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degeneration with submacular haemorrhage
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ABSTRACT

Background/aims Subretinal coapplication of
recombinant tissue plasminogen activator (rtPA) and
vascular endothelial growth factor (VEGF)-antagonists is a
new treatment option for age-related macular degeneration
complicated by submacular haemorrhage. Here, we
investigate the compatibility of rtPA and aflibercept or
ranibizumab in vitro because intraoperatively, rtPA or rtPA-
induced plasmin may cleave aflibercept or ranibizumab.
Methods Aflibercept and ranibizumab, respectively, were
incubated with rtPA or plasmin, separated in gel
electrophoresis and stained with Coomassie or silver.

The antiangiogenic activity of the VEGF-antagonists was
quantified by VEGF-ELISA after incubation with the
supernatant of primary porcine retinal pigment epithelium
cell cultures.

Results In electrophoresis, ranibizumab displayed no
additional fragments when it was coapplied with rtPA or
plasmin. Its VEGF-inhibiting efficacy remained unchanged
in coapplication with rtPA with or without blood, or
plasmin. rtPA did not cleave or functionally compromise
aflibercept. When aflibercept was coapplied with plasmin,
electrophoresis displayed additional bands in Coomassie
(30 kDa, 27 kDa, 19 kDa, 15 kDa) and silver staining

(31 kDa, 26 kDa, 21 kDa, 19 kDa, 15 kDa). While at a
clinical dosage (800 w.g/mL) VEGF was inhibited by
aflibercept when coapplied with plasmin, at borderline
concentrations (400 ng/mL) VEGF-binding ability of
aflibercept was abolished.

Conclusions Ranibizumab is not cleaved or functionally
compromised by rtPA or plasmin. Aflibercept is cleaved and
its VEGF-binding ability is reduced when coapplied with
plasmin. In clinical practice, rtPA and ranibizumab can be
coapplied as a treatment for neovascular age-related
macular degeneration with submacular haemorrhage while
the antiangiogenic activity of aflibercept may be
compromised when coapplied with rtPA in the presence of
plasmin.

INTRODUCTION

Without treatment, the prognosis of neovascular
age-related macular degeneration (AMD) compli-
cated by submacular haemorrhage (SMH) is usually
poor because the underlying choroidal neovascular-
isation (CNV) lesion progresses and the resolution
of the haemorrhage is associated with the forma-
tion of a macular scar.' In addition, damage of
retinal tissue by SMH has been attributed to a
reduction nutrient supply,® shrinkage of outer
retinal layers and release of toxic substances.®™

In the past, visual acuity often improved after
successful displacement of SMH by recombinant
tissue plasminogen activator (rtPA) and gas but
then frequently deteriorated because of progression
of the underlying CNV. Since the advent of antivas-
cular endothelial growth factor (anti-VEGF)
pharmacotherapy, new aspects have been added to
the management of neovascular AMD with SMH.
Anti-VEGF agents delivered by intravitreal injection
are a safe and effective treatment for neovascular
AMD for up to 2 years.® 7 In view of these clinical
results, a combined intraocular application of rtPA
and anti-VEGF agents could represent a significant
improvement of current treatment concepts for
AMD with SMH.*"!

While the application of rtPA can help to prevent
a toxic effect of SMH by effective displacement
from the fovea, simultaneous application of
anti-VEGF agents could potentially prevent CNV
progression.’'* We have previously reported
promising results of a clinical case series of pars
plana vitrectomy with subretinal coapplication of
rtPA and bevacizumab followed by intravitreal
fluid-gas exchange.® ° However, clinicians may
choose the approved drugs ranibizumab or afliber-
cept rather than off-label bevacizumab. In addition,
in our case series 20% of eyes with SMH treated
with rtPA and bevacizumab bled again.'® In such a
recurrent SMH following initial treatment with
rtPA and bevacizumab, clinicians may decide to
repeat treatment but to change the anti-VEGF
agent. While we have previously shown the com-
patibility of rtPA and bevacizumab in vitro," it is
unclear whether rtPA and ranibizumab or afliber-
cept are also compatible.

