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Background of the Invention

This invention rel#tes to enzymatic disruption of
the vitreoretinal interface and, more particularly, to
‘enzymatic disinsertion or complete removal of the vitreous
body in association with surgical vitrectomy.

The vitreous body, a connective tissue
compartment which occupies four-fifths bf the volume of the
eye, provides structural and metabolic support for ocular
tissues and assists in the maintenance of intraocular
pressure while at the same time allowing light access to
the retina. This structure is bound anteriorly by the lens
and ciliary body epithelium and posteriorly by the retina.
The vitreous exists as a semi-so0lid, highly transparent gel
and is composed of approximately 99%% water and 1%
macromolecules including collagen, hyaluronic acid, a
number of unidentified, soluble glycoproteins, sugars and
various low molecular weight metabolites. The distribution
of type 1I collagen, the major structural protein within
the vitreous, is quite regular and essential for the
mechanical properties of this highly diluted gel. During
the earlier years of life, the vitreous is differentiated
into a cortex of high density and a semifluid central
vitreous; in early adolescence destruction of the vitreous
framework begins, léading to the formation of liquified
cavities and fibrillar strands within the vitreous gel
during later years. '

Normal anatomic attachments between the vitreous
body and retina ‘occur in a number of regions, although the'
molecular basis for normal vitreoretinal adhesion is still
unknown (see Fig. 1). The zone of stroﬁbest vitreoretinal
adherence, the vitreous base, straddles the ora serrata and
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The, !itreous body, a connective tissue conpartnment which occupies
four-1ifiye oaf160fe vol une of the eye, provides structural an®CrEUSSICH2571
suppoft for ocular tissues and assists in the maintenance of intraocular
pressgre while at the same tine allowing |light access to the retina. This
strucgure is bound anteriorly by the lens and ciliary body epithelium and

postegiorly by the retina. 5

measures approximately 3.2mm in the anterior-to-posterior
meridian (Figure 1). Its anterior border is associateﬁ
with the posterior pars plana; the posterior border expands
gradually from the ora serrata towards the equator with
5 age. The connection between the retinal basal lamina and
the collagen f£ibrils in the region of the vitreous base is
so strong in the normal human that, when the vitreous is
pulled in.an_atgehpt to separate them, either the vitreous
corfex breaks'Ewéy frem the rest of the vitreous or part of
10 the cells of the retina and c111ary body break away from
the ocular wall In other' words, the attachment is
mechanlcally _stronger than that of the vitreous gel
' itself. Other zones of vitreoretinal attachment, although
weaker, exist at‘the borders of "cortical holes" including
15 Ehose'around the optic disc ("peripallary"), around the
fovea ("posteripr vitreous base™), along major retinal
veesels and at 'sights-.of developmental anomalies.
Secendary sites of strong vitreoretinal attachment often
develop at the border of degenerative or'inflammatory
20 lesions providing tractional pivot points on the surface of
" the retina whipﬁ often cause its detachment. _
' Viﬁieqtomy, the surgical removal of a portion of
the vitreogs 'bqqf' and/or associated “membranes"
(epiretinal{ fibroﬁé), is indicated for the treatment or
25 prevent1on of a variety of pathologic, operative, or
postoperatlve condztlons which, if untreated, can result in
o bllndness. Typically, vitrectomy is performed secondary to
compllcatlons which affect the normal vitreoretinal
1nterface. These compllcatlons can be placed into three
30 fb351c categor1es, 1) the development of secondary

attachments between the v1treous and the retina, such as
those whlch develop at 31tes of chor10ret1na1 scars or in
the v1c1n1ty of retlnal neovascularlzatlon' 2) loss of

i
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normal adhesion between the retina and vitreous resulting
in partial or complete vitreous detachment; and 3) the
formation of cellular and/or fibrous membranes along the
vitreoretinal interface and/or within the vitreous

5 framework. Indications for vitreous surgery include
proliferative retinopathy, complicated rhegmatogenous
retinal - detachment, epiretinal membrane formation,
secondary (pathologic) vitreous detachment, vitreomacular
traction, -retinal detachment associated with retinopathy of

10 prematurity, vitreous hemorrhage, perforating trauma,
cataract removal, endophthalmitis, persistent hyperplastic
primary vitreous, and a number of operative angd
posteroperative complications which affect the vitreous
secondarily. The primary concern in most cases of

15 vitreoretinal pathology is the production of retinal tears
and ultimately, detachment of the retina. Retinal
detachment, if not treated immediately, will lead to
-photoreceptor cell (those cells responsibie for
transduction of light impulses into electrical impulses)

20 death and, consequently, loss of vision.. For example, in
cases of imcomplete vitreous detachment, the vitreous gel
remains attached to the retina at the-optic disc and/or the
macula, and to the vitreous base. - Secondary fibrous
proliferation associated with these sites of adhesion leads

25 to vitreopapillary and/or vitreomacular traction which can
create tears in the retina.

Proliferative vitreoretinopathy (PVR), another
example of a vitreoretinal abnormality, continues to be one

of the most devastating types of vitreoretinal pathology
leading to retinal detachment. 1In the most common type of
PVR, that following retinal detachment, retinal pigment
epithelial cells migrate into and proliferate within the
vitreous scaffold,. contributing to the formation of
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cellular (and fibrocellular) membranes which contract and
cause retinal tears and/or retinal detachment. Peeling
and/or delaminating these and other membranes from the
retinal surface has become a standard procedure during
5 vitrectomy. However, these procedures pose a great
surgical risk and most often result in the creation of
retinal tears and detachment. In addition, retinal tears
can be created when the surgeon comes too close to the
retinal surface with various instruments or when too much
10 suction is .applied on the vitreous at sites of firm
vitreoretinal adhesion.
Despite the continued development and improvement
of surgical techniques, creation of retinal tears and

detachment is often unavoidable, due largely to our lack of

15 knowledge pertaining to the fundamental mechanism and
biology of vitreoretinal attachment. Major advances in the
prevention and- management of retinal detachment resulting
from abnormal vitreoretinal adhesion will require detailed
anatomical, biochemical and physiological research on the

20 vitreoretinal interface if the causes of abnormal vitreous
adhesion and shrinkage are to be understood.

The brior art is devoid of any disclosure of
methodology for effectively insuring the selective and
complete disinsertion of the ocular vitreous body,

25 ep1ret1na1 membranes and/or fibrocellular membranes from

the neural retina, ciliary epithelium, and posterior lens
surface of the eye as an adjunct to vitrectomy.
Moorhead et al. (Retina, 5:98-100, 1985: Arch.
Ophthalmol. 101:265-274, 1983) discloses enzyme-assisted
30 viérectomy using bacterial collagenase (Clostridiopeptidase
' A)nfor'facilitating removal of fibroproliferative tissue
;nq epiretinal membranes by partial digestion of the
fibrous membrane prior to removal. ‘The bacterial
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anatom c attachnments between the vitreous body and retina occur in a
ofvo e16078, al t hough the nol ecul ar basis for nornmal VPEFRE%(92521
pn is still unknown (see Fig. 1). The zone of strongest

vitreofetinal adherence, the vitreous base, straddles the ora serrata and

collagenase is stated to act by partial digestion of the
fibrous membrane, thereby _facilitating the removal of
intravitreal fibroproliferative tissue.

Cope U. S. patent no. 4,174,389 discloses a

5 method for the selective lysis of collagen fibrils located
in the vitreous of the ocular region of a mammal through
the administration of collagenase. According to the Cope
patent, a significant amount of liquifaction occurs when
the vitreous is contacted with collagenase. .

10 Shehab et al. ({(Invest. Ophthalmol. Vis. Sci.
Suppl. 27:317, ;986) disclose the effectiveness of six
enzymes, including collagenase and chondroitinase ABC, to
liquify the vitreous of freshly enucleated pig eyes by
measuring the time required for total vitrectomy. Based

15 upon the results obtained, Shehab et al. utilized
protease-containing chondroitinase ABC.

Brown U. S. patent no. 4,696,816 discloses a
method for the treatment of intervertebral disc
displacement in humans using the enzyme chondroitinase ABC

20 or AC to bring about the selective chemonucleolysis of the
nucleus pulposus which contains proteoglycans and randomly
dispersed collagen fibers.

Yamagata et al. (Chem. Abstracts, 68:84511lg,
1968) disclose that the enzyme chondroitinase ABC

25 seléctively degrades chondroitin sulfates A, B, and C at pH
8. :

There remains a need for improved methods for
complete enzymatic removal or disinsertion of vitreous body
as an adjunct to surgical vitrectomy, which methods are

30 based upon the identification of the component(s)

responsible for vitreoretinal adhesion.
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Summary of the Invention

Among the objects of the invention may be noted
the provision of a novel method for selectively and
completely disinserting the ocular vitreous hody and/or

5 associated epiretinal membranes from the neural retina,
ciliary epithelium and posterior lens surface of the
mammalian eye as an adjunct to surgical vitrectomy; the
provision of such a method which is based upon the
discovery that chondroitin sulfate-containing proteoglycan

10 is involved in vitreoretinal adhesion; and the provision of
an improved method for disinsertion of vitreous body which
can be carried out without deleterious effect upon the
eye. Other objects will be in part apparent and in part
pointed out hereinafter.

15 Briefly, the present invention is directed to a
method for selectively and completely disinserting the
ocular vitreous body, epiretinal membranes and/or
fibrocellular membranes from the neural retina, ciliary
epithelium and posterior lens surface of the mammalian eye

20 as an adjunct to vitrectomy which comprises administering
to.the eye an effective amount of an enzyme adapted to
disrupt and/or degrade chondroitin sulfate
glycosaminoglycan/proteoglycan localized specifically to
sites of vitreoreéinal adhesion and thereby permit complete

25 disinsertion of said vitreous body and/or epiretinal

membranes. The preferred enzyme for use in practicing the
invention and achieving such complete disinsertion is
chondroitinase ABC,.

Brief I s f the I .

30 Fig. 1 is a diagrammatic representation of a
meridianal section of a human eye depicting normal
vitreoretinal associations. The strongest adhesion between
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ftrer the vitreous cortex breaks away fromthe rest of the vitreous
M of the cells of the retina and ciliary body break away fromthe
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3t he vitreous gel 7

In other words, the attachnent is mechanically stronger than

' ¢he vitreous body and the retina occurs at the vitreous

pase (labeled 1 and 2) which is associated with the ora
serrata (1) and pars plana (2). Weaker adhesions occur
petween the peripheral and cegtral retina and the vitreous
(4) and between the vitreous and posterior lens..capsule
(6). In addition, strong adhesion sites exist surrounding
the optic nerve head (see Fig. 6) and macula. The inset of

Fig. 1 is a diagrammatic representation depicting the

fesults of a typical vitrectomy. Note that a large cuff of
itreous is .left behind in the region of the vitreous base;
this -region of the vitreous cannot be removed owing to the .
sfréng.adhesion between the vitreous and retina in this
region. This remaining vitreous often serves as a scaffold
jnto which cells migrate abnormally, forming epiretinal
membranes ﬁhich require. additional surgery to remove;

Figs. 2-4 are fluorescence light micrographs of

..the. pars plana: and ora serrata regions of monkey eyes

incubated . with an anti-chondroitin sulfate ' antibody.
Tissue was procured from a control monkey (Figs. 2A-B), a
vitrectomized monkey without enzymatic treatment (Figs.
3A-B), and a monkey following treatment with chondroitinase
ABC .and vitrectomy (Figs. 4A-B). Intense binding of

.anti-chondroitin sulfate is present within the vitreous

base along the pars plana and ora serrata (see arrows) in
both the. control monkey and in the monkey which was
vitrectomized without enzyme treatment. In contrast,

‘binding of anti-chondroitin sulfate is abrogated in the

monkey which was subjected to enzyme treatment and
vitrectomy. Electron microscopic observations (not shown)
confirm-that the vitreous base "was removed in the monkey
subjected to _enzyme treatment’ but not in the vitrectomized
or control _monkeys; '

T
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itself.FQther zones of vitreoretinal attachment, although weaker, exist at
theebor ewO 9916078 t i cal hol es” including those around the op‘f%%@”?l
("peripgllary"), around the fovea ("posterior vitreous base"), along major
retinalfvessels and.at sights of devel opnental anonalies. Secondary sites
of stropg vitreoretinal attachment often devel op at the border of
degenerhtive or inflammtory 8

Figs. 5-7 are fluorescence light micrographs of
the vitreoretinal interface in the central retina (Fig. 5)
and around the optic nerve head (Fig. 6) of a control
monkey. Note that binding of anti-chondroitin sulfate is

5 not present along the central retina, a region of weak
vitreoretinal adhesion. - In contrast,” binding of
.chondroitin sulfate is present-around the optic nerve head
(papillary region); a region of firm attachment between the
-retina and vitreous .(see arrow). ¥Fig. 7 depicts a section

10. of central retina (compare to Fig. 5) from a monkey eye

' with an epiretinal membrane. Note the intense binding of
chondroitin sulfate antibody between the retina and
epiretinal membrane (see arrows); similar -binding is not
observed in normal eyes (Fig. 5); '

15 : Figs. 8 and 9 are light micrographs of the pars
plana and the ora serrata regions of control (Figs. B8A and
95),monkey eyes subjected to chondroitinase -ABC treatment
(Figs. 8B -and 9B). :The vitreous body (V; Figs. 8A -and 93)
is readily apparent in eyes not receiving chondroitinase

20 ABC treatment following cofe vitrectomy. In contrast,

higﬁologically' detectable vitreous (V) is not observed
iadjacént to.the retina (R) in eyes receiving chondroitinase
ABC treatment (Fig. 8B); the absence of vitreous following

. chondroitinase ABC treatment-is also apparent in an

25 .enucleated eye which was biseéted immediately after the
enzymatic procedure (Fig. 9B).

Figs. 10A ,and 10B are transmission electron
micrographs of sections of monkey retina (R) and vitreous
(V) in the region of the vitreous base from control (Fig.

30 10A) and .chondroitinase -ABC treated (Fig. 10B) monkey

eyes. .The collagen fibrils (arrowheads, Fig. 10A) normally

associated with the vitreous body are readily apparent in

Fig. 10A, but are not apparent in the eye in which the

i i
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"is indicated for the treatnment or prevention of a variety of
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vitreous body was disinserted (Fig. 10B). It should be
noted -that the vitreous body proper disinserts cleanly from
the internal limiting membrane (arrows, both Figs. 10A and
10B), leaving the internal limiting membrane intact.

Fig. 11 is a flﬁorescence light micrograph
depicting a section of retina from a seventeen-week old
fetus following incubation of anti-chondroitin sulfate
antibody. Intense binding of anti-chondroitin sulfate is
observed within the vitreous base, even at this early stage
10 of human development;

.- Fig. 12 is a fluorescence light micrograph of a
séction of ‘adult human retina in the region of the vitreous
base following incubation with anti-chondroitin sulfate
éntibody. Note the intense immunolocalization of

15 chondroitin sulfate within the vitreous base and that the
binding intensity decreases just posterior to the ora
serata; '

Fig. 13 is a fluorescence light micrograph
depicting binding of anti-chondroitin sulfate antibody to

20 the vitreous base associated with the pars plana of the dog
retina demonstrating that the association of chondroitin
sulfate proteoglycan with sites of firm vitreoretinal
adhesion occurs in all mammalian species observed (porcine,
bovine, ovine, rat, rabbit, monkey, human); and

25 Fig. 14 is a fluorescence 1light micrograph

depicting binding of anti-chondroitin sulfate antibody to

the vitreous associated with the posterior aspect of the

lens capsule in the monkey.

Description of the Preferred Embodiments

. In accordance with the present invention, it has
how been found that chondroitin -sulfate, a
glycosaminoglycan which is attached to a larger molecular
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“Typically, vitrectony is performed secondary to conplications
b ect }Fﬁ-., ohormal vitreoretinal interface. These conplpCEUSInA2saN be
; lwﬁ@9fﬂ e basic categories; 1) the devel opnent of secondary
Bnts between the vitreous and the retina, such as those which
®at sites of chorioretinal scars or in the vicinity of retina
Wl ari zation; 2) |oss of
: ' 10

weight proteoglycan, is the molecule responsible for
vitreoretinal adhesion and that the vitreous body can be
selectively and completely disinserted, or removed, through
the_administration of an enzyme adapted to disrupt and/or
degrade chondroitin sulfate glycosaminoglycan/proteoglycan
jocalized specifically to sites of such vitreoretinal
aﬁhesion. The discovery that chondroitin sulfate
proteoglycan is associated with regions of firm adhesion
petween the vitreous and retina constitutes the first
70 recognition of the presence of a specific chemical moiety
in regions of vitreoretinal adhesions and makes possible
the selective and complete enzymatic disinsertion or
removal of the vitreous from these sites of firm adhesion.
' Using monoclonal antibodies directed against
15 chondrpitin sulfate (a glycosaminoglycan/proteoglycan), I
have identified intense localization of this molecule
.within the vitreous base and at the site of vitreoretinal
adhesion encircling the optic nerve head (see Figs. 2-7).
" The distribution of antibody binding corresponds directly
?20 _to those regions of the vitreoretinal interface which are
known to be the regions of firmest adhesion between the

retina and vitreous, indicating that chondroitin sulfate
may function in the maintenance of normal vitreoretinal
adhesion. This supposition is supported by the fact that

25 chondroitin sulfate—containin@ proteoglycans function as
cell surface-associated receptors which mediate adhesion

between cells and the extracellular matrix in other
cellular systems. Chondroitin sulfate proteoglycans, which
consist of a core protein to which many glycan side chains
30 are covalently attached, are associated with the cell
membrane in a number of ways, including (1) direct
inse;tion of. the core protein, via a hydrophobic segment,
into the.plasma membrane; (2) covalent linkage of the core
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adhesi on _between the retina and vitreous resultlng
wo 30 et achnent ; and 3) the formation of cellul Mﬁ&%b&”
menbr anes al ong the

11

protein to an inositol-containing phospholipid, or (3)
non-covalent linkage of the core protein or glycan side
chains to a receptor which is itself an integral plasma
membrane component. In either of the three configurations,
the ability to disrupt the linkage between chondroitin
sulfate (in the vitreous body) and the retina before or
during vitrectomy provides a significant surgical
advancement in that (1) the overall time of surgery could
pe reduced dramatically; and (2) complete removal of the
vitreous could be accomplished, thereby reducing
significantly the large percentage of operative and
postoperative complications associated with vitrectomy and
incomplete removal of the vitreous.

