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Purrose. To demonstrate the efficacy of microplasmin in in-
ducing posterior vitreous detachment (PVD) and to evaluate
the human and the feline retina after treatment.

MEerHODS. Thirteen human donor eyes were injected with 62.5,
125, or 188 ug microplasmin. The 13 fellow eyes received
balanced salt solution. Four of the microplasmin-treated eyes
received an additional intravitreal gas injection. After incuba-
tion at 37°C for 30 minutes, all globes were placed in 4%
paraformaldehyde. Retinal specimens were processed for scan-
ning (SEM) and transmission (TEM) electron microscopy. Five
feline eyes were injected with 14.5- or 25-ug microplasmin.
Animals were Kkilled after 1 day, 3 days, or 3 weeks, and retinal
specimens were evaluated by electron and confocal micros-
copy.

Resurts. In all control eyes, SEM demonstrated the cortical
vitreous covering the inner limiting membrane (ILM). Intravit-
real injection of 125 or 188 ug microplasmin resulted in com-
plete PVD. After treatment with 62.5 ug microplasmin, SEM
revealed collagen fibrils covering the ILM. Additional gas injec-
tion did not change the dose necessary for PVD. In vivo in cats,
25 pg microplasmin resulted in complete PVD after 3 days.
After 3 weeks, there was complete PVD with both doses of
microplasmin. The retina and the ILM were well preserved in
all eyes.

Concrusions. Both after death and in vivo, microplasmin in-
duces a dose-dependent cleavage between the vitreous cortex
and the ILM without morphologic alterations of the retina. In
the feline eye, there is no cellular response of retinal glial cells
or neurons. (Invest Opbthalmol Vis Sci. 2004;45:641-647)
DOI:10.1167/i0vs.03-0930

urrent concepts of the pathogenesis of macular disease are
based on the premise that traction at the vitreoretinal
interface is a major component of retinal dysfunction.' This
traction is thought to be mediated by the vitreous cortex and
by fibrocellular proliferation at the vitreoretinal interface, and
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therefore complete removal of the cortical hyaloid is often a
principal goal of vitreoretinal surgery.”

Removal of the cortical vitreous by mechanical means, how-
ever, does not result in complete vitreoretinal separation.®
Cortical vitreous fibrils of varying extent are left behind on the
inner limiting membrane (ILM) when the hyaloid is detached
by suction applied by the vitrectomy probe.*> Incomplete
vitreoretinal separation, a clinical entity called vitreoschisis,
which has been described particularly in diabetic eyes,® has
been proposed as a major cause of disease progression and
treatment failure.”” Moreover, there is experimental evidence
from adult primates that mechanical separation of the hyaloid
from the retina is not only insufficient to provide complete
vitreoretinal separation but frequently causes damage to the
macula and the optic disc, including breaks and separation of
the ILM from the retina and avulsion of nerve fibers and
ganglion cells.®

Currently, removal of the ILM is considered the most effi-
cient technique to eliminate vitreomacular traction. Peeling of
the ILM, however, involves direct intervention on the macula
by mechanical means, and although ILM peeling (without the
use of indocyanine green) is generally regarded as a safe and
feasible surgical maneuver, it remains challenging for the sur-
geon, and potentially can result in macular damage.'®"'" There-
fore, the desire for complete vitreoretinal separation and the
potential risk of aggressive ILM peeling suggests the need for
pharmacologic vitreous separation to minimize mechanical
trauma to the retina.

Plasmin is a serine protease that mediates the fibrinolytic
process and modulates the extracellular matrix.'? It hydrolyzes
a variety of glycoproteins, including laminin and fibronectin,
both of which are present at the vitreoretinal interface and are
thought to play a key role in vitreoretinal attachment.'?"'#
Plasmin does not degrade collagen type IV, a major component
of basement membranes and the ILM.'? Therefore, plasmin
holds theoretical promise to induce posterior vitreous detach-
ment (PVD) without damaging the ILM and the retina.

