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A B S T R A C T

Introduction: Various strategies using L19-mediated fibronectin targeting have become use-

ful clinical tools in anti-tumour therapy and diagnostics. The aim of our study was to char-

acterise the microvascular biodistribution and binding process during tumour angiogenesis

and after anti-angiogenic therapy.

Materials and methods: SF126 glioma and F9 teratocarcinoma cells were implanted into dor-

sal skin fold chambers (SF126: n = 4; F9: n = 6). Using fluorescence and confocal intravital

microscopy the biodistribution process was assessed at t = 0 h, t = 4 h and t = 24 h after

intravenous application of Cy3-L19-SIP. Sunitinib treatment was applied for six days and

microscopy was performed 2 and 6 days after treatment initiation. Analysed parameters

included: vascular and interstitial binding, preferential binding sites of L19-SIP, microvas-

cular blood flow rate, microvascular permeability. Histological analysis included CD31

and DAPI.

Results: L19-SIP showed a specific and time-dependent neovascular binding with a second-

ary extravasation process reaching optimal vascular/interstitial binding ratio 4 hours after

iv administration (F9: L19-SIP: vascular binding: 74.6 ± 14.5; interstitial binding: 46.8 ± 12.1;

control vascular: 22,2 ± 16.6). Angiogenic sprouts were preferred binding sites (F9: L19-SIP:

188 ± 15.5; RTV: 90.6 ± 13.5). Anti-angiogenic therapy increased microvascular hemodynam-

ics (SF126: Su: 106.6 ± 13.3 ll/sec; Untreated: 19.7 ± 9.1 ll/sec) and induced increased L19-SIP

accumulation (SF 126: t24; Su: 92.6 ± 2.7; Untreated: 71.9 ± 5.9) in therapy resistant tumour

vessels.

Conclusion: L19-SIP shows a time and blood-flow dependent microvascular biodistribution

process with angiogenic sprouts as preferential binding sites followed by secondary extrav-

asation of the antibody. Microvascular biodistribution is enhanced in anti-angiogenic-ther-

apy resistant tumour vessels.

� 2011 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.

; fax: +4930450560900
e (P. Vajkoczy).

http://dx.doi.org/10.1016/j.ejca.2011.02.001
mailto:peter.vajkoczy@charite.de
http://dx.doi.org/10.1016/j.ejca.2011.02.001
http://dx.doi.org/10.1016/j.ejca.2011.02.001
http://dx.doi.org/10.1016/j.ejca.2011.02.001
www.sciencedirect.com
http://www.ejconline.com


E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 1 2 7 6 – 1 2 8 4 1277
1. Introduction

Antibody-based targeted delivery of pharmaceuticals has be-

come a promising approach for specifically targeting and

supplying diagnostic and therapeutic molecules to solid tu-

mours.1 The Extradomain B (ED-B) of fibronectin represents

one of the most promising neovascular markers. It is typically

absent in human plasma and normal adult tissues, but it is

strongly expressed in the vasculature of aggressive tumours.1,2

The antibody L19-SIP has been generated to specifically target

the ED-B of fibronectin.3 Immunocytokines coupled to L19

have been demonstrated to significantly inhibit tumour

growth and metastasis.4 Research has led to the clinical intro-

duction of L19-based targeting strategies. Clinical reports

show that the use of L19 is safe and feasible in head and neck

squamous cell carcinoma in human patients5 and that 131I-

L19SIP radioimmunotherapy may be successfully applied in

Hodgkin lymphoma patients.6

Despite growing experimental and clinical experience with

L19, its microvascular biodistribution characteristics are not

fully understood. However, microvascular biodistribution is

of major importance for an adequate understanding of clini-

cal applications of L19 based targeting strategies as there

are several physiologic barriers to the delivery of macromole-

cules in tumours.7 It was the aim of our study to visualise and

characterise the microvascular binding and biodistribution

properties of the L19-SIP in two distinct tumour models i.e.

F9 teratocarcinoma and a SF126 glioma model.

2. Material and methods

2.1. Tumour cell lines

Murine F9 teratocarcinoma cells and human SF126 glioma

cells were grown in DMEM with 4.5 g/L Glucose supplemented

with 10% faetal bovine serum (PAA GmbH, Linz, Austria) at

37 �C in 5% CO2 humidified incubators following conventional

protocols.