My obsexvation that chondr01t1n sulfate, a
molecule known to perform a role in cell-—extracellular
matrix adhesion in other systems, is associated with
regions of firmest adhesion between the vitreous and retina
is based upon studies which identify the presence of a
specific chemical moiety in regions of vitreoretinal
adhesions and provides the knowledge for selectively
removing or disinserting the vitreous from these sites of
firm adhesion. The studies described hereinafter show that
the vitreous base and other regions of normal vitreoretinal
a'dhesion and their associated regions of strong
anfi—chondroitin sulfate-binding were not removed during
standard vitrectomy. In further accordance with the
invention, the studies described hereinafter show that
through the administration of an effective amount of an
enzyme adapted to disrupt and/or degrade chondroitin
sulfaté glyco§aminoglycan/proteoglycan localized
specificaliy to sites of vitreoretinal adhesion, the ocular
Qitfeous body and/or epiretinal membranes can be
selectively and completely disinserted from the. neural
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tinal interface and/or within the vitreous franework. |ndications

e e’y include proliferative retinopathy, conppcgatied /02571
d@ﬁ%ﬂ?urgfinal detachnment, epiretinal nenbrane fornation,

y (pathol ogic) vitreous detachnent, vitreomacular traction, retinal
nt associated with retinopathy of prematurity, vitreous henorrhage,
I ng traung,
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retina, ciliary epithelium and posterior lens surface of
the eye as an adjunct to vitrectomy. The results set forth
hereinafter demonstrate that the chondroitin sulfate
immunoreactivity was completely abrogated and the vitreous

5 base was removed or disinserted completely (sée Fig. 4).
These results provide further support that chondroitin
sulfate glycosaminoglycan/proteoglycan plays a major role
in vitreoretinal adhesion., Furthermore, no signs of
retinal or ciliary body toxicity are noted by light or

10 electron microscopy following enzyme administration.

In the practice of the invention, any enzyme
adapted to disrupt and/or degrade chondroitin sulfate
glycosaminoglycan/proteoglycan localized specifically to
sites of vitreoretinal adhesion may be used to achieve

15 complete disinsertion of the vitreous body and/or
epiretinal membranes from the neural retina, ciliary
epithelium and posterior lens surface of a mammalian eye.
The .enzyme employed may be any protease-free
glycosaminoglycanase such as chondroitinase ABC,

20 chondroitinase AC, chondroitinase B, chondroitin
4-sulfatase, chondroitin 6~sulfatase, hyaluronidase and
B-glucuronidase.

The dose of such enzyme required to achieve
complete disinsertion of the vitreous body and/or

25 epiretinal membrane in accordance with the invention will
.vary with the time of treatment. In general, for shorter
periods of treatment, larger doses of the enzyme will be
required and vice versa, with the appropriate and effective
dosage in all cases being such as to avoid retinal or

30 ciliary body toxicity. 1In the broadest aspect, between

© approximately 1 and 10,000 -units of the enzyme may be
employed. More preferably, between approximately 100 and
1000 units of the enzyme are used, with a unit being
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_gefined as the quantity of enzyme that catalyzes the
ifsrmation of 1 micromole of unsaturated disaccharide from

chondroitin sulfate per minute at 37°C, pH 8.0. The above

dose ranges may also be set forth in terms of units of

enzyme per milliliter of vitreous volume to be completely
disinserted and, on this basis, for example, may be as low
as 0.05-0.1 unit per ml. Also, as indicated, the time of
treatment will vary in accordance with the dose employed

and may range} for example, from periods as short as one

minute up to several hours.

S It is preferred that the enzyme be administered
in the form of a pharmacologically acceptable or suitable
puffered solution.formed by mixing a concentrated amount of
enzyme with a buffer solution. ‘Any suitable buffer

solution . known to .the art may be utilized, including

buffers such as sodium acetate or Tris buffer or a Balanced
Balt. Solution often utilized during vitrectomy and produced

‘by Alcon of Fort Worth, Texas. The enzymes useful in the
_practice.of the invention are effective at a pH of

approximately 4.:5-9.0, but exhibit maximum effectiveness at
a pH of about 8. The preferred pH range for buffered

msglutions_of the enzyme employed in carrying out the method

of the invention is therefore approximately 7-8.

The enzyme may be administered to the eye by
various modes of administration known to the art. These
include intravitreal, subvitreal, sublenticular and
posterior chamber administration to the eye.

In addition to the studies described hereinafter,
other studies were performed in dog and autopsy human

eyes. - In both species, as in the monkey, chondroitin

.sulfate . appears to .be localized .specifically within the

.., vitreous .base.and -other regions of firm vitreoretinal

ks

. adhesion (see Figs. 9-11). .Further studies were performed
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in monkey and human autopsy eyes, with wedges of enucleated
eyes being incubated in Ringer's solution containing either
chondroitinase AC, chondroitinase ABC, or chondroitin
g-sulfatase. Each of these enzymes abrogated.binding of
aﬁti-chondroitin sulfate ‘antibody to the vitreous base and
achieved complete disinsertion.

- An additional set of experiments was conducted
tbwards, determining whether anti-chondroitin sulfate
imﬁuﬁoreactivity is present between the retina and
10 devastating epiretinal membranes which develop in various

pathologies. In one monkey with epiretinal membranes (Fig.
. 7) and in a number of humans with proliferative

vitreoretinopathy (PVR) or epiretinal membranes, intense
binding of .anti-chondroitin sulfate antibody was observed
5 between the membranes and the retina. These results
suggest - that chondroitin sulfate may mediate adhesion
between the retina and epiretinal membranes. The ability
to.disrupt this -adhesion through the practice of the
present invention may alleviate the severe complications
¢ currently associated with surgical removal of these
:_membranes. ]
The following examples illustrate the practice of

the invention.

Example 1

25 Human, monkey, and porcine eyecups were fixed by
- immersion for one to four hours in freshly prepared 4:0%
formaldehyde in 100 millimolar sodium cacodylate buffer (pH
7.4). The eyecups were ‘trimmed, rinsed for a minimum of
_six hours in cacodylate buffer, embedded in acrylamide

[30 - according to the protocol of Johnson and Blanks (Current
Eye Res.--3:969-974, 1984)%and sectioned on' a cryostat at
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to vitrpopapillary and/or vitreomacular traction which can create tears in
the retf wo9P16010f erati ve vitreoretinopathy (PVR), anot her PEXAI$R1L02871a
vitreorgtinal abnormality, continues to be one of the npbst devastating
types of vitreoretinal pathology |leading to retinal detachment. In the nost
common §ype of PVR, that followi ng retinal detachnment, retinal pignment

15

-20°C. In some instances, tissues were embedded directly
in acrylamide or 0.C.T. embedding media without fixation.
For one micron thick sections, eyecups were fixed with 4.0%
formaldehyde and stored for one to four weeks in cacodylate

5 buffer containing 2.0% formaldehyde and 3.0% sucrose.
Pieces of retina were infiltrated with 23 molar sucrose,
mounted in Tissue Tek O.C.T. embedding media, rapidly
frozen in 1liquid nitrogen and sectioned on an
ultramicrotome with a cryosectioning attachment.

10 Sections were exposed to a variety of monoclonal
antibodies <directed against chondroitin sulfate
glycosaminoglycans or proteoglycans for one to two hours at
room temperature in a humidified environment, rinsed
extensively in phosphate buffered saline, and subsequently

15 exposed to fluoresene-conjugated goat anti-mouse IgG or
IgM, as appropriate, for thirty to sixty minutes under
similar conditions, rerinsed and examined by
epifluorescence microscopy on an Olympus Vénox microscope.
Photographs were made on Kodak Tri-X film using an exposure

20 index of B800.

The results of these studies demonstrated that
anti-chondroitin sulfate antibodies bind intensely to the
vitreous base and the peripapillary region in all species
examined (see Figs. 1-13). The distribution of chondroitin

25 sulfate antibody binding corresponds directly to those
regions of the vitreoretinal interface which are known to
be the regions of firmest adhesion betwéen these two
tissues, and chondroitin sulfate is thus identified as

present in regions of the strongest vitreoretinal adhesion.

30 Example 2

In order to further confirm that chondroitin
sulfate s involved in vitreoretinal adhesion, standard
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epitheligpl cells mgrate into and proliferate within the vitreous scaffold,
contri bt oY s0f0e fornmation of [err] 4 PCT/US91/02571
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vitrectomies were performed on the right eyes of three
monkeys of various ages to test whether the chondroitin
sulfate-binding regions described above were removed during
vitrectomy. The left eyes of_ these animals were utilized

5 as controls. The results of these studies indicated that
the vitreous base and other regions of normal vitreoretinal
‘adhesion  and their associated regions of strong
anti—choﬁéroitin sulfate-binding were not removed during
standard vitrectomy, even in cases where a concerted effort

llo was made to remove the vitreous base (see Fig. 3).

An experiment was conducted to determine whether
or not regions of strong vitreoretinal adhesivity which are

normally not removed by standard vitrectomy could be

15 removed by injebting protease-free chondroitinase ABC into
an eye. This enzyme was injected into the right eye of one
monkey following a standard vitrectomy. The
enzyme—containing solution was left in place for 20 minutes
prior to vitreous lavage and enucleation. The eye was

20 prepared for light immunocytochemistry - using
anti-chondroitin sulfate antibodies as well as for electron
microscopy; the left eye was used as a control. Based on
conventional histology.and immunocytochemistry, the results

indicated that the chondroitin sulfate immunoreactivity was
25 completely abrogated and the vitreous base completely

disinserted or removed (see Fig. 4). Further, no signs of

retinal or ciliary body toxicity were noted by light or

electron microscopy.
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. }nbranes fron1the retinal surface has becone a standard procedure
Vi trectony. However, these procedures pose a great surgical
in the creation of retinal tears and detachnent.

retinal tears 17

Example 4

Studies were conducted to establish the maximal
and minimal effective doses of protease-free chondroitinase
ABC reguired to disinsert completely the vitreous base and
other regions of the vitreous body from the ciliary
epithelium and neural retina one hour following an
intravitreal injection of the enzyme. Procedures were
performed on four cynomologus monkeys between four and
eight years of age, healthy and without any ocular
complications. In all cases, eyes were examined both
funduscopically and ultrasonically both .prior to and
following the enzymatic procedure.

Animals were anesthetized and approximately 400
to 600 ul of core vitreous removed using standard
vitrectomy procedures. The removed volume of vitreous in
each of the four monkeys was exchanged with sterile,
balanced salt solution containing 25U, 100U, 110U, 150U,
and 240U of protease-free chondroitinase ABC and 0.03M

sodium acetate. 1In all cases, formed vitreous was observed

within the experimental eyes of each monkey through the
operating microscope. The animals were kept on anesthesia
for one hour, the head being turned from side to side every
15 minutes in order to prevent pooling of the injected
enzyme and to allow exbosure of the peripheral vitreous to
the enzyme. Following one hour of enzyme exposure, both
the experimental and control eyes were again examined by
ultrasonography. Immediately following this procedure, the
animals were sacrificed and both eyes enucleated and
bisected. One-half of each eye was fixed in 4%
paraformaldehyde for routine histology/pathology and the
other half of each eye was fixed in one-half strength
Karnovsky's fixative for observation using conventional
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1 ieated when the surgeon cones too close to the retinal surface with
W Neig1veei s or Wnengt 00 much suction is applied on t REVUSPORST1at

‘ ﬁéin1V|treoret|nal adhesi on. Despite the continued devel opnent and
fent of surgical techniques, creation of retinal tears and
int i s often unavoi dable, due largely to our |ack of

18

transmission electron microscopy. The portion of each eye
fixed in 4% paraformaldehyde was used for routine
histological observation of putative deleterious effects of
enzyme treatment on ocular tissues. 1In all cases, the
right eye served as a control eye and was processed
jdentically to the experimental eye.

| Based upon gross examination, funduscopy,
sonography, routine histology/pathology, immuno-
cytochemistry and conventional transmission electron
10 microscopy, the results may be summarized as follows:

1. In the monkey receiving 25U chondroitinase
ABC for a treatment period of one hour, the vitreous body
was partially disinserted. Grossly, some vitreous in the
region of the vitreous base could still be grasped by

15 forceps. The fact that vitreous remained was further
documented by routine histological stains, anti-chondroitin
sulfate antibodies, and transmission electron microscopy.
No other effects of enzyme treatment were noted in the eye;
the retina, retinal pigmented epithelium, optic nerve head,

20 ciliary epithelium, lens, and cornea all appeared normal
following the above-described procedure.

2. In the monkeys treated with 100, 150U, and
240U of protease-free chondroitinase ABC, the vitreous body
was completely disinserted after one hour. It was not

‘25 possible to grasp the dense accumulation of vifreous which
is normally present at the vitreous base and
vitreous-associated molecules and structures could not be
detected by routine histological observation,
anti-chondroitin sulfate antibodies or transmission

130 electron microscopy. All other ocular structures appeared

normal in these two eyes.

This Sheet Has Been R

T




¥to the fundanental mechanism and bi ol ogy of

#ent . Maj or advances in the preventi on RO USMAPSHENt
—-resulting fromabnornmal vitreoretinal adhesion wll
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Example 5

Example 4 was repeated with five cynomologus

*being used, with the monkeys receiving 10, 20, 50,
EJGOU of protease-free chondroitinase ABC. The same
ares as in Example 4 were employed except for the
"1ow1ﬂ9 modifications. The balanced salt solution used
'1nfus1on was prewarmed to 37°C and adjusted to 0.03M
'%hluml acetate. In one experiment, the protease-free
chonaroltinase ABC was diluted in balanced salt solution
o srather than Tris acetate buffer with no differences in
%@agesults being noted. Vitreous samples were collected prior
¢w$t0 and following enzymatic disinsertion. The proteins in
these fractions were separated by SDS-polyacrylamide gel
_electrophore31s to compare protein profiles before and
. w:after the disinsertion procedure. In one eye, the enzyme
.=was introduced via a gas-fluid exchange technique to
"investigate other methods of enzyme delivery. The head was
turned more often than in Example 4 to insure that the
vitreoué contents were continually agitated. The purity of
20 chondroitinase ABC was tested by SDS-polyacrylamide gel

{ electrophoresis and brotein hydrolysis; no evidence of

protease activity was noted in the enzymes utilized.

Based on gross examination, funduscopy,.

Al
A anc

sonography; routine histology/pathology, immuno-

& 25 cytochemistry and conventional transmission electron
i‘ microscopy, the results may be summarized as follows:

‘ 1. In the monkeys receiving 10U, 20U, and 50U

chondroitinase ABC, the vitreous was not completely

AT, o w

disinserted. Howéver, in all cases, the posterior vitreous
‘#30 and the anterior hyaloid were detached from the posterior
| retinal and posterior lens surface, respectively. However,
the vitreous remained attached to some regions of the

i
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9F art is devoid of any disclosure of nethodol ogy for effectively
3 tﬁﬁ,ﬁﬁﬂ&xﬂive and conpl ete disinsertion of the oculP&IT/US91/62874

, Ost'| nal nenbranes and/ or fibrocellular nenbranes fromthe neural
f ciliary epithelium and posterior |ens surface of the eye as an

F to vitrectony. Moorhead et al. (Retina, 5:98-100, 1985; Arch,

20

vitreous base. No other effects of enzyme treatment were
noted in these eyes; the retina, retinal pigmented
epithelium, optic nerve head, ciliary epithelium, 1lens,
iris, and cornea all appeared-.normal following procedures
in these animals.

2. Two monkeys were treated with 100U of
protease-free chondroitinase ABC. In one of these animals,
the vitreous body was completely disinserted after one hour
of treatment and, in the other monkey, it was not. The
70 latter was probably due to an attempt to filter the enzyme
prior to its injection into the eye and not to an inability
of this dosage to disinsert the vitreous. 1In the other
eye, the vitreous was disinserted, vitreous-associated
.molecules and structures could not be detected by routine
15 histological observation, by anti-chondroitin sulfate
antibodies, or by transmission electron microscopy. All
other ocular structures appeared normal in these eyes.

Example 6

The procedures of Examples 4 and 5 were repeated
20 with the administration of 200U of protease-free
chondroitinase ABC for treatment periods of 10, 15, 20, 30,
and 45 minutes with the following results. )

' For a treatment period of 10 minutes, the
vitreous was not disinserted, and for a treatment period of
25 15 minutes, the vitreous was only partially disinserted.

