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Ocular Amyloid Angiopathy Associated with
Familial Amyloidotic Polyneuropathy

Caused by Amyloidogenic Transthyretin
Y114C

Takahiro Kawaji, MD,! Yukio Ando, MD, PhD,? Masaaki Nakamura, MD, PhD,? Taro Yamashita, MD, PhD,?
Miki Wakita, MD,! Eiko Ando, MD, PhD," Akira Hirata, MD, PhD," Hidenobu Tanihara, MD, PhD'

Purpose: To report the clinicopathological findings for a unique ocular amyloid angiopathy in patients with
familial amyloidotic polyneuropathy (FAP) caused by amyloidogenic transthyretin Y114C.

Design: Three case reports.

Methods: Retrospective review of clinicopathological findings, course, and treatment of the 3 patients.

Main Outcome Measures: Visual acuity, intraocular pressure, fundus photography, fluorescein angiography
(FA), indocyanine green angiography, and histopathological analysis.

Results: In the 32-year-old patient, in the early stage of FAP, indocyanine green angiography demonstrated
multiple sites of hyperfluorescence, with staining along major choroidal veins. Retinal vessels appeared normal
clinically and on FA. In the 48-year-old patient, who had late-stage FAP, examination of the fundus revealed
pinpoint white amyloid opacities over the retinal surface, sheathing of retinal vessels, and scattered retinal
hemorrhages. Fluorescein angiography showed vascular closure, focal staining, and microaneurysms. Indocya-
nine green angiography revealed multiple sites of hyperfluorescence, with staining along retinal and choroidal
vessels. Examination during follow-up revealed that these vascular changes continued to progress. Histopatho-
logical study of an eye obtained at autopsy from the 49-year-old patient revealed marked intravascular and
extravascular amyloid deposition.

Conclusions: Severe and progressive amyloid angiopathy causing visual disturbance was seen in patients
with FAP caused by amyloidogenic transthyretin Y114C. Ophthalmology 2005;112:2212-2218 © 2005 by the

American Academy of Ophthalmology.

Ji}

Cerebral amyloid angiopathy (CAA) has been the focus
of recent attention during studies of several types of amy-
loidosis, such as AP and cystatin C amyloidoses,l'2 and
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transthyretin-related familial amyloidotic polyneuropathy
(FAP).3-7 Cerebral amyloid angiopathy is one of the clini-
copathological entities that demonstrate the deposition of
amyloid within walls of cerebral vessels.! Although the
anatomical structures of vessels in the eye are similar to
those in the central nervous system (CNS), amyloid angi-
opathy has never been fully evalualed in the eye.

Familial amyloidotic polyneuropathy, a disorder inher-
ited in an autosomal dominant fashion, is characterized by
systemic accumulation of polymerized mutated amyloido-
genic transthyretin in peripheral nerves and in organs.®?
More than 100 point mutations, most of which lead to
production of amyloidogenic transthyretin, have been iden-
tified in patients with FAP.'® Of these amyloidogenic trans-
thyretin mutations, amyloidogenic transthyretin V30M is
the most common., In FAP amyloidogenic transthyretin
V3i0M, common ocular manifestations that occur during
the course of the illness include abnormal conjunctival
vessels, lacrimal dysfunction, pupillary disorders, vitre-
ous opacity, and glaucoma,'!"® but retinal and choroidal
vascular lesions are rare. In FAP induced by some of the

ISSN 0161-6420/05/$—see front matter
doi:10.1016/j.ophtha.2005.05.028
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other types of amyloidogenic transthyretin, in contrast to
FAP amyloidogenic transthyretin V30M, amyloid depo-
sition occurs in oculoleptomeninges (ocular tissues, lep-
tomeninges, and cerebral vessel walls), which often leads
to ocular manifestations and CNS disorders, with mild
polyneuropathy.

Patients with FAP caused by amyloidogenic transthyre-
tin Y114C (a point mutation, from tyrosine to cysteine, at
codon 114) have been found in Japan and the Netherlands;
they had polyneuropathy, cardiopathy, autonomic dysfunc-
tion, and ocular manifestations, which included severe vit-
reous opacity and glaucoma.'”'® We recently evaluated 3
patients with FAP caused by amyloidogenic transthyretin
Y114C by using indirect fundus examination, fluorescein

angiography (FA), indocyanine green angiography, and
histopathological analysis, and we report here the clini-
copathological findings related to a unique ocular amy-
loid angiopathy.

Case Reports

The 3 patients, who were from related kindred with FAP caused by
amyloidogenic transthyretin Y114C, were referred to Kumamoto
University Hospital and underwent ophthalmological and neuro-
logical examinations. Table 1 (available at http:/faaojournal.org)
provides clinical characteristics of the patients.

Figure 1. Case 1. The right eye appeared normal in fundus photographs (A) and flucrescein angiograms (B). Indocyanine green angiography of the right
eye at 4 minutes (C) and 20 minutes (D) after dye injection. Multiple hyperfluorescent spots appeared gradually in tissue along major choroidal

veins.
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Case 1

A healthy 32-year-old woman noticed blurred vision and floaters
in the left eye during the past year and was admitted to Kumamoto
University Hospital. Abnormal conjunctival vessels, including so-
called red spot or segmental and spindle-shaped dilation of con-
junctival vessels,'® were observed in both eyes, and mild vitreous
opacity was identified in the left eye. A diagnosis of FAP caused
by amyloidogenic transthyretin Y114C was confirmed by genetic
studies.

Visual acuity (VA) in the left eye had decreased, which was
correlated with the increased vitreous opacity, and vitrectomy and
cataract surgeries were performed with intraocular lens (IOL)
implantation when she was 34 years old. Neurological examination
revealed that she had mild sensory-dominant polyneusopathy, and
that year she underwent partial liver transplantation by removal of
her liver and transplantation of a graft from a living related healthy
donor, to prevent the production of amyloidogenic transthyretin
Y114C in the liver. At the age of 35, she had vitrectomy and
cataract surgery in the right eye, with IOL implantation, because of
an increase in vilreous opacity. Thereafter, intraocular pressure
(IOP) in the left eye gradually increased, and visual field (VF) loss
worsened. Trabeculectomy in the left eye was performed when she
was 39.

Ophthalmological examinations (fundus photography and FA)
conducted before trabeculectomy showed normal-appearing eyes
(Fig 1A, B). However, late-phase indocyanine green angiography
in both eyes demonstrated multiple sites of hyperfluorescence, as
identified by tissue staining along major choroidal veins (Fig 1C,
D), although fundus photography and FA produced no abnormal
findings at these sites, and these hyperfluorescent spots did not
expand. Blood pressure (BP) was 112/52 mm Hg. The time from
the onset of FAP to these examinations was 8 years. This case
showed vascular lesions at an early stage. Intraocular pressure
remained controlled in the postoperative period.

