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Abstract

The involvement of the mannose-induced Acanthamoeba cytopathic protein (MIP-133) in tissue
injury and activation of metalloproteinase of corneal and stromal cells was examined in vitro.

Activation of MMP-1, MMP-2, MMP-3, and MMP-9 induced by MIP-133 on human corneal
epithelial and stromal cell cultures was examined by reverse transcriptase polymerase chain reaction
(RT-PCR), and ELISA.

MMP-1, MMP-2, MMP-3, and MMP-9 mRNA were expressed in both cultured human corneal
epithelial and stromal cells. When the epithelial cells were exposed to MIP-133 protein, the mRNA
expression for MMP-1 and MMP-9 was unchanged. However, the transcript for MMP-2 and MMP-3
was decreased by two fold. By contrast, the expression of MMP-2 and MMP-3 was significantly up-
regulated (2-4 fold) in the corneal stromal cells 1, 4, and 8 hours after MIP-133 stimulation. At the
protein level, there was no significant difference in the level of MMPs between the corneal epithelial
cells before and after stimulation with MIP-133. By contrast, the levels of MMP-2 and MMP-3 were
significantly higher in the corneal stromal cells stimulated with MIP-133. The supernatants from
corneal stromal cells stimulated with MIP-133 were incubated with PMSF and MIP-133 antibody
and the level of MMP-2 was measured by ELISA. Activation of MMP-2 by MIP-133 was inhibited
in the supernatants pretreated with the serine protease inhibitor, PMSF, and anti-MIP-133.
Supernatants pretreated with the cysteine protease inhibitor E6 or control antibody produced the same
amount of MMP-2 as the untreated supernatants. To verify the possible of homology between MMPs
and A. castellanii proteases, the mRNA from A. castellanii was prepared and analyzed for the
expression of MMP genes by PT-PCR. The results showed that A. castellanii did not express mMRNA
for MMP-1, MMP-2, MMP-3, or MMP-9. Thus, A. castellanii mRNA does not cross react with
human MMPs. Furthermore, ELISA was used to determine the cross reactivity of MMP antibodies
with the MIP-133 protein. Monoclonal antibodies against MMPs did not cross react with either the
MIP-133 protein or BSA (negative control antigen).

The results indicate that the MIP-133 protein modulates MMP-2 and-3 expression differently in
human corneal epithelial and stromal cells.
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1. Introduction

Acanthamoeba keratitis is a sight-threatening corneal disease caused by pathogenic free-living
amoebae (McCulley et al., 2000). Acanthamoeba spp. are ubiquitous organisms that can be
isolated from a wide variety of environments, including public water supplies, swimming
pools, fresh water reservoirs, salt water, hot tubs, ventilation ducts, soil, bottled water, eyewash
stations, and even contact lenses and lens cases (Auran et al., 1987; Brown et al., 1982; Nerad
etal., 1995; Rivera et al., 1981). The disease is often associated with contact lens wear, which
appears to be an important risk factor in infection.

The pathogenic cascade of Acanthamoeba keratitis involves a series of processes that include:
(1) binding of the trophozoites to the corneal epithelial cells via lectin-glycoprotein interactions
(Leher et al., 1999; Morton et al., 1991; Panjwani et al., 1990; Panjwani et al., 1992), (2)
generation of cytopathic factors that destroy the corneal epithelium and stromal cells (Cao et
al., 1998; Leher et al., 1998), (3) production of proteolytic enzymes that facilitate the invasion
and penetration of trophozoites through the basement membrane and stroma (Cao et al.,
1998; Hadas & Mazur, 1993; Mitra et al., 1995; Mitro et al., 1994), (4) elaboration of
collagenolytic enzymes that degrade types | and IV collagens, which constitute the corneal
matrix (Badenoch et al., 1990; Mitro et al., 1994)

We have shown that trophozoites exposed to free mannose for 48 hr or longer are induced to
release a soluble 133-kDa cytolytic factor (MIP-133) that mediates contact-independent
cytolysis of corneal epithelial cells in vitro (Leher etal., 1998). Therefore, the parasite’s binding
to the mannose receptors induces the generation of cytopathic factors that destroy the corneal
epithelial and stromal cells and is an important step in the pathogenicity of Acanthamoeba
keratitis.

