reach 50% reduction in collagen gel contraction in ARPE-19 cells and
nearly 20 μg/ml was required in ARPE-19/EMP2 cells.

Migration and adhesion
Migration and adhesion to collagen are key factors in the pathobiology of PVR. To
investigate the possible mechanism of reduced collagen gel contraction following diabody
treatment migratory and adhesive capacity were assessed in ARPE-19 cells following
diabody treatment. A migration assay was performed with ARPE-19 cells in the presence or
absence of 20 μg/ml of anti-EMP2 or control diabody. The ARPE-19 cells were grown to
confluency and scratch was made in the monolayer. The denuded area was measured and
percent closure was calculated. Diabody treatment did not significantly alter migratory
capacity of the ARPE-19 cells (Figure 4a). To evaluate adhesive capacity an adhesion assay
was performed on ARPE-19 cells pretreated with 20 μg/ml of diabody for 2 hours. The cells
were then plated onto a collagen coated plate and incubated for 2 hours. Unattached cells
were washed away and bound cells were analyzed for crystal violet uptake. Anti-EMP2
antibody did not affect adhesion in the ARPE-19 cells (Figure 4b). Control diabody did
show a numeric increase in adhesion but this increase was not statistically significant.

Collagen Stimulated FAK Phosphorylation
FAK activation is a key step in initiating the cellular events necessary to generate contractile
force. EMP2 facilitates FAK activation, but other factors are also important in the FAK
activation cascade. A key component in this cascade is integrin engagement to collagen,
which leads to clustering followed by FAK activation. Given that diabody treatment inhibits
collagen gel contraction and that FAK activation is a key component in generating
contractile cellular forces, collagen stimulated FAK activation following diabody treatment
was examined in the ARPE-19 cell line. ARPE-19 cells were incubated with 20 μg/ml of
anti-EMP2 diabody for 2 hours prior to exposure to collagen (Figure 5). The cells were then
plated onto collagen coated plates and incubated for an additional 2 hours. Collagen
stimulation increased FAK phosphorylation by 172% (P=0.009) in the untreated cells.
Exposure of the cells to the anti-EMP2 diabody significantly reduced the collagen
stimulated FAK activation (P=0.01).

DISCUSSION
In this study, we described the safety and efficacy of an EMP2 specific recombinant diabody
in decreasing biologically available EMP2, and its associated FAK activation and collagen
gel contraction.

We have previously demonstrated that EMP2 expression positively modulates collagen gel
contraction by ARPE-19 cells through increased FAK activation (Morales et al., 2009a;
Morales et al., 2007; Morales et al., 2009b). Increased expression of EMP2 in ARPE-19
cells increased cellular contractile capacity, leading to a more rapid and further development
of disease in an in vivo rabbit model of PVR. Decreased EMP2 levels inhibited PVR
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progression, while blockage of EMP2 with anti-human EMP2 polyclonal antibody
significantly decreased PVR severity (Telander et al., 2011). These findings led to the
hypothesis that EMP2 may serve as a novel therapeutic target in reducing cellular contractile
capacity of the RPE cells in conditions such as PVR. To further develop anti-EMP2 therapy
a monoclonal diabody system was tested. Diabody technology has several key advantages
over standard polyclonal antibodies, first the diabody is a small bivalent biospecific antibody
fragment with high avidity and specificity. Secondly, the diabody offers a high signal to
noise ratio due to increased specificity allowing for direct specific therapeutic targeting of a
specific antigen (Holliger et al., 1993; Olafsen et al., 2004). RPE cells are important at
maintaining homeostasis within the retina and, in turn, play a key role in responding to
pathologic alterations in the microenvironment (Sparrow et al., 2010). Dysfunction of the
RPE leads to many clinical disorders resulting in vision loss and blindness (Sparrow et al.,
2010). Therapeutically targeting EMP2 would need to be well tolerated and nontoxic to the
RPE in order to avoid detrimental side effects.