After liver transplantation, her polyneuropathy did not
progress. Although she had no CNS disorder, magnetic resonance
imaging examination after gadolinium administration indicated
leptomeningeal enhancement of the spinal cord (Fig 2).

Case 2

A healthy 42-year-old woman noticed blurred vision and floaters
in the right eye. At the age of 45 years, at another hospital, she
underwent vitrectomy for vitreous opacity in the right eye. Glau-
coma occurred when she was 46, and trabeculectomy and cataract
surgery, with IOL implantation, were performed in the right eye.

At the age of 48 years, she noticed blurred vision and floaters
in the left eye. Ophthalmological examination at the Kumamoto
University Hospital revealed IOPs of 36 mmHg in the right eye
(after maximum medical treatment) and 12 mmHg in the left eye.
In addition, anterior segment examination revealed abnormal con-
junctival vessels and amyloid deposition at the pupillary border,
with irregularities in both eyes and rubeosis iridis in the right eye.
Residual vitreous opacity in the right eye and mild vitreous opacity
in the left eye were identified. That year, vitrectomy and cataract
surgery in the left eye with IOL implantation were performed.
Histopathological examination of vitreous materials obtained at
vitrectomy revealed amyloid fibrils by means of Congo red stain-
ing, and the patient was diagnosed as having FAP caused by
amyloidogenic transthyretin Y114C by means of a genetic inves-
tigation. Trabeculectomy in the right eye was not performed be-
cause she did not want to undergo the surgery.

She underwent partial liver transplantation at the age of 50
years. Nonpenetrating trabeculectomy in the left eye was per-
formed when she was 51, but IOP increased postoperatively, and
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Figure 2. Case 1. Gadolinium-enhanced T,-weighted magnetic resonance
imaging of the cervical and thotacic spinal cord. Arrows point to striking
enhancement of the spinal meninges.

trabeculectomy was performed once again. Fundus photography
and FA of the left eye produced no abnormal findings at that time
(data not shown). Thereafter, IOP gradually increased again and
was about 20 mmHy, even with maximum medical treatment.
Examination of the fundus when she was 53 years old showed
pinpoint white amyloid opacities over the retinal surface, sheathing
of retinal vessels, and scattered retinal hemorrhages (Fig 3A).
Fluorescein angiography showed vascular closure, focal staining,
and microaneurysms (Fig 3B). Panretinal photocoagulation of the
vascular closure lesions was then performed. After 10 months, VA
had decreased to 20/400, and IOP was 27 mmHg. Ophthalmolog-
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Figure 3. Case 2. A, Fundus photography of the left eye when the patient was 53 years old showed pinpoint white amyloid opacities over the retinal
sutface, sheathing of retinal vessels, and scattered retinal hemorrhages. B, Fluorescein angiography (FA) of the left eye at the age of 53 showed vascular
closure, focal staining, and microancurysins. C, Ten months after these examinations, examination of the fundus showed significantly greater amyloid
deposition over the retinal sutface, sheathing of retinal vessels, abrupt closure of vessels, and microaneurysms. D, Also 10 months later, FA showed
considerably greater vascular closure, focal staining, and microaneurysms. Indocyanine green angiography of the left eye performed at the same time as
C and D examinations: (E) 3 minutes and (F) 25 minutes after dye injection. Multiple sites of hyperfluorescence can be seen in tissue along retinal and

choroidal vessels in the late phase.

ical reexamination (Fig 3C) revealed significantly greater amyloid
deposition over the retinal surface, sheathing of retinal vessels,
abrupt vessel closure, microaneurysms, and VF loss, and FA and
indocyanine green angiography examinations were performed.
Fluorescein angiography also demonstrated marked vascular clo-
sure, focal staining, and microaneurysms (Fig 3D). Indocyanine
green angiography showed multiple sites of hyperfluorescence,
with tissue staining along retinal and choroidal vessels in the late
phase (Fig 3E, F). The time from onset of FAP to these examina-
tions was 12 years. Progressive deterioration of vascular lesions
was observed in this case. She has since received only topical
therapy because of her poor general condition.

Although her polyneuropathy was quite mild, CNS symptoms,
including fluctuating consciousness and transient right hand and
leg palsy, occurred frequently, and brain magnetic resonance im-
aging showed ischemic changes (data not shown). Blood pressure
was within the normal range.

Case 3

An apparently healthy 42-year-old woman noticed both blurred
vision and floaters in both eyes. At another hospital, she underwent
vitrectomy in the left eye at the age of 43 years and in the right eye
2 years later. Ophthalmological examinations at this other hospital,
when the patient was 49, revealed vitreous hemorrhages related to
central retinal vein occlusion and neovascular glaucoma in the left
eye; vitrectomy and panretinal photocoagulation were performed.
Amyloid fibrils were found by means of histopathological studies
of vitreous materials obtained at vitrectomy, and she was diag-

nosed as having FAP caused by amyloidogenic transthyretin
Y114C by means of genetic investigation. Thereafter, transpupil-
lary photocoagulation was performed twice. At the department of
cardiology of Kumamoto University Hospital, a complete atrio-
ventricular block was discovered, and a pacemaker was implanted.
The patient was admitted to the department of ophthalmology in
the same year. Anterior-segment examination revealed abnormal
conjunctival vessels, keratoconjunctivitis sicca, and amyloid dep-
osition in the pupillary border in both eyes. Residual vitreous
opacity in both eyes was also identified. She showed mild sensory-
dominant polyneuropathy and cardiac failure.

When the patient was 52 years old, an examination of the
fundus showed pinpoint white amyloid opacities over the retinal
surface and the retinal vessels and mild scattered retinal hemor-
rhages in the peripheral fundus of the right eye. Neurclogical
studies demonstrated CNS symptoms, including fluctuating con-
sciousness, disorientation, and mental disturbance. Blood pressure
was 92/48 mmHg. Cerebral angiography revealed a marked delay
in perfusion time and enlargement of arterioles (data not shown).
When the patient was 53, neovascular glaucoma occuired in the
right eye; the patient’s general condition then worsened, and she
died of bacterial pneumonia. An autopsy was performed.

Histopathological Examinations
Autopsied organs obtained from case 3 were examined by his-

topathological methods. Formalin-fixed paraffin-embedded sec-
tions were stained with hematoxylin—eosin or Congo red. Speci-
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Figure 4. Case 3. Histopathological studies showed deposition of amyloid seeping through retinal vessels into vitreous and in choroidal vessels. In most
vessels, amyloid deposition was found in the outer wall (arrows). Some retinal vessels had amyloid infiltration within the vessel (arrowhead). A, Stain,
Congo red; original magnification, X200. B, Stain, Congo red (viewed with polarized light); original magnification, X200.
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mens stained by Congo red were examined under polarized light
for the presence of green birefringence.