rtPA is a serine protease, cleaving plasminogen
into active plasmin which in turn degrades the
fibrin matrix constituting blood clots. In addition,
other proteins such as hepatocyte growth factor or
platelet derived growth factor are also cleaved by
rtPA.'® 7 Hence, it is uncertain whether in coap-
plication either rtPA itself, or rtPA-generated
plasmin, or other undetermined proteases activated
during fibrinolysis of a subretinal blood clot may
cleave and thereby functionally inactivate ranibizu-
mab or aflibercept.

The aim of this study was therefore to investigate
the compatibility of rtPA and aflibercept or ranibi-
zumab in an established in vitro model of intrao-
perative coapplication, assessing potential cleavage
as well as functionality.
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MATERIAL AND METHODS

Cell culture

Retinal pigment epithelium (RPE) cell culture was conducted as
previously described.’® In order to collect supernatant for
ELISA, supernatant was collected after 4 h. The supernatant was
centrifuged (13 000 rpm, 4°C, 5 min) and kept at —20° until
further use.

Interaction studies

The coapplication of rtPA and aflibercept, rtPA and ranibizu-
mab, plasmin and aflibercept, and plasmin and ranibizumab
and, in addition, plasmin and bevacizumab, was tested. In all
experiments, aflibercept (Eylea, Bayer, Leverkusen, Germany,
40 mg/mL), ranibizumab (Lucentis, Novartis, Basel, Switzerland,
10 mg/mL) and rtPA (Actilyse, Boehringer Ingelheim, Germany
0.2 mg/mL), were used. Also, bevacizumab (Avastin, Roche
Germany, 25 mg/mL) was used.

Recombinant tissue plasminogen activator

To simulate intraoperative conditions,® * equal volumes of the
respective drug and rtPA were used to ensure their usual relative
concentrations. We incubated 5 uL (200 pg) aflibercept as well
as 5 pL (50 pg) ranibizumab, respectively, with 5 uL rtPA (1 pg)
for 2 h at 37°C to a final volume of 10 uL. As controls, afliber-
cept or ranibizumab were incubated without rtPA, and rtPA was
incubated on its own for the same period of time. The mixtures
were collected and separated in sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE).

Plasmin

The interaction of plasmin with the VEGF inhibitors was inves-
tigated using plasmin derived from human plasma >2 units/mg
protein (Sigma, Munich, Germany). As the clinically relevant
concentration of plasmin  in  SMH  treated  with
VEGF-antagonists and rtPA is uncertain, two concentrations of
plasmin were used: 5 uL (200 ug) aflibercept and 5 pL (50 pg)
ranibizumab were incubated with 0.2 U or 2 U plasmin for 2 h
at 37°C at a final volume of 10 uL. The mixtures were collected
and separated in SDS-PAGE. In addition, for direct densitomet-
ric comparison of all VEGF inhibitors, including bevacizumab,
we compared the effect of plasmin on equal amounts of the
VEGEF inhibitors (50 pg), incubating them with 2 U plasmin as
described above.

SDS-PAGE

A 1:10 dilution of the samples in SDS-sample buffer (Novagen,
Darmstadt, Germany) was separated in gel electrophoresis as
described previously."® As molecular weight control, Roti-Mark
Prestained (Roth, Karlsruhe, Germany) or Precision Plus Protein
Kaleidoscope (BioRad, Miinchen, Germany) protein standard
were used. The pattern of protein bands was investigated in two
different staining methods.

Coomassie staining
Coomassie staining was conducted as previously described.'

Silver staining
Silver staining was conducted using the Pierce Silver Stain Kit
(Thermo Scientific, Bonn, Germany) as previously described.