Stromal disease occurs late and is characterized by a ring infiltrate or abscesses containing
single, multiple, or overlapping rings (McCulley et al., 2000). Since Acanthamoeba
trophozoites produce a variety of extracellular proteases that may be important pathogenic
factors in destruction of corneal tissues (Hadas & Mazur, 1993; Mitro etal., 1994), itis possible
that trophozoites directly contribute to stromal degradation and the pathogenic cascade through
the elaboration of collagenolytic enzymes. We and others have reported that Acanthamoeba
spp. secrete collagenolytic enzymes, which digest collagen shields and purified type I collagen
invitro (Badenochetal., 1990; He et al.,, 1990; Kong et al., 2000, Mitro etal., 1994). Moreover,
ocular isolates of A. castellanii constitutively secrete a collagenolytic enzyme that produces
severe stromal necrosis, edema, inflammation, and a ring-like infiltrate following intracorneal
injection in rats (Badenoch et al., 1990). We have found that the mannose-induced protein
(MIP-133), which is secreted by trophozoites, can degrade human collagen types I and IV
(Hurt et al., 2003).

Collagenases are a small group of the matrix metalloproteinase (MMP) family, and are highly
specific proteases capable of causing hydrolytic cleavage in the triple-helical region of collagen
molecules (Mallya et al., 1992). In contrast to mammalian collagenase, which cleaves the
collagen helix at a single site, bacterial collagenases attack multiple sites along the helix
(Mallya et al., 1992).

In addition to pathogenic microorganisms, corneal cells have been shown to produce matrix
metalloproteinases (Fini et al., 1992). These MMPs are usually secreted as inactive precursors
and are activated extracellularly via pathway dependent proteases.

MMPs are a family of zinc dependent neutral endopeptidases and participate in tissue
degradation and remodeling under physiological and pathological conditions. The proteolysis
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of the extracellular matrix seems to be a key initiating event in the progression of the
inflammatory process. MMPs are synthesized and secreted by multiple cell types, including
corneal epithelial and stromal cells. They are secreted as inactive enzymes (pro-MMPs) and
their activation is a crucial step in the destruction and remodeling of the extracellular matrix
and is specifically regulated by specific tissue inhibitors of MMPs (TIMPs). Activation of pro
MMPs can be achieved in vitro by proteinases such as trypsin, elastase, cathepsin G, and
plasmin (Lijnen et al., 1998; Tyagi et al., 1993).

Corneal injury and infection activate keratocytes to synthesize both extracelluar matrices and
MMPs (Dong et al., 2001; Fini et al., 1998). It has been shown that the culture supernatant of
Pseudomonas. aeruginosa degrades collagen directly, and stimulates in vitro collagen
degradation by rabbit keratocytes (Haoet al., 1999). Moreover, it has been demonstrated that
factors derived from P. aeruginosa activate the latent pro-matrix metalloproteinases produced
by keratocytes (Hao et al., 1999; Matsumoto et al., 1993; Nagano et al., 2001). Kernacki et al.,
(1997) demonstrated that increased proteolytic activity induced by MMP-2 and MMP-9 in
ocular tissues during P. aeruginosa infection may contribute to the corneal damage observed
during the infection.

We hypothesized that the MMP-133 protein can activate the corneal MMPs, which in turn
contribute to the degradation of extracellular matrix. We used human cultured epithelial and
stromal cells to examine the effect of MIP-133 protein on the activation of the three main
groups of MMPs, gelatinases (MMP-2 and -9), collagenases (MMP-1) and stromelysins
(MMP-3) in cultured human corneal epithelial and stromal cells. Moreover, several studies
have shown that these MMPs are the major MMPs that are expressed in the human corneal
epithelium and stroma during wound healing, bacterial infections, or other disorders of the
cornea (Fini et al., 1992; Saghizadeh et al., 2001).

2. Materials and methods
2.1 Cell lines

Human telomerase-immortalized corneal epithelial cells (HCE) and normal human keratocytes
(NHKSs) were a generous gift from Dr. James Jester (The University of California at Irvine).
HCE cells were cultured in KGM with Bullet Kit (CC-3111, Clonetics, Walkersville, MD).
NHK cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM; BioWhittaker)
containing 10 mM HEPES buffer solution; 1% nonessential amino acid solution; 1% L-
glutamine; 1% penicillin, streptomycin, and amphotericin B; 1% sodium pyruvate.