Results of Histopathological Examinations

Histopathological studies of the autopsied tissues revealed depo-
sition of amyloid seeping through retinal vessels into vitreous and
in the choriocapillaris, in addition to moderate to marked amyloid
deposition in peripheral nerves, the heart, kidney, gastrointestinal
tract, lung, leptomeninges, and edges of the spinal cord. Amyloid
deposition in the perivascular wall areas was common in these
tissues, but considerable amyloid deposition was observed within
the retinal vessels (Fig 4).

Discussion

In this report, we present clinicopathological findings for
patients with FAP caused by amyloidogenic transthyretin
Y114C and summarize unique retinal and choroidal vascu-
lar lesions.

Fluorescein angiography confirmed the presence of the
retinal vascular manifestations of sheathing or closure of
retinal vessels and scattered retinal hemorrhages in the
peripheral region of the fundus, as evidenced by focal
staining and microaneurysms. Maeda et al'® have postulated
that in CAA-related intracerebral hemorrhage caused by
deposition of AB amyloid, vascular amyloid deposition
leads to degeneration and loss of smooth muscle cells of the
media, followed by microaneurysmal dilation, fibrinoid ne-
crosis, and then vessel wall rupture. The mechanism of
intraretinal hemorrhage in FAP caused by amyloidogenic
transthyretin Y114C may be fundamentally similar to that
just noted, because patients had normal or low BP and no
trigger factors other than amyloid deposits. However,
changes in ocular vessels have not been studied, and such
changes may also occur in other types of CAA.

We previously reported that the prevalence of vitreous
opacities in patients with FAP caused by amyloidogenic
transthyretin Y114C was significantly higher and the age at
onset of these opacities was significantly lower than those in
patients with FAP caused by amyloidogenic transthyretin
V30M.'® In addition, previous clinical and histopathologi-
cal reports included few cases of retinal or choroidal vas-
cular lesions in FAP caused by amyloidogenic transthyretin
V30M.31520-24 Tn most patients with FAP caused by amy-
loidogenic transthyretin V30M, retinal vessels appeared
normal, and perivascular infiltrates, white sheathing of ret-
inal vessels, and retinal hemorrhages showing leakage via
FA were rarely observed. In contrast, in our clinicopatho-
logical examinations reported here, patients with FAP
caused by amyloidogenic transthyretin Y114C showed se-
vere and progressive changes in retinal or choroidal vascu-
lar lesions. Various factors, such as environmental ones or
penetrance in addition to the substitution of amino acids at
different positions, may cause these different phenotypes.

Important tissues for synthesis and secretion of patho-
genic transthyretin include, in addition to the liver,”® the
retinal pigment epithelium (RPE)?*?7 and choroid plexus of
the brain.2#-3° Liver transplantation is widely accepted as
an effective means of halting amyloid deposition in sys-

temic tissues,>!*? because transthyretin that circulates in
serum is synthesized predominantly by the liver. However,
even after liver transplantation the RPE still synthesizes
variant transthyretin, and vitreous amyloid deposition and
glaucoma may result.**¢ In case 2, we newly found pro-
gressive changes in retinal vascular lesions due to amyloid
deposition even after liver transplantation. Variant transthy-
retin synthesized by RPE, which is secreted into the sensory
retina, may cause vascular amyloid deposition, resulting in
a steno-occlusive vascular disorder.

Finally, in case 1 (with an earlier stage of disease than
the other 2 cases) we found amyloid deposition in choroidal
vessels, whereas retinal vessels appeared almost normal.
Thus, indocyanine green angiography examination may
help detect early changes in ocular vascular lesions in
patients with FAP.

Familial amyloidotic polyneuropathy caused by amyloi-
dogenic transthyretin Y114C induces ocular amyloid angi-
opathy as well as CAA. Severe and progressive retinal and
choroidal vascular lesions, which caused visual distur-
bances, were seen in these patients. For improved under-
standing of this disorder, similar studies of patients with
other types of FAP should be performed.
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Table 1. Clinical Characteristics of Patients with Familial Amyloidotic Polyneuropathy (FAP) Amyloidogenic Transthyretin Y114C

Measure Case 1, Female Case 2, Female Case 3, Female

Age at onset of FAP (yrs) 31 42 42
Eye affected R L R L R L
Visual acuity at first visit 20/20 20/40 20/200 20/30 20/20 HM
Age at onset of vitreous opacity (yrs) 33 31 42 47 42 42
Age at time of vitrectomy (yrs) 35 34 45 48 45 43, 49
Age at onset of glaucoma (yts) 38 37 46 49 53 49
Age at time of glaucoma surgety (yrs) NA 39 46 51 NA 49
Age at time of FA examination (yts) 39 39 ND 51, 53, 54 ND ND
Age at time of [A examination (yts) 39 39 ND 54 ND ND
Age at time of liver transplantation (yrs) 34 50 NA
CNS symptoms
Drowsiness
Mental disorder
Dementia
LOC episodes
TIA-like episodes
Pyramidal signs
Extrapyramidal signs
Cerebral hemotrhage -
Brain infarction -
Meningeal enhancement on spinal cord MRI

+
i
!

I+ ++ 1|
P +++ 11t
| | +

+
+
Z,
<

CNS = central nervous system; FA = fluotrescein angiography; HM = hand movements; IA = indocyanine green angiography; L = left; LOC = loss of
consciousness; MR1 = magnetic resonance imaging; NA = not applicable; ND = examination not done; R = right; TIA = transient ischemic attack.
+, symptom detectable; —, symptom not detectable.
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The Effect of Subtenon Triamcinolone
Acetonide Injection for Diabetic
Macular Edema on Retinal and
Choroidal Circulation

Yuki Mawatari, MD, Tomoyo Koga, MD,
Junko Inumaru, MD, Akira Hirata, MD, PhD,
Mikiko Fukushima, MD, PhD,

and Hidenobu Tanihara, MD, PhD

PURPOSE: To evaluate changes in retinal and choroidal
circulation after subtenon triamcinolone acetonide (TA)
injection for diabetic macular edema.

DESIGN: Prospective interventional case series.
METHODS: Thirteen eyes of 13 patients with diabetic
macular edema were studied. Fluorescein and indocya-
nine green angiograms were performed at three periods:
before the injection and 1 week and 6 months after
subtenon injection of TA (40 mg). Retinal arteriovenous
passage time (as an indicator of retinal circulation) and
choroidal 7 (as an indicator of early filling velocity of
choroid) were obtained with image analysis software.
RESULTS: Choroidal 7 values before and 1 week after
subtenon TA injection were, respectively, 3.2 = 0.4 and
4.0 = 0.7 seconds, which showed a significant delay
(P = .01, Wilcoxon signed-rank test). The delayed
choroidal 7 values returned to pretreatment level at
6 months after TA injection. In contrast, the arterio-
venous passage time remained unchanged.

