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Abstract

Objective—To investigate the levels of matrix metalloproteinases (MMPs), myeloperoxidase
(MPOQ) and tissue inhibitor of metalloproteinase-1 (TIMP-1) in tears of patients with Stevens-
Johnson syndrome (SJS) and ocular cicatricial pemphigoid (OCP).

Design—~Prospective non-interventional cohort study.

Participants—Four SJS patients (7 eyes), 19 OCP patients (37 eyes) and 20 post-
phacoemulsification healthy controls (40 eyes).

Methods—Tear washes were collected from all patients and were analyzed for levels of MMP-2,
-3,-7, -8, -9, -12, MPO and TIMP-1 using multi-analyte bead-based enzyme-linked
immunosorbent assays (ELISA). Total MMP activity was determined using a fluorimetric assay.
Correlation studies were performed between the various analytes within study groups.

Main Outcome Measures—Levels of MMP-2, -3, -7, -8, -9, -12, MPO and TIMP-1 (in ng/ug
protein), total MMP activity (in relative fluorescent units/min/ug protein) in tears, MMP-8/
TIMP-1, MMP-9/TIMP-1 ratios and the correlations between MMP-8 and MMP-9 and each MMP
and MPO.

Results—MMP-8, MMP-9 and MPO levels were significantly elevated in SJS and OCP tears
(SJS > OCP) when compared to controls. MMP activity was highest in SJS while OCP and
controls showed lower and similar activities. TIMP-1 levels were decreased in SJS and OCP when
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compared to controls with OCP levels reaching significance. MMP-8/TIMP-1 and MMP-9/
TIMP-1 ratios were markedly elevated in SJS and OCP tears (SJS > OCP) when compared to
controls. Across all study groups, MMP-9 levels correlated strongly with MMP-8 and MPO levels
and MMP-8 correlated with MPO but did not reach significance in SJS. There was no relationship
between MMP-7 and MPO.

Conclusions—Since MMP-8 and MPO are produced by inflammatory cells, particularly
neutrophils, the correlation data indicate that they may be the common source of elevated enzymes
including MMP-9 in SJS and OCP tears. Elevated MMP/TIMP ratios and MMP activity suggest
an imbalance in tear MMP regulation that may explain the predisposition of these patients to
develop corneal melting and chronic complications associated with persistent inflammation. MPO
in tears may be a sensitive and specific marker for the quantification of ocular inflammation.

Introduction

Stevens-Johnson syndrome (SJS) and ocular cicatricial pemphigoid (OCP), a subset of
mucous membrane pemphigoid”, are rare, yet severe, systemic autoimmune diseases
associated with extensive bilateral persistent inflammation of the ocular surface and lid
margins. Even though the term “mucous membrane pemphigoid (MMP)” has been widely
accepted to describe this disease, in this manuscript, “ocular cicatricial pemphigoid (OCP)”
has been used instead to minimize confusion between the acronym of mucous membrane
pemphigoid (MMP) and that of the universally used acronym for matrix metalloproteinases
(MMPs) assayed in this study.1 If left untreated or inadequately managed, chronic
conjunctivitis can impair tear distribution and stability by loss of goblet cells, accessory
glands and secretory ductules of the main lacrimal glands and meibomian gland orifices and
glands. Chronic conjunctival inflammation eventually causes irreversible dry and cicatricial
changes to the conjunctiva and cornea that can ultimately lead to blindness~4. Due to
extensive scar formation, neovascularization and keratinzation of the ocular surface,
initiating treatments in the chronic stages of the disease is not very effective, and thus earlier
intervention is initiated in an effort to control inflammation. Most surgical care is reserved
for rehabilitation efforts after controlling the inflammation®->=7. Therefore, judicious
management rests on the severity and rapidity of disease progression to direct treatment. The
approach that is clinically utilized relies on visually inspecting and grading conjunctival
injection with a slit lamp microscope. Despite the advantages that come with an inexpensive
easy-to-use method, its potential for inter-physician variability, failure to see minute changes
and, worse, overlooking active cellular inflammation in the absence of clinically obvious
ocular inflammation make such grading subjective. Thus, researchers have sought
biomarkers and other alternative methods to evaluate ocular surface diseases. Identified
biomarkers may also shed light on their possible roles in disease pathophysiology and the
development of related complications.