2.2. MIP-133 isolation

The MIP-133 protein was purified as stated previously (Hurt et al., 2003). Briefly, 10-fold-
concentrated supernatants from A. castellanii cultures grown with 100 mM methyl-a-D-
mannopyranoside, were analyzed by SDS-4 to 15% PAGE Ready Gels (Bio-Rad) under both
reducing and nonreducing conditions. Supernatants were taken from trophozoites at mid-log
phase. For fast protein liquid chromatography, culture supernatants of mannose-stimulated A.
castellanii trophozoites were concentrated 10-fold with Ultrafree-15 centrifuge concentrators
with a molecular cutoff of 5 kDa (Millipore, Bedford, Mass.). Samples were centrifuged at
3,000 x g for 20 min and passed in 0.5-ml volumes over a Superdex 200 (Amersham Pharmacia
Biotech, Piscataway, N.J.) column with phosphate-buffered saline (PBS) (pH. 7.2). Fractions
were collected every 0.5 ml and examined by SDS-4 to 15% PAGE, fractions containing the
mannose-induced cytolytic protein were pooled and concentrated 10-fold, and the buffer was
exchanged three times with 10 mM Tris buffer (pH 8.0) with Ultrafree concentrators. Two-
hundred-microliter samples containing 1 mg of protein were applied to a DEAE ionic-exchange
column by using 10 mM Tris buffer, pH 8.0 (buffer A). Adsorbed protein was eluted by using
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a gradient of 10 mM Tris buffer, pH 8.0, with 1 M NaCl (buffer B). Fractions were examined
for the ~133-kDa protein by SDS-4 to 15% PAGE. An initial 15% buffer B step removed
contaminating proteins, and the ~133-kDa protein was eluted between 15 to 30% buffer B run
at 0.1 ml/min. Fractions containing the 133-kDa protein were pooled and concentrated 10-fold
and washed three times with PBS (pH 7.2) to exchange the buffer. The protein concentration
of the purified MIP133 was determined by bicinchoninic acid protein assay (BCA) with bovine
serum albumin used as a standard (Smith et al., 1985).

2.3. mRNA isolation and RT-PCR

For MMP gene expression analysis, the corneal epithelial and stromal cells were treated with
7.5ug of MIP-133 protein /ml. Untreated cells served as a control. mRNA from HCE and NHK
cells was isolated using Oligotex Direct MRNA Mini Kit (QIAGEN Inc, CA) as described
previously (Alizadeh et al.,, 2005). The samples were treated with DNase | (0.2 U/ul; Ambion,
Austin, TX) to remove possible DNA contamination. The RT-PCR was carried out by using
SuperScript One —Step RT-PCR with Platium Tag (Invitrogen, CA) following the
manufacturer’s instruction. Relatively equal amounts of mRNA (50ng) from each sample were
used for this reaction. Cycle parameters were generally a 1 cycle of 45-55° C for 15-30 min
and 94° C for 2 min for cONA synthesis and pre-denaturation, 35 cycles of: 94° C for 30 s,
60-64° C for 30 s, 68—72° C for 1 min for PCR amplification, and 1 cycle of 72° C for 7 min
for final extension. The PCR products were visualized in 2.0% agarose gels. f-actin mMRNA
levels were used as an internal control. The primer pairs for MMP1, 2, 3, and 9 were obtained
from R&D systems (R&D Systems, Inc, Minneapolis, MN). The gene expression was
quantified by Image Quant software analysis and the results are expressed as fold increase over
B-actin gene expression.

2.4. Supernatant preparation

2.5. ELISA

The MIP-133 protein was added at 7.5ug of protein /ml to flasks of confluent monolayers of
HCE and NHK cells in serum-free medium and incubated for 24 hours at 37 ° C in 5 ml.
Supernatants from HCE and NHK were collected and concentrated with Ultrafree-15
centrifuge concentrators with a molecular cutoff of 5 kDa (Millipore, Bedford, Mass.).
Unstimulated supernatants from HCE and NHK cells were processed similarly. Supernatants
were stored at —20° C for ELISA analysis.

96-well assay plates were coated with 50 ul of supernatants (50 ug protein) overnight in
carbonate buffer. Plates were washed four times with PBS containing 0.05% Tween-20 (wash
buffer; Sigma), then blocked with 0.5% BSA in PBS for 1 hour at room temperature. All MMPs
antibodies were diluted in blocking buffer and different dilutions of rabbit anti human MMP-1,
MMP-2, MMP-3, and MMP-9 monoclonal antibodies (Chemicon Temecula, CA) were added
and incubated at room temperature for 2 hrs. The plates were then washed in PBS and incubated
ina 1:2,000 dilution of peroxidase conjugated goat anti-mouse 1gG (Vector Laboratories, Inc.
Burlingame, CA) in blocking buffer. After 1 h, the membrane was washed and developed using
ABC detection kit (Vector Laboratories) with DAB as chromogen as recommended by the
manufacturer. After development, 100 ul of 10% SDS (Sigma) was added per well prior to
reading on a microplate reader at 405 nm.