CONCLUSION: Subtenon TA injection transiently influ-
ences choroidal blood flow. (Am J Ophthalmol 2005;
140:948-949, © 2005 by Elsevier Inc. All rights re-

served.)

R ECENT CLINICAL STUDIES HAVE SUGGESTED THAT IN-
travitreal or subtenon injection of triamcinolone ace-
tonide (TA) was effective for the treatment of diabetic
macular edema (DME).!:2 The mechanisms underlying the
effects of corticosteroid on DME have not been clarified;
however, corticosteroids exhibit a vasoconstrictive effect,
and the topical application of corticosteroids induces
blanching of skin as a result of changes to the underlying
microcirculation of the skin.’ These findings imply that
topical corticosteroid treatment may influence ocular cir-
culation. The quantification of ocular circulation is made
possible through the use of videoangiograms and image
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analysis techniques.# In our present study, we measured
retinal and choroidal circulation quantitatively using these
methods and report that choroidal circulation is altered
transiently after subtenon TA injection.

After informed consent had been obtained, 13 eyes of 13
patients (10 male and three female patients; aged, 61.6 =
12.9 years) underwent posterior subtenon TA injection
(40 mg) and were followed for >6 months. Fluorescein
and indocyanine green angiograms with a scanning laser
ophthalmoscope (Rodenstock Instrument, Inc, Munich,
Germany) were performed before and 1 week and 6
months after the initiation of subtenon TA injection.
Ocular perfusion pressure (calculated with blood pressure
and intraocular pressure) was also measured. Fluorescein
and indocyanine green angiograms were captured with
image analysis software (DIPP-MOTION 2 diopters; Di-
tect, Tokyo, Japan), and the dye intensity curve was
obtained with this software. Retinal arteriovenous passage
time was measured as an indicator of retinal circulation
and represents the time lapse between 50% of the peak
intensity of a paired artery and vein.* Choroidal T (the
time constant) was measured as an indicator of early filling
velocity of choroid and represents the time lapse between
the initiation and 0.63% of the maximal intensity of
choroidal dye background.# Consequently, if early filling
velocity of choroid decrease, choroidal T will be delayed.
The Wilcoxon signed-rank test was performed for statisti-
cal analysis. A probability value <.05 was considered
statistically significant.

No significant changes of ocular perfusion pressure after
subtenon TA injection were observed. However, choroidal
7 values before and 1 week after subtenon TA injection
were 3.2 + 0.4 and 4.0 = 0.7 seconds, respectively, which
shows a significant delay (P = .01, Wilcoxon signed-rank
test; Table). In addition, subtenon TA mass was not
ohserved in the B-mode ultrasonography. The delayed
choroidal 7 values returned to pretreatment level at 6
months after subtenon TA injection. In contrast, the
retinal arteriovenous passage time remained unchanged
after subtenon TA injection. The central retinal thickness
decreased significantly after subtenon TA injection that
was measured by optical coherence tomography (Hum-
phrey model 2000; Humphrey Instruments, San Leandro,
California, USA). No eye showed decreased visual acuity
after subtenon TA injection.

Previous studies demonstrated significant relationships
between choroidal blood flow and ocular perfusion pres-
sure.5 Although the ocular perfusion pressure in DME
patients did not change after subtenon TA injection, the
carly filling velocity of choroid decreased significantly at 1
week after subtenon TA injection. Considering that no
mass effect after subtenon TA injection was observed,
subtenon TA injection affects choroidal vascular resis-
tance and changes choroidal circulation. We speculate
that a corticosteroid-induced vasoconstrictive effect plays
a role in the alterations of choroidal circulation.?¢ In
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TABLE. Changes of Intraocular Pressure, Ocular Profusion Pressure, Arteriovenous Passage Time, Choroidal 1, and Retinal
Thickness Before and After Sub-Tenon TA injection

Before treatment at

1 Wk after TA injection 6 Mo after TA injection

Variable baseline (mean = SD) Mean = SD P value Mean + SD P value
Intraocular pressure (mm Hg) 15.2+ 3.5 16.1 + 3.4 .02 16.0 = 4.6 21
Ocular profusion pressure (mm Hg) 83.0x 117 82.0 = 12.1 12 82.2 +10.8 44
AVP time (sec) 1.7 06 1.8 =05 .55 1.6 =04 .57
Choroidal 1 (sec) 3.2+04 4.0+0.7 .01 3.3x06 37
Retinal thickness (jum) 583 + 127 425 + 132 .002 292 + 135 <.001

contrast, the retinal circulation in patients with DME did
not change after subtenon TA injection. The pharmaco-
dynamics of TA after subtenon injection have not been
clarified, but the episcleral implant of corticosteroid shows
that corticosteroid penetrates through the sclera and dis-
perses into the retinochoroid.” We therefore believe that
the subtenon TA injection can affect the choroidal tissue
much more than its effects on the retina. In addition, our
results showed that the inhibitory effects on choroidal
circulation were only transient and did not result in visual
dysfunction. However, attention should be paid to the
extensive or repeated use of subtenon TA injection in
patients with DME.

In conclusion, subtenon TA injection transiently influ-
ences choroidal blood flow but does not result in a
disturbance of visual function.
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Vogt-Koyanagi-Harada Disease in
Patients With Chronic Hepatitis C

Valérie Touitou, MD,

Bahram Bodaghi, MD, PhD,

Nathalie Cassoux, MD, Thi Ha Chau Tran, MD,
Narsing A. Rao, MD, Patrice Cacoub, MD, and
Phuc LeHoang, MD, PhD

PURPOSE: To report the cases of four patients with
hepatitis C virus infection who experienced clinical
features that are virtually identical to Vogt-Koyanagi-
Harada disease (VKH).

DESIGN: Retrospective observational case series.
METHODS: Medical records of patients who were referred
between January and December 2003 were reviewed for
diagnosis and management of VKH and who also had
chronic hepatitis C virus (HCV) infection.

RESULTS: Four white patients had the clinical features of
VKH. Three of the patients experienced intraocular
inflammation while they were being treated for HCV
infection with pegylated interferon alpha 2b and ribavi-
rin, The intraocular inflammation responded to systemic
corticosteroid treatment and to discontinuation of anti-
viral agents.

CONCLUSION: Although the number of patients who were
studied is limited, there appears to be an association
between HCV infection that was treated with pegylated
interferon alpha 2b and the development of VKH-like
disease. Further studies are required to confirm such an
association. (Am ] Ophthalmol 2005;140:949-952,
© 2005 by Elsevier Inc. All rights reserved.)
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Intravitreal Plasmin Injection Activates
Endogenous Matrix Metalloproteinase-2 in
Rabbit and Human Vitreous

AKIOMI TAKANO, MD, AKIRA HIRATA, MD, PHD, YASUYA INOMATA, MD,
TAKAHIRO KAWAJI, MD, KUNIKO NAKAGAWA, SHIROU NAGATA, AND
HIDENOBU TANIHARA, MD, PHD

e PURPOSE: To investigate the effect of exogenous plas-
min administration on the activity of endogenous matrix
metalloproteinase-2 (MMP-2) in rabbit and human vit-
reous.