Band detection
All gels were photographed, using a Bio-Image System
(ChemoBis, Biostep, Jahnsdorf, Germany) and dried in a

standard procedure, using a 2% glycerine solution and cello-
phane (Roth, Karlsruhe, Germany). Molecular weight and the
density of bands were determined using TotalLab Software
(Nonlinear Dynamics, Durham, North Carolina, USA). The
range of the molecular weight of the corresponding bands was
determined and the mean of this range is represented in the
graphs (x-axis), plotted against the mean of the density (y-axis),
representing mean and SD.

Anti-VEGF efficacy of aflibercept and ranibizumab

In order to determine the anti-VEGF efficacy of aflibercept or
ranibizumab in the presence of rtPA, plasmin or rtPA and
clotted human blood, the ability to inhibit VEGF detection by
ELISA was quantified as previously described.'®

Aflibercept and rtPA as well as ranibizumab and rtPA were
incubated as described above. As controls, rtPA (2 pg in 10 uL
solution, plus 10 uL NaCl), aflibercept (400 pg in 10 pL solution,
plus 10 ul NaCl) and ranibizumab (100 pg in 10 uL solution,
plus 10 uL NaCl) were separately incubated for 2h at 37°C.
Aflibercept (400 wg and 200 ng) or ranibizumab (100 pg),
respectively, was incubated with 4 U plasmin, to a final volume of
20 uL for 2 h at 37°C. As controls, plasmin (4 U in 10 uL, plus
10 ug NaCl), aflibercept (400 pg in 10 pg, plus 10 ug NaCl) and
ranibizumab (100 pg in 10 pg, plus 10 ug NaCl), were separately
incubated for 2 h at 37°C. All mixtures were kept on ice until
further use.

Intraoperative conditions were simulated to quantify the
anti-VEGF efficacy of aflibercept and ranibizumab in the pres-
ence of rtPA and human blood. Whole blood was obtained
from a healthy volunteer (JH) as previously described.'® rtPA
and aflibercept as well as rtPA and ranibizumab were added at
volumes and concentrations used in surgery (rtPA 50 uL/10 pg;
aflibercept (50 uL/2 mg) and ranibizumab (50 uL/0.5 mg). The
mixture was incubated for 30 min at 37°C, centrifuged at
5600 rpm for 10 min and the supernatant (approximately
500 pL) was collected and kept on ice until further use. As con-
trols, rtPA, aflibercept and ranibizumab were added to the con-
ditioned medium as described above.

Medium of confluent primary porcine RPE cells, second
passage, was collected for 4 h as primary porcine RPE cells have
been shown to secrete a significant amount of VEGE!® To a
volume of 500 uL of conditioned medium, 20 uL of the mix-
tures described above was added, incubated for 15 min at 37°C
and centrifuged at 13 000 rpm for 5 min. The supernatant was
collected and a VEGF ELISA (Quantikine, R&D Systems,
Wiesbaden, Germany) was performed as previously described.!®