Inhibition assays involved incubating MIP-133 stimulated stromal cell supernatants with serine
protease inhibitors, 1 mM phenylmethylsulfonyl fluoride (PMSF; Sigma-Aldrich), or MIP-133
antibody. Supernatants incubated with a cysteine protease inhibitor (E6) or a control antibody
(Chicken 1gY) served as controls. All experiments were performed in triplicate.
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2.12. Statistical analysis

All statistical analyses were performed using the unpaired Student's t-test. A value of P < 0.05
was considered statistically significant.

3. Results

3.1 Regulation of MMPs gene expression in cultured human epithelial and stromal cells and
activation by MIP-133 protein

We determined whether normal human corneal epithelial and stromal cells express mRNA for
MMP-1, MMP-2, MMP-3, and MMP-9, and whether MMP-133 protein modulates MMPs
expression in vitro. Accordingly, the expression of MMP-1 (interstitial collagenase) MMP-2
and MMP-9 (representative of MMP’s responsible for degradation of collagens type I and 1V),
and MMP-3 (stromelysin) was determined in human corneal epithelial and stromal cells. The
133-kDa protein (7.5 pg/well) was added to 96 well plates containing human corneal epithelial
or stromal cells and incubated for 2-8 hr. Cells cultured without the 133-kDa protein served
as a control. Corneal epithelial and stromal cells were collected from each well and analyzed
for the expression of MMP genes by RT-PCR. mRNA from A. castellanii without corneal cells
served as a control. -actin was used as an internal control. The results showed that MMP-1,
MMP-2, MMP-3, and, MMP-9 was expressed in both cultured corneal epithelial and stromal
cells. When the epithelial cells were exposed to MIP-133 protein, the mRNA expression for
MMP-1 and MMP-9 was unchanged (data not shown). However, the transcripts for MMP-2
and MMP-3 were decreased by two fold (Figure 1 and Figure 2). By contrast, the expression
of MMP-2 and MMP-3 was significantly upregulated (2—4 fold) in the stromal cells 1, 4, and
8 hours after MIP-133 stimulation (Figure 1 and Figure 2). The expression of MMP-1 and
MMP-9 mRNA expression in stroma cells was not appreciably affected by MIP-133
stimulation. The results indicate that the MIP-133 protein modulates MMP-2 and MMP-3 gene
expression differently in human corneal epithelial and stromal cells.

To verify the possibility of homology between MMPs and A. castellanii proteases, the mRNA
from A. castellanii was prepared and analyzed for the expression of MMP genes by PT-PCR.
The results showed that A. castellanii did not express mRNA for MMP-1, MMP-2, MMP-3,
or MMP-9 (data not shown).

3.2 Regulation of MMPs protein expression in cultured human epithelial and stromal cells
and activation by MIP-133 protein

Corneal epithelial and stromal cells were stimulated with MIP-133 and the supernatants were
collected after 24 hrs and the levels of MMP-1, MMP-2, MMP-3, and MMP-9 proteins were
measured by ELISA. There was no significant difference in the level of MMPs between the
corneal epithelial cells before or after stimulation with MIP-133 (Fig. 3). By contrast, the levels
of MMP-2 and MMP-3 were significantly higher in the corneal stromal cells stimulated with
MIP-133 (Fig. 4).

3.3 Inhibition of MIP-133 induced the release of MMP-2 in the human stromal cells by anti-
MIP-133 antibody and protease inhibitor
Previous studies in our lab have shown that the MIP-133 function could be inhibited by the
serine protease inhibitor PMSF and MIP-133 antibody (Hurt et al., 2003). Therefore, it was
important to determine if inhibition of MIP-133 can block activation of MMP-2 and MMP-3
by the corneal stromal cells.

