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Fig. 3. Immunchistochemistry of the three different CNV membranes probed with antibodies against CD105 (A) and E-selectin (B—D). Sections were stained with
3-diaminobenzidine (A) and AEC (B—D) resulting in a brown and red chromogen, respectively and counterstained with hematoxylin. (A) CD105 is selectively
expressed in endothelial cells (arrows). (B) CD105 expressing vessels do not always express E-selectin. Arrowheads point to some of the E-selectin negative ves-
sels expressing CD105 in the parallel section (A). (B—D) E-selectin is positive in some but not all RPE cells and vascular endothelial cells. Arrows and asterisks
indicate B-selectin expressing EC and RPE cells, respectively. However, in the same specimens, some RPE cells (#) and EC (arrowheads) are E-selectin negative.

Scale bar: 50 pm.

difference either in endostatin staining intensity of RPE-Bru-
ch’s membrane (median 1, p = 0.0789), vessels (median 3,
p=0.9715), stroma (median I, p= 0.0719) when evaluated
separately (range 0—3) or in the “overall endostatin staining
score” (median 5, range 0—9, p = 0.1727) between IA and II
CNV. Similarly, E-selectin staining intensity in RPE-Bruch’s
membrane complex, vessels, and stroma evaluated separately
(range 0-3) as well as the “E-selectin overall staining score”
(range 0—9) did not vary significantly between IA (median 1, 0,
0, 3, respectively) and II membranes (median 1, 0, 0, 2;
p=0922, p=0.8946, p = 0.9171, p = 0.7928, respectively).
Furthermore, in II CNV, VEGF expression either in RPE cells,
vessels and stroma evaluated separately (median 0, 1, 2, respec-
tively, range 0—3 for all) or in terms of ““overall VEGF staining
score” (median 4, range 0—9) were also not significantly dif-
ferent from those in IA CNV (median 0, 1, 2, 3; p = 0.8428,
p = 0.7274, p = 0.7119, p = 0.6657, respectively).

However, the proliferative activity in IA CNV (median
72.89, range 0—514.081, mean 149.125, SE 35.4) was
significantly higher than in II CNV (median 12.85 nuclei/
mmz, range 0—113.693, mean 28.931, SE 12.85)
(p = 0.0059).

4, Discussion

Endothelial cell activation, proliferation, tube formation
and development of the basement membrane are among the

successive steps during neovascularization (Pepper, 2001).
Numerous angiogenesis stimulating factors such as VEGF
are involved in this process. The effects of angiogenesis
activators are balanced by angiogenesis inhibitors such as en-
dostatin. Herein, we aimed to evaluate the presence and co-
expression of endostatin with other markers representing
different aspects of the process in order to understand the
role of this endogenous inhibitor in the pathogenesis of CNV.

Collagen XVIII is a component of Bruch’s membrane as
well as the basement membrane of both active and quiescent
vessels. In contrast, endostatin was shown to be selectively ex-
pressed in newly formed vessels in pathological angiogenesis
but not in the quiescent vessels of some non-angiogenic and/or
non-pathologic control organs other than eye (Ergun et al.,
2001). However, in our series, similar to the findings of Bhutto
et al. (2004), endostatin was expressed in the RPE-Bruch’s
membrane complex and choriocapillaris of some apparently
normal control eyes, even in those from young donors. In
order to evaluate further if endostatin was positive only in
vessels lined by activated EC in CNV, we examined the
expression of CD105, a marker for activated/proliferating
EC (Grisanti et al., 2004). Although vessels were mostly
expressing both of them, it was still possible to detect a few
vessels stained for only one of the markers. Additionally,
some endostatin expressing vessels were not positively stained
for E-selectin which is expressed in proliferating EC under
non-inflammatory conditions (Luo et al, 1999). Moreover,
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Fig. 4. Serial sections from those specimens in Fig. 3 (A-E) and another CNV (F). Sections are stained with PAS (A) or probed with antibodies against cytoker-
atin18 (B), endostatin (C—F). (A) PAS staining helps the overall orientation of the specimen. (B) RPE cells express Cytokeratin18 (*) in the same membrane. (C—
F) RPE-Bruch’s membrane complex (%) as well as vessels (arrows) are strong endostatin positive. (C, D) The specimens stained for E-selectin in Fig. 3C and D are
also strong positive for endostatin in the serial sections. (D) Endostatin immunoreactivity is still detected after bleaching of the specimen for melanin. (E) Endo-
statin positive vessels (arrows) as well as endostatin negative vessels (arrowhead) are seen in the same specimen. Some endostatin positive vessels (white arrow) are
not E-selectin positive as shown in the paralle] section in Fig. 3B. (F) Stromal cells also display endostatin (white arrowhead). Sections were stained with the
immunoperoxidase (B) or alkaline phosphatase (C—F) techniques with AEC (B) and red alkaline phosphatase substrate chromogen (C—F) and counterstained

with hematoxylin. Scale bar: 50 pm.

the EC in endostatin expressing vessels were not always Ki-67
positive. Therefore, endostatin expression seems not to be lim-
ited to the newly formed vessels in the neovascularized tissue
when normal choroid and CNV membranes are concerned.

During angiogenesis, activated EC release proteolytic
enzymes like MMPs that break up the peptide bonds within
the protease sensitive region of collagen XVIII (Lee et al.,
2002; Kim et al.,, 2000). Consequently, local inhibitors of
angiogenesis like endostatin fragments are released. Variations
in intensity and pattern of endostatin expression in CNV as
well as negative or limited staining in some control eyes
may be, therefore, due to microenvironmental variations in
the level of proteolytic enzymes.

The effect of endostatin on the proliferative activity of EC
is still controversial. Contrary to the studies showing its in-
hibitory effect (Wang et al., 2004; Abdollahi et al., 2003),
Skovseth et al. (2005) and Wang et al. (2005) reported that en-
dostatin has no effect on the proliferative activity of the EC al-
though it dramatically inhibits EC migration and perivascular
cell recruitment. In our series, in some specimens, prolifera-
tive activity was remarkably high in spite of strong endostatin
expression. When the CNV membranes were classified ac-
cording to the “endostatin overall staining score”, the differ-
ence in proliferative activity was not significant between the
group with high (5—9) and low score (<5). In the specimens
investigated, the proliferative activity did not seem to be
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Fig. 5. Immunohistochemistry of serial sections from the CNV specimen shown in Fig. 4F probed with antibodies against VEGF (A) and Ki-67 (B). Sections were
stained with red alkaline phosphatase substrate (A) and 3-diaminobenzidine (B) resulting in a red and brown chromogen, respectively, and counterstained with
hematoxylin. (A) This specimen displays strong VEGF expression in EC (arrow) and stromal cells (arrowheads) such as fibroblasts and inflammatory cells despite
strong endostatin expression shown in the serial section in Fig. 4F. (B) Several Ki-67 positive nuclei are detected (arrows) in this specimen. None of these nuclei

appear to be associated with endothelial cells. Scale bar: 50 pm.

correlated with endostatin staining intensity but with in-
flammation; the Ki-67 positive cells were mostly stromal
and inflammatory cells. We detected significantly higher pro-
liferative activity in IA CNV than II CNV; however, there
was no significant difference in the endostatin overall staining
score between IA and II CNV. Proliferative activity did not
seem to correlate with either E-selectin or VEGE expression
scores in the CNV.