The efficacy of plasmin in inducing PVD has been demon-
strated in several studies.*'>"'® Previous work of our group
showed a dose- and time-dependent cleavage between the
vitreous and the retina in porcine eyes.'> In contrast to earlier
reports, no mechanical approach such as vitrectomy or addi-
tional gas injection was necessary to induce PVD.'”'® Plasmin
alone was sufficient to achieve complete separation at the
vitreoretinal junction at the posterior pole and at the equator in
a dose-dependent manner.'®> Reproducing the experimental
setting in donor eyes confirmed the cleaving effect of plasmin
in human eyes.'® A third study demonstrated the potential
benefit of plasmin as an adjunct to vitrectomy.* In contrast to
conventionally vitrectomized eyes, which revealed remnants of
cortical vitreous in the form of collagen fibrils covering the
retina, the combination of an intravitreal injection of plasmin
followed by vitrectomy 30 minutes later resulted in a bare ILM,
consistent with complete PVD.*

Plasmin, however, has as yet not been available or approved
for intravitreal application in humans. Therefore, plasminogen,
the inactive precursor of plasmin has been proposed for intra-
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vitreal injection, necessarily followed by an additional admin-
istration of a plasminogen activator, such as streptokinase or
urokinase.?® To overcome the administration of heterologous
plasminogen, Hesse et al.>" induced a breakdown of the blood-
retinal barrier by cryotherapy, thereby releasing autologous
plasminogen. Additional administration of tissue plasminogen
activator resulted in an intravitreal generation of autologous
plasmin which induced PVD.?' All these studies were per-
formed in rabbit eyes.'”2%!

Recombinant microplasmin (ThromboGenics Ltd., Dublin,
Ireland) is currently under clinical development for systemic
administration in patients with thromboembolic disease. Mi-
croplasmin consists of the catalytic domain of plasmin and
shares the same catalytic properties as human plasmin.** The
molecular mass of microplasmin (28 kDa) is lower than the
molecular mass of human plasmin (88 kDa), thus, in theory,
enabling the molecule to penetrate epiretinal tissue more ef-
fectively than plasmin obtained from pooled plasma or autol-
ogous plasmin.

We investigated the cleaving effect of microplasmin at the
vitreoretinal interface in both human tissue and in vivo in the
cat. In the postmortem experiment, human donor eyes were
exposed to different doses of microplasmin. In addition, some
eyes were treated by gas injection. Transmission and scanning
electron microscopy were performed in all eyes to investigate
the efficacy of microplasmin in producing complete vitreoreti-
nal separation. In a feline model, the pharmacology and toxic-
ity of microplasmin were assessed by scanning and transmis-
sion electron microscopy and by laser confocal microscopy.

METHODS

Human Eyes

Twenty-six human globes with no known eye disease were obtained
from the local eye bank (Munich, Germany), having been removed
from 13 donors within 19 hours of death. The donors’ ages ranged
from 34 to 69 years. Donor eyes were obtained and used according to
the provisions of the Declaration of Helsinki for research involving
human tissue. After the cornea was harvested with a 14-mm diameter
trephine, the globes were incubated in a moist chamber at 37°C for 15
minutes. Microplasmin (0.2 mL) was injected into the vitreous cavity of
13 eyes. The fellow eyes received an injection of physiologic saline
solution (BSS Plus; Alcon Laboratories, Fort Worth, TX) and served as
the control. Nine eyes were treated with an intravitreal injection of
microplasmin only. Because it had been reported previously that plas-
min induces PVD in combination with vitrectomy or gas injection
only,'”'® 0.6 mL of sulfurhexafluoride (SF,) was administered addition-
ally in four eyes, and the globes were fixed with the posterior pole in
an upright position. For details of doses and treatment see Table 1.
After treatment, all eyes were incubated at 37°C for 30 minutes. The
globes were then placed in 4% paraformaldehyde, and 0.1 mL of
fixative was also injected into the vitreous cavity to stop enzymatic
action within the eye.