® DESIGN: Experimental animal study and interventional
case series.

© METHODS: Human plasmin was injected into rabbit
eyes. The active/pro-MMP-2 ratio in vitreous samples
was calculated using the gelatin zymography. Scanning
electron microscopy {(SEM) was performed to observe the
retinal surface. To evaluate the time course of MMP-2
activity, vitreous samples were collected after the injec-
tion of 0.5 IU of plasmin, and the active/pro-MMP-2
ratio was calculated in the same manner. Immunohisto-
chemical analysis was performed to confirm the presence
of MT1-MMP in the rabbit eye. Human vitreous samples
obtained from vitreous surgeries were also used for
similar studies. »

® RESULTS: The active/pro-MMP-2 ratios in the vitreous
after the injection of 0.25 IU or 0.5 TU of plasmin were
significantly higher than that of the control (P < .05).
SEM demonstrated that plasmin-treated eyes showed a
smooth retinal surface that was dose-dependent. Time
course evaluation of the active/pro-MMP-2 ratio in the
vitreous after the administration of 0.5 TU of plasmin
found a significant difference between the 5 and 15
minutes data points compared with that seen for the
control. Immunohistochemical study revealed the pres-
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ence of MT1-MMP in the inner retina. In human
samples, the active/pro-MMP-2 ratio after the plasmin
injection was significantly higher than the ratio observed
before injection.

® CONCLUSIONS: Qur results suggested that activation
of endogenous MMP-2 by exogenous plasmin is associ-
ated with the induction of posterior vitreous detachment.
(Am J Ophthalmol 2005;140:654-660. © 2005 by
Elsevier Inc. All rights reserved.)

ARS PLANA VITRECTOMY WITH ARTIHCIAL POSTE-

rior vitreous detachment (PVD) contributes to the

successful treatment of a number of vitreoretinal
diseases. However, in some cases it is difficult to induce
complete PVD. Moreover, residual vitreous often causes
severe complications, such as proliferative vitreoretinopa-
thy.

Recent reports indicate that plasmin is a useful adjunc-
tive that can be used to liquefy the vitreous gel and induce
PVD. This procedure leads to the reduction of the me-
chanical suction levels and decreases complications.!-2
However, little information is available on the mechanism
of induction of PVD by plasmin.

Matrix metalloproteinases (MMPs) are a family of pro-
teolytic enzymes that function to maintain and/or remodel
tissue architecture.l° They are mostly secreted as inactive
proenzymes and are cleaved extracellularly to become the
functionally active form. To date, MMPs have been found
in virtually every tissue of the eye both in healthy subjects
and those with diseases.!! MMP-2 is a member of the
matrixin enzyme family and has been identified previously
in the human vitreous.1-16 Because of its ability to degrade
type IV collagen, MMP-2 is believed to be necessary for
basement membrane degradation, and its activity to de-
grade various collagens has been considered to be a
potential mechanism for the vitreous liquefaction that is
seen in aging and various pathologic states.13.1417

Pro-MMP-2 activation is thought to be a two-step
process. In the first step, membrane-type 1 matrix metal-

0002-9394/05/$30.00
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loproteinase (MT1-MMP) generates the intermediate form
of MMP-2, which is followed by an intermolecular auto-
catalytic reaction in the second step that results in the
formation of active MMP-2.18 MT1-MMP attaches to the
cell surface through a transmembrane domain and acti-
vates the pro-MMP-2 at the cell surface.!® However,
distribution of the MT1-MMP in the retina has not been
fully described. Previous studies suggest that plasmin co-
operates with MT1-MMP in the activation of pro-MMP-
2.19-21 Therefore, we hypothesized that exogenous plasmin
induces PVD by increasing the ratio of active MMP-2 in
the vitreous.

The present study addressed four issues. First, we mea-
sured the active MMP-2 level after the injection of various
doses of plasmin. Second, we analyzed the time course of
MMP-2 activity after plasmin administration. Third, we
tried to identify the location of MT1-MMP in the retina.
Fourth, we investigated the MMP-2 activity before and
after injections of plasmin in human vitreous. MMP-2 was
determined using gelatin zymography, and the presence of
MT1-MMP in the retina was determined by immunohis-
tochemistry. After injection of various doses of plasmin,
the retinal surface was observed by scanning electron
microscopy (SEM).

MATERIALS AND METHODS

® ANIMALS: Japanese adult albino rabbits (Kyudo, Kum-
amoto, Japan), which were 12 weeks of age and weighed
2.0 kg to 2.5 kg, were used in this experimental animal
study and interventional case series. The animals were
treated in accordance with the ARVO Statement for the
Use of Animals in Ophthalmic and Vision Research and
the guidelines of the Committee on Animal Research of
Kumamoto University. The rabbits were kept anesthetized
throughout the entire period of the experiment.

© PLASMIN PREPARATION: Human plasminogen was puri-
fied as described previously.4-% Briefly, human blood was
obtained from healthy subjects and drawn from the antecu-
bital fossa. Samples were centrifuged at 2300 pm for 15
minutes at 4 C, resulting in fresh human plasma. The
plasminogen was purified from the human plasma by affinity
chromatography on a lysine-sepharose column. The plasmin-
ogen was eluted with 15 mmol/l e-aminocaproic acid. The
e-aminocaproic acid was removed by overnight dialysis, and
the plasminogen concentrated to a final volume of 0.5 ml. An
aliquot was tested for sterility. Just before the injection into
the vitreous, the plasminogen was converted to plasmin by
adding 2500 1U of urokinasé for 15 minutes under room
temperature followed by sterilization by passage through a
0.22 pm filter. The plasmin activity was tested immediately
by measuring the change in absorbency at 405 nm after
cleavage of the D-Val-Leu-Lys p-nitroanilide dihydrochloride
substrate (Sigma-Aldrich; St. Louis, Missouri, USA) spectro-
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photometrically and then stored at 4 C until use. The plasmin
solution was diluted with sterile balanced salt solution (BSS

Plus; Alcon Surgical, Tokyo, Japan) to final concentrations of
0.05, 0.25, and 0.5 IU/50 pl.

® PLASMIN ADMINISTRATION AND VITRECTOMY: The
rabbits were anesthetized with pentobarbital (20 mg/kg intra-
venously, Nembutal; Dainippon Pharmaceuticals, Osaka, Ja-
pan) and ketamine hydrochloride (20 mg/kg intramuscularly,
Ketaral 50; Sankyo Pharmaceuticals, Tokyo, Japan). The
pupils were dilated with a mixture of wopicamide 0.5% and
phenylephrine hydrochloride 0.5%. Pars plana injection of
the plasmin solution was performed 2 mm from the limbus
with a 1-ml syringe (Terumo, Tokyo, Japan). For the dose
study, 12 rabbit eyes were randomly divided into three groups.
Four eyes in each of three different groups received 50 pl
injecdons of 0.05, 0.25, and 0.5 IU of human plasmin,
respectively. Using the same method, four other rabbit eyes
that served as controls were given pars plana injections of 50
ul BSS into the vitreous cavity.