The supernatants from corneal stromal cells stimulated with MIP-133 were incubated with
PMSF and MIP-133 antibody and the level of MMP-2 was measured by ELISA as described
above. As a control, supernatants were incubated with a cysteine protease inhibitor (E6) or
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control antibody (Chicken IgY). MIP-133 induced significant increase on the level of MMP-2
in the corneal stromal cells (Fig. 5). Activation of MMP-2 by MIP-133 was inhibited in the
supernatants pretreated with PMSF and anti-MIP-133 (Fig. 5). Supernatants pretreated with
the cysteine protease inhibitor E6 or control antibody produced the same amount of MMP-2
as the untreated supernatants (Fig. 5). Production of MMP-3 was also inhibited in the
supernatants pretreated with PMSF and MIP-133 antibody (data not shown). Likewise,
pretreatment of unstimulated supernatants from corneal stromal cells with PMSF and MIP-133
had no significant effect on MMPs activity (data not shown).

3.4 Cross reactivity of MMPs with MIP-133 protein

ELISA was used to determine the cross reactivity of MMP antibodies with the MIP-133 protein.
Monoclonal antibodies against the various MMPs did not cross react with either the 133-kDa
protein or BSA (Fig. 6). The results indicate that MIP-133 protein do not cross react with human
MMPs antibodies.

DISUSSION

Acanthamoeba mannose induced protein (MIP-133) may contribute to the pathogenesis of
Acanthamoeba keratitis in several ways. For example, as shown in earlier studies, this
proteolytic enzyme was efficient at killing corneal epithelial cells, the first mechanistic barrier
of the ocular surface, by inducing apoptosis via a caspase-3-dependent pathway. Subsequent
steps in pathogenesis require the amoebae to penetrate and degrade both human types | and IV
collagen (Hurt et al., 2003). The purpose of this study was to determine the effect of MIP-133
on the modulation of matrix metalloproteinases of cultured human epithelial and stromal cells
in vitro. We hypothesized that MIP-133 can activate the corneal pro MMPs, which in turn
contribute to the degradation of extracellular matrix.

The results showed that MMP1, MMP-2, MMP-3, and MMP-9 mRNA was expressed in both
cultured corneal epithelial and stromal cells. These results indicate that MMPs are
constitutively produced, at least under our experimental conditions. The mRNA expression for
these MMPs did not change 1 hr after exposure to MIP-133. However, these matrix MMPs are
no longer detectable when corneal epithelial cells are treated with MIP-133 for 4 and 8 hours.
Disappearance of activated MMPs in corneal epithelial cells 4 and 8 hours after exposure to
MIP-133 might be due to degradation of MMPs RNA by MIP-133 or the result of injury to the
epithelial cells. However, we have shown that 7.5 ug/ ml MIP-133 is not toxic to epithelial
cells during these incubation times. Previous studies have shown that MMP-9 is down regulated
in the rabbit cornea by Pseudomonas elastase (Miyajimaetal.,, 2001). The mRNA for all these
MMPs was expressed in normal stromal cells. However, the expression of MMP-2, and MMP-3
mRNA was upregulated after treatment with MIP-133. The expression of MMP-1 and 9 was
no longer detectable in stromal cells treated with MIP-133 for 8 hours. At the protein level,
treatment of the corneal stromal cells with MIP-133 induced an increase in the expression of
MMP-2 and MMP-3, while the levels of these MMPs were not altered in the corneal epithelial
cells after MIP-133 stimulation. Thus, the accumulation of matrix components seems to be an
important effect of MIP-133 in fibroblastic cells as compared with epithelial cells. Our study
suggests that one possible consequence of increased MIP-133 proteolytic activity on the ocular
surface would be stimulated production of MMPs by the corneal stromal cells. Theses results
also suggest that increased MMP-2 and MMP-3 secretion by stromal cells after MIP-133
stimulation may be associated with pathologic processes such as corneal melting in
Acanthamoeba keratitis. We have shown that MIP-133 has proteolytic activity which can
degrade both human types | and IV collagen (Hurt et al., 2003). The present results indicate
that inhibition of MIP-133 activity by PMSF and MIP-133 antibody inhibits MMP-2 and
MMP-3 activity by the corneal stromal cells. These results suggest that MIP-133 is a potent
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activator of MMPs with the effect being produced by functionally active MIP-133. Our results
also indicate that MIP-133 does not cross react with human MMP since anti-MMPs antibodies
did not react with MIP-133 in the ELISA’s.