TaBLE 1. Dose and Treatment in Human Donor Eyes

Dose of
Number Microplasmin
of Eyes (ng) Treatment
2 62.5 Intravitreal injection
5 125.0 Intravitreal injection
2 188.0 Intravitreal injection
2 62.5 Intravitreal injection and gas
tamponade (0.6 mL SFy)
2 125.0 Intravitreal injection and gas

tamponade (0.6 mL SFy)
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Feline Model

All procedures were approved by the Secretary of State (Home Office,
Animal Procedures Section, UK) and adhered to the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research. Five adult
domestic cats aged between 12 and 23 months were anesthetized with
an intramuscular injection of 0.5 mL ketamine (Ketaset; Park-Davis,
Eastleigh, UK) and 0.3 mL medetomide (Dormitor; Pfizer, Sandwich,
UK), and received an intravitreal injection of 14.5 (n = 2) or 25 ug
(n = 3) microplasmin. The cats injected with 14.5 pg microplasmin
were subsequently killed at 3 and 21 days whereas the cats injected
with 25 ug microplasmin were subsequently killed at 1 day, 3 days, and
21 days.

Tissue Processing

Electron Microscopy. All eyes were hemisected along the pars
plana, and the anterior segment was discarded. A corneal trephine of
12.5-mm diameter was slowly moved through the vitreous and the
posterior pole was punched out. Retinal specimens for scanning and
transmission electron microscopy were then obtained from the poste-
rior pole with a corneal trephine of 4-mm diameter.

Retinal discs for scanning electron microscopy were postfixed in
osmium tetroxide 2% (Dalton’s fixative), dehydrated in ethanol, dried
to the critical point, sputter coated in gold, and photographed by
electron microscope (ISM-35 CF; JEOL, Tokyo, Japan).

Specimens for transmission electron microscopy were postfixed in
Dalton’s fixative, dehydrated, and embedded in Epon. Semithin sec-
tions were stained with 2% toluidine blue. Ultrathin sections were
stained for contrast with uranyl acetate and lead citrate and analyzed by
electron microscope (EM 9; Carl Zeiss Meditec, Jena, Germany).

Electron microscopic photographs were evaluated independently
by two observers. Each observer evaluated the degree of vitreoretinal
separation by deciding whether a continuous or discontinuous net-
work of collagen fibrils covered the ILM, or whether single or sparse
collagen fibrils were present at the ILM, or whether the ILM was
devoid of any collagen fibrils."®

Confocal Microscopy. After rinsing in phosphate-buffered sa-
line (PBS), the specimens were orientated in 5% agarose (Sigma-
Aldrich; St. Louis, MO) in PBS. Sections (100-um-thick) were cut with
a vibratome (Technical Products International; Polysciences, War-
rington, PA) and incubated in normal donkey serum (1:20; Dianova,
Hamburg, Germany) in PBS containing 0.5% bovine serum albumin
(BSA; Fisher Scientific, Pittsburgh, PA), 0.1% Triton X-100 (Roche
Diagnostics, Mannheim, Germany), and 0.1% sodium azide (Sigma-
Aldrich) overnight at 4°C on a rotator (PBS, BSA, Triton, and azide
mixture referred to as PBTA). After removal of blocking serum, primary
antibodies were added in six sets of pairs: anti-glial fibrillary acidic
protein (GFAP; 1:500; Dako, Hamburg, Germany) with anti-collagen IV
(1:50; Dako); anti-vimentin (1:50; Dako) with anti-fibronectin (1:400;
Dako); anti-synaptophysin (1:50; Dako) with anti-neurofilament (1:25;
Dako); anti-laminin (1:25; Dako) with anti-CD 68 (1:50; Dako); anti-
red/green opsin (1:100; Santa Cruz Biotechnology, Santa Cruz, CA)
with anti-rhodopsin (1:200; Santa Cruz Biotechnology); anti-blue opsin
(1:100; Santa Cruz Biotech) with anti-rhodopsin (1:200; Santa Cruz
Biotech). For selection and specificity of antibodies used see Table 2.