Collagen XVIIl/endostatin was suggested to be critical for
normal ocular blood vessel formation, vision and RPE function.
Lack of collagen XVIIl/endostatin resulted in ocular as well as
functional RPE abnormalities with the formation of excess
basal laminar-like deposits similar to drusen (Sertie et al.,
2000; Marneros et al., 2004; Fukai et al., 2002). Still, it was
not clear if collagen XVIII or its endostatin part was function-
ally important in AMD pathogenesis. Recent studies revealed
that the level of endostatin was reduced in Bruch’s membrane,
RPE basal lamina and choriocapillaris in eyes with AMD
whereas collagen X VIII immunostaining was similar in pattern
and intensity in comparison to the normal donor eyes. It was
concluded that reduced endostatin expression in choroid might
be a factor contributing to AMD and perhaps choroidal neovas-
cularization pathogenesis (Bhutto et al., 2004).

In our CNV specimens, E-selectin was detected in RPE and
stromal cells as well as EC similar to the observations of others
(Yeh et al., 2004; Shen et al., 1998). Interestingly, E-selectin
was expressed only in CNV membranes but not in any of the
control eyes. This finding is also concordant with the findings
from Yeh et al. (2004). Taken together, these observations
might point to a possible role of endostatin in CNV patho-
genesis as E-selectin was recently suspected to be required
for the antiangiogenic activity of endostatin (Yu et al., 2004).
Yu et al. showed that in E-selectin —/— mice, FGF-induced
corneal angiogenesis and VEGF-stimulated endothelial sprout
formation was not inhibited by endostatin and cells were
endostatin-resistant in contrast to the normal controls. Our
immunohistopathologic evaluation revealed that endostatin is
co-expressed with E-selectin in RPE-Bruch’s membrane com-
plex, vessels and stroma in CNV membranes where patholog-
ical angiogenesis is active but not in either normal control eyes

or the eye with early AMD. Endostatin seems to have other
physiologic functions in normal eyes as stated by previous re-
ports (Sertie et al., 2000; Marneros et al., 2004; Fukai et al.,
2002), but its anti-angiogenic effect in conjunction with
E-selectin seems to apply only to CNV membranes.

Angiostatin, another potent inhibitor of angiogenesis was
shown to up-regulate E-selectin in proliferating EC, and
was, therefore, suggested to be inhibiting selectively the path-
ological angiogenesis without effects on quiescent endothe-
lium (Luo et al., 1998). However, information concerning
such a correlation between endostatin and E-selectin is lack-
ing. In our series, no correlation was found between endostatin
and E-selectin expression, but, it should be sought by further
experimental studies.

In our specimens, expression of E-selectin, an endothelial
specific adhesion molecule especially for leukocytes, did not
vary significantly between IA and Il CNV membranes. E-selectin,
however, is known to be induced not only by inflammatory
stimuli but also by the proliferative state of the endothelium
in non-inflammatory pathway (Luo et al., 1999). Although no
correlation was found between proliferative activity of the
membranes and E-selectin expression in our specimens, it
must be considered that Ki-67 expressing proliferating cells
in CNV were mostly stromal cells but not EC.

Grossniklaus et al. (2002) proposed that the development of
CNV membrane is based on a dynamic process with sequential
initiation, maintenance and involution stages. There is clinical
(Green, 1996) and experimental (Wada et al., 1999) evidence
for spontaneous involution of CNV. Grossniklaus et al. sug-
gested that a decreased production of cytokines, especially
VEGF, and an increased fibrosis may be responsible for the
involution as CNV matures. Besides its inhibitory effect on
EC stimulated by VEGF and FGF-2, endostatin was shown to
stabilize the newly formed endothelial tubes in the early phase
by constructing inter-endothelial junctions and attaching EC to
the basement membrane (Ergun et al., 2001; Yu et al., 2004,
Dixelius et al., 2002). Endostatin is also known to reduce
VEGF induced retinal vascular permeability and neo-
vascularization (Takahashi et al., 2003). Therefore, we suppose
that endogenous endostatin expression may participate in
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the spontaneous involution of CNV. RPE cells have a dual and
regulatory role in CNV pathogenesis. RPE cells may promote
progression of CNV in early stages; however, in the late stages,
they have been suggested to promote regression (Lutty et al.,
1999). The presence of endostatin and E-selectin within the
RPE-Bruch’s membrane complex in CNV may have a role in
the involution process.

Vitreous levels of VEGF and endostatin were shown to be
correlated with the activity of angiogenesis in diabetic retinop-
athy (Noma et al., 2002). In CNV, this may also be the fact but
distinct stages of the angiogenesis process within this patho-
logical tissue may act rather concomitantly than subsequently.
The collagen XVIII/endostatin system limits its self activation
by blocking the activation and the catalytic activity of MMP-2
(Ferreras et al., 2000; Lee et al., 2002). This suggests that an-
giogenic and antiangiogenic factors are active concomitantly
and dependent on each other in CNV until they come into
a balance and stabilize. This may explain the concomitant
expression of intense VEGF as well as intense endostatin
staining within some angiogenic specimens in our series and
almost negative expression of endostatin in disciform scars
examined by Bhutto et al. (2004).

Experimental trials of exogenous endostatin treatment for
CNV have been already conducted and results seem to be
promising (Mori et al., 2001). To the best of our knowledge,
our results are the first to describe endostatin and E-selectin
expression in a relatively high number of CNV membranes.
Physiological levels of endostatin expression, although strong,
may be insufficient to inhibit the existing CN'V totally as is the
case in tumors (Fukai et al., 2002). However, endogenous
endostatin levels are proven to be increased by orally admin-
istered drugs (Folkman, 2004). Therefore, the knowledge
gained from our work may underline a new perspective for
the future trials in CNV treatment.