Matrix metalloproteinases (MMPs) are zinc- and calcium-dependent endopeptidases that can
degrade virtually all components of the extracellular matrix including the basement
membrane. Released as inactive zymogens, these enzymes are activated by various proteases
to perform their specific functions and are primarily regulated by endogenous inhibitors (i.e.
tissue inhibitors of metalloproteinases (TIMPs))8. Studies on the cornea in vitro and in vivo
have underscored the role of MMPs in normal and pathological epithelial wound healing,
stromal remodeling and corneal ulceration®10. Furthermore, studies of human tears showed
elevated levels and activities of MMPs in inflammatory ocular surface diseases such as dry
eyell infective keratitis'2, active peripheral ulcerative keratitis3, atopic
blepharoconjunctivitis'#, ocular rosaceal®, vernal conjunctivitis'® and non-allergic
eosinophilic conjunctivitis}’. Inflammatory cells, particularly neutrophils, are major sources
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of neutrophil collagenase (MMP-8) and gelatinase B (MMP-9), both of which have been
associated with the extent of cellular inflammation1214.18.19,

Neutrophils also produce myeloperoxidase (MPO), a heme-protein that is stored within
primary azurophilic granules that are released only upon neutrophilic activation (respiratory
burst) and degranulation29-21, In addition to its function as a microbicidal enzyme, MPO has
been studied as an inflammatory marker for a number of systemic disease processes?! and in
tears of patients with ocular allergy22. There are no tear studies that evaluated MMPs and
MPO on the ocular surface of patients with chronic Stevens-Johnson syndrome and mucous
membrane pemphigoid. The purpose of the study was to assess the MMP profiles and
activities and MPO levels in tears of patients with these ocular surface diseases and to
correlate their levels as an indication of levels of inflammation on the ocular surface.

Patients and Methods
Study population

This study was a prospective, non-interventional, consecutive cohort study conducted at 2
independent sites. All study participants were recruited and tear washes were performed at
the Massachusetts Eye Research and Surgery Institution (MERSI), Cambridge,
Massachusetts. The tear and statistical analyses were performed at the Schepens Eye
Research Institute-Massachusetts Eye and Ear (SERI-MEE), Harvard Medical School,
Boston, Massachusetts. All procedures were HIPAA(Health Insurance Portability and
Accountability Act)-compliant and conformed to the tenets of the Declaration of Helsinki.
The Institutional Review Board (IRB)/Ethics Committee approval was obtained at MERSI
and SERI-MEE and informed consents were obtained from all participants.

Study participants were divided into three groups: SJS, OCP and control groups. Tear
washes were obtained between October 2011 and January 2012.

Inclusion criteria for SJS patients were clinical systemic, dermatological and ocular histories
consistent with SJS having ocular involvement. Inclusion criteria for OCP patients were
conjunctival biopsy results consistent with OCP (presence of linear deposition of
immunoglobulins at the basement membrane zone by direct immunofluorescence). Both SJS
and OCP participants were in the chronic stages of the disease. The control group included
patients that underwent cataract surgery by phacoemulsification at least 4 weeks prior to tear
collection with otherwise healthy ocular surfaces. Exclusion criteria for the SJS and OCP
groups were prior recent ocular surgeries within the past 6 months (except for cataract),
history of allergic ocular diseases, concurrent ocular infection, severe meibomian gland
dysfunction or blepharitis. For the control groups, subjects with a current history of dry eye
syndrome, ocular or systemic autoimmune background or prior ocular histories other than
cataract surgery were excluded from the study.

All participants were contacted by phone 24 hours prior to their visit during which the risks,
benefits and tear collection method were explained in detail. Upon verbal agreement to
participate, the participants that were on topical ocular hypertensive and/or anti-
inflammatory medications were asked to stop those medications 12 hours prior to the tear
collection then resume them after the collection had been completed. For SJS and OCP
patients, tears were collected at least 9—12 months following diagnosis. All participants
underwent detailed assessment before inclusion in the study, including clinical history and
slit lamp examination. Medical records of the enrolled subjects were reviewed for gender,
age, race, ocular surgical history and existing systemic and ocular conditions and
medications if any.
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On the day of the tear collection, participants were examined for evidence of clinical
conjunctival inflammation with a slit lamp examination by a single investigator (CSF). A
standard numerical grading system from 0 to 4 was used as previously described?3 to record
conjunctival clinical inflammation: (0) quiet (no inflammation), (1) mild inflammation, (2)
moderate inflammation, (3) severe and (4) extreme inflammation and eyes were categorized
as either being in clinical remission or not. For OCP patients, disease severity was staged
according to Foster classification23. SJS patients could not be staged due to the lack of a
validated and accepted staging system.