RESULTS

Interaction studies

Recombinant tissue plasminogen activator

We investigated the effect of rtPA on the band pattern of afliber-
cept and ranibizumab when applied in equal volumes, assessed in
two different protein stains, and evaluating the molecular weight
of the bands. The band pattern of aflibercept and ranibizumab did
not change in rtPA coincubation in Coomassie staining (figure 1A).
The molecular weight of the bands displayed for aflibercept
(56 kDa (main band), 43 kDa, 37 kDa, 31 kDa, 26 kDa, 23 kDa)
and ranibizumab (24 kDa) showed not difference between treated
or untreated antagonists. The band appearing at 62 kDa in treated
ranibizumab corresponds to rtPA. Also, the distribution of the
bands did not change. The reduction of the band intensity is due
to a dilution effect of the mixture applied to the gel. In silver stain-
ing, we also did not find any differences between untreated and
rtPA treated aflibercept (68 kDa (main band), 41 kDa, 36 kDa,
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Figure 1 Compatibility of ranibizumab and aflibercept with recombinant tissue plasminogen activator (rtPA) and plasmin. Equal volumes of
aflibercept (200 p.g) and ranibizumab (50 pg) were incubated with equal volumes of rtPA (A and B) or with plasmin (0.2 U and 2 U) (C and D)
for 2 h at 37°, separated on 12% SDS-PAGE and stained in Coomassie blue (A and C) or silver (B and D). (A) Incubation with rtPA, stained with
Coomassie blue, (B) Incubation with rtPA, stained with silver, (C) Incubation with plasmin, stained with Coomassie blue, (D) Incubation with
plasmin, stained with silver. No differences between treated and untreated inhibitors were found for either substance. Representative gels are
shown ranibizum., ranibizumab; plasm, plasmin.
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Figure 2 Densitometric evaluation of plasmin-incubated inhibitors, Coomassie blue. 50 g of aflibercept, ranibizumab or bevacizumab were
incubated with 2 U plasmin for 2 h at 37°, separated on 12% SDS-PAGE and stained in Coomassie blue. (A) Representative gel. (B) Densitometric
evaluation of protein bands found for aflibercept with and without 2 U plasmin. (C) Densitometric evaluation of protein bands found for
bevacizumab with and without 2 U plasmin. (D) Densitometric evaluation of protein bands found for ranibizumab with and without 2 U plasmin.
Plasmin in either activity had no effect on the protein bands of ranibizumab or bevacizumab. However, the band distribution and intensity changed
for aflibercept treated with 2 U plasmin. Bars depict mean density and SD, plotted against molecular weight of the respective band. Ranibizum.,
ranibizumab, bevacizum., bevacizumab, w/o, without.
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31kDa, 25 kDa, 20 kDa) or ranibizumab (24 kDa), neither in
molecular weight nor in distribution of the bands (figure 1B).

Plasmin

Plasmin is the main product of rtPA activity. We investigated the
effect of plasmin on molecular weight and distribution of afli-
bercept (200 png) and ranibizumab (50 pg). When applying
either 2 U or 0.2 U of plasmin, the band pattern of ranibizumab
in Coomassie did not change (25 kDa) (figure 1C). In contrast,
the band pattern and distribution changed for aflibercept when
incubated with 2 U (untreated 60 kDa (main band), 46 kDa,
30 kDa, 25 kDa; plasmin additional bands: 23 kDa, 20 kDa,
11 kDa) or, to a lesser degree, at 0.2 U plasmin (additional band
at 23 kDa) as seen in Coomassie staining (figure 1C). Silver
staining confirmed these results, with no change in molecular
weight or distribution for ranibizumab (24 kDa) (figure 1D), but
changes found in molecular weight and distribution for afliber-
cept when combined with plasmin (2 U additional bands
21 kDa, 19 kDa, 15 kDa and 13 kDa; 0.2 U additional bands
21 kDa, and 19 kDa) (figure 1D).

In order to allow a direct densitometric comparison of band
obtained under plasmin incubation, we repeated the experi-
ments applying 50 ug of the respective VEGF-antagonist and
incubated them with 2 U plasmin. To directly compare with afli-
bercept and ranibizumab, we also included bevacizumab in our
study. In this approach, the band pattern of ranibizumab did not
change either in Coomassie (figure 2D) or silver staining (figure
3D). Similarly, the pattern of bevacizumab did not change, in
either staining (figure 2C and 3C). In contrast, aflibercept dis-
plays a clear change of band pattern with additional low
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molecular bands and a clear decrease of the signal of the ori-
ginal bands, both shown in Coomassie (figure 2B) and silver
staining (figure 3B).

