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We evaluated the effect of a basic fibroblast growth factor (bFGF) and saporin
conjugate (bFGF-SAP) on proliferation, migration and tubule formation in bovine
choriocapillary endothelial cells (BCECs). Cell proliferation and MTS assays were
done with 0.01, 0.1, 1, 10, and 100 nM bFGF-SAP, and an equimolar concentration
of bFGF and saporin. TUNEL assay was performed to confirm apoptosis. Cells were
treated with 1, 10, and 100 nM bFGF-SAP and migration assay and tubule forma-
tion assay were done. Results were evaluated with image analysis. All experiments
were performed in triplicate and repeated three times. Viable cells (I = 0.62) and
cell proliferation by MTS assay (IDsg = 0.75 nM) were inhibited. Saporin caused
cytotoxicity and inhibition of proliferation at high concentration. DNA fragmenta-
tion was identified by TUNEL assay. Migration and tubule formation were also
inhibited. All mechanisms responsible for neovascularization were inhibited, and
this could be applied in the management of subretinal choroidal neovascularization
(SRN).

Key words: basic FGF, saporin, choriocapillary endothelial cell, immunotoxin, choroidal
neovascularization

neovascular membrane, characterized by subretinal
INTRODUCTION growth of choriocapillary endothelial cells, is the
common determinant in these disorders.

Life expectancy in the general population has Laser photoablation of SRN for prevention of
improved progressively and the importance of agduture visual loss has been reported to be the most
related macular degeneration in ophthalmology haeffective therapy for the management of SRbut
increased proportionalfy* Subretinal neovascular- its own complications and limitations make it inap-
ization (SRN) may be caused by pathologic myopigropriate in many cases.
and trauma in the younger population. Choroidal Prevention based on environmental and nutrition-
oo ‘ al factors related to the development of SRN are
of oegrt%:?#glsésg;? YSet?ng:uolt'an Elcr)népl\i/ltgi ’Dg%"’;m‘l?g‘tunder investigatiofi; but methods that act directly
University Medical College, 620-56 Jeonnong-dong,0n Preformed neovascular membranes have not
Dongdaemoon-ku, Seoul 130-709, Korea. been reported so far. At present, medicine is being

This study was presented in part at the Koreap,geq ingirectly as an adjuvants in dye laser photoco-

Ophthalmological Society Annual Meeting, 2003, Pusan, .
Ké’rea. 9 Y 9 agulation®-11
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The similarity of choroidal neovascularization totimes.
tumors has led researchers to anticancer therapy
modalities. Immunotoxins are being used widel\3. MTS assay
against various tumors, and have also been shown to

i 3
have a significant inhibitory effect against choroidal BCEC suspensions were seeded X510

o a013 . . .~ "cells/well) on 96-well culture plates, and then each
neovascularizatiok?13 Immunotoxins are chimeric ! .
molecules in which toxins are conjugated to carriWeII was further filled to a volume of 10 with

. . - conjug 10% FBS supplemented with DMEM. The cells

ers. The carriers bind to specific receptors, and the . .
L . . were incubated for 24-48 hours until a confluency
toxins in the conjugate destroy the particular . .
cell14.15 of 70-80% was observed. Various concentrations of

Conjugates of the carrier basic fibroblast growtthGF_SAp (0.01,0.1, 1, 10, 100 nM), an equimolar

factor (bFGF) and toxin saporin act specifically o concentration Of.bFGF (R&D Systgms Inc, MN’
. SA) or an equimolar concentration of saporin

L L ?gigma, MO, USA) were then added and the mix-
membranes, resulting in high selectivity and rela; . .
. . = 16-18 ture was further incubated for 72 hours. Cell Titer
tively low retinal toxicity- .