Tear Wash Collection and Processing

A tear wash method was chosen for collecting tear proteins2 as previous work
demonstrated that the method allows harvest of tear fluid from patients that have little tear
production, and it yields a greater amount of protein than Schirmer strip or microcapillary
tear collection allowing multiple analyte assays. On the day of the visit, the tear washes were
collected within a narrow time frame (between 10am to 12pm) to reduce potential diurnal
variations in MMP levels in the tears?®, The tear washes were collected before any
scheduled manipulation (e.g. intraocular pressure assessment) or instillation of any
diagnostic drops (e.g. fluorescein) to avoid artifactual washout of the tear components that
might interfere with interpretation of results. The tear wash method was done as previously
described?4. Briefly, 60 pL of sterile physiological saline was applied onto the ocular
surface using a sterile micropipette. Patients were then asked to move their eyes up, down,
nasally and temporally without blinking. The tear washes were collected from the inferior
fornix by micropipette, transferred into sterile polypropylene tubes and centrifuged for 30
minutes at 4°C at 13500 x g to remove cellular debris and supernatants were transferred into
new sterile polypropylene tubes and stored at —80°C.

Protein Quantitation

After all tear washes were collected, protein concentrations were determined using the
Micro BCA™ Protein Assay Kit (Pierce, Rockford, IL) according to the manufacturer’s
instructions, using a 1:50 dilution of tear sample to diluent. The samples were then aliquoted
and stored at —80°C for further analysis.

Three types of assays (two enzyme-linked immunosorbent assay (ELISA)-based and one
MMP fluorimetric activity assay) were performed to optimize quantitation of multiple
analytes from a single eye. Accommaodating for variable sample yield of protein content and/
or volume precluded the ability to quantify all analytes in some specimens.

Measurement of Matrix Metalloproteinases (MMPs) and Total MMP Activity

Total (pro-form and active) levels of six MMPs: gelatinase A (MMP-2), stromelysin-1
(MMP-3), matrilysin (MMP-7), neutrophil collagenase (MMP-8), gelatinase B (MMP-9)
and macrophage metalloelastase (MMP-12) were measured simultaneously using the
Fluorokine® Human MMP MultiAnalyte Profiling (MAP) Kit (R&D Systems, Minneapolis,
MN) using the manufacturer’s instructions. Samples were analyzed on a Bio-Rad Bio-Plex
analyzer powered by Luminex® 100™ xMAP technology (Luminex Corp., Austin, TX).
Resultant median fluorescence intensities were used to calculate the final concentrations
from a standard curve (in ng/mL) and were standardized to pg protein loaded in the assay.
The values were transformed to logarithmic data points for correlation studies between the
analytes.

The total MMP activity was measured using a modified protocol of the MMP-9 Fluorimetric
Drug Discovery Kit (Enzo Life Sciences, Plymouth Meeting, PA). The samples were diluted
in MMP assay buffer containing 50mM HEPES, 10mM CaCls, 0.05% Brij-35, pH 7.5 into a
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sensoplate, black 96 well glass bottom plate (Greiner Bio-One North America Inc., Monroe,
NC). A quenched OmniMMP™ RED fluorogenic substrate (Enzo Life Sciences, Plymouth
Meeting, PA) was added to each well. The substrate is cleaved by active MMPs and, upon
cleavage, emits at the red end of the spectrum to avoid any interference of lower
wavelengths exhibited by unwanted substances in the tear samples. Fluorescence was
measured at 1-minute intervals for 45 minutes at 540 nm (excitation) and 590 nm (emission)
using the Synergy Mx monochromator-based multi-mode microplate reader (Biotek U.S.,
Winooski, VT). For data analysis, slopes were derived from the linear portion of the curves
and background slopes were subtracted from all samples. The net slopes corresponded to the
fluorescent intensities (in relative fluorescent units per minute (RFU/min)) that were directly
proportional to the total MMP activity present in the samples. The values were standardized
to ug protein loaded in the assay. The values were transformed to logarithmic data points for
correlation studies.