Anti-VEGF efficacy of aflibercept and ranibizumab
We have investigated the efficacy of the respective
VEGF-antagonist assessing the ability to inhibit VEGF detection
in RPE supernatant in ELISA. As expected, aflibercept (400 pg
in 500 pL supernatant) and ranibizumab (100 pg in 500 pL
supernatant) virtually completely inhibited VEGF detection at
the given concentrations (figure 4).'” When coincubated with
rtPA (2 ng), both antagonists still completely inhibited VEGF
detection (figure 4A). We also investigated the ability of ranibi-
zumab and aflibercept, respectively, to inhibit VEGF when coin-
cubated with rtPA and blood in volumes and concentrations
used in surgery with 10 pg rtPA, 2 mg aflibercept and 0.5 mg
ranibizumab, and found no reduction of efficacy (figure 4C).*
When incubated with 2 U plasmin, ranibizumab (100 pg in
500 pL supernatant) still completely inhibited VEGF detection.
Despite of its cleavage, aflibercept (400 pg in 500 pL super-
natant) completely inhibited VEGF when coincubated with
plasmin (figure 4B). However, when using lower concentrations
of aflibercept (200 ng in 500 pL supernatant) at borderline effi-
cacy,"” the incubation with plasmin completely abolished the
efficacy of aflibercept to inhibit VEGF (figure 4D).

DISCUSSION

The treatment of neovascular AMD with SMH with a combined
application of rtPA and anti-VEGF is a promising novel thera-
peutic approach which is currently introduced into clinical
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Figure 3 Densitometric evaluation of plasmin-incubated inhibitors, silver staining. 50 g of aflibercept, ranibizumab or bevacizumab were
incubated with 2 U plasmin for 2 h at 37°, separated on 12% SDS-PAGE and stained in silver staining. (A) Representative gel. (B) Densitometric
evaluation of protein bands found for aflibercept with and without 2 U plasmin. (C) Densitometric evaluation of protein bands found for
bevacizumab with and without 2 U plasmin. (D) Densitometric evaluation of protein bands found for ranibizumab with and without 2 U plasmin.
Plasmin in either activity had no effect on the protein bands of ranibizumab or bevacizumab. However, the band distribution and intensity changed
for aflibercept treated with 2 U plasmin. Bars depict mean density and SD, plotted against molecular weight of the respective band. Ranibizum.,

ranibizumab, bevacizum., bevacizumab, w/o, without.

Klettner A, et al. Br J Ophthalmol 2015;99:864-869. doi:10.1136/bjophthalmol-2014-306454 867

“ybuAdoo Aq parosroid 1sanb Aq 20z ‘0T [dy uo ywod fwg olg:dny wouy papeojumod "'STOZ Y2JBIN &7 U0 $S190S-17T0Z-[owreyiydolg/oeTT 0T Se paysiignd 1si1y :jowpeyiydo  ig


http://bjo.bmj.com/

Laboratory science

A rtPA, clinical concentration
700
600
w 500
2
< 400
£ 300
o
2 200
100
0 T T T T 1
tPA afli tPA + afli rani rtPA + rani
C blood and rtPA, clinical concentration
900

pg/ml VEGF

T T T T 1
tPA + blood afli afli + blood rani rani + blood

B plasmin, clinical concentration
600
500
w
8 400
>
E 300
>
S 200
100
0 T
plasmin afli plasm + afli rani plasm + rani
D plasmin, borderline concentration
1600
1400
1200 | T
5 |
O 1000 -
w
> 800
€
E 600 -
400 +
200 -
0
plasmin afli afli + plasm

Figure 4 Antivascular endothelial growth factor (anti-VEGF) efficacy of aflibercept and ranibizumab. Anti-VEGF efficacy was investigated in ELISA.
(A) Aflibercept (400 p.g) and ranibizumab (100 g) in equal volume were incubated with recombinant tissue plasminogen activator (rtPA) (2 .g) for
2 h at 37° and the mixture was added to retinal pigment epithelium (RPE) cell culture supernatant. As control, aflibercept and ranibizumab,
respectively, were incubated without rtPA and applied to RPE supernatant, both inhibitors, with or without rtPA, completely abolished VEGF
detection. (B) Aflibercept (400 j.g) and ranibizumab (100 wg) in equal volume were incubated with plasmin (4 U) for 2 h at 37° and the mixture
was added to RPE cell culture supernatant. As control, aflibercept and ranibizumab, respectively, were incubated without plasmin and applied to
RPE supernatant. Both inhibitors, with or without rtPA, completely abolished VEGF detection. (C) A human blood clot was incubated with 10 g
rtPA and 2 mg aflibercept or 0.5 mg ranibizumab for 30 min. The supernatant was collected and added to RPE medium. Both inhibitors, with or
without incubation with blood and rtPA, completely abolished VEGF detection. (D) Aflibercept at a concentration at the border of its efficacy