. . . . 96 Aqueous 1 solution (Promega, WI, USA) was
With this background, we used bovine choriocap- R
. . added (20ul/well) at 37°C for 2-4 hours.
illary endothelial cells (BCECs) to study the effect . :

L o Absorption at 490 nm was measured in a 96-well
of bFGF-SAP onn vitro neovascularization. . s
plate reader. Every experiment was done in tripli-
cate and repeated 3 times.
MATERIALS AND METHODS The effect of serum bFGF on bFGF-SAP was
1. Culture of bovine choriocapillary endothelial also evaluated ng MTS assay. Cells showing a con-
cells (BCECs) fluency of 70-80% were incubated under FBS free
and 10% FBS conditions, and then various concen-
BCECs and recombinant bFGF-SAP conjugaté&rations of bFGF-SAP (0.01, 0.1, 1, 10, 100 nM)
were kindly provided by Dr. Stephen J. Ryan atvere added. MTS assay was done as described
Doheny Eye Institute. BCECs were cultured inabove.
Dulbecco’s Modified Eagle’s Medium (DMEM:  Every experiment was done in triplicate and
Gibco) supplemented with 10% fetal bovine serumepeated 3 times.
(FBS: Gibco, MD, USA). BCECs were confirmed
to be vascular endothelial cells by positived. Identification of apoptosis by TUNEL fluo-
immunostaining for von Willebrand factor (Santa rostaining
Cruz Biotechnology, CA, USA) and binding of dil1-
acetylated-low density lipoprotein (LDEY. Fourth
to seventh passaged cell were used.

BCECs (2x 10% were seeded on 6-well culture
plates and incubated for 24 hours in DMEM supple-
mented with 10% FBS until a confluency of 70 -
80% was observed. Then 10 nM bFGF-SAP was
added before further incubation for 72 hours.

BCECs (2x 10% were seeded on 6-well culture TUNEL fluorostaining was performed using the
plates and incubated for 24 hours in DMEM suppleApopTag Fluorescein Kit (Intergen, NY, USA) as
mented with 10% FBS until a confluency of 70-80%described in the user’s manual. Briefly, cells were
was observed. Various concentrations of bFGF-SA&ried at room temperature and then fixed with 4%
(0.01, 0.1, 1, 10, 100 nM), an equimolar concentrgparaformaldehyde solution (4% in phosphate
tion of bFGF (R&D Systems Inc, MN, USA) or an buffered saline: PBS, pH 7.4) at room temperature
equimolar concentration of saporin (Sigma, MOfor 10 minutes. After washing with PBS, the sam-
USA) were then added and the mixture was furthgsles were left in ice (4°C) for 2 minutes with perme-
cultured for 72 hours. Viable cell numbers werabilization solution (0.1% Triton X-100, 0.1% sodi-
finally counted by trypan blue exclusion. Everyum citrate). The samples were dried and/b®f
experiment was done in triplicate and repeated BUNEL reaction mixture was added before reaction

2. Cell proliferation assay
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proceeded at 37°C for 1 hour in a humidified cham 5
ber. Photographs were taken after washing 3 time
with PBS. h— =
. . . . = i L - - = .-
Every experiment was done in triplicate anc  * 2 ’:ﬁ-_g ey |
repeated 3 times. : 7 = !

. . T f - .
5. Cell migration assay B o R e - S

BCECs (5x 10F) were seeded on 35 mm dishes * 7. = & = o
and incubated until confluence. A spatula was use - ; : gre 5 - " E
to denude half the area of each dish, and the marc : 3 -
was marked under each dish. Various concentratioi : . ..
of bFGF-SAP (1, 10, 100 nM) were added and incL e
bated for 72 hours. Microphotographs were takeFig. 1. Characterization of bovine choriocapillary

with an Axiovert S100 phase contrast microscopendothelial cells. Bovine choriocapillary endothelial
(Carl Zeiss, NY, USA). cells showed dark brown colored positive immuno-

Photoshop V6.0 was used to open the micrcStaining for von Willebrand factor. (magnification,

. . . x10).