Measurement of Myeloperoxidase (MPO) and Tissue Inhibitor of Metalloproteinase-1

(TIMP-1)

Tear samples were assayed for levels of MPO and TIMP-1 using the Fluorokine® Human
Cardiac MAP Kit (R&D Systems, Minneapolis, MN) and Luminex® technology using the
manufacturer’s instructions. Resultant median fluorescence intensities were used to calculate
the final concentrations from the standard curve (in ng/mL) and were standardized to pug
protein loaded in the assay. The values were transformed to logarithmic data points for
correlation studies between the analytes.

Statistical Analysis

Results

Differences in the levels of all analytes and total MMP activity between OCP, SJS and
control patients were examined for statistical significance using the Mann-Whitney U and
Kruskal-Wallis tests for non-parametric and non-matched groups. Correlations between the
amounts of analytes including total MMP activity of all patients and within each study group
were determined using the Spearman rank correlation test. Statistical analysis was
performed using Instat 3.10 statistical software (GraphPad Software, San Diego, CA).
Results were presented with a 2-tailed p value, set at 0.05.

Study Population

A total of 45 patients (85 eyes) met our inclusion criteria and were enrolled into the study.
These included 5 SJS (9 eyes), 20 OCP (40 eyes) and 20 control (40 eyes) patients. All SIS
(100%) and 37 OCP (92.5%) eyes were diagnosed to be in clinical remission prior to the tear
wash collections. From those eyes, tear samples from two SJS eyes (1 patient) and 1 OCP
eye were excluded from tear analysis due to low protein content recovered from the tear
wash (<1pg/uL). Samples from two OCP eyes (2 patients) were excluded due to failure to
collect sufficient tears as a result of severe ankyloblepharon. The mean ages and standard
errors of the study groups were as follows: SJS (21.0 + 3.2 years, range: 14 — 27 years),

OCP (66.3 *+ 2.5 years, range: 48 — 86 years) and control (50.1 + 3.5 years, range: 25 - 77
years). There were 3 males and 1 female in the SJS group and 7 males and 13 females in
each of the OCP and control groups. With respect to ocular history, the SJS group had 5
eyes (3 patients) on lubricating drops, 2 eyes (1 patient) on steroids and 1 eye on antibiotics.
In the OCP group, 14 eyes (7 patients) were on lubricant drops where 2 eyes (1 patient) were
treated with a mild steroid and 2 other eyes (1 patient) were also treated for glaucoma. In the
control group, 6 eyes (3 patients) were treated with one or more anti-glaucoma drugs for
diagnosed or suspected glaucoma and 2 eyes (1 patient) had a history of a non-penetrating
ocular trauma (bilateral traumatic uveitis) on no topical treatment and required no surgical
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intervention. Surgical history included one SJS eye that had undergone amniotic membrane
grafting 5 years prior to tear wash collection. Two OCP eyes (1 patient) had undergone
fornix reconstruction and 1 OCP eye had undergone a fornix reconstruction and an amniotic
membrane grafting 6 years prior to the tear wash collection. One OCP eye had undergone
blepharoplasty 7 years prior to the tear wash collection.

The tear wash samples yielded 15 to 50 pL for patients with SJS, 5 to 45 pL for patients with
OCP, and 9 to 45 pL for controls, with protein concentrations that ranged from 0.36 to 3.19
pg/uL (SJS patients), 0.10 to 2.34 pg/pL (OCP patients) and 0.14 to 1.81 pg/uL (control
patients).

MMP-8, MMP-9 and MPO in the Tears

Levels of MMP-8 were 296-fold higher in SJS tears and 25-fold higher in OCP tears when
compared with controls (mean + standard error (in ng/ug protein), SJS: 4.3 £ 2.0, OCP: 0.4
+ 0.2 and controls: 0.01 + 0.004; Fig 1). MMP-9 levels showed similar elevations with
disease, in that they were 180-fold higher in SJS tears and 16-fold higher in OCP tears when
compared with controls (SJS: 10.2 + 4.5, OCP: 0.9 £ 0.4 and controls: 0.06 £ 0.01; Fig 1).
The neutrophil enzyme, MPO, was 15-fold higher in SJS tears and 3.7-fold higher in OCP
tears when compared with controls (SJS: 6.7 £ 2.0, OCP: 1.5 + 0.4 and controls:; 0.4 £ 0.1;
Fig 1). The levels of MMP-8, MMP-9 and MPO in tears of SJS patients were statistically
higher than in the OCP patients and both disease groups had statistically higher levels than
controls.