The proper interpretation of this study is limited by the fact
that age and ‘maturity’ of the surgically excised CNV speci-
mens cannot be determined accurately. It is, therefore, not pos-
sible to determine the onset of endostatin expression according
to time and phase of angiogenesis. Nevertheless, it is conceiv-
able that endostatin is among the endogenous antiangiogenic
factors expressed in human CNV. Its co-expression with E-
selectin in CNV suggests that endostatin may act as an anti-
angiogenesis factor in modulating neovascularization in CNV.
Therapeutic up-regulation of endostatin as an alternative to
its exogenous delivery may be an important strategy in the
future treatment of neovascular AMD to stabilize the course
of neovascularization.
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Ohjective: To examine the impact of photodynamic
therapy (PDT) on angiogenesis in human choroidal neo-
vascular membranes with respect o vascular endothe-
lial growth factor (VEGF) expression, proliferation, and
vascularization.

Methods: Retrospective review of an interventional case
series of 50 patients (50 eyes) who underwent removal
of choroidal neovascular membranes. Choroidal neovas-
cularization was secondary to age-related macular de-
generation. Twenty patients were treated with PDT 3 to
655 days before surgery. Choroidal neovascular mem-
branes were stained for CD34, CD105, Ki-67, cytokera-
tin 18, and VEGF. Thirty choroidal neovascular mem-
branes secondary to age-related macular degeneration
without previous treatment were used as controls.

Results: Specimens without pretreatment disclosed vary-
ing degrees of vascularization, proliferative activity, and

VEGF expression by dilferent cells. Specimens wreated with
PDT 3 days earlier showed mostly occluded vessels, dam-
aged endothelial cells, and low proliferative activity. In
contrast, specimens excised at later time pointsafter PDT
were highly vascularized and proliferating. This chro-
nology was associated with an impressive VEGF immu-
noreactivity unique to retinal pigment epithelial cells
shortly after PDT that also shifted to other cells at later
time points.

Conclusions: Photodynamic therapy induces selective
vascular damage in choroidal neovascular membranes.
The effectiveness and selectivity of this treatment, how-
ever, seem (0 be jeopardized by a rebound effect initi-
ated by enhanced VEGF expression in retinal pigment
epithelial cells.
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GE-RELATED MACULAR DE-

generation (AMD) is the

leading cause of legal

blindness in patients older

than 60 years in the West-
ern world.'? The exudative [orm of the dis-
ease is characterized by the development
of choroidal neovascularization (CNV) in
the macular area that leads to irreversible
damage to the neurosensory retina and se-
vere loss ol visual acuity. Numerous treat-
ment modes have been attempted o de-
stroy the pathological blood vessels using
thermal photocoagulation, ionizing radia-
tion, or photosensitizing dyes or to sur-
gically remove the neovascular tissue with
or without replacement of the damaged
retinal pigment epithelium (RPE) or trans-
location of the fovea. Although some mo-
dalities are still experimental, large ran-
domized clinical trials have shown the
value of faser photocoagulation and pho-
todynamic therapy (PDT). The major
handicap of laser photocoagulation, how-
ever, is the inevitable damage to the neu-
rosensory retina that is associated with a

sudden decrease in visual acuity. This
problem was overcome by the introduc-
tion of PDT.

Photodynamic therapy is a nonthermal
process based on the targeted photoacti-
vation of an intravenously administered
photosensitive drug. The activated dye re-
sults in the creation ol oxygen intermedi-
ates and [ree radicals affecting the ex-
posed endothelial cells.? Photodynamic
therapy seemns to be an ideal treatment ap-
proach for CNV, allowing selective photo-
thrombosis of CNV without damage to the
overlying neurosensory retina.

Alter randomized clinical wrials demon-
strated that PDT with verteporfin (Visu-
dyne; Novartis AG, Buelach, Switzerland)
isaneflfective treatment for subloveal CNV
secondary 1o AMD, it was accepted as a rou-
tine procedure under certain circum-
stances. " The potential and success ol verte-
porflin PDT, however, are considerably
compromised by a recurrence rate of about
90% within 3 months and a mean visual acu-
ity foss of 2 Early Treatment Diabetic Reti-
nopathy Study lines within 6 months.™!
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Table. Clinical Characteristics of Patienis Treated With Photodynamic Therapy

Before Surgical Remaval of he Choroidal Neovascular Membrane

Case No./ , ' T , - PDTC ‘ * " Tiime 10 Surgery
Sex/Age, y cEye - CNV.Type . Visual Acuity " Treatments, No. " s . - From Each PDT Session, d-
MTE Tl Classic 0.025 1 3

AR R Classic 0.020 1 3.

Im/sa L Predgminantly classic 0.063 2. 13,3

4mfed L Classic - 0.025 i 3

5/M/83 L Classic 0.030 1 34

6/F/85 L Classic 0.030 1 37

7F13 R Occult 0.100 3 208, 138,40
8779 L Classic 0.100 i 55

9/F/80. ‘R Classic 0.100 2 172,69

10T [ Minimally classic 0.250 1 "84

11/M/93 - R Classic : 0.160 2 154, 95

120878 L Oceult 0.600 1 105

13/m/81 . L Classic 0.080 2 213,131

14/870- .. R Classic 0.050 2 151,132
15/F/78. L Classic 0.050 3. 344,922,146
18/M/77 L Classic 1/30 MV 3 329, 245, 147
1772 L Predominantly classic 0.080 2 232,166

18/F74 R Hemorrhagic 0.300 1 246

19/F/73 L Classic HM 4 677, 558, 467, 383
20/F/77 L Predominantly classic 115 MV 7 Uniknown, 772, 655*

Ahbreviations: CNV, choroidal neovascularization; HM, hand movement; L, left; MV, meter vision; PDT, photodynamic therapy; R, right.

*Time of first through fifth PDT sessions unknown.

Although many preclinical studies’ demonstrated that
PDT with verteporfin induces vascular occlusion both an-
glographically and histologically, information about the
effect of this treatment on pathological tissues is quite
poor and the understanding of the clinical results and
the high rate of recurrences is still limited.

We describe our results of a clinical and immunohis-
tological study of surgically extracted CNV membranes due
to AMD following verteporfin PDT. This analysis focuses
on the angiogenesis, vascularization, and proliferative ac-
tivity within the specimens extracted alter different inter-
vals and numbers of PDT treatments. The chronology and
quality of the observed changes suggest the need fora criti-
cal reassessment of the actual treatment modalities and the
implementation of adjuvant therapies.