(200 ng) was incubated with plasmin as described above. At this concentration, after incubation with plasmin, aflibercept did not inhibit VEGF

detection any longer. afli, aflibercept, plasm, plasmin, rani, ranibizumab.

practice. Here, we investigated the suitability of ranibizumab and
aflibercept for subretinal coapplication with rtPA in patients.

We simulated the surgical situation in an established in vitro
model.”® Accordingly, in order to cover the range of likely
mixing ratios, we have used in our experiments equal volumes
of the respective inhibitor and rtPA, and two different activities
of plasmin. In order to exclude different concentrations of the
respective VEGF inhibitor as a possible cause of significant
cleavage when incubated together with plasmin and to allow a
reliable densitometric evaluation of the electrophoresis bands,
we repeated the experiments with plasmin with equal concentra-
tions of the VEGF inhibitors. To directly compare these results
with the previously published data on bevacizumab," we
included bevacizumab in this experiment (figures 2 and 3).

The present findings clearly indicate that ranibizumab is not
compromised when coapplied with rtPA, or with plasmin,
which is the main product of enzymatic rtPA activity. As seen
with both staining agents, the electrophoresis band patterns
clearly show no additional bands when ranibizumab is coincu-
bated with either rtPA or plasmin, hence ranibizumab remains
structurally intact (figures 1-3). Neither of the substances
cleaves ranibizumab. Moreover, the ELISA experiments clearly
show that neither rtPA, plasmin nor proteases activated during
fibrinolysis of a blood clot functionally inactivate ranibizumab,
indicating that the antiangiogenic efficacy of ranibizumab
remains intact in the presence of rtPA with or without human
blood or in the presence of plasmin.

By contrast, while aflibercept remained structurally intact
when coincubated with rtPA, both stains clearly showed that
aflibercept is cleaved by plasmin (figures 2 and 3). Furthermore,

when aflibercept was not applied in excess amounts but in con-
centration at the borderline of its efficacy,'” its ability to inhibit
VEGF was clearly reduced by plasmin, indicating reduced anti-
angiogenic efficacy (figure 4).

The densitometric evaluation of bevacizumab when coapplied
with plasmin confirmed our previously published data, showing
that bevacizumab is not compromised by plasmin.'®

The present findings may be clinically relevant because our in
vitro experiments suggest that aflibercept, in contrast with rani-
bizumab or bevacizumab may be partially inactivated by plasmin
when coapplied with rtPA in the subretinal space. However, the
question remains whether these results indicate an impaired per-
formance of aflibercept when clinically used in combination
with rtPA. While the cleavage is obvious, the effect on VEGF
inhibition is only seen when aflibercept is present at borderline
concentrations. Hence, even though plasmin may cleave afliber-
cept, VEGF inhibition is likely to still occur. However, following
intraocular application, VEGF antagonists are cleared from the
eye with an approximate half-life of 3-9 days,>’ and so the
cleavage of aflibercept may reduce the time frame in which it
can exert its antiangiogenic function.

In conclusion, we demonstrate the absence of cleavage of
ranibizumab by rtPA or plasmin and the absence of a functional
inactivation of ranibizumab by rtPA with or without whole
blood or by plasmin. In clinical practice, rtPA and ranibizumab
can be coapplied to simultaneously clear SMH and reduce chor-
oidal new vessel activity. Furthermore, we demonstrate that
plasmin but not rtPA cleaves aflibercept. The anti-VEGF efficacy
of aflibercept may be compromised when not present in excess
amounts.
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