Other MMPs in the Tears

MMP-2 and MMP-3 levels were statistically elevated in SJS and OCP tears (SJS > OCP).
However, their levels were at least a 100-fold lower than those observed with MMP-8,
MMP-9 and MPO. For MMP-2 (pg/ug protein), levels were 9.9 +4.1in SJS,2.2+1.0in
OCP and 0.2 £ 0.2 in controls. For MMP-3, levels were 95.9 + 51.2 in SJS, 16.9 + 4.3 in
OCP and 2.4 £ 0.6 in controls.

MMP-7 and MMP-12 levels were also statistically higher in OCP tears when compared to
controls. However, levels of both MMPs were not significantly different in SJS when
compared to OCP or controls. MMP-12 was at least 300 fold lower than those observed with
MMP-8, MMP-9 and MPO. The MMP-7 levels (ng/pg protein) were 0.4 + 0.2 in SJS, 0.2 =
0.03in OCP and 0.1 £ 0.01 in controls. By comparison, MMP-12 levels (pg/ug protein)
were not detectable in SJS, 0.2 = 0.06 in OCP and 0.06 + 0.03 in controls.

Total MMP Activity in the Tears

MMP fluorimetric activity assay demonstrated a 20-fold higher level of total MMP activity
in tears of SJS patients and a 4-fold increase in OCP patients when compared with controls
(in RFU/min/ug protein, SJS: 25.0 £ 10.6, OCP: 5.0 £ 2.7 and controls: 1.3 + 0.9; Fig 2).
Levels of activity in SJS patients were significantly higher when compared to both OCP
patients and controls. However, total MMP activity was not significantly different between
OCP and controls.

TIMP-1, MMP-8/TIMP-1 and MMP-9/ TIMP-1 Ratios in the Tears

The levels of TIMP-1 in SJS tears were 1.7-fold lower and OCP tears were 2.2-fold lower
when compared with controls (in ng/ug protein, SJS: 0.6 + 0.2, OCP: 0.5 + 0.06 and
controls: 1.1 + 0.1; Fig 3A). TIMP-1 levels in control tears was statistically higher than in
the OCP tears, however, both OCP and controls levels were not significantly higher than in
SJS tears. Interestingly, when the MMP-8/TIMP-1 and MMP-9/TIMP-1 ratios were
calculated, both ratios were markedly and statistically higher in patients with SJS and OCP
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(SJS > OCP) when compared to controls. MMP-8/TIMP-1 ratios were 7.4 + 3.4 in SJS, 1.1
+ 0.6 in OCP and 0.01 + 0.003 in controls (Fig 3B) and the MMP-9/TIMP-1 ratios were
16.2 +6.6in SJS, 4.6 £ 2.5 in OCP and 0.05 £ 0.01 in controls (Fig 3B).

Correlations Between MMP-8, MMP-9 and MPO in the Tears

Using the data reported above, we evaluated correlations between levels of MMP-8, MMP-9
and MPO in tears since MMP-8 and MPO are known products of inflammatory cells,
primarily neutrophils and MMP-9 can be derived from both inflammatory cells and ocular
surface tissue (Figures 4A-C).

The levels of MMP-8 correlated with those of MMP-9 in tears of all patients (Spearman
rank correlation tests, SJS: r = 0.96 (P<0.01), OCP: r = 0.87 (P<0.0001) and controls: r =
0.78 (P<0.0001); Fig 4A). The levels of MMP-8 correlated with the levels of MPO in OCP
and control groups but the correlation was not statistically significant in the SJS group (SJS:
r=0.75 (P =0.067), OCP: r = 0.84 (P<0.0001) and controls: r = 0.68 (P<0.0001); Fig 4B).
On the other hand, the levels of MMP-9 were strongly and statistically correlated to MPO
levels in tears of all patients (SJS: 0.85 (P<0.05), OCP: 0.93 (P<0.0001) and controls: 0.91
(P<0.0001); Fig 4C).