SUBJECTS AND TREATMENTS

We retrospectively reviewed 50 eyes of 50 consecutive pa-
tents with AMD for whom surgery for CNV was performed.
In 20 of these patients, surgery was performed after vertepor-
fin PDT (Table). In addition to the complete ophthalmologi-
cal examination, in patients recciving verteporfin POT, stereo-
scopic fluorescein angiography was perforined before the
trcanment and thereafter on the day of surgery. Choroidal neo-
vascular membranes were classified according to the guide-
lines of the Treatment of Age-Related Macular Degeneration
With Photodynamic Therapy®** and Vertepor{in in Photody-
namic Therapy™ studies. Therapy options including observa-
tion, conventional thermal laser photocoagulation, PDT re-
treatinent. macular translocation with 360° retinotomy. and CNV
membrane extraction were discussed with the patients. Surgi-
cal intervention was offered when visual acuity was below 20/

200 (as that was the minimum visual acuity to recommend the
first PDT session according to the Treaunent of Age-Related
Macular Degeneration With Photodynamic Therapy study™?)
and when visual deterioration progressed after inidal PDT. Clini-
cal characteristics of the patients reated with verteporfin PDT
are swmmarized in the Table.

Four eyes underwent CNV extraction 3 days after PDT.
Three of these 4 eyes had subfoveal classic CNV. The visual
acuity of these 3 eves was between 4/200 and 5/200, less than
the 207200 that was the lowest permissible visual acuity for
PDT in the Treatment of Age-Related Macular Degeneration
With Photodynaric Therapy study.*? The fourth patient with
predominancly classic CNV experienced a decrease in visual
acuity from 60/200 to 10/160 accompanied by a leakage in
fundus fluorescein angiography 3 months after the first PDT
session. He opted to proceed with macular surgery rather than
PDT retreatinent. Photodynamic therapy 3 days prior to sur-
gery was intended to reduce the visk of bleeding at the time of
surgical extraction.

Fach patient gave written informed consent after the ex-
perimental nature of the treatment procedure and the risks and
benefits of all of the therapeutic options were discussed in de-
tail. The study followed the guidelines of the Declaration of Hel-
sinki as revised in Tokyo, Japan, and Venice, laly, and ad-
hered to requirements of the local institutional review board.
The histological analysis of the specimens was approved by the
institutional ethics commmittee.

TISSUE PREPARATION
AND IMMUNOHISTOLOGICAL ANALYSIS

Within minutes alter surgery. excised CNV membranes were
fixed in 3.7% formalin and embedded in paraffin. After serial
sections were deparaffinized and rehydrated, antigen reurieval
was accomplished by proteolytic digestion with 0.5% pronase
{Sigma-Aldrich. St Louis, Mo) for cytokeratin 18 and with pro-
teinase K (Dako. Gloserup. Denmark) for vascular endothelial
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growth factor (VEGF) and by heat treatment in civvate buffer
in a pressure cooker for Ki-67, CD34, and CD105.

Immuunohistochemical staining was perfonned using the
horseradish peroxidase method for all of the antigens exclud-
ing VEGF according to the manufacturer’s protocol (Vec-
tastain Universal Elite ABC PK-6200 kit; Vector Laboratories,
Burlingae, Calif). To block endogenous peroxidase activity,
3% hydrogen peroxide and 0.1% sodium acid were applied.
After preincubation with horse serum, sections were probed
with the primary antibodies specific for human CD105
(mouse monoclonal antbody, clone SN6h; Dako), CD34
(mouse monoclonal antibody; Immunotech, Hamburg, Ger-
many), Ki-67 (imouse monoclonal antibody, clone Ki-S5;
Dako), and cytokeratin 18 (mouse monoclonal antibody; Pro-
gen, Heidelberg, Germany). Incubation with the biotinylated
horse-antimouse secondary antibody and the ABC complex
(Vectastain Universal Elite ABC PK-6200 kit) was followed by
development with a 3-diaminobenzidine (Fluka, Buchs, Ger-
many) solution combined with hydrogen peroxide. For cyto-
keratin 18 staining, the chromogen was replaced with a
3-amino-9-ethylcarbazole highly sensitive substrate chromo-
gen (Dako). hnmunohistochemical staining lor VEGF was
performed with the alkaline phosphatase method according
to the manufacturer's instructions (Alkaline Phosphatase/
RED RabbivMouse CheraMate Detection Kit, K3005; Dako).
A monoclonal mouse-antihuman VEGF antibody (clone C-1;
Santa Cruz Biotechnology, Santa Cruz, Calif), non—cross-
reactive with VEGF-C, VEGF-D, or placental growth factor
but specific for VEGF-A, was used. The biotinylated goat-
antimouse secondary antibody was {ollowed by streptavidin
conjugated to alkaline phosphatase and chromogen red. Le-
vamisole was applied to inhibit endogenous alkaline phos-
phatase activity. Hematoxylin 11 according to Gill (Merck,
Darmstact, Germany) was used as a counterstain. For nega-
tive controls, the primary antibodies were substituted with
appropriate normal sera or were omitted.

ANALYSIS

Two serial sections [rom cach specimen were analyzed by light
microscopy 3 times independendy by 2 masked observers (O.T.
and $.G.).

Vascularization was calculated by counting the number of
CD34- and CD103-positive vascular-like patters in the most
vascularized arca under 200X magpnification.

All of the Ki-67—positive nuclei in RPE, endothelial, and stro-
mal cells were counted separately in each specimen. The per-
centages of Ki-67-expressing RPE, endothelial, and stromal cells
with regard o the total number of proliferating cells in the reated
and nontreated subgroups of membranes were determined. Pro-
lilerative activity (nuclei per square millimeter) of a wem-
brane was deflined as the number of Ki-67-expressing nuclei
ina I-imm?area of a specimen. Proliferative activity in each speci-
men was determined quantitatively by caleulating the ratio of
the total number of Ki-67-positive nuclel in CNV to the arca
of the membrane (in square millimeters).

Lmmmunoreactivity for VEGE was analyzed separately in RPTZ,
endothelial, and stromal cells. A grading scheme indicating the
degree was used as follows: grades ol 3, 2, 1, and 0 were as-
signed to indicate intense VEGF labeling (70%-100% positive
cells). moderate V labeling (40%-69% positive cells), weak
VEGF labeling (19-39% positive cells). and absence of any stain-
ing. respectively.

Based on previous studies.” * the CNV membranes were clas-
sified semiquantitatively as inflammatory active when inflam-
matory cells were more dominant than fibrosis or as inflam-
matory inactive when fibrosis was dominant with minor or
absent inflammatory response.

o

The proliferative activity and intensity of VEGF immunos-
taining between groups were analyzed with a Mann-Whitney
U test. P=.05 was considered statistically significant.