For treatment periods of 20, 30, and 45 minutes,
the vitreous was completely disinserted.
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Opht hi Yol . 101; 265- 274, 1983) di scl oses enzyne-assi sted vi%&g& usi ng
bact e% awod’dﬂ‘;%%nase (C ostridiopeptidase A) for facilitati bg.grt/ﬁ%?ﬂof
fibropgol i ferative tissue and epiretinal nenbranes by partial digestion of

the fi-@®rous nenbrane prior to renoval. The bacterial
21
Example 7

The procedures of Examples 4 and 5 were repeated
with the administration of 75U of protease-free
chondroitinase ABC for a treatment period of 2 hours

5 resulting in complete disinsertion of the vitreous.
*  The administration of 20U of protease-containing
chondroitinase ABC injected intravitreally following
paracentesis - resulted in lens dislocation, massive orbital

edema, and retinal detachment.
10 Example 8

The procedures of Examples 4 and 5 were repeated
with the administration of 40U of B-glucuronidase to post
mortem wedges for a treatment period of 30 minutes
resulting in partial disinsertion of the vitreous.

15 The administration of 25U each of cathepsins A,
B, and D for a treatment period of 90 minutes resulted in
no disinsertion of the vitreous. .

The administration of 40U each of heparitinase I

and II to post mortem wedges for a treatment period of 30
20 minutes resulted in partial disinsertion of the vitreous.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above

25 methods without departing from the scope of the invention,
it is intended that all matter contained in the above
description or shown in the accompanying drawings shall be
interpreted as -illustrative and not in a limiting sense.

This Sheet Has Been Reﬁaced

W




, stated to act by partial digestion of the fibrous

: facilitating the renoval of intravitreal K PCT/US91/02571
pt/3 ve tissue. Cope U. S. patent no. 4,174, 389 discl oses a
5 e selective lysis of collagen fibrils laqcated .
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"m\.r 1S CLAIMED IS:

;e 1. A method for selectively and completely
i“aisinsgrting_the ocular vitreous body, epiretinal membranes
and/o% fibrocellular membranes from the neural retina,
ciliary epithelium and posterior lens surface of the
mammalian eye as an adjunct to vitrectomy which comprises
administering to said eye an effective amount of an enzyme
,adapéed to disrupt and/or degrade chondroitin sulfate
:glycosaminoglycan/proteoglycan localized specifically to
sites of vitreoretinal adhesion and thereby permit complete
disinsertion of said vitreous body and/or epiretinal
membranes. '

2. A method as set forth in claim 1 wherein said
enzyme is a protease-free glycosaminoglycanase.

3. A method as set forth in claim 2 wherein said

enzyme 1is selected from the group consisting of
protease~-free chondroitinase ABC, chondroitinase AC,
chondroitinase B, chondroitin 4-sulfatase, chondroitin’

éﬁ
¥
b |

5 6-sulfatase, hyaluronidase, and B-glucuronidase.
4. A method as set forth.in claim 1 wherein said

)

effective amount is between approximately 1 and 10,000

B R A T

units of said enzyme.

5. A method as set forth in claim 1 wherein said
efféctive_amounf is between approximately 50 and 1000 units
of said enzyme.

6. A method as set forth in claim 1 wherein said

5 enzyme is administered to said eye by means of

intravitreal, subvitreal, sublenticular or posterior
chamber administration.

i 7. A method as set forth in claim 1 wherein said
‘enzyme is administered in the form of a pharmacologically
acceptable buffered solution.
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S i r cous of the ocular region of a mammal through the administration
of cH %6199156070 According to the Cope patent, a signifi canPCHHSIN{028T1

4ct' on occurs when the vitreous is contacted with col | agenase. Shehab
et als(Invest. Ophthalmol. Vis. Sci. Suppl. 27:317, "1986) "disclosé the

veness of six enzymes, including collagenase arﬁm“ﬂﬂ']‘rlmltmﬂﬂml ABC,
- 23 .2 € L Ms %

8. A method as set forth in claim 7 wherein said

solution is buffered with sodium acetate.
9. A method as set forth in claim 3 wherein saiad

enzyme is chondroitinase ABC. _

ee—
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l'i qui Tthe vitreous of freshly enucl eated pig eyes by neasurin% the tine.
requi ¥ggd /168781 vitrectomy. Based upon the results obtai P&/ USAYRZS 1ot
al. utllized protease-containing chondroitinase ABC. Brown U. S. patent no.

4,696,816 discloses a nethod for the treatnment of intervertebral disc
di spl agenent in humans using the enzyne ﬁpgndroitinase ABC

FI1G.|
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or ACilo bring about the sel ective chenonucl eolysis of the nucl eus pul posus
whi ch ¢ owlCa?Hg"HPot eogl ycans and randomly di spersed col | agerPFT/8i593/062571

Yamagaga et al. (Chem Abstracts, 68:84511g, 1968) disclose that the enzyne
chondr @i ti nase ABC sel ectively degrades chondroitin sulfates A B, and C at

pH 8. 07/7

FIG.2A
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need for I nproved nethods for conplete en%ynatl renoval or
vitreous body as an adjunct to surgical viPGTEEBEHHZ5Whi ch

ed upon the identification of the conponent(s) responsible
al adhesi on.
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f the Invention Anong the objects of the invention nay be noted
hon/169702 novel nethod for selectively and conpl et ePGTASIARSY i ng

; gal’ vitreous body and/or associated epiretinal nmenbranes fromthe
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basegmlipon the di scovery that chondroitin sulfate-containing proteoglycan
is iZ8lved in vitreoretinal adhesion; and the provision of an inproved
net SR for disinsertion of vitreous bodyf@ﬁ@%h can be carried out without
del e§l i ous ef fect upon the

:.“,F‘

. *
A S

-~

.
* - . ’ - -
» T
o
.
« .- =
. P .
<,
s
A3
—— .
Al
T r hd %

.- o ————wame. e s ey o ———— ke e e - ————— iy e e e

This Sheet Has

WM




$her objects will be in part apparent and in part pointed out
o

7 91/HM078f |y, the present invention is directed to aP@PUSId/d2871
vely and conpletely disinserting the ocular vitreous body,

nal menbranes and/or fibrocellul ar nenbranes fromthe neural
» the manmmal i an eye

epi thelium and posterior |ens surf
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Hj ung vi trectony which conprises admnistering to he eye an
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eti nal adhesi on and thereby perm t?/ | ete disinsertion of said
s body and/or epiretinal nenbrane¥. /The preferred enzynme for use in
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and aﬁﬁﬂé eving such conplete disinsertion is chondroitinase ABC
0 P(180A° of the Drawings Fig. 1 is a diagrammatic r EGTEYEM/B257an

gdi anal section of a human eye depicting normal vitreoretinal
Fons. The strongest adhesion bet vveeg/;
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adhesi ons occur between the peri pheral
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| eft behi
cannot be

The
compartment which occupies four~fifths of the volume of the
eye, provides structural and metabolic support for ocular

vitreous body, a connective tissue

tissues and assists in the maintenance of intraocular

pressure while at the same time allbwing light access to
the retina. This structure is bound anteriorly by the lens
and ciliary body epithelium and posteriorly by the retina.
The vitreous exists as a semi-so0lid, highly transparent gel
and is composed of approximately 99% water and 1%

macromolecules including collagen, hyaluronic acid, a

number of unidentified, soluble glycoproteins, sugars'and

various low molecular weight metabolites. The distribution
of type II collagen, the major structural protein within
the vitreous, is quite regular and essential for the
mechanical properties of this highly diluted gel.
the earlier years of life, the vitreous is differentiated
into a cortex of high density and a semifluid central

vitreous;

During

in early adolescence destruction of the vitreous
framework begins, léading to the formation of liquified
cavities and fibrillar strands within the vitreous gel

during later years.

Normal anatomic attachments between the vitreous
although the
molecular basis for normal vitreoretinal adhesion is still
unknown (see Fig. 1).

body and retina ‘occur in a number of regions,

The zone of strongest vitreoretinal

adherence, the vitreous base, straddles the ora serrata and
I REPLACEMENT SHEET
Has Been Replaced 07 NOY 19
BT O A Sty
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Background of the Invention
This invention rel#tes to enzymatic disruption of
the vitreoretinal interface and, more partlcularlyg&to
‘enzymatic disinsertion or complete removal of the vitreous Jéiw
body in association with surgical vitrectomy. -



strong'adhesion between the vitreous and retina in this regigon. This
remai ning vitreous often serves as a scaffo q‘wsnsREthgg BEgNlfs migrate

abnornmal |y,
to renove;

form ng epiretinal nenbranes wh @dd|t| nal surgery
Figs. 2-4 are fluorescence |ight pars pl ana

and ora serrata regions of nonkey eyes incubated with an anti-chondroitin
sul fate anti body.

B 2

measures approximately 3.2mm in the anterior-to-posterior
meridian (Figure 1). 1Its anterior boider is associated
with the posterior pars plana; the posterior border expands
gradually.frog the ora serrata towards the equator with
age. The conﬁection between the retinal basal lamina and
the collagen fibrils in the region of the vitreous base is
so strong in the normal human that, when the vitreous is
pulled in an_atgeﬁpt to separate them, either the vitreous
corfex breaks ewey frem the rest of the vitreous or part of
the cells of the retina and ciliary body break away from
the ocular wall Iq_ether words, the attachment is
mechanically _strongei than that of the wvitreous gel
itself. Othet zones of vitreoretinal attachment, although
weaker, exist at'the borders of “"cortical holes" including
those around the optic disc ("peripallary”), around the
fovea (" poster1pr vitreous base”), along major retinal
vessels and at .sights--of developmental anomalies.
Secendary sites of strong vitreoretinal attachment often
develop at the border of degenerative or inflammatory )
lesions providing traetional pivot points on the surface of
the retina which often cause its detachment. _

. Vitreetomy, the surgical removal of a portion of
the vitreous body and/or associated "membranes"
(epiretinal; fibrous), is indicated for the treatment or
preVention of a variety of pathologic, operative, or
postoperatlve cond1t10ns which, if untreated, can result in
" blindness. Typically, vitrectomy is performed secondary to
complications which affect the normal vitreoretinal
interface. These complications can be placed into three
basic categories; 1) _the de;elqpment of secondary
attachments between the vitreous and the retina, such as
those which develop at 51tes of chor10ret1na1 scars or in
the v1c1n1ty' of retlnal. neovascular1zat10n, 2) loss of
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Ti ssue was procured froma control nonkey (Figs. 2A-B), a vitrectom zed

nnqyey W thout. enzymatic treatnent (Figs, key follow ng
treatnent with chondroitinase ABC and vitﬂélﬁtﬁﬂifET =" 14A-B) . | nt ense
bi ndi ng of anti-chondroitin sulfate is prksent WgPLAGED t he i treous base

along the pars plana and ora serrata (see~arrTows) 1 n both the control
nonkey and in the nonkey which was
- 3

normal adhesion between the retina and vitreous resulting
in partial or complete vitreous detachment; and 3) the
formation of cellular and/or fibrous membranes along the
vitreoretinal interface and/orx within the vitreous
framework. Indications for vitreous surgery include
proliferative retinopathy, complicated rhegmatogenous
retinal . detachment, epiretinal membrane formation,
secondary (pathologic) vitreous detachment, vitreomacular
traction, retinal detachment associated with retinopathy of
prematurity, vitreous hemorrhage, perforating trauma,
cataract removal, endophthalmitis, persistent hyperplastic
primary vitreous, - and a number of operative and
posteroperative complications which affect the vitreous
secondarily. The primary concern in most cases of
vitreoretinal pathology 'is the production of retinal tears
and ultimately, detachment of the retina. Retinal
detachment, if not treated immediately, will lead to
-photoreceptor cell (those «cells responsible for
transduction of light impulses into electrical impulses)
death and, consequently,'loss of vision. For example, in
cases of imcomplete vitreous detachment, the vitreous gel
remains attached to the retina at the optic disc and/or the
macula, and to the vitreous base, Secondary fibrous
proliferation associated with these sites of adhesion leads
to vitreopapillary and/or vitreomacular traction which can
create tears in the retina. '
Proliferative vitreoretinopathy (PVR), another
example of a vitreoretinal abnormality, continues to be one
of the most devastating types of vitreoretinal pathology
leading to retinal detachment. In the most common type of
PVR, that following retinal detachment, retinal pigment
epithelial cells migrate into and proliferate within the
vitreous scaffold,. contributing to the formation of
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vitrecton zed without enzyme treatment. In contrast, binding of
antl-chondr0|t|n sulfate is abrogated in the nmonkey mhlch was subjected
to enzyne treatnment and vitrectomy. Electron mcroscopic observations

(not shown) confirmthat the vitreous base e nonkey
subj ected to enzyne treatnent, but not in ISy PHEECHAS BESY Jor contr ol
monkeys: REPLACED

- 4

cellular (and fibrocellular) membranes which contract and
cause retinal tears and/or retinal detachment. Peeling
and/or delaminating these and other membranes from the
retinal surface has become a standard procedure during
vitrectomy. However, these procedures pose a great
surgical risk and most often result in the creation of
retinal tears and detachment. 1In addition, retinal tears
can be created when the surgeon comes too close to the
retinal surface with various instruments or when too much
suction is applied on the vitreous at sites of firm
vitreoretinal adhesion.

Despite the continued development and improvement
of surgical techniques, creation of retinal tears and
detachment is often unavoidable, due largely to our lack of
knowledge pertaining to the fundamental mechanism and
biology of vitreoretinal attachment. Major advances in the
prevention and- management of retinal detachment resulting
from abnormal vitreoretinal adhesion will require detailed
anatomical, biochemical and physiological research on the
vitreoretinal interxrface if the causes of abnormal vitreous
adhesion and shrinkage are to be understood.

The prior art is devoid of any disclosure of
methodology for effectively insuring the selective and
complete disinsertion of the ocular vitreous body, _
epiretinal membranes and/or fibrocellular membranes from
the neural retina, ciliary epithelium, and posterior lens
surface of the eye as an adjunct to vitrectomy.

Moorhead et al. (Retina, 5:98-100, 1985; Arch.
Ophthalmol. 101:265-274, 1983) discloses enzyme-assisted
vitrectomy using bacterial collagenase (Clostridiopeptidase
ﬁ)_for_facilitating removal of fibroproliferative tissue
énd: epiretinal membranes by partial digestion of the
.fibrous membrane prior to removal. ‘The bacterial
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Fi gs. 5-7 are fluorescence | i ght m crographs of the vitreoretinal interface
in the central retina (Fig. 5) and around the optic nerve head (Fig. 6) of
a control nonkey. Note that binding of anti-chondroitin sulfate is

THIS SHEET HAS BEEN
- 5 REPLACED

collagenase is stated to act by partial digestion of the
fibrous membrane, thereby facilitating the removal of
intravitreal fibroproliferative tissue.

Cope U. S. patent no. 4,174,389 discloses a
method for the selective lysis of collagen fibrils located
in the vitreous of the ocular region of a mammal through
the administration of collagenase. According to the Cope
patent, a significant amount of liquifaction occurs when
the vitreous is contacted with collagenase.

Shehab et al. (Invest. Ophthalmol. Vis. Sci.
Suppl. 27:317, ;986) disclose the effectiveness of six
enzymes, including collagenase and chondroitinase ABC, to
liquify the vitreous of freshly enucleated pig eyes by
measuring the time required for total vitrectomy. Based
upon the results obtained, Shehab et al. utilized
protease-containing chondroitinase ABC.

Brown U. S. patent no. 4,696,816 discloses a
method for the treatment of intervertebral disc
displacement in humans using the enzyme chondroitinase’ ABC
or AC to bring about the selective chemonucleolysis of the
nucleus pulposus which contains proteoglycans and randomly
dispersed collagen fibers.

Yamagata et al. (Chem. Abstracts, 68:8B451lg,
1968) disclose that the enzyme chondroitinase ABC
selectively degrades chondroitin sulfates A, B, and C at pH
8.

There remains a need for improved methods for
complete enzymatic removal or disinsertion of vitreous body
as an adjunct to surgical vitrectomy, which methods are
based upon the identification of the component(s)
responsible for vitreoretinal adhesion.
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not present along the central retina, a region of weak vitreoretinal

adhesi on. In contrast, binding of chondroitin sulfate is present
around the optic nerve head (papillary region), a region of firm attachnment
between the retina and vitreous (see arr oW FE.gei-depictsya section of
central retina (conpare to Fig. 5) froma rﬁ)ﬂke&HEéT/éiA& i BEENh epi reti nal
menbrane. Note the intense binding of 6 REPLACED

summary of the Invention

Among the objects of the invention may be noted
the provision of a novel method for selectively and
completely disinserting the ocular vitreous bhody and/or
associated epiretinal membranes from the neural retina,
ciliary epithelium and posterior 1lens surface of the
mammalian eye as an adjunct to surgical vitrectomy; the
provision of such a method which is based upon the
discovery that chondroitin sulfate-containing proteoglycan
is involved in vitreoretinal adhesion; and the provision of
an improved method for disinsertion of vitreous body which
can be carried out without deleterious effect upon the

eye. Other objects will be in part apparent and in part
pointed out hereinafter.

Briefly, the present invention is directed to a
method for selectively and completely disinserting the
ocular vitreous body, epiretinal membranes and/or
fibrocellular membranes from the neural retina, ciliary
epithelium and posterior lens surface of the mammalian eye
as an adjunct to vitrectomy which comprises administering
to .the eye an effective amount of an enzyme adapted to
disrupt and/or degrade chondroitin sulfate
glycosaminoglycan/proteoglycan localized specifically to
sites of vitreoreéinal adhesion and thereby permit complete
disinsertion of said vitreous body and/or epiretinal
membranes. The preferred enzyme for use in practicing the
invention and achieving such complete disinsertion is
chondroitinase ABC.

Brief I L pti f the I .

Fig. 1 is a diagrammatic representation of a
meridianal section of a human eye depicting normal
vitreoretinal associations. The strongest adhesion between
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chondroi ti

n sul fate anti body between the retina and epiretinal nenbrane

(seg arrows); simlar binding is not observed in normal__eyes (Fig. 5);
Figs. 8 and 9 are light mcrographs of thd W%%E?WSGBEEN he ora serrata

regions of control (Figs. BA and 9A) nonkgy yeﬁﬁa%mE cte to

chondroi ti

8A and 9A)

nase ABC treatnent (Figs. BB and -treeus body (V; Figs.