2.2. Dorsal skinfold chamber model

For the assessment of tumour microvascularisation, F9

teratocarcinoma cells were implanted into dorsal skinfold

chambers in C57/B6 mice (n = 6 per group) and SF126 glioma

cells were implanted in nude mice (n = 4 per group) followed

by intravital microscopy.

Intravital microscopic analysis was performed on day 14

after F9-teratocarcinoma implantation (during the applica-

tion of L19-SIP) and on day 7 after SF126 glioma cell implanta-

tion. Different starting points were chosen to guarantee

sufficient vascularisation in both tumour models because F9

teratocarcinoma demonstrates slower growth dynamics as

SF126 gliomas. Microscopy was performed during injection

of L19-SIP (t = 0) as well as 4 h (t = 4h) and 24 h (t = 24h) after

intravenous application.

The microsurgical techniques for the implantation of

the dorsal skinfold chamber have been previously described

in detail.8 All the experiments were approved by the

Regierungspräsidium Karlsruhe and were carried out accord-

ing to the guidelines for animal care and experimentation.
2.3. Intravital-microscopy

Mice were anesthetised by intraperitoneal injection with a

mixture of ketamine (100 mg/kg) and xylazine (10 mg/kg).

Intravital fluorescence video microscopy (IFVM) was per-

formed by epi-illumination techniques using a modified

Axiotech vario microscope (Attoarc; Zeiss, Jena, Germany).

Microscopic images were recorded through a charge-coupled

device (CCD) video camera with an optional image intensifier

for weak fluorescence (Kappa, Gleichen, Germany) and trans-

ferred to a S-VHS video system (Panasonic) for offline analy-

sis. Offline analysis was performed using a computer assisted

analysis system (CAPIMAGE; Zeintl Software Engineering,

Heidelberg, Germany). Microvessels were visualised by con-

trast enhancement with 2% FITC-conjugated dextran

(0.1 ml, intravenous; molecular weight 150,000; Sigma).

Simultaneous in vivo application of the Cy3-labelled L19-SIP

and the use of green-light epi-illumination allowed for

sequential analysis of biodistribution. Microvascular perme-

ability (P) calculated as the ratio between intra- and extravas-

cular contrast as described previously.8,9

2.4. Biodistribution analysis

In order to study microvascular biodistribution of L19-SIP, we

injected 100 lg of Cy3-labelled L19-SIP (SIP group) into the jug-

ular vein of animals. Animals without implanted tumour cells

in the chamber served as SIP-control group. Cy3-L19-SIP was

injected intravenously in order to visualise L19-SIP biodistri-

bution in host vasculature.

Biodistribution was studied by measuring fluorescence

intensity in the vascular and interstitial compartment in a to-

tal number of 6–9 tumour vessels per animal. For the mea-

surement of fluorescence intensity we defined 2 regions of

interest (area: 250–500 lm2) per analysed tumour vessel: (i)

the vascular compartment referring the vascular wall and

the close perivascular area (defined as an area of 250–

500 lm2 with a width of 3 lm located next to the analysed tu-

mour vessel) and (ii) the interstitial compartment (area of

250–500 lm2) located in the interstitial space with a distance

of 20 lm from the analysed tumour vessel. Before injection,

we measured interstitial fluorescence intensity in order to ex-

clude autofluorescent activity.

2.5. Biodistribution analysis during antiangogenic
therapy

In order to analyse the influence of antiangiogenic therapy

on microvascular biodistribution of L19-SIP, SF126 glioma

cells were implanted into dorsal skinfold chambers in nude

mice (n = 4 per group). As antiangiogenic agent we used

the multi-kinase inhibitor Sunitinib. This model has been

described as very suitable for IFVM.10 Treatment with Suniti-

nib was initiated 7 days after SF 126 glioma cell implanta-

tion. All the animals in the treatment group received daily

intraperitoneal injections of Sunitinib (40 mg/kg/day) for

6 days. Control animals received daily injections of 0.9%

NaCl. IFVM was performed on day 2 and 6 after the initiation

of treatment. For analysis of tumour microhemodynamics

we assessed microvascular red blood cell velocity (RBCV;
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mm/s) and microvascular blood flow rate (Qv; nL/s) as de-