ANGIOGRAPHIC CLASSIFICATION
AND CHARACTERIZATION

The angiographic features classified according to the Treat-
ment of Age-Related Macular Degeneration With Pho-
todynamic Therapy and Verteporfin in Photodynamic
Therapy study reports differed depending on the post-
PDT interval (Table). In all of the 4 membranes ex-
tracted 3 days after PDT, a hypofluorescence suggesting
nonperfusion of the irradiated area and the CNV was seen
in early phases of angiography on the day of surgery
(Figure 1A). Late phases of fluorescein angiography re-
vealed hyperfluorescence and leakage at the fovea con-
sistent with choroidal ischemia (Figure 1B). In CNV mem-
branes extracted at longer post-PDT intervals, fluorescein
angiography on the day of surgery disclosed a mem-
brane (Figure 1C) with leakage in late phases (Figure 1D).

HISTOLOGICAL CHARACTERIZATION
WITH CD34, CD105, AND Ki-67 LABELING

All but I membrane in each group of treated and un-
treated cases were vascularized as evidenced by CD34-
positive vessels (Figure 2A). In CNV membranes de-
void of PDT, all of the vessels stained positively for CD34
(Figure 3A) but stained only partially for CD105
(Figure 3A and B). In membranes extracted 3 days after
PDT, immunohistological analysis with CD34 and CD105
showed not dnly many collapsed vessels (mean percent-
age ol occluded vessels, 81.1%) but also patent ones
(Figure 3D). The endothelial cells lining the patent ves-
sels appeared damaged. In contrast, vessels in CNV mem-
branes extracted at longer post-PDT intervals were all patent
with endothelial cells displaying prominent nuclei. The
specimens were hypercellular and highly vascularized. The
vessels strongly expressed CD105 (Figure 3E), reflecting
very vital and active endothelial cells.

In nontreated CNV membranes, a differing number
of Ki-67-positive proliferating cells could be detected
(Figure 24). The Ki-67—positive cells (n=544) were rarely
endothelial cells (n=31 [5.7%]) or RPE cells (n=15
[2.8%]) but most often appeared o be stromal cells
{(n=498 [91.5%]) (Figure 3C), especially in the inflam-
matory infiltration. In lact, specimens classilied as in-
lammatory active (n=20) had significantly higher pro-
lilerative activity (median proliferative activity, 59.85
nuclei/mm?; range, 0-514.08 nuclei/mm?) than inflam-
matory-inactive specimens (= 10; median prolilerative
activity, 6.81 nuclei/mm?; range, 0-113.69 nuclei/mm?)
(P=.001). In specimens treated with PDT, Ki-67-
positive nuclei (n=1222) were rarely detected in RPE cells
(n=7416.1%]) or endothelial cells (n=51 [4.2%]) but
were mostly detected in stromal cells (n=1097 [89.8%]).
However, in membranes extracted 3 days alter PDT,
Ki-67-expressing cells (n=37) were completely absent
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Figure 1. Fluorescein angiographs taken on the day of surgical extraction of the choroidal neovascular membrane. A, Early phase of fluorescein angiography
3 days after photodynamic therapy in case 4. B, Late phase of fluorescein angiography 3 days after photodynamic therapy in case 4. C, Early phase of fluorescein
angiography 34 days after photodynamic therapy in case 5. D, Late phase of fluorescein angiography 34 days after photodynamic therapy in case 5.

in 2 cases and relatively abundant (n=36) only in 1 speci-
men with the lowest percentage of occluded vessels
(Figure 2A). The proliferative activity in specimens ex-
wracted 3 days after PDT (median proliferative activity,
4.85 nuclet/mm?; range, 0-9.71 nucle/mm?) was smaller
than that in the CNV membranes without prior PDT (me-
dian proliferative activity, 53.20 nuclei/mm?; range,
0-514.08 nuclei/mm?), but this difference did not reach
statistical significance (P=.13). However, at longer in-
tervals following PDT, proliferative activity increased sig-
nificantly (median proliferative activity, 7828 nuclei/
mm?; range, 0-829.29 nuclei/mm?) (P=.04) (Figure 2A
and Figure 3F).

EXPRESSION OF VEGF

In CNV membranes not treated with PDT, VEGF stain-
ing was absent in the RPE cells of 18 (60.0%) of 30 speci-
mens (Figure 2B). In the remaining 12 (40.0%) ol 30 speci-
mens, VEGT staining was mostly weak to moderate
(Figure 4A and B). A moderate amount of VEGY expres-
sion was found in 16 (53.3%) of 30 vascular endothelial

cells. Only 4 (13.3%) of 30 specimens, however, dis-
played intense staining (Figure 2B). The VEGI staining
within the stroma appeared in both fibroblast-like and in-
flammatory cells (Figure 2B and Figure 4A and B).

In all of the membranes extracted 3 days after PDT
(n=4), cytokeratin 18-positive RPE celis (Figure 4C)
showed an intense staining for VEGF (Figure 2B and
Figure 4C and D). At longer posttreatment intervals, the
VEGF staining in RPE cells persisted to different de-
grees (Figure 2B and Figure 4F), being absent in only 2
cases. Three days after PDT, only 1 membrane had en-
dothelial cells with a moderate expression of VEGFE. The
other 3 specimens were either negative for staining (n=1)
or were just weakly stained (n=2). At greater intervals
(n=16), the VEGF staining in endothelial cells ap-
peared to increase, with only 1 case of endothelial cells
without VEGF staining, and 10 (66.7%) of 15 speci-
mens had moderate to intense staining at the vessels
{Figure 2B and Figure 4% and ). The VEGT staining was
significantly increased in RPE cells (P<C.001), endothe-
lial cells (P=.008), and stromal cells (P=.02) after PDT
(Figure 2B and Figure 4E and I'). The VEGY staining in-
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Figure 2. The distribution of endothelial cells (EC) (with vascularization calculated by counting the number of CD34- and CD105-positive vascular-like patterns in
the mos} vascularized area under 200 magnification) and proliferalion marker (with proliferative activity evaluated by counting the absolute number of
Ki-67-positive nuclei within the specimen) (A) and of vascular endothelial growth factor (with vascular endothelial growth factor immunostaining in retinal
pigment epithelial [RPE] cells. EC, and stromal cells evaluated separately and semiguantitatively) (B) in choroidal neovascularization without pretreatment. 3 days
after photodynamic therapy (PDT). and 1 or more months afler PDT.

tensity showed no predilection according to the local- Choroidal neovascularization is most likely the result
ization in the CNV. of neoangiogenesis, and VEGF is thought to play a pivotal
role within this process.”"” Vascular endothelial growth fac-

W tor has been shown to be required lor normal vascular de-
velopment,'® survival and morphology of choriocapil-

laris," and retinal neovascularization®® in experimental
animal models. 1t plays a key role in the pathogenesis of
ischemia-associated retinal neovascularization' and isa ma-