7

' the vitreous body and the retina occurs at the vitreous

pase (labeled 1 and 2) which is associated with the ora
serrata (1) and pars plana (2). Weaker adhesions occur
petween the peripheral and cegtral retina and the vitreous
(4) and between the -vitreous and posterior lens..capsule
(6). In addition, strong adhesion sites exist surrounding
the optic nerve head (see Fig. 6) and macula. The inset of
Fig. 1 is a diagrammatic representation depicting the
.results of a typical vitrectomy. Note that a large cuff of
vitreous is .left behind in the region of the vitreous base;
this -region of the wvitreous cannot be removed owing to the .
sfréng.adhesion between the vitreous and retina in this
region. This remaining vitreous often serves as a scaffold
jnto which cells migrate abnormally, forming epiretinal
membranes which require. additional surgery to remove;

Figs. 2-4 are fluorescence light micrographs of
.the. pars plana:and ora serrata regions of monkey eyes
incubated . with an anti-chondroitin sulfate " antibody.
Tisgue'was procured from a control monkey (Figs. 2A-B), a
vitrectomized monkey without enzymatic treatment (Figs.
357B), and a monkey following treatment with chondroitinase
ABC .and vitrectomy (Figs. 4aA-B). Intense binding of

.anti-chondroitin sulfate is present within the vitreous

base along the pars plana and ora serrata (see arrows) in
both the control monkey and in the monkey which was
vitrectomized without enzyme treatment. In contrast,

.pinding of anti-chondroitin sulfate is abrogated in the

monkey . which was subjected 'to enzyme treatment and
vitrectomy. Electron microscopic observations (not shown)
confirm-that the vitreous base -was removed in the monkey
subjected to enzyme treatment; but not in the vitrectomized
or .control monkeys; :
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Is readily apparent in eyes not receiving chondroitinase ABC treatnent

fol kow ng core vitrectony. In contrast, histologically detectable
vitreous (V) is not observed adjacent to the retina (R .i.n eyes receivVing
chondroiti nase ABC treatnent (Fig. 8B); t ey SEPCE HAB BERNrEous fol | owi ng
chondroitinase ABC treatnent is al so appajen iﬁaﬂacgguclea ed eye which
was bisected imedi ately after the

Figs. 5-7 are fluorescence light micrographs of
the vitreoretinal interface in the central retina (Fig. 5)
and around the optic nerve head (Fig. 6) of a control
monkey. Note that binding oﬁ_anti-chondroitin sulfate is
not present along the central retina, a region of weak
vitreoretinal adhesion. - In contrast,” binding of
chondroitin sulfate is present-around the optic nerve head
(papillary region); a region of firm attachmeént between the
retina and vitreous .(see arrow). Fig. 7 depicts a section
of central retina (compare to Fig. 5) from a monkey eye
with an epiretinal membrane. Note the intense binding of
chondroitin sulfate antibody between the retina and
epiretinal membrane (see arrows); similar -binding is not
observed in normal eyes (Fig. 5); '

Figs. 8 and 9 are light micrographs of the pars
plana and the ora serrata regions of control (Figs. BA and
93) monkey eyes subjected to chondroitinase-ABC treatment
(Figs. 8B and 9B). :The vitreous body (V; Figs. 8A -and %A)
is readily apparent in eyes not receiving chondroitinase
ABC treatment following core vitrectomy. In contrast,
histologically detectable vitreous (V) is not observed
adjacent to.the retina (R) in eyes receiving chondroitinase
ABC treatment (Fig. BB); the absence of witreous following
chondroitinase ABC treatment-is also apparent in an
enucleated eye which was biseéted immediately after the
enzymatic procedure (Fig. 9B).

Figs. 10A ,and 10B are transmission electron
micrographs of sections of monkey retina (R) and vitreous
(V) in the region of the vitreous base from control (Fig.
10A) and ,chondroitinase -ABC treated (Fig. 10B) monkey
eyes. .The collagen fibrils (arrowheads, Fig. 10A) normally
associated with the vitreous body are readily apparent in
Fig. 10A, but are not apparent in the eye in which the
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enzymatic procedure (Fig. 9B). Figs. 10A and 10B are transm ssion el ectron
m cr.ogr aphs of sections of nonkey retina (R) and vitreous (V) in the region
of the vitreous base fromcontrol (Fig. 10A) and chondroitinase ABC
treated (Fig. 10B) nonkey eyes. The coll f-4-s a.rfmheads, Fi g.
10A) normal |y associated with the vitreousgﬁgéy%%g%iCED apparent I n

- 9

vitreous body was disinserted (Fig. 10B). It should be
noted that the vitreous body proper disinserts cleanly from
the internal limiting membrane (arrows, both Figs. 10A and
10B), leaving the internal limiting membrane intact.

Fig. 11 is a fluorescence light micrograph
depicting a section of retina from a seventeen-week old
fetus following incubation of anti-chondroitin sulfate
antibody. Intense binding of anti-chondroitin sulfate is
observed within the vitreous base, even at this early stage
.of human development;

Fig. 12 is a fluorescence light micrograph of a
section of-adult human retina in the region of the vitreous
base following incubation with anti-chondroitin sulfate
antibody. Note the intense immunolocalization of
chondroitin sulfate within the vitreous base and that the
binding intensity decreases just posterior to the ora
serata; _

Fig. 13 is a fluorescence light micrograph
depicting binding of anti-chondroitin sulfate antibody to
the vitreous base associated with the pars plana of the dog
retina demonstrating that the association of chondroitin
sulfate proteoglycan with sites of firm vitfeoretinal
adhesion occurs in all mammalian species observed {porcine,
bovine, ovine, rat, rabbit, monkey, human); and

Fig. 14 is a fluorescence light micrograph
depicting binding of anti-chondroitin sulfate antibody to
the vitreous associated with the posterior aspect of the

lens capsule in the monkey.

Description of the Preferred Embodiments
In accordance with the present invention, it has

now been found that chondroitin -sulfate, a
glycosaminoglycan which is attached to a larger molecular
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Fig. 10A, but are not apparent in the eye in which the 9 vitreous body
was .di sinserted (Fig. 10B). It should be noted that the vitreous body
proper disinserts cleanly from

THIS SHEET HAS BEEN
REPLAGED
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weight proteoglycan, is the molecule responsible for
vitreoretinal adhesion and that the vitreous body can be
selectively and completely disinserted, or removed, through
the administration of an enzyme adapted to disrupt and/or
degrade chondroitin sulfate glycosaminoglycan/proteoglycan
jocalized specifically to sites of such vitreoretinal
aéhesion. The discovery that chondroitin sulfate
proteoglycan is associated with regions of firm adhesion
petween the vitreous and retina constitutes the first
recognition of the presence of a specific chemical moiety
in regions of vitreoretinal adhesions and makes possible
the selective and complete . enzymatic disinsertion orx
removal of the vitreous from these sites of firm adhesion.

. Using monoclonal antibodies directed against
chondrpitin sulfate (a glycosaminoglycan/proteoglycan), I
have identified intense 1localization of this molecule

.within the vitreous base and at the site of vitreoretinal
adhesiop encircling the optic nerve head (see Figs. 2-7).
"The distribution of antibody binding corresponds directly
to those regions of the vitreoretinal interface which are
known to be the regions of firmest adhesion between the
retina and vitreous, indicating that chondroitin sulfate
may function in the maintenance of normal vitreoretinal
adhesion. This supposition is supported by the fact that
chondroitin sulfate-containiﬂg proteoglycané function as
cell surface-associated receptors which mediate adhesion
between cells and the extracellular matrix in other
cellular systems. Chondroitin sulfate proteoglycans, which
consist of a core protein to which many glycan side chains
are covalently attached, are associated with the cell
membrane in a number of ways,  including (1) direct
inse;tion of. the core protein, via a hydrophobic segment,
into the.plasma membrane; (2) covalent linkage of the core
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the internal limting membrane (arrows, both Figs. 10A and 10B), |eaving
the internal limting menbrane intact. Fig. 11 is a fluorescence |ight

m crograph depicting a section of retina froma seventeen-week ol d fetus
follow ng incubation of anti-chondroitin syl d tnt ense bi ndi ng
of anti-chondroitin sulfate is observed w tth }ﬂsqﬁggt’ﬁﬁééﬂ@f ase, even at
this early stage LACE

- 11

protein to an inositol-containing phospholipid, or (3)
non-covalent linkage of the core protein or glycan side
chains to a receptor which is itself an inteéral plasma
membrane component. 1In either of the three configurations,
the ability to disrupt the linkage between chondroitin
sulfate (in the vitreous body) and the retina before or
during vitrectomy provides a significant surgical
advancement in that (1) the overall time of surgery could
pe reduced dramatically; and (2) complete removal of the
vitreous could be accomplished, thereby reducing
significantly the 1large percentage of operative and
postoperative complications associated with vitrectomy and
incomplete removal of the vitreous.

My observation that chondr01t1n sulfate, a
molecule known to perform a role in cell-extracellular
matrix adhesion in other systems, is associated with
regions of firmest adhesion between the vitreous and retina
is based upon studies which identify the presence of a
specific chemical moiety in regions of vitreoretinal
adhesions and provides the knowledge for selectively
removzng or disinserting the vitreous from these sites of
firm adhesion. The studies described hereinafter show that
the vitreous base and other regions of normal vitreoretinal
aﬁhesion and their associated regions of strong
anf}-chondroitin sulfate—binding were not removed during
standard vitrectomy. In further accordance with the
invention, the studies described hereinafter show that
through the administration of an effective amount of an
enzyme adapted to disrupt and/or degrade chondroitin
sulfate glycosaminoglycan/proteoglycan localized
specificaliy to sites of vitreoretinal adhesion, the ocular
vitreous body and/or epiretinal membranes can be
selectively and completely disinserted. from the neural
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of human devel opnment; Fig. 12 is a fluorescence |light mcrograph of a
section of adult human retina in the region of the vitreous base foll ow ng
incubation with anti-chondroitin sulfate antibody. Note the intense

I munol ocal i zation of chondroitin sulfate | t ds base and that
the binding intensity decreases |j uslt2 postefi %ﬁé s‘%ﬁHXS BEER

retina, ciliary epithelium and posterior lens surface of
the eye as an adjunct to vitrectomy. The results set forth
hereinafter demonstrate that ..the chondroitin sulfate
immunoreactivity was completely abrogated and the vitreous
base was removed or disinserted completely (see Fig. 4).
These results provide further support that chondroitin
sulfate glycosaminoglycan/proteoglycan plays a major role
in vitreoretinal adhesion. Furthermore, no signs of
retinal or ciliary body toxicity are noted by light or
electron microscopy following enzyme administration.

In the practice of the invention, any enzyme preparation adapted
to disrupt and/or degrade chondroitin sulfate glycosaminogly-
can/proteoglycan localized specifially to sites of vitreofetina]
adhesion may be used to achieve complete disinsertion of the
vitreous body and/or epithelium and posterior léns surface of a
mammalian eye. The enzyme preparation employed may be any .
protease—free glycosaminoglycanase such as a preparation of
chondroitinase isolated from bacteria, chondroitinase ABC,
chondroitinase AC, chondroitinase B, chondroitin 4-sulfatase,
chondroitin 6-sulfatase, hyaluronidase and B-glucuronidase.
Chondroitinase ABC is available from Seikagaku Kogyo of Tokyo,
Japan or as isoiated from Proteus wulgaris as described in the

following publications:

Yamagata, T. et al. , "Purification and Properties
of Bacterial Chondroitinases and Chondrosulfata-
ses", Journal of Biological Chemistry 243:
1523-~1538 (1968);

C.F. Thurston, "Introduction and Catabolite Re-
pressicn of Chondroitinase in Batch andé Chemostat
Cuitures of Proteus wvuloaris, J. Gen Microbioclogy
80: 515-522; and

Has Been Reﬁaced

TN




ser at a, Fi g. 13 is a fluorescence |ight m crograph depicting binding of
anti-chondroitin sulfate antibody to the vitreous base associ ated with the

pars plana of the dog retina denpbnstrating t am§$ of
chondroitin sulfate proteoglycan with sites ¢f 1‘| %F?Z aI adhesi on
occurs in all manmalian speci es observéB (po

Sato, N. et al., "Cultural Conditions- for the
Induction of Chondroitinase ABC in Proteus wulgaris
Cells", J. Ferment, Technol. 64: 155-159 (1986).

piher publications describing the occurrence of chondroitinase in
Qiher organisms besides Proteus vulgaris include:

Michelacci, Y. ét al., "Isélation and Characteri-
zation of an Induced Chondroitinase ABC from
Flavobacterium ggpggiggg:, Biochimica et Biophysica
Acta 923: 291-301 (1987); '

Linn, S. et al., "Isolation and Characterization of
Two Chondroitin Lyases from Bacteroides thetaiotao-
‘micron'", J. Bacteriology 156: 859-966 (1983);

Takegawa, K. et al., "Purification and Pioperties
of Chondroitinase Produced by a Bacterium Isclated
from Soil", J. Fermentation and Bioengineering 72:

128-131 (1991): and

Kitamikado, M. et al., "Chondroitinase-Producing
Bacteria in Natural Habitats", Applied Microbiology

29, 414-421 {(1975).

The dose of such enzyme preparation required o achieve
complete disinsertion of the vitreous body aand/or

" epiretinal membrane in accordances with the invention will
. vary with the time of treatment. In general, for shorter
. periods of treatment, larger doses of the enzyme will be

"

required and vice versa, with the appropriate and effective
dosage in all cases being such as to avoid retinal ot

“ciliary body toxicity. 1In the broadest aspect, between

approximately 1 and 10,000 units of the enzyme may be
employed. More preferably, between approximately 100 and
1000 units of the enzyme are used, with a unit being
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bovi ne,

ovine, rat, rabbit, nonkey, human); and Fig. 14 is a fluorescence

l'ight mcrograph depicting binding of anti-chondroitin sulfate antibody to

the vitreous associated with the posterior as
the monkey. Description of the Preferred E ORI STEMERT IHASaBIN
invention, it has 14 - REPLACED

pr esent

capsule in
Hance with the

defined as the quantity of enzyme that .catalyzes the
formation of 1 micromole of unsaturated disaccharide from
chondroitin sulfate per minute at 37°C, pH 8.0. The above
dose ranges may also be set forth in tefms_of units of
enzyme per milliliter of vitreous volume to be completely
disinserted and, on this basis, for example, may be as low
as 0.05-0.1 unit per mil. Also, as indicated, the time of
treatment will wvary “in accordance with the dose employed.
and may range, for example, from pericds as short as one
minute up to §everal hours.

It is preferred that the enzyme preparation be administered
in the form of a pharmacologically acceptable or suitable
buffered solution formed by mixing a concentrated amount of
enzyme with a buffer solution. Any suitable buffer
solution known to the art may be utilized, including
buffers such as sodium acetate or Tris buzrer or a Balanced
Salt Solution oftem utilized durzng v1trectomv and produced
by Alcon of Fort Worth, Texas. The enzymes useful in the
practice of the invention are effective at s pH-of
approximately 4.5-9.0, but exhibit maximum effectiveness st
a pH'of about 8. The preferred pH range for buffered
solutions of the enzyme employed in carrying out the method
of the invention is therefore approximately 7-8.

The enzyme preparation may be adminstered to the eye by
various modes of administration known to the art. These
include intravitreal, subvitreal, sublenticular and
posterior chamber administration to the é&e. '

In addition to the studies described hereinatfter
other studies were performed in dog and autoousy human
eyes. In both species, as in the monkey, chondroitin
sulfate appears-to be localized specifically within the
vitreous base and other regions of firm vitreoretinal

adhesion (see Figs. 9-1l1). Further stuydies wers performgd
REPLACEMENT SHEET
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now been f ound that chondroitin sul f at e, a gl ycosam nogl ycan

which is attached to a | arger nol ecul ar 10 *ﬁﬁggﬁaﬂ{ﬂhgqggmcan, Is the
nol ecul e responsi bl e for {- REPLACED
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in monkey and human autopsy eyes, with wedges of enucleated
eyes being incubated in Ringer's solution containing either
chondroitinase AC, chondroitinase ABC, or chondroitin
¢-sulfatase. Each of these enzymes abrogated.binding of
aﬂti—chondroitin sulfate ‘antibody to the vitreous base and
achieved complete disinsertion.

An additional set of experiments was conducted
towards, determining whether anti-chondroitin sulfate
imhuhoreactivity is~present between the retina and
devastating eéiretinal membranes which develop in various
pathologies. 1In one monkey with epiretinal membranes (Fig.