It is not known how proteolytic molecules induce upregulation or activation of MMPs in
corneal tissues. We have shown that MIP-133 induces apoptosis of corneal epithelial and
stromal cells through a caspase-dependent pathway. Thus, it is possible that apoptosis of
corneal stromal cells induces upregultaion of proapoptotic molecules such a TNF-o and FasL
that may be involved in activation and upregulation of MMPs in the corneal tissues. It has been
shown that Pseudomonas aeruginosa induces apoptosis of host cells through the upregulation
of Fas /Fas ligand on the cell surface. Upregulation of MMP-3 expression by IL-1p or TNF-
a in human ocular stromal fibroblast and other tissues has been reported previously (Girard et
al., 1991; Li et al., 2000). More recently it has been shown that apoptosis of human lung
fibroblasts by P. aeruginosa was due to activation of phosophlipase A, on the lung fibroblasts
and arachidonic acid release (Kirschnek & Gulbins, 2006). We have shown that MIP-133
induced significant arachidonic acid release from the cells that are susceptible to apoptosis
(unpublished findings). Therefore, it is possible that inflammatory mediators that are induced
by MIP-133 modulate MMP production in corneal tissues. It has been shown that
cyclooxygenase-2-derived prostaglandins downregulate MMP-1 expression in fibroblast —like
synoviocytes (Pillinger et al., 2003). It is known that the regulation of MMP activation and
activity is strongly dependent on the levels of tissue inhibitors of metalloproteinases (TIMPSs)
(Brew et al., 2000). Our results indicate that the133-kDa protein modulates MMP-2 and-3
expression differently in human corneal epithelial and stromal cells. Therefore, the difference
in levels of TIMPs and their regulation by certain inflammatory factors might explain the
different patterns of MMPs in the corneal epithelium and stromal cells. It has been shown that
TIMP-1 and TIMP-2 were expressed strongly in the corneal epithelium of mice infected with
herpes simplex virus as compared to keratocytes (Yang et al., 2003). Thus, a balance between
MMPs and their inhibitors may determine the net enzymatic activity present in the corneal
cells.

In conclusion, our results suggest a unique pathological function of MIP-133 related to the
production and activation of MMPs in corneal epithelial and stromal cells, which may facilitate
the invasion of Acanthamoeba trophozoites and intensify the severity of Acanthamoeba
keratitis. Thus, MMPs as well as MIP-133 may become targets for therapeutic agents.
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Fig. 1.

Semi-quantitative RT-PCR analysis of MMP-2 gene expression in the human corneal epithelial
(HCE) and stromal (NHK) cells before and 1, 4, and 8 hours after stimulation with the mannose
induced protein (MIP-133). B-actin was used as an internal control.
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Semi-quantitative RT-PCR analysis of MMP-3 gene expression in the human corneal epithelial
(HCE) and stromal (NHK) cells before and 1, 4, and 8 hours after stimulation with the mannose
induced protein (MIP-133). B-actin was used as an internal control.
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Fig. 3.

Effect of MIP-133 on MMPs released by human corneal epithelial cells. Cells were incubated
with 7.5ug/ml MIP-133 for 24 hours and the amount of MMPs in the supernatants was
determined by ELISA. *, Not significantly different from corresponding controls (P > 0.05).
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Effect of MIP-133 on MMPs released by human stromal cells. Cells were incubated with 7.5ug/
ml MIP-133 for 24 hours and the amount of MMPs in the supernatants was determined by
ELISA. *, significantly different from corresponding controls (P < 0.05).
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Fig. 5.

Inhibition of MIP-133 prevents MMP-2 released by human corneal stromal cells. Human
corneal stromal cells were incubated with 7.5ug/ml MIP-133 in the presence of 1:100 dilution
of the chicken anti-MIP-133 antiserum (IMS). Normal chicken serum (NS) was used as a
control. Additional controls included 1.0 mM of phenylmethylsulfonyl fluoride (PMSF, serine
protease inhibitor) and 10 uM of E6 (cytosine protease inhibitor). After 24 hours, the
supernatants were collected and the level of MMP-2 was determined by ELISA. Plates were
then read at OD 405 nm. *, significantly different from MIP-133, MIP-33+NS, and MIP-133
+E6 (P < 0.05).
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Fig. 6.

Cross reactivity of MMPs anybodies with MIP-133 protein. 96-well plates were coated with
50ug of the MIP-133 protein and allowed to dry in carbonate buffer. Sample wells were then
washed 3 times, incubated with mouse anti-MMPs antibodies as the primary, followed by goat
anti-mouse 1gG-HRP as described in the Materials and Methods section. Plates were then read
at OD 405. As a control, the MIP-133 protein or BSA was co-incubated with 1:100 chicken
anti-MIP-133 antiserum or pre-immune chicken serum. Wells were then washed and incubated
with Goat anti-chicken -horse radish peroxidase. ELISA plates were developed and read at
405nm.
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