graphs, and migration assay was performed using
method derived from a technique reported by Lel
et al20 Photoshop was used to calculate the total dimension

A premarked margin was used as a reference linef the tubule-like structures as in the previous
and the area in which cells were present was seleatigration assay. Microtubule formation was quanti-
ed. The dimension of this area was measured usifigd by calculating the percentage ratio of the exper-
the Histogram function of Photoshop. The total areemental tubule formation area to the control tubule
of the whole photograph was also taken as a refdisrmation area.
ence and the relative migration area was calculatedEvery experiment was done in triplicate and
as the percentage ratio of the cellular area to thigpeated 3 times.
reference value. Percentage migration was quanti-
fied by calculating the ratio of the experimental7. Statistical analysis
migration area to the control migration area.

Every experiment was done in triplicate andU
repeated 3 times.

Paired two-tailed t test (Sigmaplot, SPSS Inc., IL,

SA) was used to statistically analyze the differ-

ences between the experimental and control groups.

Nonlinear regression (SPSS, SPSS Inc.) was used to

analyze cell proliferation and MTS assay.
Three-dimension collagen gel mixture [7 volumes

of rat tail type | collagen (Roche, Germany), 2 vol- RESULTS

umes of 5 times concentrated DMEM and 1 volume

of 200 mM HEPES (Gibco); pH fixed at 7.0 with 11. The effect of bFGF-SAP on BCEC prolifera-

N NaOH] was added to 24-well plates (0.4 ml/well) tion

and incubated at 37°C for 3 hours. After polymer-

izattion of the gels, BCECs @104) were seeded on roliferation of BCEC in a dose-dependent manner.

each gel and incubated until a confluency of abmg]

70-80% was observed. Various concentrations 0S tg:ggf;;;?\?ere(;si'::ibﬁgial_?:eigw;g% gzvr?;: es
bFGF-SAP (1, 10, 100 nM) were added and incu_. ’ '
bated for 24 hours. Microphotographs of the tubule(-F'g' 1-A).

' P grap In contrast, bFGF alone stimulated cell prolifera-

like formations were taken with a phase contrast . ;
. e P t(ljon (P < 0.01). At low concentration saporin had no
microscope. Modified image analysis methods use

in the evaluation of tubules were applig2? significant effect (P = 0.58 at 0.05 nM), but showed

6. Microtubule formation assay

The bFGF-SAP conjugate inhibited the cellular
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Fig. 2. Effect of bFGF-SAP, bFGF and saporin on
bovine choriocapillary endothelial cells growth. A:
bFGF-SAP showed a dose-dependent cytotoxicity to
choriocapillary endothelial cells. Analysis by nonlin-
ear regression using Sigmaplot V7.0 revealed a typi-
cal reverse sigmoid standard curve. IDgg was 0.62
nM. B: bFGF induced the proliferation of bovine
choriocapillary endothelial cells dose-dependently.
Saporin had no significant effect at lower concentra-
tions, but showed cytotoxicity at a high concentration
of 50 nM. Results are given as a mean S.D. * P <
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Fig. 3. Effect of bFGF-SAP, bFGF and saporin on
bovine choriocapillary endothelial cells proliferation.
A: bFGF-SAP showed dose-dependent inhibition of
proliferation. Analysis by nonlinear regression using
Sigmaplot V7.0 revealed a typical reverse sigmoid
standard curve. IDgg was 0.75 nM. B: bFGF induced
proliferation dose-dependently. Saporin showed inhi-
bition of proliferation at a high concentration of 50
nM. Results are given as a mean S.D. * P < 0.01
compared with untreated control.