Fifteen minutes after the injection of plasmin or BSS,
undiluted vitreous samples of approximately 1.0 ml were
collected. Briefly, a scleral incision was made 2 mm from
the limbus with a 20-degree knife (MVR20; Mani,
Tochigi, Japan). Without the use of any infusion, a
vitreous cutter (Alcon, Tokyo, Japan) was inserted gently
through the scleral incision into the midvitreous cavity.
Undiluted vitreous sample was collected through active
aspiration with cutting and scleral indentation.

To investigate the time course of the MMP-2 activity,
twenty rabbit eyes underwent pars plana injection of 0.5
IU human plasmin into the vitreous cavity. Pars plana
vitrectomy was performed as described above. Four eyes in
each of the groups had vitrectomies at 5, 15, 30, 120, and
360 minutes after the plasmin injections, respectively. The
samples were immediately stored in Eppendorf tubes and
centrifuged at 10000 g for 20 minutes at 4 C, and the
supernatant was transferred to a clean tube and stored at
—80 C undl use.

e GELATIN ZYMOGRAPHY: To detect the activation ratio
of MMP-2, samples were analyzed by gelatin zymography
using a commercially available kit (Gelatinzymo Electro-
phoresis Kit; Yagai Research Center, Yamagata, Japan).
This assay was performed according to the supplied proto-
col. Briefly, 10 ul of each sample was mixed with the same
amount of buffer (50 mmol/l Tris-HCI buffer, pH 6.8,
which contained SDS, glycerol, and bromphenol blue),
and incubated at room temperature for 15 minutes. The
samples were electrophoresed at 10 mA for 20 minutes and
then at 20 mA for 120 minutes until the dye front reached
the bottom of the gel (Precast 7.5% polyacrylamide mini-
gels containing sodium dodecyl sulfate 0.3% and 1 mg/ml
of gelatin). Supplied markers containing active MMP-2,
pro-MMP-2, and pro-MMP-9 were also loaded onto the gel
as references. After electrophoresis, the gels were agitated

INCREASE OF MMP-2 IN THE VITREOUS AFTER PLASMIN INJECTION 655



in Triton X-100 buffer for 30 minutes to remove the SDS
and then mixed with 50 mmol/l Tris-HCI buffer, pH 7.5,
containing NaCl and shaken for 30 minutes to restore the
enzymatic ‘activity. Samples were then incubated in 50
mmol/l Tris-HCI buffer, pH 7.5, containing 200 mmol/l
NaCl and.5 mmol/t CaCl2 at 37 C for 26 hours to allow
proteolysis of the gelatin. Subsequently, the gels were
stained for 30 minutes with Coomassie Blue G25. Finally,
the gels were destained in methanol 30% and acetic acid
5% at room temperature for 3 hours. The negatively
stained bands were detected by means of comparisons to
the supplied markers.

An image scanner was used to scan the gels and the areas
of the bands corresponding to MMP-2 activity were analyzed
by NIH Image 1.63 software (developed at the US National
Institutes of Health; available at http://rsb.info.nih.gov/nih-
image/). Determination of the band intensity was performed
as described in the tutorial for the NIH Image software,
Individual values were calibrated by referring to the clear
band area of the MMP-2 standard that was injected with the
samples in the each of the gels. The activation ratio of
MMP-2 (active/pro-MMP-2 ratio) was calculated by dividing
the intensity of the band for the active form by the intensity
of the band for latent form of MMP-2.

@ SCANNING ELECTRON MICROSCOPY: Twelve eyes
were studied using SEM. Thirty minutes after the injection
of BSS or the different doses of plasmin {0.05, 0.25, or 0.5
[U), the animals were killed with an overdose of an
intravenous injection of pentobarbital. The eyes were
immediately enucleated and immersed in a fixative that
consisted of a glutaraldehyde 2.5% and paraformaldehyde
2% mixture in 0.1 mol/l phosphate buffer at room temper-
ature for 2 hours. The eyes were cut circumferentially at
the limbus to make posterior cups and then immersed in
the fixative for an additional hour. The specimens were
immersed in tannic acid 2% (Wako, Osaka, japan) over-
night at room temperature to increase tissue reactivity with
the osmium tetroxide, rinsed with distilled water for 2
hours, and then fixed with osmium tetroxide 1% for 2
hours at 4 C. The specimens were dehydrated in a graded
ethanol series, infiltrated in 100% t-butanol, frozen, freeze-
dried by evaporation in a vacuum, mounted on aluminum
stubs, and then gold coated. They were observed at an
accelerating voltage of 15 kV to 20 kV with a scanning
electron microscope (JSM 6400FK; Jeol, Tokyo, Japan).

© IMMUNOHISTOCHEMISTRY FOR MT1-.MMP: To detect
the localization of MTI1-MMP, immunohistochemical
staining was performed. After the animals were killed with
an overdose of an intravenous injection of pentobarbital,
the eyes were enucleated. The eyes were fixed in parafor-
maldehyde 4% in phosphate buffered saline at 4 C over-
night, and embedded in paraffin. The 5 pm thick serial
sections were incubated with hydrogen peroxide for 5
minutes, and were reacted overnight at 4 C with mouse
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FIGURE 1. (A) Gelatin zymography of the vitreous samples
from rabbits after injections of 0.05, 0.25, and 0.5 TU of
plasmin. The activity is visualized as the clear band, the positive
markers indicate pro-MMP-9 (92 kD), pro-MMP-2 (68 kD),
and active MMP-2 (62kDa). The arrow on the left show the
proteolytic activity associated with plasmin. (B) The active/pro-
MMP-2 ratio in vitreous samples from rabbits after injections of
0.05, 0.25, and 0.5 IU of plasmin. Data were calculated by
dividing the density of the band for the active form by the
density of the band for the latent form. The active/pro-MMP-2
ratios for the 0.25 and 0.5 IU injections were significantly
higher than that of the control (*P < .05). MMP-2 = matrix
metalloproteinase-2; MMP-9 = matrix metalloproteinase-9.