After overnight incubation at 4°C on a rotator, sections were rinsed
in PBTA and incubated again overnight at 4°C with the secondary
antibody. Donkey anti-mouse and donkey anti-rabbit secondary anti-
bodies were used for each combination of primary antibodies, conju-
gated to Cy2 or Cy3 (Dianova, Hamburg, Germany). All secondary
antibodies were used at a dilution of 1:100, and all the antibodies were
diluted in PBTA. The sections were then rinsed, mounted in N-propyl
gallate in glycerol and viewed on a laser scanning confocal microscope
(model LSM 510; Carl Zeiss Meditec).
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TABLE 2. Selection and Specifity of Antibodies Used

Microplasmin-Induced Posterior Vitreous Detachment 643

Antibody

Specificity

Anti-glial fibrillary acidic protein (GFAP); anti-vimentin

Anti-neurofilament

Anti-synaptophysin

Anti-red/green opsin; anti-blue opsin
Anti-thodopsin

Anti-fibronectin

Anti-laminin

Anti-collagen IV

Anti-CD68

Intermediate filament proteins of Miiller cells

Neurofilaments in ganglion cells and in
horizontal cells

Synaptic vesicles in plexiform layers

Cones

Rods

Fibronectin

Laminin

Collagen type IV

Macrophages

REsULTS

Human Eyes

Scanning Electron Microscopy. Intravitreal Injection of
Microplasmin. After treatment with 62.5 pg microplasmin,
scanning electron microscopy revealed a discontinuous net-
work of collagen fibrils covering the ILM (Fig. 1A). Microplas-
min at 125 ug resulted in complete vitreoretinal separation
with an almost bare ILM covered by only sparse collagen fibrils
(Fig. 1B); 188 ug resulted in similar ultrastructure of the vit-
reoretinal interface, and the amount of collagen fibrils left on
the ILM (Fig. 10).

Intravitreal Injection of Microplasmin and Gas. There
were remnants of cortical vitreous covering the ILM in eyes
which received 62.5 pug microplasmin and gas (Fig. 1D; Table
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FIGURE 1. Scanning electron micrographs of the vitreoretinal inter-
face in human donor eyes. (A) Intravitreal injection of 62.5 ug of
microplasmin resulted in remnants of collagen fibrils covering the ILM.
Microplasmin at (B) 125 and (C) 188 ug produced complete PVD and
a bare ILM. (D) Compression of collagen fibrils toward the ILM in an
eye treated with 62.5 pg microplasmin and gas. (E) Complete PVD
after treatment with 125 ug microplasmin and gas. (F) Dense network
of collagen fibrils in a control eye. Magnification: X3600.
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3). Intravitreal injection of 125 ug microplasmin followed by
gas tamponade resulted in a complete vitreoretinal separation
consistent with a bare ILM (Fig. 1E). All control eyes showed a
dense network of collagen fibrils covering the ILM (Fig. 1F).

Transmission Electron Microscopy. The intraretinal
morphology of all microplasmin-treated eyes was unchanged
compared with control eyes. The ultrastructure of the ILM was
well preserved (Fig. 2A), and there was no difference between
the microplasmin-treated eyes and the control (Fig. 2B).

Feline Eyes

Scanning Electron Microscopy. One day after intravitreal
injection of 25 g microplasmin, sparse collagen fibrils cov-
ered the ILM (Fig. 3A). Three days after treatment, 25 ug
microplasmin resulted in complete vitreoretinal separation
(Fig. 3B). There were no remnants of collagen fibrils left at the
vitreoretinal interface. The eye that received 14.5 pg micro-
plasmin revealed sparse collagen fibrils covering the ILM 3 days
after the injection (Fig. 3C). Twenty-one days after treatment,
both 14.5 ug (Fig. 3D) and 25 pg microplasmin (Fig. 3E)
resulted in a bare ILM. All fellow control eyes had a dense
network of collagen fibrils covering the retina (Fig. 3F; Ta-
ble 4).

Light and Transmission Electron Microscopy. Regard-
ing the cytoarchitecture of the retina, no difference was ob-
served between microplasmin-treated eyes and control eyes
(Figs. 4A, 4B). The ultrastructure of the inner retina (Figs. 4C,
4D) and of the ILM (Figs. 4E, 4F) was normal.