0.01 compared with untreated control. and metabolism (P < 0.01) at higher concentrations.
Saporin showed significant inhibition at high con-
significant inhibition at high concentration (P < 0.01centration (P < 0.01 at 50 nM) (Fig. 2-B).

at 50 nM) (Fig. 1-B). Meanwhile, bFGF-SAP showed significantly
higher inhibition in the FBS-free group compared to
the 10% FBS group. However, both groups showed

2. MTS assay
The bFGF-SAP conjugate inhibited the prolifera-dose_dependent inhibition (Fig. 3).

tion and metabolism of BCEC in a dose-depende

manner. Nonlinear regression revealed a typica

reverse S standard curve of inhibition (Fig. 2-A). Apoptosis was confirmed by TUNEL assay with

The IDsgwas 0.75 nM (Fig. 2-A). the appearance of positive bright green fluorescence
In contrast, bFGF alone stimulated proliferatiorcorresponding to DNA fragments (Fig. 4).

. Apoptosis identification by TUNEL assay



EFFECT OF BFGF-SAP 125

E '
o L
E & - | = &
g o -
=] 1
& o4 .
a
|
d 1
E #— 1% Flidh ‘_
o 3% PRl %
L)
Ll i i}
bFGF-5AF (nk)

Fig. 4. Effect of serum on bFGF-SAP-induced inhibi-
tion of bovine choriocapillary endothelial cells. In
comparison to the 10% FBS group, cell proliferation
was decreased in the serum-free group at a given
concentration of bFGF-SAP, but still showed a dose-
dependent inhibition. The effect of serum was signifi-
cant. Results are given as a mean S.D. * P < 0.01
compared between serum-free and 10% FBS at a
given concentration of bFGF-SAP.

4. Migration assay

The cellular area of the control group (bFGF-SA
free) was 85.48 + 2.74%, and that with bFGF-SAF
at 1, 10, and 100 nM was 73.66 + 4.09, 61.68 + 5.0

Fig. 5. bFGF-SAP-induced apoptosis of bovine chori-

) ocapillary endothelial cells. A: Control (bFGF-SAP-

and 56.21 + 4.79%, respectively. free). B: bFGF-SAP (10 nM). Cells positive for the
This corresponds to a significant dose-depende TUNEL apoptosis marker were seen as green fluo-

inhibition of 13.8, 27.7 and 34.3% with bFGF-SAPrescein labeled nuclei. (magnification, x20).

at 1, 10 and 100 nM, respectively € 0.01) (Figs.

5, 6).

5. Microtubule formation assay DISCUSSION
The control group (bFGF-SAP free) showed Choriocapillary neovascularization into the sub-
microtubule formation of 27.75 = 3.37%. retinal space, or SRN, is one of the most important
Microtubule formation of 24.46 + 2.18, 10.38 + 0.84causes of visual loss, and the main lesion in exuda-
and 5.15 + 0.56% was observed with bFGF-SAP atve age related macular degeneration (ARMD). It
1, 10, and 100 nM, respectively. can also develop in pathologic myopia and after

The bFGF-SAP conjugate at 1 nM inhibitedtrauma?24-27
microtubule formation by 11.85%, but was not sig- The ideal treatment modality requires a complete
nificant. At 10 and 100 nM, significant inhibition of destruction of the preformed neovascular mem-
62.58 and 81.42% was observed (P < 0.01) (Figs. Branes and prevention of its recurrence. Unfor-
8) tunately, no definite treatment has been reported so
far.

Direct excision of the neovascular membrane and
radiologic therapies have been tried, but complica-
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Fig. 6. Migration assay of bovine choriocapillary
endothelial cells. Migration area represents cellular
migration indirectly. The control group showed a
migration area of 85.48%. bFGF-SAP showed a
migration area of 73.66 + 4.09, 61.68 + 5.07 and
56.21 + 4.79% at the concentration of 1, 10 and 100
nM, respectively. Inhibition rate was dose-dependent-
ly increased, showing 13.8, 27.7 and 34.3% inhibition
at 1, 10 and 100 nM of bFGF-SAP, respectively.
Results are given as a mean S.D. * P < 0.01 com-
pared with untreated control.

tions are severe and their efficacy remains questio
able28-31 Direct photoablation using laser is accept
ed as the most efficient treatmériiut its own com-
plications and limitation of application impose
strict limit to cases that can be treated.