monoclonal antibodies against MT1-MMP diluted 200X
(Daiichi Fine Chemical Co, Ltd, Toyama, Japan). After
incubation with the antibodies, they were reacted for 30
minutes at room temperature with goat antibodies against
mouse immunoglobulins conjugated to a peroxidase-la-
beled dextran polymer (En Vision+, Dako, Hamburg,
Germany).1¢ For a negative control, adjacent sections were

processed by replacing the primary antibody with mouse
[gG1 diluted 100X (Dako, Hamburg, Germany). Color was
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FIGURE 2. Scanning electron micrographs of the rabbit retinal surface 30 minutes after BSS or plasmin administration. (A) BSS
injection. (B) 0.05 IU plasmin injection. (C) 0.25 IU plasmin injection. (D) 0.5 IU plasmin injection. Plasmin-treated eyes
exhibited a smooth retinal surface that was dose-dependent. BSS = balanced salt solution; scale bars = 50 pm.

developed with 3, 3’-diaminobenzidine tetrahydrochlo-
ride. Sections of the negative control were counterstained
with hematoxylin.

e MMP-2 ACTIVITY FOR HUMAN VITREOUS SAM-
PLES: To examine the activation ratio of MMP-2 in
clinical cases, five human vitreous samples were analyzed
by gelatin zymography. The patients in this study ranged in
age from 57 years to 81 years. Two were female and three
were male. All eyes had macular holes without PVD.
Informed consent was obtained from all of the patients and
the research adhered to the tenets of the Declaration of
Helsinki. Etchical approval was obtained from the Human
Studies Committee of Kumamoto University. After anes-
thesia, we started pars plana vitrectomy without any
infusion and an undiluted vitreous sample of approxi-
mately 0.3 ml was collected in a syringe connected to the
vitreous cutter. A pars plana injection of 0.5 IU of
autologous plasmin into the vitreous cavity was performed
using a 30-G needle. Fifteen minutes later, vitrectomy was
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restarted and a vitreous sample of approximately 0.3 ml
was collected. The samples were stored in the same way as
those obtained in the rabbit experiments.

® STATISTICAL MEASURBEMENT: To compare the activa-
tion ratio of MMP-2 in vitreous samples after the injection
of the various doses of plasmin and the time course of
MMP-2 activity after plasmin administration, data were
evaluated by means of analysis of variance (ANOVA),
with a Fisher PLSD test or Scheffé F-test used for multiple
comparisons. Values of the activation ratio of MMP-2
before and after the injections of plasmin in human
vitreous were analyzed by a paired ¢ test. Differences were
considered to be significant when P < .05.

RESULTS

© DOSE EFFECTS OF PLASMIN ON MMP.2 ACTIVITY: To
examine the dose effects of plasmin on MMP-2 activity,
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FIGURE 3. (A) Gelatin zymography of the vitreous samples
from rabbits at 15, 30, 120, or 360 minutes after the injection
of 0.5 TU of plasmin. The activity is visualized as the clear
band, the positive markers indicate pro-MMP-9 (92 kD),
pro-MMP-2 (68 kD), and active MMP-2 (62 kDa). The arrow
on the left show the proteolytic activity associated with plas-
min. {B) The active/pro-MMP-2 ratio in vitreous samples from
rabbits at 5, 15, 30, 120, or 360 minutes after the injection of
0.5 TU of plasmin. Data were calculated by dividing the density
of the band for the active form by the density of the band for the
latent form. At 5 and 15 minutes after the plasmin injection
there was a significant difference from the control values (*P <
.05). MMP-2 = matrix metalloproteinase-2; MMP-9 = matrix
metalloproteinase-9.

vitreous samples were analyzed by gelatin zymography.
MMP-2 was identified as the clear bands within the gels
(Figure 1A). By using comparisons to the positive markers
for pro-MMP-9 (92 kD), pro-MMP-2 (68 kD), and active
MMP-2 (62kDa), we were able to detect the gelatinolytic
68 kD band of pro-MMP-2 and the 62 kD band of active
MMP-2 in all of the vitreous samples. In this experiment,
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FIGURE 4. Immunohistochemical localization of MT1-MMP
on the rabbit retina. Protein expression was detected with 3, 3
-diaminobenzidine tetrahydrochloride. (Top) For a negative
control, the primary antibody was replaced with mouse IgG1 in
an adjacent section and it was counterstained with hematoxylin.
(Bottom) Serial sections were immunostained with monoclonal
antibodies against MT1-MMP. MT1-MMP expression can be
observed at the inner retinal layer. MT1-MMP = membrane-
type 1 matrix metalloproteinase. scale bars = 50 pwm.

there was no evidence of presence and/or activation of
MMP-9 in the examined vitreous samples.

Densitometric analysis of the bands revealed that the
active/pro-MMP-2 ratio in the control was 0.10 = 0.04 (n
= 4), and the active/pro-MMP-2 ratio in the vitreous after
the injections of 0.05, 0.25, and 0.5 IU of plasmin were
0.20 20.06 (n = 4),0.27 = 0.05 (n = 4),and 0.30 = 0.03
(n = 4), respectively (Figure 1B). There was a significant
difference among groups with the values for the active/pro-
MMP-2 ratios after the 0.25 and 0.5 [U plasmin adminis-
trations found to be especially significantly higher as
compared with that seen for the control (P = 0032, P =
0025, respectively) (Figure 1B).

@ SCANNING ELECTRON MICROSCOPY: Figure 2 shows
an example of the retinal surface observed by SEM. For

controls, whole areas of the retinal surface were covered with
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FIGURE 5. The activefpro-MMP-2 ratio in vitreous samples
from five patients with macular holes. Vitreous samples were
obtained before and 15 minutes after the injection of 0.5 TU
autologous plasmin. The active/pro-MMP-2 ratio after the
plasmin injection was significantly higher than the ratio ob-
served before the plasmin injection (P < .05). MMP-2 =
matrix metalloproteinase-2.

a fine collagenous material, which corresponded to the
vitreous fibers (Figure 2A). These vitreous fibers were at-
tached to the retina, especially in the region of the medullary
rays. The retinas treated with 0.05 U of plasmin still showed
numerous vitreous fibers that covered the retinal surface
(Figure ZB). In contrast, the retinas in the groups treated with
0.25 or 0.5 IU of plasmin exhibited smooth surfaces without
any remnant of vitreous fibers except in the areas of the
medullary rays (Figures 2C and D).

® TIME COURSE EFFECTS OF MMP-2 ACTIVITY AFTER
PLASMIN ADMINISTRATION: To evaluate the time
course effects of MMP-2 activity after plasmin administra-
tion, vitreous samples were analyzed by gelatin zymography
(Figure 3A). As determined by densitometric analysis, the
active/pro-MMP-2 ratio in the control vitreous was 0.10 =
0.04 (n = 4), while the active/pro-MMP-2 ratios in the
vitreous at 5, 15, 30, 120, or 360 minutes after the
injection of 0.5 IU of plasmin were 0.33 = 0.05 (n = 4),
030 +003(n=14),012 %001 (n=4),009 £ 001 (n
=4)and 0.10 £ 0.01 (n = 4), respectively (Figure 3B). At
5 and 15 minutes after the plasmin injection, there was 2
significant difference from the control data (P < .0001).
Additionally, there was also no evidence of presence
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andfor activation of MMP-9 in the examined vitreous
samples.