Laser Confocal Microscopy. In microplasmin-treated
eyes and in control eyes, the end-foot portion of Miiller cells
was clearly labeled by anti-GFAP (Figs. 5A, 5B) and anti-vimen-
tin (Fig. 5C, 5D). There was no extended staining of Miiller cell
processes beyond the inner nuclear layer. No significant stain-
ing was observed with anti-collagen IV and anti-fibronectin,
which may relate to species specificity (data are not shown).
The ILM was stained by anti-laminin. Few macrophages were
present in both treated eyes and control eyes. The ganglion cell
axons and dendrites, the horizontal cells, and the inner and
outer plexiform layer were clearly labeled by anti-neurofila-
ment and anti-synaptophysin (Figs. SE, 5F). The photoreceptor
layer was labeled by anti-neurofilament. With respect to any of
the antibodies used, there was no difference between micro-
plasmin-treated eyes and control eyes at any time point of the
study.

Di1scuUssION

The present study demonstrates the efficacy of microplasmin
in separating the posterior hyaloid from the ILM. Both in
human donor eyes and in vivo feline eyes, complete vitreoreti-
nal separation was induced in a dose- and time-dependent
fashion without morphologic damage to the retina.
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TABLE 3. Degree of Residual Cortical Vitreous in Human Donor Eyes

Degree of Residual
Cortical Vitreous

Dose of
Microplasmin
(ng) Treatment Treated Eyes Control Eyes
62,5 Intravitreal injection ++ +++
125 Intravitreal injection - +++
188 Intravitreal injection - +++
62,5 Intravitreal injection and gas tamponade ++ +++
125 Intravitreal injection and gas tamponade - +++

+++, Continuous network of collagen fibrils; ++, discontinuous network of collagen fibrils; +,

sparse collagen fibrils;

In human donor eyes, intravitreal injection of 125 ug mi-
croplasmin was sufficient to induce complete PVD with bare
ILM. In terms of enzymatic action, 125 ug microplasmin is the
dose equivalent to 2 U plasmin (Sigma-Aldrich) which causes
complete vitreoretinal separation in porcine eyes and in hu-
man donor eyes.'>'® Microplasmin (62.5 ug, which is equiva-
lent to 1 U of Sigma-Aldrich plasmin) left collagen fibrils adher-
ent to the ILM, and 188 ug microplasmin had an effect similar
to that of 125 ug microplasmin. Therefore, for the short-term
effect of microplasmin, 125 ug appears to be the optimal dose
necessary to cleave the vitreoretinal junction within 30 min-
utes.

As in previous studies, no additional surgical technique was
necessary to separate the hyaloid from the ILM.'>'® However,
because it had been reported previously that plasmin is effec-
tive only in combination with intravitreal gas injection or
vitrectomy,'”'® we investigated the additional effect of an
intravitreal gas injection. The application of a gas bubble into
the vitreous of a microplasmin-treated eye did not affect the
dose needed to cleave the vitreoretinal junction. It has been
shown that an intravitreal gas injection does not separate the
vitreous cortex from the retina but compresses the collagen
fibrils of the vitreous gel toward the retina.?® Therefore, in this
postmortem model, there appeared to be no benefit of an
additional intravitreal gas injection over the administration of
microplasmin alone.

To assess the cleaving effect of microplasmin at the vitreo-
retinal interface in vivo, we administered two different doses
into the vitreous cavity of five adult cats. First, we used 25 ug
microplasmin which is one fifth of the dose found sufficient to
induce complete PVD within 30 minutes in human donor eyes.
Twenty-five micrograms microplasmin is equivalent to 0.4 U
Sigma plasmin, and 0.4 U autologous plasmin has been applied
clinically to the vitreous cavity of human eyes with macular

FIGURE 2. Transmission electron micrographs of the ILM in human
donor eyes. (A) Microplasmin-treated eye showing the absence of
collagen fibrils (arrows) on the ILM. (B) Control eye showing the
continued presence of fibrils (arrows). Magnification: (A) X13,600;
(B) X6,800.

Downloaded from iovs.arvojournals.org on 08/24/2024

—, no collagen fibrils, bare ILM.

holes and diabetic retinopathy.>*?> Second, we adjusted this
dose to the smaller vitreous volume of the feline eye (60% of
the vitreous volume of the human eye),?®~** 14.5 ug micro-
plasmin in the feline eye is equivalent to 25 ug microplasmin
in the human eye.