. 7) -and in a number of humans with proliferative
vitreoretinopathy (PVR) or epiretinal membranes, intense
binding of .anti-chondroitin sulfate antibody was observed
between the membranes and the retina. These results
suggest - that chondroitin sulfate may mediate adhesion
between the retina and epiretinal membranes. - The ability
to'disrupt thié-adhesion through the practice of the
present invention may alleviate the severe complications
currently associated with surgical removal of these
.membranes. i

The following examples illustrate the practice of

the invention. :

Example 1

Human, -monkey, and porcine eyecups were fixed by
immersion for one to four hours in freshly prepared 4:0%
formaldehyde in 100 millimolar sodium cacodylate buffer (pH
7.4). The eyecups were ‘trimmed, rinsed for a minimum of
~six hours in cacodylate buffer, embedded in acrylamide
according to the protocol of Johnson and Blanks (Current
Eye Res. - 3: 9&%—974 1984): and sectioned on' a cryostat at
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vitreoretinal adhesion and that the vitreous body can be sel ectively and

conpl etely disinserted, or renoved, through
adapted to disrupt and/or degrade chondroi t i FHEuISHEEE HA N

gl ycosami nogl ycan/ prot eogl ycan | ocal i zed spéci fi cRERWACER site

of an enzyne

of such

vitreoretinal adhesion. The di scovery ti§at- chondroiti n sulfate proteogl ycan

I's associated wth regions of firm adhesion

-20°C. In some instances, tissues were embedded directly
in acrylamide or 0.C.T. embedding media without fixation.
For one micron thick sections, eyecups were fixed with 4.0%
formaldehyde and stored for one to four weeks in cacodylate
buffer containing 2.0% formaldehyde and 3.0% sucrose.
Pieces of retina were infiltrated with 23 molar sucrose,

mounted in Tissue Tek O.C.T. embedding media,
frozen in 1liquid nitrogen and sectioned on
ultramicrotome with a cryosectioning attachment.

rapidly
an

Sections were exposed to a variety of monoclonal

antibodies , directed against chondroitin sulfate
glycosaminoglycans or proteoglycans for one to two hours at

room temperature in a humidified environment,

rinsed

eitensively in phosphate buffered saline, and subsequently

exposed to fluoresene-conjugated goat anti-mouse IgG or
IgM, as appropriate, for thirty to sixty minutes under

similar- conditions, rerinsed and examined

" by

epifluorescence microscopy on an Olympus Vanox microscope.

Photographs were made on Kodak Tri-X £ilm using an exposure

index of 800.

The results of these studies demonstréted that

- anti-chondroitin sulfate antibodies bind intensely to the

vitreous base and the peripapillary region in all species

examined (see Figs. 1-13). The distribution of chondroitin

sulfate antibody binding corresponds directly to those

regions of the vitreoretinal interface which are known to

be the regions of firmest adhesion between these two

tissues, and chondroitin sulfate is thus identified as

present in regions of the strongest vitreoretinal adhesion.

Example 2

In order to further confirm that chondroitin

Shlfatewrs involved in vitreoretinal adhesion,
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between the vitreous and retina constitutes the first recogni tion of the

presence of a specific chemcal noiety in regrofas—ot—yrtre ¥
adhesi ons and nakes possible the selective araﬂﬁbﬁﬁﬁgﬁéﬂﬁng§ﬁg
disinsertion or renoval of the vitreous fromjtheseRERUAGEDOf fi

nal
iC
k' m adhesi on.

Usi ng nonocl onal anti bodi es directed-adi nst cAGAAToitT N SUITa
gl ycosam nogl ycan/ pr ot eogl ycan), |

e (a

vitrectomies were performed on the right eyes of three
monkeys of various ages to tesf whether the chondroitin
sulfate-binding regions described above were removed during
vitrectomy. The left eyes of these animals were utilized
as controls. The results of these studies indicated that
the vitreous base and other regions of normal vitreoretinal
‘adhesion . and their associated regions of strong
anti—choﬁdrpitin sulfate-binding were not removed during
standard vitrectomy, even in cases where a concerted effort
was made to remove the vitreous base (see Fig. 3).

An experiment was conducted to determine whether
or not regions of strong vitreoretinal adhesivity which are
normally.nét removed by standard vitrectomy could be
removed by injecting proteése-free chondroitinase ABC into
an eye. This enzyme was injected into the right eye of one
monkey following a standard vitrectomy. The
enzyme—containing solution was left in place for 20 minutes’
prior to vitreous lavage and enucleation. The eye was
prepared for light immunocytochemistry - using
anti-chondroitin sulfate antibodies as, well as for electron
microscopy; the left eye was used as a control. Based on
conventional histology'and immunocytochemistry, the results
indicated that the chondroitin sulfate immunoreactivity was
completely abrogated and the vitreous base completely
disinserted or removed (see Fig. 4). Further, no signs of
retinal or ciliary body toxicity were noted by 1light or
electron microscopy.
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have identified intense |localization of this nDIecuIe mnthln the vitreous

base and at the site of vitreoretinal adhesi optic nerve
head (see Figs. 2-7). The distribution of a i* n'dh & Bresponds
directly to those regions of the vitreoreti i ntREPEA[ED whi cH are known to

be the regions of firmest adhesion betdfen the retina and vitreous,
I ndicating that chondroitin sulfate

Example 4

Studies were conducted to establish the maximal
and minimal effective doses of protease—free chondroitinase
ABC required to disinsert completely the vitreous base and
other regions of the vitreous body from the ciliary
epithelium and neural retina pne hour following an
intravitreal injection of the enzyme. Procedures were
performed on four cynomologus' monkeys between four and
eight years of age, healthy and without any ocular
complications. In all cases, eyes were examined both
funduscopically and ultrasonically both -prior to and
following the enzymatic procedure.

Animals were anesthetized and approximately 400
to 600 ul of core vitreous removed using standard
vitrectomy procedures. The removed volume of vitreous in
each of the four nmnkeys.was exchanged with sterile,
balanced salt solution containing 25U, 100U, 110U, 150U,
and 240U of protease~free chondroitinase ABC and 0.03M
sodium acetate. In all cases, formed vitreous was observed
within the experimental eyes of each monkey through the
operating microscope. The animals were kept on anesthesia
for one hour, the head being turned from side to side every
15 minutes in order to prevent pooling of the injected
enzyme and to allow exbosure of the peripheral vitreous to
the enzyme. Following one hour of enzyme exposure, both
the experimental and control eyes were again examined by
ultrasonography. Immediately following this procedure, the
animals were sacrificed and both eyes enucleated and
bisected. One-half of each eye was fixed in 4%
paraformaldehyde for routine histology/pathology and the
other half of each eye was fixed in one-half strength
Karnovsky's fixative for observation using conventional
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may function in the nmai ntenance of normal vitreoretinal. adhesion. This
supposi tion is supported by the fact that chorjdfti§tSHEESWASBEE] PNt ai ni ng
proteoglycans function as cell surface-associgted reaeppicghs whi ¢h nediate
adhesi on between cells and the extracel | ul ar | ul ar
systems. Chondroitin sul fate proteodl yearrs, which consist of a core protein
to which many gl ycan side chains

transmission electron microscopy. The portion of each eye
fixed in 4% paraformaldehyde was used for routine
histological observation of putative deleterious effects of
enzyme treatment on ocular tissues. 1In all cases, the
right eye served as a control eye and was processed
identically to the experimental eye.

o Based upon gross examination, funduscopy,
‘sonography, routine histology/pathology, immuno-
cytochemistry and conventional transmission electron
microscopy, the results may be summarized as follows:

1. In the monkey receiving 25U chondroitinase
ABC for a treatment period of one hour, the vitreous body
was partially disinserted. Grossly, some vitreous in the
region of the vitreous base could still be grasped by
forceps. The fact that vitreous remained was further
documented by routine histological stains, anti-chondroitin
sulfate antibodies, and transmission electron microscopy.
No other effects of enzyme treatment were noted in the eye;
the retina, retinal pigmented epithelium, optic nerve head,
ciliary, epithelium, lens, and cornea all appeared normal
féllowing the above-3escribed procedure.

' 2. 1In the monkeys treated with 100, 150U, and
240U of protease-free chondroitinase ABC, the vitreous body
was completely disinserted after one hour. It was not
possible to grasp the dense accumulation of vifreous which
is normally present at the vitreous base and
vitreous-associated molecules and structures could not be
detected by routine histological observation,
anti-chondroitin sulfate antibodies or transmission
electron microscopy. All other ocular structures appeared
normal in these two eyes.
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Example 5

Example 4 was repeated with five cynomologus
monkeys being used, with the monkeys receiving 10, 20,
50, and 100U of protease-free chondroitinase ABC. The
same procedures as in Example 4 were employed except
for the following modifications. The balanced salt
solution used for infusions was prewarmed to 37_,C and
adjusted to 0.03M sodium acetate. In one experiment,
the protease-free chondroitinase ABC was diluted in
balanced salt solution rather than Tris acetate buffer
with no differences in results being noted. Vitreous
samples were collected prior to and following
enzymatic disingertion. The proteins in these
fractions were separated by SDS-polyacrylamide gel
electrophoresis to compare protein profiles before and
after the disinsertion procedure. In one eye, the
enzyme was introduced wvia a gas-fluid exchange
technique to investigate other methods of enzyme
delivery. The head was turned more often than in
Example 4 to insure that the wvitreous contents were
continually agitated. The purity of chondroitinase
and protein hydrolysis; no evidence of protease
activity was noted in the enzymes utilized.

Based on gross examination, funduscopy,
sonography, routine histology/pathology, immuno-
cysstochemistry and conventional transmission electron
microscopy, the results may be summarized as follows:

1. In the monkeys receiving 10U, 20U, and 500
chondroitinase ABC< the wvitreous was not completely
disinserted. However, in all cases, the posterior
vitreous and the anterior hyaloid were detached from
the posterior retinal and posterior lens surface,
respectively. However, the +vitreous remained
attached to gsome regions of the -~

a nunber
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protein to an inositol-containing phospholipid, or (3) non-coval ent |inkage
of the core protein or glycan side chains t)mi%g SVKEEﬁ Is itself an
i ntegral plasnma nenbrane conponent. In eithgr o ee configurations,
the ability to disrupt the |inkage between & e (in the

vitreous body) and the retina before @ during vitrectony provides a
significant surgical

vitreous base. No other effects of enzyme treatment were
noted in these eyes; the retina, retinal pigmented
epithelium, optic nerve head, ciliary epithelium, lens,
iris, and cornea all appeared-normal following procedures
in these animals.

2. Two monkeys were treated with 100U of
protease-free chondroitinase ABC. 1In one of these animals,
the vitreous body was completely disinserted after one hour
of treatment and, in the other monkey, it was not. The
latter was probably due to an attempt to filter the enzyme
prior to its injection into the eye and not to an inability
of this dosage to disinsert the vitreous. In the other
eye, the vitreous was disinserted, vitreous-associated
.molecules and structures could not be detected by routine
histological observation, by anti-chondroitin sulfate
antiquies, or by transmission electron microscopy. All
other ocular structures appeared normal in these eyes.

Example 6

The procedures of Examples 4 and 5 were repeated
with the administration of 200U of protease-free
chondroitinase ABC for treatment periods of 10, 15, 20, 30,
and 45 minutes with the following results. )

. For a treatment period of 10 minutes, the
vitreous was not disinserted, and for a treatment period of
15 minutes, the vitreous was only partially disinserted.

For treatment periods of 20, 30, and 45 minutes,
the vitreous was completely disinserted.
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advancenent in that (1) the overall tinme of surgery could be reduced
dramatically; and (2) conplete renoval of the €-etH-d e
acconplished, thereby reducing significantl) %Phtéﬁﬁgbémﬁeﬁﬁﬂh [ age of
operative aid postoperative conplications aSSDC|atdﬁﬁ%ﬁﬁﬁDV|trectony and
i nconpl ete renoval of the vitreous. M 2%servation that chomdroitin
sulfate, a

Example 7

The procedures of Examples 4 and 5 were repeated
with the administration of 75U of protease-free
chondroitinase ABC for a treatment period of 2 hours,
resulting in complete disinsertion of the vitreous.

- The administration of 20U of protease-containing
chondroitinase ABC injected intravitreally following
paracentesis - resulted in lens dislocation, massive orbital

edema, and retinal detachment.
Example 8

The procedures of Examples 4 and 5 were repeated
with the administration of 40U of B-glucuronidase to post
mortem wedges for a treatment periocd of 30 minutes
resulting in partial disinsertion of the vitreous.

The administration of 25U each of cathepsins A,
B, and D for a treatment period of 90 minutes resulted in
no disinsertion of the vitreous. i

The administration of 40U each of heparitinase I
and I1XI to post mortem wedges for a treatment period of 30
minutes resulted in partial disinsertion of the vitreous.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
methods without departing from the scope of the invention,
it is intended that all matter contained in the above
description or shown in the accompanying drawings shall be
‘interpreted .as ‘illustrative and not in a limiting sense.
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nol ecul e known to performa role in cell-extracell uI ar_matri x adhesi on in
ot her systens, _is associated with regions of f tween the
vitreous and retina is based” upon st udi es whi cH ggm@ e pre ence of a
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NEW CLAIMS AMEMDED
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CLAIMS

1. A composition for selectively and completely
disinserting the ocular vitreous body, epirgetinal membranes
or fibrocellular membranes from the neural retina, ciliary
epithelium and posterior lens surface of the mammalian eye
as an adjunct to vitrectomy which éomprises an effective
amount of an enzyme preparation which disrupts or degrades chondroitin
sulfate proteoglycan; and a pharmacologically acceptable
carrier. ]

2. A composition as sét forth in claim 1 wherein
said enzyme preparati'on is a protease-free glycosaminoglycanase.

3. A composition as set forth in claim 2 wherein
said enzyme preparation is se]ected'from the group consisting of
protease-free chondroitinase ABC, chondroitinase_ AC,
chondroitinase B, chondroitin 4-sulfatase, chondroitin
6-sulfatase, hyaluronidase, and B-glucuronidase.

' 4. A composition as set forth in claim 1 wherein
said effective amount is between approximately 1 and 10,000
units of said enzyme .preparation. -

5. A composition as set forth in claim 1 wherein
said effective amount is between approximately 50 and 1000
units of said enzyme preparaiion. '

6. A composition as set forth in claim 1 wherein
said enzyme preparation is administered to said eye by means of
intravitreal, subvitreal, sublenticular or poste;ior
chamber administration.

| 7. A composition as set forth in claim 1 wherein
saigd e’niyme preparation is administered in the form of a pharmacologi-
cally acceptable buffered solution.

8. A composition as set forth in claim 7 wherein
said solution is buffered with sodium acetate.

9. A composition as set forth in claim 3 wherein

sa;‘.d_ enzyme preparation is chondroitinase ABC. REPLACEMENT SHEET
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firmadhesi on. The studi es described hereinafter.show that the vitreous

base and other regions of nornmal vitreoretinal aﬂﬂisssm'{anﬁs tB!EEN

associ at ed regions.of. sirong_anLL chondroitin sju ?E? wene not
ved during standard V|trec urth | t he

r emo
i nventi on, the “H ﬂ“’ (HI Mlnhera rm4ter show t hat through t he
adninistration unt of an

et

30. A composition as set forth in Claim 1 wherein said enzyme
P;eparation is a preparation of chondroitinase isolated from

pacteria.

.o

11. A composition as set forth in Claim 1 wherein said enzyme
Preparation is a preparation of chondroitinase ABC isolated from

proteus vulgaris.
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enzyme adapted to disrupt and/or degrade chondroitin sulfate

gl ycosam nogl ycan/ pr ot eogl ycan | ocal i zed specifically to sites of

vitreoratinal adhesion, the ocular vitreous body and/or epiretinal

menbranes can be selectively and conpletely disinserted fromthe neural
- 25 -

ENZYMATIC DISINSERTION OF VITREOUS BODY

ABSTRACT

A method for selectively and completely
disinserting the ocular wvitreous body, epiretinal
membranes and/or fibrocellular membranes from the
neural retina, ciliary epithelium and posterior lens
surface of the mammalian eye as an adjunct to
vitrectomy comprises administering to the eye an
effective amount of a protease-free
glycosaminoglycanase enzyme, such as chondroitinase
ABC, adapted to disrumpt and/or degrade chondroitin
sulfate glycosaminoglycan/proteoglycan localized
specifically to sites of vitreoretinal adhesion and
thereby permit complete disinsertion of the vitreous
body and/or epiretinal membranes.