© LOCALIZATION OF MT1-MMP: To detect tissue localiza-
tion of MT1-MMP, immunohistochemical staining was
performed. No staining was observed with mouse 1gGl,
which was used as the negative control. MT1-MMP
expression was shown at the cell surface in the rabbit
retina, especially in the inner retinal layer (Figure 4).

@ MMP.2 ACTIVITY AFTER ADMINISTRATION OF PLAS-
MIN IN HUMAN VITREOUS CAVITY: To evaluate the
activation ratio of MMP-2 in clinical cases, human vitre-
ous samples were analyzed by gelatin zymography. In
human vitreous samples, there was also no evidence of
presence andfor activation of MMP-9. During the proce-
dures for these five cases, PVD was induced in all patients
with or without a combination of core vitrectomy. All of
these patients showed closure of the macular hole after the
surgery. The active/pro-MMP-2 ratio before autologous
plasmin injection was 0.05 %= 0.01 (n = 5). After injection
of 0.5 IU of plasmin, the active/pro-MMP-2 ratio increased
significantly to 0.14 * 0.04 (P = .0013, paired ¢ test)
(Figure 5).

DISCUSSION

IN THE PRESENT STUDY, WE MEASURED THE ACTIVE MMP-2
level after the injection of various doses of plasmin and
demonstrated a dose-dependent increase of active MMP-2.
The time course of MMP-2 activity after plasmin admin-
istration showed that the MMP-2 was significantly acti-
vated at 5 and 15 minutes after the injections and
decreased rapidly thereafter, whereas our gelatin zymogra-
phy did not indicate the presence andfor activation of
MMP-9.

The amount of liquefied vitreous and the ratio of the
posterior vitreous detachment increase with age.?? There is
also an age-related increase of plasmin{ogen) in human
vitreous that may be responsible for the degenerative
changes in the vitreous such as vitreous liquefaction and
posterior vitreous detachment.}* Pro-MMP-2 is efficiently
activated in the fibrovascular tissue during proliferative
diabetic retinopathy and probably occurs as a result of the
interaction with MT1-MMP and the tissue inhibitor of
metalloproteinase (TIMP)-2.16 This activity of MMP-2
and MT1-MMP has been suggested to be involved in the
formation of the fibrovascular tissues.'¢ Brown and associ-
ates showed that experimentally injected active MMP-2
cleaves vitreous collagen and they concluded that MMP-2
activity thus could be considered to be a potential mech-
anism for the vitreous liquefaction that is seen in aging and
various pathologic states.!?

It has been shown that there is an immediate decrease in
MMP-2 activity because of various endogenous MMP
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inhibitors such as TIMP, which are present in the vitreous
cavity.l” The rapid decrease of MMP-2 activity contributes
to suppression of excessive tissue destruction and thus
results in safer operations. We investigated the MMP-2
activity before and after the injection of plasmin in human
vitreous. The activation ratio of MMP-2 was found to be
significantly higher after a plasmin injection. In the human
surgery cases, PVD was induced by injection only or in
combination with core vitrectomy without any mechanical
suction of the posterior vitreous cortex. Considering the
time course for the activity of plasmin and the active
MMP-2 that was found in the vitreous cavity, we believe
that the reasonable starting time for vitrectomies after
plasmin injection is approximately 15 to 30 minutes.

Monea and associates has reported that plasmin can
activate pro-MMP-2 in the presence of MT1-MMP .21 In
our study MT1-MMP was expressed in the rabbit retina,
especially in the inner retinal layer. Therefore, the activa-
tion of endogenous MMP-2 in the vitreous is most likely
attributable to the coordination of MT1-MMP and exog-
enous plasmin administration, which leads to the induc-
tion of PVD.

In conclusion, the present data demonstrate that exog-
enous plasmin activates endogenous MMP-2 in the vitre-
ous. Additionally, immunohistochemical staining results
indicate that the activation of MMP-2 occurs on the
retinal surface through an interaction with MT1-MMP.
Thus, this pathway could lead to the separation of vitreous
collagen from the underlying internal limiting lamina.
Although our results do not provide enough information to
determine the exact mechanism of PVD, they do suggest
the possibility that activation of endogenous MMP-2 by
exogenous plasmin leads to the induction of PVD. Further

study is needed to confirm both the role of MMP-2 in the -

vitreous and in the induction of PVD.
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Abstract

The purpose of this study was to investigate the differentiation of neural progenitor cells (NPCs) following retinal transplantation in N-
methyl-D-aspartate (NMDA)-treated eyes. NMDA was injected into the vitreous cavity of adult rat eyes. NPCs were prepared from
telencephalic neuroepithelium of enhanced green fluorescence protein (EGFP) transgenic mice on embryonic day 14.5. A cell suspension was
injected into the vitreous cavity in experimental eyes. Immunohistochemistry was conducted at 1, 2 or 4 weeks after transplantation of NPCs
in an effort to determine the survival and differentiation of transplanted NPCs. Similar experiments were conducted using glycoprotein
(gp)130-null (—/—) mice. Examination of retinal sections revealed that transplanted NPCs could survive for at least 4 weeks in NMDA-
treated retinas. Immunohistochemical studies for specific cell-type markers revealed that, among the transplanted NPCs at 2 weeks after
transplantation, the mean percentage (fstandard deviation) of glial fibrillary acidic protein (GFAP)-positive (glial) cells was 63.5 + 7.4%,
demonstrating the differentiation of transplanted NPCs with a preference for the glial lineage. Furthermore, the mean percentage of PIII-
tubulin-positive (mature neuronal) cells was 18.8 = 4.5%. Following transplantation of NPCs isolated from gpl130—/— mice into NMDA-

* treated retinas, the mean percentage of GFAP-positive cells (17.6 + 7.0%), was significantly lower than that in NPCs isolated from wild-type
mice (59.1 £ 6.0%, P = 0.04, Mann—Whitney U test). Preferential differentiation of NPCs into the glial lineage is induced through gp130
signaling in NMDA-treated eyes.
© 2005 Published by Elsevier B.V.
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1. Introduction

In efforts to restore visual function in patients with
significant visual impairment, substantial research effort has
recently been expended towards the development of retinal
regenerative therapy [6,12,15,18,21,28,31,35]. However,
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our knowledge of the regulatory mechanisms underlying
the differentiation, migration and integration of transplanted
progenitors in diseased retinas remains far from satisfactory.
Experiments utilizing transplantation of progenitor cells into
the retina can assist our understanding of conditions in the
host retina that affect the fate of transplanted cells.
Common progenitor cells are known to differentiate into
neuronal and glial lineages [30]. The molecular mechanisms
associated with lineage determination for progenitor cells in
retinas are thought to involve stimulation by a series of