Three days after an intravitreal application of 25 ug micro-
plasmin in the feline eye, there was complete vitreoretinal
separation, whereas 1 day after treatment with the same dose,
some collagen fibrils were still present at the vitreoretinal

FIGURE 3. Scanning electron micrographs of the vitreoretinal inter-
face in feline eyes. (A) Intravitreal injection of 25 ug microplasmin left
remnants of collagen fibrils on the ILM 1 day after treatment. (B) Three
days after treatment, 25 ug of microplasmin resulted in complete PVD.
(O) Remnants of collagen fibrils 3 days after treatment with 14.5 ug
microplasmin. (D, E) Bare ILM 3 weeks after injection of (D) 14.5 and
(E) 25 pg of microplasmin. (F) Control eye showing a dense attached
cortical vitreous. Magnification: X3600.
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TaBLE 4. Degree of Residual Cortical Vitreous in Feline Eyes

Dose of Microplasmin

Duration of Treatment

Degree of Residual
Cortical Vitreous

(ng) (days) Treated Eyes Control Eyes
14.5 3 + +++
14.5 21 - +++
25 + 4t
25 3 - +++
25 21 — +++

+++, Continuous network of collagen fibrils; ++, discontinuous network of collagen fibrils; +,

sparse collagen fibrils;

interface. This suggests that the effect of microplasmin contin-
ues beyond 24 hours.

As formal in vivo vitreous pharmacokinetic experiments
have not been performed, the metabolism of microplasmin in
the vitreous cannot be determined at this time. However, given
the immediate inactivation of plasmin and microplasmin in the
blood by its natural antagonist a-2-antiplasmin, the reasons for
an ongoing effect of microplasmin in the vitreous deserve
consideration.

First, there may be saturation of a-2-antiplasmin. Recent
studies of our group revealed very low levels of a-2-antiplasmin
in the vitreous of eyes with macular holes, and a correlation of
o-2-antiplasmin levels with breakdown of the blood-retinal
barrier (Ulrich JN, unpublished data, 2003). Assuming that an

FIGURE 4. Light microscopy of semithin sections of feline eyes
showed normal cytoarchitecture of the retina in microplasmin-treated
eyes (A) and in control eyes (B). Transmission electron microscopy
(C-F) revealed a well-preserved inner retina and ILM in microplasmin-
treated eyes (C, E) and in control eyes (D, F). Magnification: (A, B)
X250; (C, D) X6,000; (E, F) X30,000.
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—, no collagen fibrils, bare ILM.

intravitreal injection represents only a slight perturbation of
the blood-retinal barrier in the feline eye, low levels of o-2-
antiplasmin may be saturated and the enzymatic activity of
microplasmin may last longer. However, the mechanism of
inactivation of both microplasmin and plasmin in the vitreous
is not known, and it is not possible to determine whether a
differential effect can be expected in inactivation by use of the
truncated molecule microplasmin. Further pharmacokinetic

FIGURE 5. Confocal laser scanning microscopy with probes to GFAP
(A, B, green) and vimentin (C, D, red). There was no difference
between microplasmin-treated eyes (A, C) and control eyes (B, D). (E,
F) Double-label immunohistochemistry with probes to synaptophysin
(green) and neurofilament (red) shows no difference between a mi-
croplasmin-treated eye (E) and a control eye (F). Magnification: (A-C)
X400; (D) X250; (E, F) X160.
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and toxicologic assessments in an in vivo setting are warranted
before proceeding to clinical evaluation of this agent.

Second, ongoing downstream pathways may remain active
after microplasmin has been inactivated. Secondary pathways
may include activation of collagenases or matrix metallopro-
teinases (MMPs) and induction of an inflammatory response.
Both activation of collagenases and manipulation of MMP-2 and
-9 have been reported to be caused by plasmin.”*>' From the
present study, we cannot determine whether or to what extent
secondary pathways may have contributed to the cleaving
effect of microplasmin. We have demonstrated, however, that
during a period of 3 weeks, activation of collagenases or MMPs
did not alter the ultrastructure of the retina. The cytoarchitec-
ture of the retina of microplasmin-treated eyes was unchanged
compared with control eyes. In addition, we did not observe
any signs of an inflammatory reaction after microplasmin injec-
tion. Electron microscopy and laser confocal microscopy did
not show any evidence of inflammatory cellular infiltration of
the retina.