FIGURE SA, 9B, 10A AND 10B
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REPLACEMENT SHEET 12 retina, ciliary epitheliumand posterior |ens surface
of the eye as an adjunct to vitrectony The results set forth hereinafter
denonstrate that the chondroitin sulfate i munoreactivity was conpletely
abrogated and the vitreous base was renﬁved or disinserted conpletely (see
Fig. 4). These results provide fufther support that chondroitin

sul fate

FIG.
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gl ycosam nogl ycan/ pr ot eogl ycan plays a major role in vitreoretinal

adhesion. Furthernore, no signs of retinal or ciliary body toxicity are
noted by light or electron mcroscopy foll ow ng enzynme adm ni stration. In
the practice of the invention, any enzyme preparation adapted to disrupt
and/ or degrade chondroitin sulfate glycésan1noglycan/proteoglycan Iocallzed

specifically to S|tes of V|treoret|nal adhesi on may beThissiy
conpl ete di si nt i e V|treous body and/ or eplth r|or
| ens surface 3?84 . The enzyne

9es
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preparation enpl oyed may be any protease-free gl ycosam nogl ycanase such as
a preparation of chondroitinase isolated frombacteria, chondroitinase ABC,
chondroi ti nase AC, chondroitinase B, chondroitin 4-sulfatase, chondroitin
6- sul f at ase, hyal uroni dase and [err]- glucuronldase Chondroitinas, ABCis
avai |l abl e from Sei kagaku Kogyo of Tokyo3? Japan or as isolated from Proteus
vul garis as described in the follow ng publications: Yamagata, T. et al.,
"Purification and Properties of Bacterial Chondroitinases and
Chondrosul fat ases”, Journal of Biological Chem stry 243:1523-1538 (1968);

F164A
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ENZ yME
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C.F. Thurston, "Induction and Catabolite Repression of Chondroitinase in
Bat ch and Chenobstat Cultures of Proteus vulgaris, J. Gen. M crobiol ogy
[err]; and Sato, N. et al., "Cultural Condltlons for the Induction of
Chondroi ti nase ABC in Proteus vulgaris Cells", J. Ferment, TechnolT - -
64:155-159 (1986). Qher publications tescti b| ng the od‘hﬂsn&m
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M chel acci, Y. et al., "lsolation and Characterization of an |nduced
Chondroi ti nase ABC from Fl avobacteri um hepari num', Bi ochim ca et Bi ophysica

Acta 923:291-301 (1987); Linn, S. et al., "lsol atleﬂ -and Character| zatlon
of Two Chondroitin Lyases from Bact er oi des t het aot acH]n ron"

Bact eri ol ogy 156: 859-966 (1983); Takegaha: K. et .
Properties of Chondroitinase Produced by a Bacterl um SOI I "
J. Fernentation and Bi oengi neering 72:128-131
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(1991); and Kitam kado, M et al., "Chondroitinase-Producing Bacteria in
Nat ural Habitats", Applied M crobiology 29:414-421 (1975). The dose of such
enzyme preparation required to achieve conplete disinsertion-of—the
vitreous body and/or epiretinal menbrane in accordance with the inve t|on

[T

will vary with the time of treatnment. 1rf general, foR
treatnent, larger doses of
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13 the enzyngwmk++’6€’?€azrrzs’zzg vice versa, with the appropriate and
~—Pody toxity.

bet weer -appr oxi
units of the enzyne nmay be enpl oyed. More
100 and 1000 units of the enzyme are used?

mately 1 and 10, 000
i

ween approxi mately
bei ng

ef fective dosage in all cases being such as to avoid retinal or ciliary
In the broadest aspect,
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k]

defined as the quantity of enzyne that catal yses the formation of 1
m cronol e of unsaturated disaccharide from dose chondroitin sulfate per
mnute at 37[err]C, pH 8.0. The above dosage ranges may al so be set forth

in terms of units of enzynme per millilitre of vitreous volunme to be
conpletely disinserted and, on this basifs,~ for exanple, nay be as | ow as
0.5-0.1 unit per nl. Also, as indicated, the ti %fShtreat ment will vary in
accordance with the dose enpl oyed and nay range, ' een Repladegn per i ods
as short as one mnute up to several hours. It is ﬁ’ t he enzyne
preparation be adm nistered in the formof a
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phar macol ogi cal |y acceptable or suitable buffered solution formed by m xing
a concentrated anount of enzyne with buffer solution. Any suitable buffer
solution known to the art may be utilized, including buffer such as sodium
acetate or Tris buffer of a Balanced Salt Solution often utilized during
vitrectony and produced by Al con of FortoWort, Texamsmﬁaﬁmdhz kwwseful i n
the practice of the invention are effective at a pH

4.5-9.0, but exhibit maxi num effectiveness at a pH

preferred pH range for buffered solutions of the enzyne enploye

carrying the out the nmethod of the invention is

FIGI3
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ther ef ore—appeexipptetyf=8"The—engyne preparati on nmay be adm nistergd to
the eye b{i m%jgmegﬁiﬁmadﬁg i stiration known to the art. These inC%PWN’*
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vitreoretinal adhesion (see Figs. 9-11). Further studies were perforned
14 in 'monkey and human autopsy eyes, with wedges of enucl eated eyes being
i ncubated in Ringer's solution containing either
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chondroi ti nase AC, chondroitinase ABC, or chondroitin 6-sul fatase. Each of

t hese enzymes abrogated binding of anti-chondroitin sulfate antibody to the
vitreous base and achi eved conpl ete disinsertion. An additional set of
experinments was conducted towards determ ning whether anti-chondroitin
sul fate i munoreactivity is present between the retina and

3
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devastating epiretinal nenbranes which develop in various pathologies. In
‘one nonkey with epiretinal nenbranes (Fig. 7) and in a nunmber of humans
with proliferative vitreoretinopathy (PVR) or epiretinal nenbranes, intense
bi nding of anti-chondroitin sulfate anti body was observed between the

menbranes and the retina. These results suggest that chondroitin sulfate
may nedi at e adhesi on
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between the retina and epiretinal nenbranes. The ability to disrupt this
adhesion through the practice of the present invention may alleviate the
severe conplications currently associated with surgical renoval of these
menbranes. The follow ng exanples illustrate the practice of the invention.
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Human, nonkey, and porcine eyecups were fixed by imersion for one to four
hours in freshly prepared 4.0% fornmal dehyde in 100 m | linolar sodi um
cacodyl ate buffer (pH 7.4). The eyecups were trimed, rinsed for a m ni num
of six hours in cacodyl ate buffer, enbedded in acrylam de according to the
protocol of Johnson and Bl anks (Current Eye Res. 3:969-974, 1984) and
sectioned on a cryostat at 6
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one mcron thick sections,

For
eyecups were fixed with 4.0% f or mal dehyde and stored for one to four weeks

ti ssues were enbedded directly in acryl am de
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huffer containing 2.0% fornmal dehyde and 3. 0% sucrose. Pieces of retina were
infiltrated with 23 nol ar sucrose, nounted in Tissue Tek O C T. enbeddi ng
media, rapidly frozen in liquid nitrogen and sectioned on an ultrani crotone
Wi th a cryosectioning attachnment. Sections were exposed to a variety of
nonocl onal anti bodi es directed agai nst chondroitin sul fate

8
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‘gl ycosam hogl ycans or proteoglycans for one to two hours at room
‘tenperature in a humdified environment, rinsed extensively in phosphate
buffered saline, and subsequently exposed to fluoresene-conjugated goat
anti-nouse 1gGor IgM as appropriate, for thirty to sixty m nutes under
simlar conditions, rerinsed and exam ned by epifluorescence

m croscopy on an A ynpus Vanox mi croscope.?

i
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regions of the vitreoretinal interface which are known to be the regions of
‘firmest adhesi on between these two tissues, and chondroitin sulfate is thus
identified as present in regions of the strongest vitreoretinal adhesion.
In order to further confirmthat chondroitin sulfate s involved in
vitreoretinal adhesion, standard
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Studi es were conducted to establish the maximal and m nimal effective doses
of protease-free chondroitinase ABC required to disinsert conpletely the
vitreous base and ot her regions of the vitreous body fromthe ciliary

epi thel i um and neural retina one hour follow ng an
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L,ntravitreal injection of the enzyne. Procedures were perfornmed on four
cynonol ogus nonkeys between four and ei ght years of age, healthy and

wi t hout any ocul ar conplications. In all cases, eyes were exan ned both
funduscopically and ultrasonically both prior to and follow ng the
enzynmati c procedure. Aninmals were anesthetized and approxi nately 400

4
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to 600 ul of core vitreous renoved using standard vitrectony procedures.
The renoved volune of vitreous in each of the four nonkeys was exchanged
with sterile, balanced salt solution containing 25U, 100U, 110U, 150U, and
240U of protease-free chondroitinase ABC and 0.03M -sodi um acetate. In al

cases, fornmed vitreous was observed within the experinental eyes of each
nonkey t hrough the
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operating mcroscope. The animals were kept on anesthesia for one hour,
the head being turned fromside to side every 15 mnutes in order to
prevent pooling of the injected enzyne and to all ow exposure of the

peri pheral vitreous to the enzyne. Follow ng one hour of enzyne exposure,
both the experinmental and control eyes were again exam ned by

ul trasonography. Imediately followng this procedure, the
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animals were sacrificed and both eyes enucl eated and bi sected. -One-hal f of
each eye was fixed in 4% par af or mal dehyde for routine histol ogy/ pat hol ogy
and the other half of each eye was fixed in one-half strength Karnovsky's

fixative for observation using conventional
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16 vitrectom es were perforned on the right eyes of three nonkeys of
various ages to test whether the chondroitin sulfate-binding regions
descri bed above were renoved during vitrectomny. The left eyes of these
animals were utilized as controls. The results of these studies indicated

t hat
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the vitreous base and other regions of normal vitreoretinal adhesion and
their associated regions of strong atiti-chondroitin sulfate-binding
were not renoved during standard vitrectony, even in cases where a
concerted effort was nade to renove the vitreous base (see Fig. 3).
Exanpl e3 An experinent was conducted to determ ne whet her

9

~la /3

REPLACEMENT SHEET
3 0 APR 1997

heet Has Been R laced

"




ANAek AR R AVRRAN L OPILL LD P :

or not bgﬁgpngép? g,VPﬂP3%¥§§|nal adhesivity which are nornaf?? S&Cu1 ‘
renove arde$ I{d be renpved by injecting proteﬂkégfﬁvaﬂe ‘
chondr BC: ipaged Oéyﬁﬁ its enzyne was injected into the right eye

of one n&bwaﬂfolilpmdn L to mgeds 'a dard vitrectony. The

enzynejcont ai ni ng sol utio | eft] in place for 20 m nutes prior to
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This invention relates to enzymatic disruption of
the vitreoretinal interface and, more particularly, to
enzymatic disinsertion or complete removal of the vitracus
body ir association with surgical vitrectomy.

The wvitreous body, a connective tissue
compartment which occupies four-fifths of the volume of the
eye, provides structural znd metabolic support for ocular
tissues and assists in the maintenance of intraocular
pressure while at the same time allowing light access to
the retina. This structure is bound anteriorly by the lens
and ciliary body epithelium and posteriorly by the retina.
The vitreous exists as a semi-solid, highly transparent gel

"and is composed of approximately 99% water and 1%
macromolecules including collagen, hyaluronic acid, a
-number of unidentified, soluble glycoproteins, sugars and
various low molecular weight metabolites. The d1s:t1but1on
of type II collagen, the major structural protefgmﬁ'ji'ﬂ
the vitreous, is quite regular and essential f;';¥_w
mechanical properties of this highly diluted gel. DuFing
the earlier years of life, the vitreous is differentiated
into a cortex of high density and .a semifluid central
vitreous; in early adolescence destruction of the vitreous
framework begins. leading to the formation of liquified

cavities and fibrillar strands within the vitreous gel
during later years.

Normal anatomic attachments between the vitreous
. body and retina occur in a number of regions, although the
molecular hasis for normal vitreoretinal adhesion is still
unknown (see Fig. 1). The zone of strongest vitreoretinal
adherence, the vitreous base, straddles the ora serrata and
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pr epar ed for | i ght | mmunocyt ochem stry using anti-chondroitin
sul fate anti bodies as well as for electron mcroscopy; the left eye was
used s a control. Based on conventional histology and

I mmunocyt ochem stry, the results indicated that the chondroitin sulfate

| mmunoreactivity was conpletely abrogated and the vitreous base conpletely
di sinserted or renoved (see Fig. 4). 2Further, no signs of

measures approximately 3.2mm in the anterior-to-posterior
meridian (Figure 1). 1Its anterior border is associated
with the posterior pars plana; the posterior border expands
gradually from the ora serrata towards the equator with
age. The connection between the retinal basal lamina and
the collagen fibrils in the region of the vitreous base is
s0 strong in the normal huﬁan that, when the vitreous is
pulled in an attempt to separate them, either the vitreous
cortex breaks away from the rest of the vitreous or part of
the cells of the retina and ciliary body break away from
the ocular wall. In other words, the attachment is
mechanically stronger than that of the vitreous gel
itself. Other zones of vitreoretinal attachment, although
weaker, exist at the borders of “cortical holes” including
those around the optic disc ("peripallary®), around the
fovea ("posterior vitreous base”), along major retinal
vessels and at sights of developmental anomalies.
Secondary sites of strong vitreoretinal attuchment often
develop at the border of degenerative or iaflammatory
lesions providing tractional pivot points on the surface of
the retina which often cause its detachment.

Vitrectomy, the surgical removal of a portion of
the vitreous body and/or associated "membranes"
(epiretinal; fibrous), is indicated for the treatment or
prevention of a variety of pathologic, operative, or

poétoperative conditions which, if untreated, can result in

blindness. Typically, vitrectomy is performed secbndary to

complications which affect the normal

vitreoretinal
interface.

These complications can be placed into three
basic categories; 1) the development of secondary

attachments between the wvitreous and the retina, such as

those which develop at sitns of chorioretinal scars or in
the vicinity of retinal neovascularization; 2) loss of




retinal or ciliary body toxicity were noted by light or electron

m cr oscopy. transm ssion el ectron m croscopy. The portion of each eye
fixed in 4% paraf or mal dehyde was used for routine

3

normal adhesion between the retina and vitreous resulting
in partial or complete vitreous detachment; and 3) the
formation of cellular and/or fibrous membranes along the
vitreoretinal interface and/or within the vitreous
framework. Indications for vitreous surgery include
proliferative retinopathy, complicated rhegmatogenous
retinal detachment, epiretinal membrane formation,
secondary (pathologic) vitreous detachment, vitreomacular
traction, retinal detachment associated with retinopathy of
prematurity, vitreous hemorrhage, perforating trauma,
cataract removal, endophthalmitis, persistent hyperplastic
primary vitreous, and a naumber o¢f operative and
posteroperative complications which affect the vitreous
secondarily. The primary concern in most cases of
vitreoretinal pathology is the production of retinal tears
and ultimately, detachment of the retina. Retinal
detachment, if not treated immediately, will lead to
photoreceptor «cell (those cells responsible for
transduction ofllight impulses into electrical impulses)
.death and, consequently, loss.of vision. For example, in
cases of iﬁcomplete'vitreous detachment, the vitreous gel
remains attached to the retina at the optic disc and/or the
macula, and to the vitreous base. Secondary fibrous
proliferation associated with these sites of adhesion leads
to vitreopapillary and/or vitreomacular traction which can
create tears in the retina. ' '

Proliferative vitreoretinopathy (PVR), another
example of a vitreoretinal abnormality, continues to be one
of the most devastating types of vitreoretinal pathology
leading to retinal detachment. In the most common type of
PVR, that following retinal detachment, retinal pigment
epithelial cells migrate into and proliferate within the
vitreous scaffoid, contributing to the Eormagion of
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hi st ol ogi cal observation of putative deleterious effects of enzyne
treatngnt on ocular tissues. In all cases, the right eye served as a

control eye and was processed identically to the experinmental eye. Based
upon gross exam nation, funduscopy, sonography, routine

hi st ol ogy/ pat hol ogy, | mmuno- cytochem stry and conventional transm ssion
el ectron 4

cellular {(and fibrocellular) membranes which contract and
cause retinal tears and/or retinal detachment. Peeling
and/or delaminating these and other membranes from the
retinal surface has become a standard procedure during
vitrectomy. However, these procedures pose a great
surgical risk and most often result in the creation of
retinal tears and detachment. 1In addition, retinal tears
can be created when the surgeon comes too close to the
retinal surface with various instruments or when too much
suction is aéplied on the vitreous at sites of firm-
vitreoretinal adhesion. |

Despite the continued development and improvement
of surgical techniques, creation of retinal tears and
detachment is often unavoidable, due largely to our lack of
knowledge pertaining to the fundamental mechanism and
biology of vitreoretinal attachment. Major advances in the
prevention and management of retinal detachment resulting
from abnormal vitreoretinal adhesion will require detailed
anatomical, biochemical and physiological research on the
vitreoretinal interface if the causes of abnormal vitreous
adhesion and shrinkage are to be understood.

The prior art is devoid of any disclosure of
methodology for effectively insuring the selective and
complete disinsertion of the ocular vitreous body,
epiretinal membranes and/or fibrocellular membranes from
the neural retina, ciliary epithelium, and posterior lens
surface of the eye as an adjunct to vitrectomy.

Moorhead et al. (Retina, 5:98-100, 198%; Arch.
Ophthalmol. 101:265-274, 1983) discloses enzyme-assisted
vitrectomy using bacterial collagenase (Clostridiopeptidase
A) for facilitating removal of fibroproliferative tissue
and epiretinal membranes by partial digestion of the
fibrous membrane prior to removal. The bacterial
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m croscopy, the results may be sunmarized as follows: 1. [In the nonkey
recei ving 25U chondroitinase ABC for a treatnent period of one hour, the
vitreous body was partially disinserted. Gossly, sone vitreous in the
region of the vitreous base could still be grasped by forceps. The fact

that vitreous remained was further docynmented by routine histol ogical
stains, anti-chondroitin

collagenase is stated to act by partial digestion of the
fibrous membrane, thereby facilitating the removal of
intravitreal fibroproliferative tissue,.

Cope U. S. patent no. 4,174,389 discloses a
method for the selective lysis of collagen f£ibrils located
in the vitreous of the ocular region of a mammal through
the administration of collagenase. According to the Cope
patent, a significant amount of liquifaction occurs when
the vitreous is contacted with collagenase.

Shehab et al. (Invest. Ophthalmol. Vis., Sci.
Suppl. 27:317, 1986) disclose the effectiveness of six
enzymes, including collagenase and chondroitinase ABC, -to
liquify the vitreous of freshly enucleated pig eyes by
measuring the time required for total vitrectomy. Based

| upon the results obtained, Shehab et al. wutilized
protease-containing chondroitinase ABC.

Brown U. S. patéut no, 4,696,816 discloses a
method for the treatment of intervertebral disc
displacement in humans using the enzyme chondroitinase ABC

- or AC to bring about the selective chemonucleolysis of the
nucleus pulposus which contains proteoglycans and randomly
dispersed collagen fibers.

Yamagata et al. (Chem. Abstracts, 68:8451lqg,
1968) disd;ose that the enzyme chondroitinase ABC
selectively degrades chondroitin sulfates A, B, and C at pH
8.