Lately, PD'T has gained an important role in the treat-
ment of neovascular AMD. The potential and benefit of
this therapy, however, are compromised by high recur-

rence rates and a recduced [unctional prognosis. To pro- jor stimulator of CNV development and growth." Vascu-
mote this treatment concept and to reduce its limita- lar endothelial growth factor is present both in surgically
tions, knowledge of the biological effects of PDT in CNV excised CNV membranes from human eyes with AMD®!
is crucial. and in experimental CNV membranes."* [t can induce CNV
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Figure 3. Photomicrographs of a surgically excised choroidal neovascular membrare. The specimen of a case that did not receive photodynamic therapy was probed
with antibodies against CD34 (A) and CD105 (B), stained with 3-diaminobenzidine (resulting in a brown chromogen), and counterstained with hematoxylin. The
endothelial cell markers CD34 and CD105 are selectively expressed in vascular structures (arrows). Some endothelial cells do not stain for CD105 (arrowhead). The
brown chromogen can be distinguished from the melanin granula (asterisk) contained in pigmented cells. C, In the same case that did not receive photodynamic
therapy, several cell nuclei express the proliferation marker Ki-67 (arrows). The brown chromogen can be distinguished from the melanin granula (asterisk) contained
in pigmented cells. D, The choroidal neovascular membrane from case 2 extracted 3 days after photodynamic therapy was probed with CD34. Some of the vessels
shown by the brown chromogen are still patent (arrow) whereas others appear collapsed (arrowhead). The brown chromogen can be distinguished from the melanin
granula (asterisk) contained in pigmented cefls. A choroidal neovascular membrane (case 7) extracted 40 days after photodynamic therapy shows the brown
chromogen from the stain by CD105 with patent and vital iooking vessels (E} and by Ki-67 with several proliferating cells (brown nuclei} (F).

in animal models,” and CNV has been suppressed by anti- receive PDT before surgery. In our study, VEGF expres-
VEGF therapy in primates." sion by RPY cells could be detected in fewer than 50%

To understand the changes that might be related to of the cases, with intense expression in only 13% of the
PDT, we first examined CNV membranes that did not membranes. In contrast, expression by stromal cells was
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Figure 4. Photomicrographs of surgically excised choroidal neovascular membranes. A. A specimen that did not receive photodynamic therapy was stained for
vascular endothelial growth factor (VEGF) (red chromogen) and showed a retinal pigment epithelial (RPE) cell layer (asterisk), vascularization (arrow), fibroblastic
stromal cells, and different degrees of an inflammatory infiltration (arrowhead). The VEGF staining can be detected within inflammatory, endothelial, and stromal
cells. B, Another specimen that did not receive photodynamic therapy was stained for VEGF (red chromogen) and showed an RPE cell layer (asterisk),
vascularization (arrow), fibroblastic stromal cells, and different degrees of an inflammatory infillration (arrowhead). The VEGF staining can be detecled within
endothelial and stromal cells whereas RPE cells are negative for staining. A choroidal neovascular membrane from case 2 was extracted 3 days afier
photodynainic therapy and stained (red chromogen) for cytokeratin 18 (C) and VEGF (where the RPE cells {arrows] were strongly positive for VEGF as compared
with the choroidal neavascular membranes that were not treated with photodynamic therapy) (D). Specimens from cases 7 (E) and 11 (F) were stained for

VEGF (red chromogen). and VEGF was expressed by endothelial cells (arrows), stromal cells (arrowheads), and RPE cells (£} (asterisk).

man CNV membrancs. Lopez ¢t al'* deseribed VEGE pro-
duction by RPE cells, endothelial cells, fibroblasts,
macrophages, and monocytes in CNV membranes. Inour
membranes, VEGF slaining in endothelial, RPE and stro-

found in 90% ol the cases. Thesc results conlirm the find-
ings by Kvanta et al.'"" who detected VEGY staining and
VEGE messenger RNA expression particularly in fibro-
blast-like cells but anly occasionally in RPY cells of hu-
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mal cells at dilferent intensities was in concordance with
their {indings.

In our series of 20 patients receiving presurgical PDT,
4 membranes were extracted 3 days after PDT. Fluores-
cein angiography on the day of surgery revealed nonper-
fusion of the CNV within the area of the laser treatment
as demonstrated by the occlusion of most of the vessels
hoth within the CNV and in the surrounding normal cho-
roid.***! Histological analysis of PDT-treated human eyes
supported these findings by identifying an occluded cho-
riocapillary layer within the spot produced by the la-
ser. 22 We detected as an early change many collapsed
vessels as well as several patent vessels with presumably
damaged endothelial cells. The proliferative activity within
these specimens was low.™ Interestingly, in all of these
membranes, intense VEGF staining was extremely promi-
nentin RPF cells whereas it varied in endothelial and stro-
mal cells. Vascular endothelial growth factor is known
to be strongly induced by hypoxia in RPE cells™ as well
as by reactive oxygen intermediates.” Either aggravated
hypoperfusion of the choroid®**** and/or reactive oxy-
gen intermediates released by the photochemical effect
of PDT might be the angiogenic stimuli inducing VEGF
secretion by RPE cells after PDT.

Whatever reason might be responsible, enhanced VEGF
expression by RPE cells, even when temporary, is an im-
portant angiogenic stimulus that leads to increased vascu-
lar leakage and development of CNV_* In fact, CNV mem-
branes extracted at longer intervalsalter PDT showed patent
vessels lined by healthy endothelial cells that were highly
positive for CD34 and CD105. None of these 16 speci-
mens had occluded or collapsed vessels. The proliferative
activity was significantly increased and associated with a
cell-rich fibrocellular siroma and an inflammatory re-
sponse. The VEGF expression by RPE cells persisted in most
of these cases. In contrast, the VEGF expression in endo-
thelial and stromal cells appeared to be enhanced com-
pared with the early post-PDT cases. The high inflanuna-
tory activity appearing in the longer post-PDT intervals may
also be a factor in sustaining increased VEGY expression.

Bula et al examined VEGF expression in 6 CNV mem-
branes extracted 3 months alter PDT. Four CNV mem-
branes without prior PDT composed the control group.
Contrary Lo our results, no significant difference in VEGF
expression was detected between the treated and un-
treated CNV membranes. The small number of speci-
mens as well as the long post-PDT interval in their work
might be responsible for their results.

The number of retreatments did not seem to affect the
chronology of the process thatis induced by the last treat-
ment. Although it is a mild and sclective modality, PDT
is still a traumatizing event inducing a wound-healing
cascade with the initial characteristics of angiogenesis
within an inflammatory selting. In fact, although all of
the membranes appear (o be inflammatory inactive and
nonproliferative 3 days alter PDT, there seems to be a
rebound activity therealter.