The correlation studies of the remaining MMPs (MMP-2, -3, -7 and -12) to MPO varied
widely. A significant correlation between MMP-2 and MPO was found in SJS and OCP
patients (SJS: r = 0.82 (P<0.05) and OCP: r = 0.48 (P<0.05); no figure) but not in controls.
Conversely, MMP-3 correlated with MPO in controls only (r = 0.55 (P<0.01); no figure).
There were no correlations observed between MMP-7 to MPO (Fig 4D), and MMP-12 to
MPO (data not shown).

Discussion

This study is the first, to our knowledge, to report markedly elevated MMP-8, MMP-9,
MPO and MMP activity levels in tears of patients with chronic SJS and OCP when
compared to healthy controls. We also demonstrate strong correlations between the tear
levels of MMP-8 and MMP-9 and between those enzymes and the specific inflammatory
marker MPO. These relationships by comparison to lack of correlations between levels of
MMP-7 and MPO suggest that inflammatory cells, primarily neutrophils, are the common
source of elevated MMP-8 and MMP-9 on the ocular surface of these two severe
inflammatory diseases.

The MMP findings in SJS and OCP agree with previous reports that demonstrated elevated
tear levels of MMPs in a variety of inflammatory ocular surface diseases!117. Membrane
array analysis of OCP tears in active disease revealed markedly elevated MMP-9 thought to
be released by activated neutrophils26. MPO is a well-established marker of neutrophil
infiltration whose activity has been used to quantitate the density of polymorphonuclear
cells in corneal and conjunctival tissues?”-28, In tears, elevated MPO has been reported in
patients with allergy?2 and, in one study, increased MPO levels were demonstrated in
homogenized dry eye tears?%. Congruent changes in MPO and MMP levels have been shown
in conditions such as chronic periodontitis39. Although several studies evaluated both
MMP-8 and MMP-9 tear levels on the ocular surface?16, to our knowledge, this study is
the first to assess these enzymes with respect to MPO tear levels in any ocular surface
disease.

Tissue inhibitors of metalloproteinases (TIMPs) inhibit MMPs in a 1:1 stoichiometric ratio
of TIMP to MMP by interacting with the N-terminal domain of the TIMP to the active site
of the MMP3L, Therefore, the elevated MMP-8/TIMP-1 and MMP-9/TIMP-1 ratios in the
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SJS and OCP suggest an MMP imbalance on the ocular surface since TIMPs are the primary
regulators of MMP activity31. A limitation of the assay was its inability to discriminate
between active and inactive MMPs or between free TIMPs and TIMPs complexed with
MMPs. Therefore; the results are only suggestive of an MMP homeostatic imbalance.
However, since the hallmark of MMP dysfunction is MMP overactivation, the total MMP
activity observed in the tears of SJS and OCP were not only higher than in control but they
were congruent with higher MMP/TIMP ratios. These results point again to a potential
imbalance in the MMP/TIMP dynamic on the ocular surface milieu in favor of excessive
MMP activity. MMP overactivation may impart its potential deleterious effects on the
underlying ocular surface tissue such as disturbing the corneal epithelial barrier function,
increasing corneal epithelial desquamation and corneal surface irregularity32, The
contribution of each MMP studied to the overall activity observed remains unknown.

Interestingly, MPO has been found to indirectly disrupt the physiologic balance of the
proteolytic activity of MMPs and the function of endogenous MMP inhibitors in
inflammation33. When activated, neutrophils release MPO from their azurophilic granules to
generate antimicrobial antioxidants and other reactive species to kill bacteria and other
pathogens29:21, These reactive species have also been shown to modify host proteins by
oxidizing amino acid side chains, N-terminal amino groups and disulfides3*. In controlled
studies, one of these reactive species, hypochlorous acid (HOCI), was shown to activate
MMP-833:35 and suggested to activate MMP-933:36 and, conversely, inactivate TIMP-1 (can
no longer form complexes with MMPs)37. To test this hypothesis within our samples,
attempts were made to compare the specific activity of MMP-8 in the tears of the three study
groups. However, due to the relatively low protein recovered from single tear collections
from all patients and the absence of available sensitive MMP-8 activity assays and MMP-8
specific fluorimetric substrates, MMP-8 activity in tears could not be reliably measured.
Future studies determining MMP-8 and MMP-9 activities and the levels of MPO-generated
reactive species in tears of patients with ocular surface disease may be of value in
ascertaining the role of MPO in MMP activation. Perhaps pooling tear washes daily from
each eye over days or, preferably, hourly over a single day would improve protein yield to
facilitate such studies.