A concern regarding use of the anti-EMP2 diabodies is their observed toxicity in malignant
cell models, necessitating a careful evaluation of function in ARPE-19 cells (Fu et al.;
Shimazaki et al., 2008). Malignant cells have many phenotypic and functional differences as
compared to non-malignant cells, any of which may result in selective toxicity to various
agents. In ARPE-19, there was no toxicity in response to anti-EMP2 diabody treatment at
levels that maximally decreased collagen gel contraction. In addition, incubation with the
diabody led to rapid degradation of EMP2 protein followed by recovery of EMP2 protein in
a non-functional location within 24 hours. Anti-EMP2 diabody reduced collagen stimulated
FAK activation in the ARPE-19 cells. Concordant with decreased EMP2 and FAK
activation levels, ARPE-19 cells exhibited reduced collagen gel contraction following anti-
EMP2 diabody treatment. The findings in this current study support our previous work that
demonstrated a regulatory relationship between EMP2 expression, FAK activation, and
cellular contractile capacity. EMP2 expression positively modulates collagen gel contraction
by ARPE-19 cells through increased FAK activation (Morales et al., 2009a; Morales et al.,
2007; Morales et al., 2009b). In this report we show that EMP2 diabody treatment reduced
EMP2 expression, FAK activation, and collagen gel contraction. An interesting finding was
the rapid decrease in EMP2 expression followed by the recovery after 24 hours in the anti-
EMP2 diabody treated cells. Despite the recovery of EMP2 the anti-EMP2 diabody was still
exerting a functionally significant cellular response in the ARPE-19 cells beyond 24 hours,
as measured by decreased collagen gel contraction. Careful examination revealed that
surface expression of EMP2 was absent at 24 hours. The recovery of EMP2 was intracellular
but biologically unavailable, rendering EMP2 related mechanisms nonfunctional. An
important mechanism for FAK activation is integrin receptor–mediated clustering of FAK,
resulting in autophosphorylation, Src recruitment, and FAK phosphorylation at multiple
sites (Calalb et al., 1995; Schlaepfer et al., 1999; Schlaepfer and Hunter, 1998). We have
previously demonstrated that EMP2 associates with FAK, leading to the increased activation
of FAK by enhancing focal adhesion formation (Morales et al., 2009a). EMP2 acts as a
molecular adaptor between integrin ligation and FAK activation, which occurs at or near the
cell surface.

A goal of this study was to lay the foundation for the development of a novel therapeutic
reagent for the treatment and prevention of PVR. Contraction of PVR membranes and the
traction they produce on the retina is the cause of recurrent retinal detachments and vision
loss (Grierson et al., 1996). Collagen gel contraction is an important model used as an in
vitro correlate for the contractile phase of PVR. Selectively targeting EMP2 provides a
novel mechanism to reduce cellular contractile capacity. We hypothesize that targeting
EMP2, through the use of an anti-EMP2 diabody, could be used as a therapeutic reagent to
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regulate cellular functions important in PVR. Additional studies using primary RPE cells as
well as in vivo studies will need to be completed in order to validate these findings.

Tetraspan proteins, including EMP2, have been shown to contribute to the formation of
diverse complexes to form the tetraspan web (Levy and Shoham, 2005a, b), which is the
creation of scaffolds and membrane domains that regulate signaling and sorting processes
(Hemler, 2005; Levy and Shoham, 2005a). These complexes can regulate trafficking,
signaling, and structural characteristics of their membrane protein constituents. Specifically
targeting components of the tetraspan web could potentially lead to novel therapeutic
targets, as demonstrated by anti-EMP2 diabody treatment.
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Highlights