When applied to normal cherioretinal structures, PDT
increased VEGE expression in endothelial cetls of the cho-
riocapillaris, but not at the level of that in the RPE cells.”
However, in our study, PDT applied to CNV induced an
early VEGF response by RPE cells.

Our results may explain the clinical observation of a
decreased retreatment rate and an increased visual im-
provement when PDT is combined with anti-VEGF treat-
ment.?3 Intravitreal injections of anti-VEGF molecules
should interrupt the vicious cycle induced by PDT. In a
phase 1l study,” anti-VEGF aptamer was injected intra-
vitreally 5 10 10 days after PDT. Prominent VEGF expres-
sion in RPE cells already 3 days after PDT in our samples,
however, suggests an earlier anti-VEGF intervention.

To our knowledge, this is the first clinicopathological
correlation of changes regarding VEGF expression, pro-
liferative activity, and vascularization in CNV mem-
branes treated with PDT. The proper interpretation of this
study, however, is limited by the fact that our cases may
represent a negative selection. Although the histopatho-
logical findings in patients who benefit [rom verteporfin
PDT might differ, it is conceivable that PDT causes trauma
followed by enhanced VEGF expression and angiogen-
esis associated with an inflammatory wound-healing pro-
cess. With regard to the reinitiation of the angiogenic cas-
cade, the need for a counteracting adjunctive therapy started
at the proper time becomes more and more obvious.™
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the evaluation for CTX to support
carly definitive therapy. Moreover,
the measurement of cholestanol lev-
els when a subject is initially seen
with presenile cataracts of question-
able etiology could be a valuable
clinical tool.
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Familial Retinal Arterial
Tortuosity Associated
With Tortuosity

in Ndail Bed Capillaries

Familial retinal arterial torwuosity
(IRAT) is characterized by marked
tortuosity of second- and third-
order retinal arteries with normal
first-order arteries and venous sys-
tem. Patients have variable tran-
sient vision loss owing to retinal
hemorrhages alier minor stress or
trauma. Prognosis is usually excel-
lent. Whether there is systemic in-
volvement is controversial. We re-
port 3 cases of [RAT associated with
a high degree of tortuosity of capil-

laries at nailfold capillaroscopy as an
indication of systemic vascular pa-
thology.

Report of Cases. Case 1. A woman
was [irst seen at age 19 years be-
cause of blurred vision after a mi-
nor car accident. Best-corrected vi-
sual acuity (BCVA) was 0.9 OD and
0.8 OS. Ophthalmologic examina-
tion revealed marked tortuosity of
second- and third-order retinal ar-
teries and multiple intraretinal and
preretinal hemorrhages in both eyes
(Figure YA). The patient was ob-
served. Four weeks later, BCVA was
fully restored in both eyes and the
hemorrhages had almost resolved.

Five years later, the patient re-
ported frequent episodes of mi-
graine. Tortuosity of the retinal
vessels and BCVA remained un-
changed, but the macular rellex ap-
peared duller, and mild thickening
of the inner limiting membrane was
noted in both eyes (Figure 1B). No
hemorrhages were observed.

Seven years alter she was [irst
seen, the patient had decreased vi-
sual acuity of 0.4 QD and 0.8 OS. She
was in her 18th week of pregnancy
and had undergone amniocentesis
2 days previously. Fundus exami-
nation showed several preretinal, fo-
veal hemorrhages in both eyes. Four
weeks later, BCVA returned 10 1.0
OU and hemorrhages had resolved.

Twelve years after she was first
seen, the patient reported episodes
of blurred vision once per year, usu-
ally following minor exercise. Best-
corrected visual acuity had always
fully recovered. At this ophthalmo-
logic examination, thickening of the
inner limiting membrane was stable
and there was | asymptomatic pre-
retinal hemorrhage inferotemporal
to the macula (Figure 1C). The pa-
tient still experienced 5 to 6 epi-
sodes of migraine per year but was
otherwise healthy.

In visual field tests, scotomas
were noted that corresponded 1o the
locations of the hemorrhages. Fluo-
rescein angiography demonstrated
no leakage, staining, hypoperfu-
sion, or capillary dropout. Neuro-
logic examinations, including cra-
nial magnetic resonance imaging,
yielded normal findings. Extensive
examinations in internal medicine,
explicitly, tests for serologic fac-

tors including virus and bacteria an-
tibody titers and for rheumatologic
and autohmmune factors, coagula-
tion tests, and serum electrophore-
sis, also yielded normal findings. The
patient was not taking any sys-
temic medication that would alter
coagulation, and blood pressure was
within normal limits.

At nailfold capillaroscopy, which
was performed at the second and
fourth visits, tortuosity of capillar-
ies was highly increased in all fin-
gers of both hands (Figure 1D and
E). Minor rarefication and 1 avas-
cular zone, but no microhemor-
rhages, were detected. Sodium fluo-
rescein video nailfold capillaroscopy
showed normal inflow and out-
flow, demonstrating absence of cap-
illary spasm; normal transcapillary
and interstitial diffusion of fluores-
cein; and normal halo. No other
dermatologic disease, including
Raynaud syndrome, was observed.

Case 2. The older sister of pa-
tient 1 reported a slight decrease in
BCVA when first seen at age 28
years. However, BCVA was 1.0 OU.
We found marked tortuosity of sec-
ond- and third-order retinal arter-
ies in both eyes but no hemor-
rhages. The patient had a history of
1 episode of transient microhema-
turia of unknown origin, but other-
wise reported that she was healthy.

Seven years later, extensive oph-
thalmologic (Figure 2A), neuro-
logic, and medical examinations
were performed, analogous to those
in patient 1. All findings were nor-
mal with the exception that anti-
nuclear antibodies were 2-fold posi-
tive. Findings at dermatologic
examination and nailfold capillaros-
copy were identical to those in pa-
tient 1 (Figure 2B and C).

Case 3. The father of patients ]
and 2 was [irst seen at age 56 years
and reported that he had never ex-
perienced any visual disturbances.
He had a stroke with speech distur-
bance 8 years carlier, but reported
no residual adverse cffects. Best-
corrected visual acuity was 1.0 OU.
Marked tortuosity of second- and
third-order retinal arteries was found
in both eyes, without hemorrhages.

He was scen 7 years later, and ex-
tensive ophthalmologic (Figure 3A),
neurologic, and medical examina-
tions revealed atrial fibrillation, and

(REPRINTEDY ARCH OPHTHALMOTL /VOL 1240 OCT 2006

1492

WAVW ARCHOPHTHALMOL .COM

Downloaded from www.archophthalmol.com at Keio University, on January 16, 2007
©2006 American Medical Association. All vights reserved.