The elevated MMPs and MPO tear levels seen in SJS and OCP patients diagnosed to be in
clinical remission is intriguing. Ours is the first study, to our knowledge, to suggest the
presence of activated neutrophils on the ocular surface in the chronic stages of inflammation
in these diseases. Histologic studies of conjunctival tissues in cicatrizing diseases have
implicated mononuclear cells, including macrophages, lymphocytes and plasma cells as the
principal effectors of chronic inflammation and the major causes of conjunctival fibrosis38.
A study that examined conjunctivalized corneas from chronic SJS patients showed extensive
subepithelial mononuclear infiltration with no polymorphonuclear cells except within
vascular lumen3°. Conjunctival biopsies from patients with episodic conjunctival
inflammation following SJS have shown a preponderance of T lymphocytes, macrophages
and Langerhans’ cells and infrequent neutrophils?C. The presence of neutrophils in SJS tears
was only demonstrated in the acute stage from serial tear analysis of a single SJS patient
followed for weeks after the acute onset of the disease®L.

With respect to OCP, immunohistological study of conjunctival specimens from patients at
various stages of the disease has shown a marked neutrophilic infiltration in the acute stage
that substantially dropped in the chronic stage. In the acute stage, macrophages were as
elevated as neutrophils that mildly declined yet remained relatively elevated in the subacute
and chronic stages*2. Lymphocytes were the major inflammatory cells in the chronic stage.
To our knowledge, there have been no OCP tear studies on neutrophil quantification.
Despite the fact that most studies on cellular inflammation in SJS and OCP were limited to
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the conjunctiva, the common presence of macrophages in the chronic stages of both diseases
and the fact that these cells are also known to synthesize MPO and MMPs raises the
possibility that macrophages may be a source of these enzymes in SJS and OCP tears.
However, macrophages are not known to synthesize MMP-8, one of two MMPs that
correlated with MPO levels in the diseased tears in our study. Additionally, our study
showed negligible levels of MMP-12 in SJS and OCP tears; a macrophage-derived
elastinolytic protease in inflammation. While these data may not completely negate a
possible contribution of macrophages to the influx of MMPs and MPO in the tears, it
strongly suggests that they may not be the dominant inflammatory source in the diseased
tears in chronic stages.

MPO and MMP-8 are derived from inflammatory cells and correlated strongly to MMP-9
levels in this study to suggest an inflammatory source for all three enzymes. However, since
both inflammatory cells and ocular surface epithelial tissue can produce MMP-9, we cannot
rule out epithelial cells as a secondary source of MMP-9. The control group had 14 eyes
(37%) that showed the presence of MMP-9 and the absence of MMP-8 in their tears
compared to 4 eyes (11%) in the OCP group and no eyes (0%) in the SJS group. This
interesting finding infers, at least with respect to MMP-9, that inflammatory cells recruited
into the tears may be the dominant source of MMP-9 in SJS and OCP. Further tear studies
with specific markers for a wide range of inflammatory cells including macrophages and T
lymphocytes will help determine if the inflammatory profile in tears mimics that in
conjunctival tissue.

The high levels of MMP-8, MMP-9 and MPO enzymes in patients in clinical remission may
indicate exceptionally high levels in tears of patients in acute stages of the disease or in
patients whose ocular inflammation has not been adequately controlled. It may also point to
the presence of low-grade conjunctival inflammation that remains undiagnosed by slit lamp
examination. It is difficult to discern whether the levels found in this study indicate
successful management or not. Multicenter studies involving larger study populations
looking into the enzyme levels at different stages of the disease and in healthy age-matched
gender-matched controls may provide a grading system to stratify disease severity on the
basis of inflammatory markers in tears.

Grading of conjunctival injection (0-4) by slit lamp exam is the common method used to
better evaluate inflammation on the ocular surface. Despite its advantages, its subjective
nature inspired studies to look for other methods to better evaluate inflammation on the
ocular surface*3. The results of this study show that MPO is a sensitive and specific marker
for potentially detecting and quantitating active cellular inflammation on the ocular surface
in the presence or absence of clinically visible inflammation. A study by Kawasaki et al
surprisingly found substantial inflammatory cell infiltration in the conjunctiva of SJS
patients with little or no clinically obvious inflammation3®. Large prospective studies are
needed to test the efficacy of using an MPO assay, alone or as adjunct to other available
modalities, to evaluate ocular surface inflammation. Perhaps such studies will open
opportunities, as seen with assay of MMP-9 in dry eye*, to develop easy-to-use, fast
sensitive devices that can measure tear MPO levels in tears of patients by the bedside.
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Figure 1.