There remains a need for improved methods for
complete enzymatic removal or disinsertion of vitreous body
as an adjunct to surgicai vitrectomy, which methods are
based upon the identification of the component(s)
responsible for vitreorétinal adhesion.




sul fate anti bodi es, and transm ssion electron mcroscopy. No other effects
of enzynme treatnent were noted in the eye; the retina, retinal pignmented
epithélium optic nerve head, ciliary epithelium |lens, and cornea al
appeared nornmal follow ng the above-described procedure. 2. In the nonkeys

treated with 100, 150U, and 240U of protease-free chondroitinase ABC, the
vi treous body 6

Summary of the Invention

Among the objects of the invention may be noted
the provision of a novel method for selectively and
completely disinserting the ocular vitreous body and/or
associated epiretinal membranes from the neural retina,
ciliary epithelium and posterior 1lens surface of the

“mammalian eye as an adjunct to surgical vitrectomy; the
provision of such a method which is based upon the
discovery that chondroitin sulfate-containing proteoglycan
is involved in vitreoretinal adhesion; and the provision of
an improved method for disinsertion of vitreous body which
can be carried out without deleterious effect upon the
eye. Other objects will be in part appareni and in part
pointed out hereinafter. _

Briefly, the present invention is directed to a
method for selectively and completely disinserting the
ocular vitreous body, epiretinal membranes and/or
fibrocellular membranes from the neural retina, ciliary

epithelium and posterior lens surface of the mammalian eye

as an adjunct to vitrectomy which comprises administering
to the eye an effective amount of an enzyme adapted to
disrupt and/or degrade chendroitin sulfate
glycosamiuoglycap/proteoglycan localized specifically to
sites of vitreoretinal adhesion and thereby permit complete
disinsertion of said vitreous body and/or epiretinal
meﬁbranes. The preferred enzyme for use in practicing the

inventinn and achieving such complete disinsertion is
chondroitinase ABC.

Brief Descriptiop of the Drawings

Fig. 1 is a diagrammatic representation of =z
meridianal section of a human eye depicting normal
vitreoretinal associations. The strongest adhesion between
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was conpletely disinserted after one hour. It was not possible to grasp the
dense accunul ation of vitreous which is normally present at the
vitréous base and vitreous-associated nol ecul es and structures coul d not
be detected by routine hi st ol ogi cal observation, anti-chondroitin

sul fate anti bodies or transm ssion electron mcroscopy. All other ocular
structures appeared ?

the vitreous body and the retina occurs at the vitreous
base (labeled 1 and 2) which is associated with the ora
serrata (1) and pars plana (2). Weaker adhesions occur
between the peripheral and central retina and the vitreous
{4) and between the vitreous and posterior lens capsule
(6). In addition, strong adhesion sites exist suriounding
the optic nerve head (see Fig. 6) and macula. The inset of
Fig. 1 is a diagrammatic representation depicting the
results of a typical vitrectomy. Note that a large cuff of
vitreous is left behind in the'region of the vitreous base;
this region of the vitreous cannot be removed owing to the
strong adhesion between the vitreous and retina in this
region. This remaining vitreous often serves as a scaffold
into which cells migrate abnormally, forming epiretinal
membranes which require additional surgery to remove;

Figs. 2-4 are fluorescence light micrographs of
the pars plana and ora serrata regions of monkey eyes
incubated with an anti-chondroitin sulfate antibody.
Tissue was procured from a control monkey (Figs. 2A-B), a
vitrectomized monkey without enzymatic treatment (Figs.
3A-B), and a monkey following treatment with chondroitinase
ABC and vitrectomy (Figs. 4A-B). Intense binding of
anti-chondroitin sulfate is present within the vitreous
base along the pars plana and ora serrata (se2 arrows) in
both the control monkey ‘and in the monkey whiqh was
vitrectomized without enzyme treatment. In contrast,
binding of anti-chondroitin sulfate is abrogated in the
monkey which was subjected to enzyme treatment and
vitrectomy. Electron microscopic observations (not shown)
confirm that the vitreous base was removed in the monkey

subjected to enzyme treatment, but not in the vitrectomized
or control monkeys;
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normal in these two eyes. 19 Exanple 4 was repeated with five
cynono] ogus nonkeys bei ng used, with the nonkeys receiving 10, 20, 50,

Figs. 5-7 are fluorescence light micrographs of
the vitreoretinal interface in the central retina (Fig. 5)
and around the optic nerve head (Fig. 6) of a control
monkey. Note that binding of anti-chondroitin sulfate is
not present along the central retina, a region of weak
vitreoretinal adhesion. In contrast, binding of
chondroitin sulfate is present around the optic nerve head
(papillary region), a region of firm attachment between the
retina and vitreous (see arrow). Fig. 7 depicts a section
of central retina (compare to Fig. 5) from a monkey eye
with an epiretinal membrane. Note the intense binding of
chondroitin sulfate antibody between the retina and
epiretinal membrane (see arrows); similar binding is not
observed in normal eyes (Fig. §);

Figs. 8 and 9 are light micrographs of the pars
plana and the ora serrata tegibns of control (Figs. 8A and
9A) monkey eyes subjected to chondroitinase ABC treatment
(Figs. 8B and 9B). The vitreous body (V; Figs. B8A and 9a)
is readilj apparent in eyes not receiving chondroitinase
.ABC'tteatment following core vitrectomy. In contrast,
histologically detectable vitreous (V) is not observed
aéjacent to the retina (R) in eyes receiving chondroitinase
ABC treatment (Fig. 8B); the absence of vitreous following
chonéroitinase ABC treatment is also apparent in an

- enucleated eye which was bisected immediately after the
enzymatic procedure (Fig. 9B). .

" Figs. 10A and 10B are transmission electron
micrographs of sections of monkey retina (R) and vitreous
(V) in the region of the vitreous base from control (Fig.
10A) and chondroitinase ABC treated (Fig. 10B) monkey
eyes. The collagen fibrils (arrowheads, Fig. 10A) normally
associated with the vitreous body are readily apparent in
Fig. 1l0A, but are not apparent in the eye in whigch the
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and | OQU of protease-free chondroitinase ABC. The sanme procedures as in
Exanpl e 4 were enpl oyed except for the foll ow ng nodifications. The

bal anced salt solution used for infusion was prewarned to 37[err] C and

adjusted to 0.03M sodi um acetate. In one experinent, the protease-free

chondroi ti nase ABC was diluted in bal aflced salt solution rather than Tris
acetate buffer with no differences in

vitreous body was disinserted (Fig. 10B). 1t should be
noted that the vitreous body proper disinserts cleanly from
the internal limiting membrane (arrows, both Figs. 10A and
10B), leaving the internal limiting membrane intact.

Fig. 11 1is a fluorescence 1light micrograph
depicting a section of retina from a seventeen-week old
fetus following incubation of anti~chondroitin sulfate
antibody. Intense binding of anti-chondroitin sulfate is
observed within the vitreous base, even at this early stage
of human development; '

Fig. 12 is a fluorescence light micrograph of a

"section of adult human retina in the region of the vitreous
base following incubation with anti-chondroitin sulfate
antibody. Note the intense immunolocalization of
chondroitin sulfate within the vitreous base and that the
binding intensity decreases just posterior to the ora
serata;

Fig. 13 is a fluorescence light micrograph
depicting binding of anti-chondroitin sulfate antibody to
the vitreous base associated with the pars plana of the dog
retina demonstrating that the association of chondroitin
sulfate proteoglycan with sites of firm vitreoretinal
adhesion occurs in all mammalian species observed (porcine,
bovine, ovine, rat, rabbit, monkey. huméh); and

Fig. 14 1is a fluorescence 1light micrograph
depicting binding of anti-chondroitin sulfate antibody to

the vitreous associated with the posterior aspect of the
lens capsule in the monkey.

Description of the Preferred Embodiments

In accordance with the present invention, it has
row been found that chondroitin '~ sulfate, a
glycosaminogiycan which is attached to a larger molecular
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results being noted. Vitreous sanples were collected prior to and foll ow ng
enzymatic disinsertion. The proteins in these fractions were separated by
SDS- pol yacryl am de gel el ectrophoresis to conpare protein profiles before
and after the disinsertion procedure. In one eye, the enzyne was introduced

via a gas-fluid exchange technique to investigate other nethods of enzyne
delivery. The head was 10

weight proteoglycan, is the molecule responsible for

vitreoretinal adhesion and that the vitreous body can be

selectively and completely disinserted, or removed, through
the administration of an enzyme adapted to disrupt and/or
degrade chondroitin sulfate glycosaminoglycan/proteoglycan
localized specifically to sites of such vitreoretinal
adhesion. The discovery that chondroitin sulfate

- proteoglycan is associated with regions of firm adhesion
between the vitreous and retina constitutes the first
recognition of the presence of a specific chemical moiety
in regions of vitreoretinal adhesions and makes possible
the selective and complete enzymatic disinsertion or
removal of the vitreous from these sites of firm adhesion.

Using monoclonal antibodies directed against

chondroitin sulfate (a glycosaminoglycan/proteoglycan), I

have identified intense localization of .this molecule
within the vitreous base and at the site of vitreoretinal
adhesion encircling the optic nerve head (see Figs. 2-7).
The distribution of antibody binding corresponds directiy
to those regions of the vitreoretinal interface which are
known to be the regions of firmest adhesion between the
retina and vitreous, indicating that chondroitin sulfate
may function in the maintenance 'of normal vitreoretinal
adhesion. This suppoéition is supported by the fact that
‘chondroitin sulfate-containing proteoglycans function as
cell surface-associated receptors which mediate adhesion
between cells and the extracellular matrix in other
cellular systems. Chondroitin sulfate pioteoglycans, which
consist of a core protein to which many glycan side chains
are covalently attached, are associated with the cell
membrane in a number of ways, including (1) direct
insertion of the core protein, via a hydrophobic segment,

(2) covalent linkage of the core




turned nore often than in Exanple 4 to insure that the vitreous contents
were continually agitated. The purity of chondroitinase ABC was tested by

no evi dence

SDS- pol yacryl am de gel el ectrophoresis and protein hydrol ysis;

of protease activity was noted in the enzynmes utilized. Based

on gross
exam nati on, f unduscopy, sonography, wwouti ne hi stol ogy/ pat hol ogy, i nmuno-
protein to an inositol-containing phospholipid, or (3)

non-covalent linkage of the core protein or glycan side

chains to a receptor which is itself

an integral plasma

membrans component. In either of the three configurations,

the ability to disrupt the linkage between chondroitin
sulfate (in the vitreous body) and the retina before or

during vitrectomy provides a significant surgical

advancement in that (1) the overall time of surgery could
be reduced dramatically; and (2) complete removal of the

vitreous could be accomplished, thereby reducing
significantly the large percentage of operative

and

postoperative complications associated with vitrectomy and

incomplete removal of the vitreous.

My observation that chondroitin sulfate, a
molecule known to perform a role in cell-extracellular

matrix adhesion in other systems, is associated with
regions of firmest adhesion between the vitreous and retina
is based upon studies which identify the presence of a
specific.chemical moiety in regions of vitreoretinal
adhesions and provides the knowledge for selectively
removing or disinserting the vitreous from these sites of
firm adhesion. The studies described hereinafter show that
the vitreous base and other regions of normal vitreoretinal

adhesion and their associated regions of strong

anti-chondroitin sulfate-binding were not removed during
standard vitrectomy. In further accordance with the

invention, the studies described hereinafter show that
through the administration of an effective amount of an
enzyme adapted to disrupt and/or degrade chondroitin

sulfate glycosaminoglycan/proteoglyzan localized

specifically to sites of vitreorztinal adhesion,

vitreous body and/or epiretinal membranes can

the ocular
be

selectively and completely disinserterl from the neural
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cytochem stry and conventional transm ssion electr
results may be summarized as follows: 1. In the
20U, and 50U chondroitinase ABC, the vitreous was hof CHENRY &%/ _
di sinserted. However, in all cases, the posterior yi§reous and thel apterior
hyal oi d were detached fromthe posteri ort?retinal afd posterl or Iens
surface, raimpecilianeepitheliomeandrposterior lens surface of the e my.

The results set forth hereinafter demonstrate that the chondroitin sulfate immunoreactivity
was completely abrogated and the vitreous base was removed or disinserted completely
(see Fig. 4). These results provide further support that chondroitin sulfate
glycosaminoglycan/proteoglycan plays a major role in vitreoretinal adhesion.

Furthermore, no signs of retinal or ciliary body toxicity are noted by light or electron
microscopy fcllowing enzyme administration.

PLACEMENT, SHEEL
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In the practice of the invention, any enzyme preparation adapted to disrupt and/or
degrade chondroitin sulfate glycosaminoglycan/proteoglycan localized specifically o sites
of vitreoretinal adhesion may be used to achieve complete disinsertion of the vitreous
body and/or epithelium and posterior lens surface of a mammalian ev:. The enzyme
preparation employed may be any protease-free glycosaminoglycanase such as a
preparation of chondroitinase isolated from bacteria, chondroitinase ABC, chondroitinase
AC, chondroitinase B, chendroitin 4-sulfatase, chondroitin 6-sulfatase, hyaluronidase and
B-giucuronidase. Chondroitinase ABC is availzble from Seikagaku Kogyo of Tokyo,
Japan or as isolated from Proteus vulgaris as described in the following publications:

Yamagala, T. et al., "Purification and Properties of Bacterial Chondroitinases and

Chondrosulfatases”, Journal of Biological Chemistry 243:1523-1538 (1968);

C.F. Thurston, "Induction and Catabolite Repression of Chondroitinase in Batch

and Chemostat Cultures of Proteus vulgaris, J. Gen. Microbiology 80-315-522;

and

Sato, N. et al., "Cultural Conditions for thc Induction of Chondroitinase ABC in

Proteus vulgaris Cells", J. Ferment, Technol. 64:155-159 (1986).

Other publications describing the occurrence of chondroitinase in other organisms
besides Proteus vulgaris include:

Michelacei, Y. et al.,, “Isolation and Characterization of an Induced

Chondroitinase ABC from Flavobacterium heparinum", Biochimica et Biophysica

Acta 923:291-301 (1987); _

Linn, S. et al., “Isolation and Characterization of Two Chondroitin Lyases from

Bacteroides thetaiotaomicron”, J. Bacteriology 156:859-966 (1983);

Takegawa, K. et al., "Purification and Properties of Chondroitinase Produced by a

Bacterium Isolated from Soil", J. Fermentation and Bioengineering 72:128-131

(1991); and

Kitamikado, M. et al., “Chondroitinase-Producing Bacteria in Natural Habitats",

Applied Microbiology 29:414-421 (1975).

The dose of such enzyme preparation required to achieve complete disinsertion of
the vitreous body and/or epiretinal membrane in accordance with the invention will vary
with the time of treatment. In general, for shorter periods of treatment, larger doses of



the vitreous remai ned attached to sonme regions of the 20 vitreous base.
No other effects of enzyne treatnent were noted in these eyes; the retina,
retinal pignmented

13

the enzyme will be required and vice versa, with the appropriate and effective dosage in all
cases being such as to avoid retinal or ciliary body toxity. In the broadest aspect, between
approximately 1 and 10,000 units of the enzyme may be employed. More preferably,
between approximately 100 and 1000 units of the enzyme are used, with a unit 5 being
defined as the quantity of enzyme that catalyses the formation of 1 micromole of unsaturated
disaccharide from dose chondroitin suifate per minute at 37°C, pH 8.0. The above dosage
ranges may also be set forth in terms of units of enzyme per millilitre of vitreous volume to
be completely disinserted and, on this basis, for example, may be as low as 0.5-0.1 unit per
ml, Also, as indicated, the time of treatment will vary in accordance with the dose employed
and may range, for example, from periods as short as one minute up to several hours.

It is preferred that the enzyme preparation be administered in the form of a
pharmacologically acceptable or suitable buffered solution formed by mixing a concentrated
amount of enzyme with buffer solution. Any suitable buffer solution known to the art may
be utilized, including buffer such as sodium acetate or Tris buffer of a Balanced Salt Solution
often utilized during vitrectomy and produced by Alcon of Fort Wort, Texas. The enzymes
useful in the practice of the invention are effective at a pH of approximately 4.5-9.0, but
exhibit maximum effectiveness at a pH of about 8. The preferred pH range for buffered
solutions of the enzyme employed in carrying the out the method of the invention is
therefore approximately 7-8.

" The enzyme preparation may be administered to the eye by various modes of
administration known to the art. These include intravitreal, subvitreal, sublenticular and
posterior chamber administration to the eye.

In addition to the studies described hereinafter, other studies were performed
in dog and autopsy human eyes. In both spécies, as in the monkey, chondroitin sulfate
appears to be localized specifically within the vitreous base and other regions of firm
vitreoretinal adhesion (see Figs. 9-11). Further studies were performed
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epithelium optic nerve head, ciliary epithelium lens, iris,
all appeared normal follow ng procedures in these animals. 2. Two nonkeys
were treated with 100U of protease-free chondroitinase ABC. I n one of these

animals, the vitreous body was conpletely disinserted after one hour of
treatnment and, in the other nonkey, i®4was not. The

and cor nea

in monkey and human autopsy eyes, with wedges of enucleated
eyes being incubated in Ringer‘s solution containinyg either
chondroitinase AC, chondroitinase ABC, or chondroitin
6-sulfatase. Each of these enzymes abrogated binding of
anti-chondroitin sulfate antibody to the vitreous base and
achieved complete disinsertion.

An additional set of experiments was conducted
towards determining whether anti-chondroitin sulfate
immunoreactivity is present between the retina and
devastating epiretinal membranes which develop in various
pathologies. In one monkey with epireiinal membranes (Fig.
7) and in a number of humans with proliferative
vitreoretinopathy {PVR) or epiretinal membranes, intense
binding of anti-chondroitin sulfate antibody was observed
between the membranes and the retina. These results
suggest that chondroitin sulfate may mediate adhesion
between the retina and epiretinal membranes. The ability
to disrupt this adhesion through the practice of the
present invention may alleviate the severe complications

currently associated with surgical removal of these
membranes.