Preventive methods based on environmental a
nutritional factors related to the development o
SRN are under investigatiér® but agents that act
directly on preformed neovascular membranes ha
not yet been reported. At present, medicine is beir
used indirectly in the form of adjuvants in dye lase
photoablatiorf:11

SRN is similar to tumors due to its high rate o
recurrence and rich vascularity. In this context, th
application of antitumor agents is feasible. Sever
treatment modalities exist for the control of tumors
and with its emphasis on safety, efficacy and avai
ability, the widely used immunotoxin has been con
sidered to be the best candidkad3.32-37 Fig. 7. Phase contrast photomicrograph of bovine

Immunotoxins are chimeric molecules in Whichchorlocaplllary endothelial cell migration. Migration
toxins derived from bacteria and plants are conjLa're'a1 was q_ose-dependently decreased by bFGF-

. . . SAP. A: Initial control (bFGF-SAP-free) at day 0. B:

gated to carriers such as "i_nt'bOd'(_“_S’ hormones, 8control after 72 hours culture. C: bFGF-SAP (2 nM).
growth hormones. The carriers facilitate transport ¢p. ,FGF-SAP (10 nM). E: bFGF-SAP (100 nM).
the toxins, and also enhance efficacy and redu(magnification, x10).
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=y It has been reported that bFGF is a potent mito-
Té gen and chemoattractant of various cells, and stimu-
- 0 lates microtubule formation of endothelial cells in
8 three-dimension collagen g0
E n : Saporin is a type | ribosome inactivating protein
= - extracted from the seeds 8aponaria officinalis
g oy that induces apoptosis by hydrolyzing rRIK0.51
S . It is composed of a single chain so its internalization
q " = is limited, but at high concentrations (#1.0 M)
F - it shows some toxicityl-53 Highly resistant to

v . : - o degeneration and hydrolyzation, it can safely be

DEGE-SAP (nM) c_onjugated to other carriers, facilitating its applica-
tion.

Fig. 8. Tubule formation assay of bovine choriocapil- The bFGF-SAP chimera is a conjugate of the car-