Bar graph showing the mean levels of neutrophil collagenase (MMP-8), gelatinase B
(MMP-9) and myeloperoxidase (MPO) in Stevens-Johnson syndrome (SJS) (n = 7 eyes),
ocular cicatricial pemphigoid (OCP) (n = 37 eyes) and healthy control (controls) (n = 38
eyes) tears using a fluorimetric bead-based enzyme-linked immunosorbent assay. All values
were standardized to pg of protein loaded (ng/ug protein) and the MMP-8, MMP-9 and
MPO levels in SJS and OCP tears were compared to controls and between disease groups
(*P<0.05, **P<0.01, ***P<0.001, Kruskal-Wallis test). The error bars indicate the standard
errors of the mean.
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Figure 2.

Bar graph showing the mean total matrix metalloproteinase (MMP) activity in Stevens-
Johnson syndrome (SJS) (n = 7 eyes), ocular cicatricial pemphigoid (OCP) (n = 27 eyes) and
healthy control (controls) (n = 37 eyes) tears using an MMP fluorimetric activity assay. All
values were standardized to pg of protein loaded (RFU/min/ug protein). The P values are
shown on the graph (* statistically significant, Kruskal-Wallis test). The error bars indicate
the standard errors of the mean.
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Figure 3.

Bar graphs showing (A) mean levels of tissue inhibitor of metalloproteinases-1 (TIMP-1)
and (B) the ratios of the amounts of neutrophil collagenase (MMP-8) and gelatinase B
(MMP-9) to TIMP-1 in tears of Stevens-Johnson syndrome (SJS), ocular cicatricial
pemphigoid (OCP) and healthy control (controls) eyes. (A) SJS (7 eyes), OCP (24 eyes) and
controls (33 eyes) tears were assayed using a fluorimetric bead-based enzyme-linked
immunosorbent assay where all values were standardized to pg of protein loaded (ng/ug
protein). The P values are shown on the graph (* statistically significant, Kruskal-Wallis
test). (B) MMP/TIMP-1 ratios in SJS (7 eyes), OCP (23 eyes) and controls (32 eyes) tears
were calculated and compared to their controls and between disease groups (*P<0.05,
**P<0.01, ***P<0.001, Kruskal-Wallis test). The error bars indicate the standard errors of
the mean.
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B. Correlation of MMP_-8 to MPO Levels
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Scatter graphs illustrating the correlations between the levels (in logarithmic values) of (A)
neutrophil collagenase (MMP-8) and gelatinase B (MMP-9), (B) MMP-8 and
myeloperoxidase (MPO), (C) MMP-9 and MPO and (D) matrilysin (MMP-7) and MPO in
Stevens-Johnson syndrome (SJS), ocular cicatricial pemphigoid (OCP) and healthy control
(controls) tears using Spearman rank correlation tests. The best fit lines: SJS (-.-), OCP (---)
and controls (...). (A) In SJS (7 eyes), OCP (36 eyes) and controls (38 eyes) tears,
significant correlation was found in all study groups: SJS (r = 0.96, P<0.01), OCP (r = 0.87,
P<0.0001) and controls (r = 0.78, P<0.0001). (B) In SJS (7 eyes), OCP (22 eyes) and
controls (32 eyes) tears, correlation was found in all study groups. Significance was
achieved in OCP (r = 0.84, P<0.0001) and controls (r = 0.68, P<0.0001) but not in SJS (r =
0.75, P=10.067). (C) In SJS (7 eyes), OCP (21 eyes) and controls (32 eyes) tears, significant
correlation was found in all study groups: SJS (r = 0.85, P<0.05), OCP (r = 0.93, P<0.0001)
and controls (r = 0.91, P<0.0001). (D) In SJS (7 eyes), OCP (22 eyes) and controls (30 eyes)
tears, no significant correlation was demonstrated in all study groups: SJS (r = 0.68, P =
0.11), OCP (0.26, P = 0.24) and controls (r = 0.089, P = 0.64).

Ophthalmology. Author manuscript; available in PMC 2015 January 01.