Figure 1. Patient 1. Views of the fundus and findings al nailfold capillaroscopy. A, When the patient was first seen after a minor car accident al age 19 years,
multiple smail hemorrhages were noted. She exhibited all of the typical features of familial retinal arterial tortuosity, with tortuosity in second- and third-order
refinal arteries and normal large arteries and retinal veins. B. Five years later, no hemorrhages were seen and the retinal vasculalure remained unchanged.

G, Twelve years later. there was 1 preretinal hemorrhage inferotemporal to the macula; the retinal vasculature otherwise remained unchanged. D and E, Nailfold
capillaroscopic findings in the right third and fourth fingers. Except for the high degree of tortuosily (present in approximately 30% of capillary loops; arrows
depict typical examples). {he capifaries were normal, a finding that was confirmed at sodium fluorescein video microscopy. For comparison, the inset in E shows
enlargement of normal capillary loops al naiffold capillaroscopy in a healthy person. Note paralle! arrangerment of inflow and outflow arms.

Figure 2. Patien 2. Views of the feidus and findings at nailfeld capiitaroscopy. A. At age 35 years. the patient demonstrated all of the typical findings of familial
refinal arlerial torluusity. She had never experienced visual disturbances. although the degree of tortucsity was higher than in patient 1. B and C, Nailfold
capillaroscopic findings in the left thitd and fourth fingers. Also in this patient, approximately 30% of capiltary loops showed a high degree of tortuosity (artows
depict typical examples) while all olher findings were nonnal analogous to those in patient 1.
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warfarin sodium therapy was pre-
scribed. As in patients | and 2, all
other systemic [indings were nor-
mal. Findngs at dermatologic exami-
nation and nailfold capillaroscopy
were identical to those in patient ]
(Figure 2B and C).

Comment. All 3 patients had typi-
cal features of [RAT: only second-
and third-order arteries were al-
fected, while first-order arteries and
the venous system were normal. The
caliber, shape, and branchings of af-
fected arteries were normal; no leak-
age or staining was observed at (luo-
rescein angiography; symptomatic
hemorrhages followed minor stress
or trauma; visual prognosis was ex-
cellent; and no associated systemic
disease was found in any of our 3 pa-
tients. These [indings correspond
well with the previously reported ap-
proximately 100 cases.'* While in
isolated cases systemic discase was
found in patients with {RAT (mal-
{ormation in the Kieselbach nasal
septum, vascular mass in the spi-
nal cord, sixth nerve palsy, simul-
taneous conjunctival hemorrhage,
teleangicectasis of the bulbar con-
junctiva), no consistent associated
systemic disecase has been reported
and, thus, [RAT was generally
believed to be an isolated retinal
finding.®* Our linding of marked
capillary tortuosity at nailfold cap-
illaroscopy favors systemic vascu-
lar disease in [RAT.

Recently, asyndrome has been re-
ported consisting of features of [RAT
with hematuria, muscular contrac-

tures, and sporadic other disorders
such as cardiac arrhythmia." This
syndrome is distinet from the find-
ing in our patients; only patient 2
had transient microhematuria and
pronounced tortuosity in nail bed
capillaries, in contrast to the unspe-
cific findings at nailfold capillaros-
copy found in patients with the
newly reported syndrome, which is
dominated by renal disease.

Naillold capillaroscopy, as it was
performed in our patients, is consid-
ered amirror of systemic vascular pro-
cesses, and a high degree of validity
ol correspondence and prognostic
value is found, for example, in dia-
betes mellitus, systemic sclero-
derma, primary chronic polyarthri-
tis, and systemic fupus erythematosus,
and especially with ocular capillar-
ies and in glaucoma.’ Nailfold capil-
laroscopy demonstrated the identi-
cal leatures of capillary loops as retinal
vessels in showing a high degree of
tortuosity without any other patho-
logic findings such as leakage of dye,
occlusion, or caliber abnormalities. A
milder form of tortuosity at nailfold
capillaroscopy has been described in
patients with psoriatic arthritis,” but,
to our knowledge, tortuosity of this
magnitude has not been reported be-
fore. Considering that hemorrhages
{rom retinal vessels are a hallmark of
fRAT, manifestation in other tissues
could be expected, although evi-,
dence lor consistent systemic dis-
ease is thus far lacking in [RAT.

By demonstrating that capillary
abnormalities are also found in
nailfold capillaries of patients with

En
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Figure 3. Patient 3. Views of the fundus and findings at nailfold capillaroscopy. A, When the patient was last seen at age 62 years, he demonstrated all of the
typical findings of familial retinal arterial tortuosity. The patient had never experienced visual disturbances, although the degree of tortuosity was greater than in
patients 1 and 2. B and C, Naitfold capillaroscopic findings in the patient's right second and fourth fingers. Approximately 30% of capillary loops showed a high
degree of tortuosity {arrows depict typical examples), while all other findings were normal, analogous to those in patients 1 and 2.

fRAT, retinal vascular abnormali-
ties can no longer be accepted as
an isolated flinding. We believe
that, because of an increasing
number of reports of this disease,”
further investigation. as to systemic
involvement in patients with fRAT
is warranted.
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ABSTRACT

Aim: To evaluate impact of verteporfin photodynamic therapy (PDT) on endostatin
with regard to vascular endothelial growth factor (VEGF) expression in human
choroidal neovascular membranes (CNV) secondary to age-related macular
degeneration.

Methods: Retrospective review of an interventional case series of sixty-eight patients
who underwent removal of CNV. Twenty-nine patients were treated with PDT 3 to
655 days prior to surgery. Thirty-nine CNV without previous treatment were used as
controls. CNV were stained for CD34, CD105, Ki-67, cytokeratin18, endostatin, E-
selectin and VEGF. “Predominance score of VEGF over endostatin® (PS) was
defined calculating the difference between VEGF and endostatin staining scores.
Results: In four CNV treated by PDT 3 days previously, PS was significantly higher
in retina pigment epithelium (RPE) (PS=2.5, p=0.0059) and stroma (PS=2, p=0.0152)
than in the control group (PS=0). At longer post-PDT intervals, PS was significantly
decreased in RPE (PS=0, p=0.0192) and stroma (PS=0, p=0.0152). Proliferative
activity was high (p=0.0227) but mostly related to inflammatory cells. PDT did not
influence E-selectin expression significantly.

Conclusions: VEGF predominance over endostatin early after PDT might contribute
to enhanced angiogenic activity associated with recurrences. Strategies upregulating
or replacing endostatin early after PDT might increase the effectiveness of PDT.