• Exposure to anti-EMP2 diabody resulted in a 75% reduction in EMP2 protein

• No significant toxicity was observed with anti-EMP2 diabody

• Anti-EMP2 diabody significantly reduced collagen gel contraction

• Anti-EMP2 diabody reduced collagen stimulated FAK activation
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Figure 1.
Anti-EMP2 diabody is not toxic to ARPE-19 cells. ARPE-19 cells were pretreated with 20
μg/ml of anti-EMP2 or control diabody for 2 hours. As a positve control for apoptosis 4μM
of camptothecin was used. The cells were then incubated for 48 hours in a 6-well plate in
1ml of serum free media containing 20 μg/ml of diabody. Cells death was analyzed by cell
count using toluidine blue exclusion.
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Figure 2.
Anti-EMP2 diabody decreases EMP2 expression. ARPE-19 cells were plated on a 6-well
plate and treated with 20 μg/ml of anti-EMP2 diabody and examined after 0–24 hours. (a)
EMP2 protein levels were determined by western blot analysis. Band density was
quantitated, normalized to the β-actin loading control. Anti-EMP2 diabody treatment
reduced EMP2 protein levels in ARPE-19 cells by 75% (*P=0.03) following a 4-hour
treatment. EMP2 total protein levels began to return to normal by 8 hours and were equal to
untreated cells by 16 and 24 hours. (b) EMP2 expression was analyzed by
immunofluorescence in permeabilized (total expression) and non-permeabilized (surface
expression) ARPE-19 cells. Anti-EMP2 diabody rapidly reduces EMP2 expression.
Although total EMP2 protein levels return to normal after 24 hours, its expression in the
biologically active location on the cell surface is significantly delayed. At least three
independent experiments were performed and, where indicated, the results were evaluated
for statistical significance using a Student’s t-test (unpaired, two-tailed). A level of P<0.05
was considered to be statistically significant.
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Figure 3.
Anti-EMP2 diabody decreases collagen gel contraction. (a) ARPE-19 and (b) ARPE-19/
EMP2 cells were pretreated with various concentrations, ranging from 2–20 μg/ml, of anti-
EMP2 or control diabody for 2 hours. Percent contraction was determined after 24 hours.
ARPE-19 and ARPE-19/EMP2 cells showed a statistically significant (*P≤0.05, **P≤0.01,
***P≤0.001) dose dependent response to anti-EMP2 treatment. Control diabody did not alter
contraction. (c) The percent inhibition of contraction, as normalized to the untreated cells,
was determined for each cell line at the different concentrations of anti-EMP2 diabody
treatment. The concentration of anti-EMP2 diabody required to achieve 50% reduction was
lower in ARPE-19 cells as compared to ARPE-19/EMP2 cells. Each experiment included at
least six replicates, and at least three independent experiments were performed with
comparable results. A Student’s t-test (unpaired, two-tailed) was used and a P<0.05 was
judged to be statistically significant.
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Figure 4.
Migratory and adhesive capacities are not significantly altered by anti-EMP2 diabody. (a)
ARPE-19 cells were grown in the presence or absence of 20 μg/ml of anti-EMP2 or control
diabody. The ARPE-19 cells were grown to confluency and scratch was made in the
monolayer. The denuded area was measured and percent closure was calculated. Diabody
treatment did not significantly alter migratory capacity of the ARPE-19 cells. (b) Adhesive
capacity was measured on ARPE-19 cells pretreated with 20 μg/ml of diabody for 2 hours.
The cells were then plated onto a collagen coated plate and incubated for 2 hours.
Unattached cells were washed away and bound cells were analyzed for crystal violet uptake.
Anti-EMP2 antibody did not affect adhesion of the ARPE-19 cells. Control diabody did
show a numeric increase in adhesion but this increase was not statistically significant. A
Student’s t-test (unpaired, two-tailed) was used and a P<0.05 was judged to be statistically
significant.
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Figure 5.
Collagen stimulated FAK activation is decreased following anti-EMP2 diabody treatment.
ARPE-19 cells were pretreated with 20 μg/ml of anti-EMP2 diabody for 2 hours. The cells
were then plated onto collagen coated plates and incubated for 2 hours. Collagen stimulation
increased FAK phosphorylation by 172% (**P≤0.01) in the untreated cells. The anti-EMP2
diabody reduced the collagen stimulated FAK activation by more than a quarter (*P≤0.05).
At least three independent experiments were performed and, where indicated, the results
were evaluated for statistical significance using a Student’s t-test (unpaired, two-tailed). A
level of P<0.05 was considered to be statistically significant.
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