Li;ﬁ;?g&:g:gsli:;i:':étllu_?ﬁéecg;’;;igrgsgrsisoev\:‘etz rier bFGF and the toxin saporin. It is highly specific
atubule area of 27.75 + 3.37%. bFGF-SAP showed a LOFbGFf i;egst‘:;rss iin?e':p"’gizislzoftgrntcfl?é?gfit;‘:; of
tubule density of 24.46 + 2.18, 10.38 + 0.84 and 5.15 ' - . ’
+ 0.56% at the concentration of 1, 10 and 100 nM, thereby enabling the destruction of the pathologic
respectively. Inhibition rate was dose-dependently ~ fiSSueé with minimal damage to adjacent normal tis-
increased, showing 11.84, 62.58 and 81.42% inhibi-  SU€s. At its effective inhibitory dose, it exerts mini-
tion at 1, 10 and 100 nM of bFGF-SAP, respectively. ~ mal toxicity to normal tissues that do not express
Results are given as a mean S.D. * P < 0.01 com-  bFGF receptors.
pared with untreated control. A large number of bFGF receptors exist in
choroidal neovascular membranes, so the bFGF-
adverse effects by binding to specific receptorsSAP conjugate acts specifically on these receptors,
After binding to these receptors, the toxins in th&esulting in high selectivity and relatively low reti-
conjugate destroy the particular céll. nal toxicity 13.54
At present immunotoxins are being used in vari- The cytotoxicity of bFGF-SAP was dose-depen-
ous forms, and results are being continuously pulslent and its I3y was 0.62 nM. The ability of bFGF
lished. As with other treatment modalities, compli-alone to stimulate proliferation confirmed the exis-
cations have also been repor®d?However, these tence of bFGF in BCEC. Single use of saporin
have appeared under systemic application, wheresowed significant inhibition only at high concen-
local application would suffice in SRN. Clinical trations (50 nM). This agrees with other studies in
application would be easier. which saporin alone was used, as internalization of
In the field of ophthalmology, immunotoxins the toxin is difficult.
have been mostly studied for preventing the devel- MTS assay also showed a dose-dependent inhibi-
opment of posterior capsular opacity in aftertion (IDsg = 0.75). Serum decreased the inhibitory
cataract-43 effect of bFGF-SAP. Growth factors other than
Studies involving neovascularization have usuallpFGF could have been responsible for this effect,
used vessels that can be easily obtained. Althoughhitut as bFGF-SAP acts specifically on bFGF recep-
is helpful in studying the pathogenesis or pathologjors, it is highly probable that this inhibition results
of neovascularization, there is the problem ofrom competition with bFGF in the seruM.
endothelial cells in different tissues showing comRegardless of the presence of serum, bFGF-SAP
plete phenotypic and antigenic heterogen#t§® showed consistent dose-dependent inhibition.
This could lead to completely different results from The cytotoxicity of saporin is reported to be
similar experiments. In this respect Hoffmann et ataused by apoptost8,and this was confirmed by
have firmly suggested using choroidal endotheliaTUNEL assay.
cells in the study of choroidal diseadés. Migration assay of endothelial cells requires a
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Fig. 9. Phase contrast photomicrograph of tubule formation. bFGF-SAP shows a dose-dependent inhibition of
tubule formation. A: Control (bFGF-SAP-free). B: bFGF-SAP (1 nM). C: bFGF-SAP (10 nM). D: bFGF-SAP
(100 nM). (magnification, x15).

specific angiogenic factor, but BCECs exert contacto the results were satisfactory and inhibition could
inhibition resulting in spontaneous migratiéhAs  be identified.
no physical barrier was used, migration was dose- Image analysis programs or graphics programs
dependently inhibited through bFGF-SAP. In thissuch as Photoshop are widely used in the analyses
study we evaluated migration inhibition using aof tubule-like structure€?-23The same technique as
modified technique with photographs and a graphids the migration assay was used to evaluate the inhi-
program (Photoshogy.57 bition of tubule formation. Tubule formation was
In contrast to other cultures, BCECs require also inhibited in a dose-dependent manner.
three-dimensional gel to form tubule-like structures. Studies have revealed that SRN requires endothe-
As with migration, tubule formation is spontaneoudial cell proliferation, migration and differentiation.
when a three-dimensional gel is u§888This may In this experiment we confirmed that bFGF-SAP
be the reason that some have reported contradictdnhibits all these aspects responsible for the devel-
results with similar experiments using differentopment of choriocapillary neovascularization.
endothelial cells. We used an appropriate gel matrix, In conclusion, bFGF-SAP is highly specific to
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bFGF receptors and is a potent competitor to bFGF.
Apoptosis is responsible for the cytotoxicity, there-

by enabling the destruction of the pathologic tissue
with minimal damage to adjacent normal tissues.

As previously mentioned, saporin is very stable}o'

so carriers in the immunotoxin can be easily modi-
fied. This means that various receptors responsible

for the development and growth of SRN can be tarq

geted. As ARMD is suspected to have a multifactor-
ial cause, various receptors may have to be simulta-
neously blocked. At present, VEFG and hGF (scat-
ter factor) look very promising. A cocktail therapy
with various carriers and saporin could be very
effective.

Allowing these considerations, at this stage thé?

true role of bFGF-SAP alone in the actual manage,

ment of SRN has not yet been substantiated.

However, we have confirmed that it plays an impor-
tant background role in immunotoxin-related treat-
ment modalities.

14.
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