In ultrastructural terms, there was no difference in the
retinal anatomy between microplasmin-treated eyes and con-
trol eyes. The ILM and the retina were well preserved in all
specimens. There is little previous work on the vitreoretinal
relationship in feline eyes. However, our observation that all
control eyes had an attached hyaloid makes it likely that PVD
had not occurred spontaneously in the animals in our series. To
what extent the age of the cat accounts for the presence or
absence of PVD is unknown. The time- and dose-dependent
fashion of vitreoretinal separation observed in human and
feline eyes and the absence of PVD in our control animals
suggest a similar physiological adhesion at the vitreoretinal
junction of cats and humans. The feline model appears there-
fore to be an expensive but worthwhile technique to assess
pharmacologically induced alterations at the vitreoretinal inter-
face.

One more reason to use this model to assess the safety of
pharmacologically induced PVD is that the feline retina has
been extensively studied by anatomists and physiologists. Like
the human retina outside the fovea, the feline retina is rod
dominated, and it has an intraretinal circulation.®>? This is in
contrast to the rabbit retina, which has no intraretinal vessels.
The rabbit inner retina is perfused by vasculature that lies on its
vitreal surface, and this limits the value of experimental studies
primarily focused on the vitreoretinal interface in the rabbit.

For years, the feline model has provided high-quality data
on the cellular responses of the retina to detachment (Sethi CS,
et al. JOVS 2001;42:ARVO Abstract 2401).>*~%° Comparative
studies of human tissue in parallel with the feline model dem-
onstrate the validity of the feline eye in predicting cellular
responses in the human eye (Charteris DG, et al. IJOVS 2001;
42:ARVO Abstract 3530; Sethi CS, et al. JOVS 2001;42:ARVO
Abstract 1805).

In the feline model, retinal detachment produces a signifi-
cant proliferation of Miiller cells and a massive upregulation of
intermediate filament proteins in their cytoplasm, such as glial
fibrillary acidic protein (GFAP) and vimentin.>*3*%! This Miil-
ler cell response is widely known as gliosis and is supposed to
play a key role in the complex cellular responses of the retina
to detachment.?*3%3%37:42 5 the normal retina, Miiller cells
appear quiescent and express very small amounts of GFAP and
vimentin.>?> However, even vitrectomy without inducing reti-
nal detachment has been shown to cause upregulation of
GFAP.*> Recent work by our group demonstrated marked
upregulation of intermediate filament proteins after attempted
peeling of the ILM in feline eyes (Gandorfer A, unpublished
data, 2003). These data point out the high reactivity of Miiller
cells to any form of surgical trauma.

Downloaded from iovs.arvojournals.org on 08/24/2024
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In the present study, we did not observe any change in
Miiller cell reactivity after induction of PVD by microplasmin.
Moreover, there was no difference between treated eyes and
control eyes with respect to any antibody applied. The staining
patterns of all retinal layers was generally unremarkable. We
cannot rule out that cellular responses that could not be dem-
onstrated by the antibodies used occurred after microplasmin
treatment. However, the quiescent state of Miiller cells at any
time point of the study in association with the unchanged
ultrastructure and immunoreactivity of the retina provides ex-
perimental evidence pointing to the safety of microplasmin in
inducing PVD.

In conclusion, microplasmin is effective in inducing PVD
and appears to be safe for the ocular ultrastructure. The major
advantage of microplasmin compared with mechanical ILM
peeling for complete vitreoretinal separation lies in the un-
changed reactivity of retinal glial cells and neurons. Compared
with autologous plasmin, microplasmin ensures the applica-
tion of a pure substance at a defined dose. In theory and in
practice, microplasmin holds the promise to cleave the vitreo-
retinal junction selectively without damaging the retina. Fur-
ther studies are now needed to examine the long-term effect of
microplasmin on both morphology and retinal function before
clinical work can be undertaken with this preparation.
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