The following examples illustrate the practice of
the invention.

Example 1

N - Human, monkey, and porcine eyecups were fixed by
immersion for one to four hours in fresitlly prepared 4.0%
formaldehyde in 100 millimolar sodium cacodylate buffer (pH
7.4). The eyecups were trimmed, rinsed for a minimum of
six hours in cacodylate buffer, embedded in acrylamide
according to the protocol of Johnson and BElanks {Current
Eye Res. 3:969-974, 1984) and sectioned on a cryostat at

>




| atter was probably due to an attenpt to filter the enzyne prior to its

I njection into the eye and not to an inability of this dosage to disinsert
the vitreous. 1In the other eye, the vitreous was disinserted,

Vi treous-associ at ed nol ecul es and structures could not be detected by

routine histological observation, by anti-chondroitin sulfate antibodies,
or by transm ssion el ectron nicroscop}? Al

-20°C. In some iustances, Lissues were embedded directly
in acrylamide or 0.C.T. embedding medis withaut fixation.
For one micron thick sections, eyecups were fixed with 4.0%
formaldehyde and stored for one to four weeks in cacodylate
buffer containing 2.0% formaldehyde and 3.0% sucrose.
Pieces of retina were infiltrated with 23 molar sucrose,
mounted in Tissue Tek O0.C.T. embedding media, rapidly
frozen in 1ligquid nitrogen and sectioned on an
ultramicrotome with a cryosectioning attachment.

Sections were exposéd to a variety of monoclonal
antibodies directed against chondroitin sulfate
glycosaminoglycans or protecglycans for one to two hours at
room temperature in a humidified environment, rinsed
extensively in phosphate buffered saline, and subsequently
exposed to fluoresene-conjugated goat anti-mouse IgG or
IgM, as appropriate, for thirty to sixty minutes under
similar conditions, rerinsed and examined by
epifluorescence microscopy on an Olympus Vanox microscope.
Photographs were made on Kodak Tri-X film using an exposure
index of 800.

The results of these studies demonstrated that
anti-chondroitin sulfate antibodies bind intensely to the
vitreous base and the péripapillary region in all species
examined (see Figs. 1-13). The distributicn of chondroitin
sulfate antibody binding corresponds directly to those
regions of the vitreoretinal interface which are known to
be the regions of firmest adhesion between these two
tissues, and chondroitin sulfate is thus igentified as
present in regions of the strongest vitreoretinal adhesion.

Example 2

_ In order to further confirm that chondroitin .
sulfate s ‘involved in vitreoretinal adhesion, standard
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ot her ocul ar structures appeared normal in these eyes. The procedures of
Exanples 4 and 5 were repeated with the adm nistration of 200U of

prot ease-free chondroitinase ABC for treatnent periods of 10, 15, 20, 30,
and 45 mnutes with the following results. For a treatnent period of 10

m nutes, the vitreous was not disinseri?ed, and for a treatnent period of

Example 4

Studies were conducted to establish the maximal
and minimal effective doses of protease-free chondroitinase
ABC required to disinsert completely the vitreous base and
other regidns of the vitreous body from the ciliary
epithelium and neural retina one hour following an
intravitreal injection of the enzyme. Procedures were
performed on four cynomologus monkeys between four and
eight years of age, healthy and without any ocular
complications. 1In all cases, eyes were examined both
funduscopically and ultrasonically both prior to and
following the enzymatic procedure.

Animals were anesthetized and approximately 400
to 600 ul of core vitreous removed using standard
vitrectomy procedures. The removed volume of vitreous in
each of the four monkeys was exchanged with sterile,
balanced salt solution containing 25U, 100U, 110U, 1SoU,
and 240U of protease-free chondroitinase ABC and 0.03M

-sodium acetate. 1In.all cases, formed vitreous was observed
within the e;perimental eyes ' of each'honkey through the
operating microscope. The animals were kept on anesthesia
for one hour, the head being turned from side to side every
15 minutes in order to prevent pooling of the injected
enzyme and to allow exposure of the peripheral vitreous to
the enzyme. Following one hour of enzyme exposure, both
the experimental and control eyes were again examined by
ultrasonography. Immediately following this procedure, the
animals were sacrificed and both eyes enucleated and
bisected. One-half of each eye was fixed in 4%
paraformaldehyde for routine histology/pathology and the
other half of each eye was fixed in one-half strength
Karnovsky's fixative for observation using conventional
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15 mnutes, the vitreous was only partially disinserted. For treatnent

periods of 20, 30, and 45 mnutes, the vitreous was conpletely disinserted.
21

16

vitrectomies were performed on the right eyes of three
monkeys of various ages to test whether the chondroitin
sulfate-binding regions descrihed above were removed during
vitrectomy. The left eyes of these animals were utilized
as controls. The results of these studies indicated that
the vitreous base and other regions of normal vitreoratinal
adhesion and their associated regions of strong
anti-chondroitin sulfate-binding were not removed during
standard vitrectomy, even in cases where a concerted effort
was made to remove the vitreous base {see Fig. 3).

Example 3

An expgriment was conducted to determine whether
or. not regions of strong vitreoretinal adhesivity which are
no:mally not removed by standard vitrectomy could be
removed by injecting protease-free chondroitinase ABC into
an eye. This enzyme was injected into the right eye of one
monkey_ following a ' sﬁgndard vitrectomy. The
enzyme~-cuntaining solution was left in place for 20 minutes
prior to vitreous lavage and enucleation. The eye was
prepared for light immunocytochemistry using
anti-chondroitin sulfate antibodies as well as for electron
microscopy; the left eye was used as . a control. Based on
conventional histology and immunccytochemistry, the results
indicated that the chondroitin sulfate immunoreactivity was
completely abrogated and the vitreous base completely

disinserted or removed (see Fig. 4). Further, no signs of

retinal or ciliary body toxicity were noted by light or
electron microscopy.
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Exanpl e 7 The procedures of Exanples 4 and 5 were repeated with the
adm ni stration of 75U of protease-free chondroitinase ABC for a treatnent
period of 2 hours resulting in conplete disinsertion of the vitreous. The

adm ni stration of 20U of protease-containing chondroitinase ABC injected
intravitreally follow ng 18

transmission electron microscopy. The portion of each eye
fixed in 4% paraformaldehyde was used for routine
histological observation of putative deleterious effects of
enzyme treatment on ocular tissues. In all cases, the
right eye served as a control eye and was processed
identically to the experimental eye.

Based wupon gross examination, funduscopy,
sonography, routine histology/pathology, immuno-
cytochemistry and conventional transmission electron
microscopy, the results may be summarized as follows:

1. In the monkey receiving 25U chondroitinase
ABC for a treatment period of one hour, the vitreous body
was partially disinserted. Grossly, some vitreous in the
region of the vitreous base could still be grasped by
forceps. The fact that vitreous remained was £further
documented by routine histological stains, anti-chondroitin
sulfate antibodies, and transmission electron microscopy.
No other effects of enzyme treatment were noted in the eye;
the retina, retinal pigmented epithelium, optic nerve head,
ciliary epithelium, lens, and cornea 2all appeared normal
following the above-described procedure.

2. In the monkeys treated with 100, 150U, and
240U of protease-free ghondroitinase ABC, the vitreous body
was completely disinserted after one hour. 1t was not '
possible to grasp the dense accumulation of vitreous which
is normally present at the vitreous base and
vitreous-associated molecules and structures conld not be:
detected by routine histological observation,
anti-chondroitin sulfate antibodies or transmission

electron microscopy. All other ocular structures appeared
normal in these two eyes. '
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paracentesis resulted in | ens dislocation, massive orbital edema, and
retinal- detachnment. Exanple 8 The procedures of Exanples 4 and 5 were
repeated with the administration of 40U of [err]-glucuronidase to post

nortem wedges for a treatnent period of 30 m nutes resulting in partia
di sinsertion of the vitreous.

19

Example 5

Example 4 was repeated with five cynomologus
monkeys being used, with the monkeys receiving 1¢, 20, 50,
and 100U of protease-free chondroitinase ABC. The same
procedures as in Example 4 were employed except for the
following modifications. The balanced salt solution used
for infusion was prewarmed to 37°C and adjusted to 0.03M
sodium acetate. In one experiment, the protease-free
chondroitinase ABC was diluted in balanced salt solution
rather than Tris acetate buffer with no differences in
results being noted. Vitreous samples were collected prior
to and following enzymatic disinsertion. The proteins in
these fractions were separated by SDS-polyacrylamide gel
electrophoresis to compare protein profiles before and
after the disinsertion procedure, 1In one eye, the enzyme
was introduced via a gas-fluid exchange technique to
‘investigate other methods of enzyme delivery. The head was
turned more often than in Example 4 to insure that the
vitreous contents were continually agitated. The purity of
chondroitiﬁase-ABC was tested by SDS-polyacrylamide gel
electrophoresis and protein hydrolysis; no evidence of
protease activity was noted in the enzymes utilized.

Based on gross examination, funduscopy,
sonography, rcutine histology/pathology, immuno-
cytochemistry and conventional transmission electron
microscopy, the results may be summarized as follows:

' 1. In the monkeys receiving 10U, 20U, and 50U

chondroitinase ABC, the vitreous was not completely
disinserted. However, in all cases, the posterior vitreous
and the anterior hyaloid were detached from the posterior
retinal and posterior lens surface, respectively. However,
the vitreous remained attached to some regions of the
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The adm ni stration of 25U each of cathepsins A, B, and D for a treatnent
period of 90 mnutes resulted in no disinsertion of the vitreous. The
admi ni stration of 40U each of heparitinase | and Il to post nortem wedges
for a treatnment period of 30 mnutes resulted in partial disinsertion of
the vitreous. In view of the above,-it will be seen that the

20

vitreous base. No other effects of enzyme treatment were
noted irn these eyes; the retina, retinal pigmented
epithelium, optic nerve head, ciliary epithelium, lens,
iris, and cornea all appeared normal following procedures
in these animals.

2. Two monkeys were treated with 100U of
protease-free chondroitinase ABC. In one of these animals,
the vitreous body was completely disinserted after one hour
of treatment and, in the other monkey, it was not. The
latter was probably due to an attempt to filter the enzyme
prior to its injection into the eye and not to an inability
of this dosage to disinsert the vitreous. In the other

-eye, the vitreous was disinserted, vitreous-associated
molecules and structures could not be detected by routine
histological observation, by anti-chondroitin sulfate
antibodies, or by transmission electron microscopy. All
other ocular structures appeared normal in these eyes.

Exanple 6

The procedures of Examples 4 and 5 were repeated
with the administration of 200U of protease-free
chondroitinase ABC for treatment periods of 10, 15, 20, 30,
and 45 minutes with the following results.

For a treatment period of 10 minutes, the
vitreous was not disinserted, and for a tieatment period of
15 mihutes, the vitreous was only partially disinserted.

For treatment periods of 20, 30, and 45 minutes,
the vitreous was completely disinserted.
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several objects of the invention are achieved and ot her advantageous
results attained. As various changes could be made in the above nethods

wi t hout departing fromthe scope of the invention, it is intended that al
matter contained in the above description or shown in the acconmpanying
drawi ngs shall be interpreted as illustrative and not in a limting sense.

21

Example 7

The procedures of Examples 4 aud 5 were repeated
with the administration of 75U of protease-free
chondroitinase ABC for a treatment period of 2 hours
resulting in complete disinsertion of the vitreous.

The admiunistration of 20U of protease-containing
chondroitinase ABC 1injected intravitreally following
paracentesis resulted in lens dislocation, massive orbital
edema, and retinal detachment.

Example 8

. The procedures of Examples 4 and 5 were repeated
with the administration of 40U of fR-glucuronidase to post
mortem wedges for a treatment period of 30 minutes '
resulting in partial disinsertion of the vitreous.

The administration of 25U each of cathepsins A,
B, and D for a treatment period of 90 minutes resulted in
no disinsertion of the vitreous.
The administration of 40U each of heparitinase I
and II to post mortem wedges for a treatment period of 30
minutes resulted in partial disinsertion of the - vitreous.
In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.
As various changes could be made in the above
methods without departing from the scope of the invention,
" it is intended that all matter contained in the above -
- description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.




22 The clains defining the invention are as follows: 1. A nmethod for
sel ecti'vely and conpletely disinserting the ocul ar vitreous body.
epiretinal menbranes of fibrocellular nenbranes fromthe neural retina
ciliary

22
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CLAIMS

The claims defining the invention are as follows:

1. A method for sclectively and completely disinserting the ocular vitreous body,
cpirctinal membranes of fibrocellular membrancs from the neural retina. ciliary
epithelium and posterior lens surface of a mammalian eye as an adjunct to vitrectomy in a
mammal in need of vitrectomy which method comprises administering o said eye an
effective amount of an enzyme preparation which disrups or degrades chondroitin sulfate
proteoglycan.

2. The method as set forth in claim 1, whercin said enzyme preparation is a
protease-free glycosaminoglycanase.

3.  The method as set forth in claim 2, whercin said enzyme preparation is
selected from the group consisting of protease-free chondroitin ABC, chondruitinase AC,
chondroitinase B, chondroitin 4-sulfatase, chondroitin 6-sulfatase, hyaluronidase, and -
glucuronidase.

4. The method as set forth in claim 3, wherein said enzyme preparation is |
chondroitinase ABC.

S. The method as sct forth in claim |, wherein said enzyme preparation is a
preparation of chondroitinase isolated from bacteria.

6. The method as set forth in claim 1, wherein said enzyme preparation is a

preparation of chondroitinasc ABC isolated from Proteus vulgaris.

7. The method as set forth in any one of claims ! to 6, wherein said effective
amount js between approximately 1 and 10,000 units of said enzyme preparation.

8. The meihod as set forth in claim 7, wherein said effective amount is between
_approximately 100 and 1000 units of said enzyme preparation. _ _

9. The method as set forth in any one of claims 1 to 8, wherein said enzyme

preparation is administered to said eye by means of intravitreal, subvitreal, sublenticular
or posterior chamber administration.

10. The method as set forth in any onc of claims 1 to 9, wherein said enzyme
preparation is administered together with a pharmacologically acceptable carrier.
11. The method as sct forth in any one of claims 1 to 10, wherein said enzyme

preparation - is administered in the form of a pharmacologically acceptable buffered -
solution,

12. The method as sct forth in claim 11, wherein said solution is buffered with

sodium acetate. REPL ACEMFNE SHEET
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epi thel i um and posterior |ens surface of a mamual i an eye as an adjunct to
vitrectbny in a mammal in need of vitrectony which nethod conprises

adm nistering to said eye an effective anount of an enzyne preparation

whi ch di srupts or degrades chondroitin sulfate proteoglycan. 2. The nethod
as set forth in claim1, wherein said enzyne preparation is a protease-free
gl ycosami nogl ycanase. 3. The nethod as <kt forth in claim2, wherein said
enzyme preparation is

FIG.|
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sel ected fromthe group consisting of protease-free chondroitin ABC,
chondroiti nase AC, chondroitinase B, chondroitin 4-sul fatase, chondroitin
6- sul f at ase, hyal uroni dase, and [err] glucuronidasc. 4. The nethod as set
forth in claim3, wherein said enzyne preparation is chondroitinase ABC. 5.
The nmethod as set forth in claim1, wherein said enzyne preparation is a
preparation of chondroitinase isol ated-=f¥em bacteri a.
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6. The nethod as set forth in claim1, wherein said enzyne preparation is
a preparation of chondroitinase ABC isolated from Proteus vulgaris. 7. The
nmet hod as set forth in any one of clainms 1 to 6, wherein said effective
anount is between approxinmately 1 and 10,000 units of said enzyne
preparation. 8. The nethod as set forth in claim?7, wherein said effective
amount i s between approximately 100 and 4000 units of said enzyne -
preparation. 9. The nethod as set forth in any one of clainms 1 to 8,
wherein said enzyne
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preparation is admnistered to said eye by neans of intravitreal,
subvitreal, sublenticular or posterior chanber adm nistration. 10. The

nmet hod as set forth in any one of claims | to 9, wherein said enzyne
preparation is adm nistered together with a pharmacol ogi cally acceptabl e
carrier. 11. The nethod as set forth in any one of clains | to 10, wherein
sai d enzyne arat i is administered4mn the form of a pharmacol ogically
accept abl e bﬂ:fegr@'s&gut i on.

CENTRAL




12. The nethod as set forth in claim11l, wherein said solution is buffered
with sodi um acet at e.
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A method for selectively and completely disinserting the ocular
vitreous body, epiretinal membranes and/or fibrocellular
membranes from the neural retina, ciliary epithelium and
posterior lens surface of the mammalian eye as an adjunct to
vitrectomy comprises administering to the eye an effective amount
of a protease-free glycosaminoglycanase enzyme, such as
chondroitinase ABC, adapted to disrumpt and/or degrade
chondroitin sulfate glycosaminoglycan/proteoglycan localized
specifically to sites of vitreoretinal adhesion and thereby
permit complete disinsertion of the vitreous body and/or
epiretinal membranes.
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ABSTRACT
ENZYMATIC DISINSERTION OF VITREOUS BODY

A method of selectively and completely disinserting the ocular vitreous body,
epiretinal membranes and /or fibrocellular membranes from the neural retina, ciliary epithelium and
posterior lens surface of the mammalian eye as an adjunct to vitrecto-
my comprises administering to the eye an effective amount of a protease-free glycosaminoglycanase
enzyme, such as chondroitinase ABC, adapted to disrumpt and/or degrade chondroitin sulfate
glycosaminoglycan/proteoglycan localized specifically to sites of vitreoretinal adhesion and thereby
permit complete disinsertion of the vitreous body and/or epiretinal membranes.

FIG. 1