scribed previously.8,11

2.6. Intravital confocal laser scanning microscopy

Intravital confocal laser scanning microscopy (ICLSM) offers

specific advantages over epiillumination techniques includ-

ing the ability to control depth of field and the capability to

collect serial optical sections from thick specimens. In order

to characterise the localisation of L19-SIP accumulation, we

performed ICLSM on F9 teratocarcinoma tumours in dorsal

skinfold chambers implanted in C57/B6 mice (n = 4). Fluores-

cence images were acquired with a Leica TCPSP2 confocal

scanning laser microscope (CSLM; Leica, Bensheim,

Germany). Images were acquired with an in-plane resolution

of 512 by 512 pixels.

Tumour vasculature was visualised by injecting 2% FITC-

labelled 150 kDa dextran (100 ll, i.v). Z stacks were collected

through about 100 lm of tumour tissue with a z-step interval

of 5 lm. Average projections of the stacks were generated

using the image acquisition and processing software of the

manufacturer.

2.7. Immunofluorescence staining

Cryosections (4 lm) of Cy3-L19-SIP- injected SF126 glioma tu-

mours (collected at day 1 after injection) were fixed with Ace-

tone and stained for CD31 using rat monoclonal antibody

MEC13.3 (BD Pharmingen, Heidelberg, Germany) in combina-

tion with a FITC conjugated donkey-anti-rat secondary anti-

body (Dianova, Hamburg, Germany). Sections were mounted

with immunoselect antifading mounting medium DAPI (Dia-

nova, Hamburg, Germany) including the staining of nuclei.

5 lm cryosections of Cy3-L19-SIP injected F9 teratocarcinoma

tumours were fixed with 4%PFA and stained for CD31 using the

rat monoclonal antibody MEC13.3 (BD Pharmingen, Heidel-

berg, Germany) in combination with an anti-rat-Cy2-labelled

secondary antibody (Dianova, Hamburg, Germany). Staining

of the nuclei was performed using DAPI, sections were

mounted with elvanol. Colocalisation of the Cy3-L19-SIP sig-

nal and the CD31 signal was observed using an Axioplan2

Imaging microscope (Zeiss, Jena, Germany). Photomicro-

graphs were acquired and processed using the Axiovision soft-

ware package (Zeiss, Jena, Germany)

2.8. Statistical analysis

Quantitative data are given as mean ± SD. Mean values of all

parameters were calculated from the average values in each

animal. For analysis of differences between groups Students

t-test was performed. Results with p < 0.05 were considered

significant.

3. Results

3.1. Biodistribution of L19-SIP

Using IFVM a clear vascular binding pattern is demonstrated

with L19-SIP binding specifically to neoangiogenic vessels.

In host vasculature no significant antibody binding could be
detected (Fig. 1). ICLSM confirmed the spatial distribution of

vascular specific L19-SIP binding by showing Cy3-L19-SIP fluo-

rescence in tumour vessels (Fig. 1). By 3D-reconstructing the

images and comparing different depths of microscopy we

were able to exactly localise the fluorescent signal in the vas-

cular wall and close perivascular area (Fig. 1C)

During injection of Cy3-L19-SIP we did not observe anti-

body binding to the vascular wall. After 4 hours IFVM demon-

strated significantly increased antibody binding in the

vascular wall and close perivascular area (Fig. 2). This binding

process declined subsequently over the remaining experi-

mental period in both tumour models but still remained sig-

nificantly higher compared to baseline (Fig. 2B and C).

Furthermore, L19-SIP was found to extravasate into tumour

interstitium. The extravasation process was stronger in

SF126 gliomas as compared to F9 teratocarcinomas (Figs. 2B

and C). Considering the declining vascular fluorescence sig-

nal, the best signal-to-noise ratio between the vascular and

interstitial compartment was reached 4 h after injection of

L19-SIP (Fig. 3). This effect was more pronounced in F9 terato-

carcinomas resulting in a significantly superior signal to noise

ratio as compared to SF 126 gliomas (Fig. 3C). As extravasation

of L19-SIP may be influenced by microvascular permeability,

microvessels of SF126 gliomas were characterised by a signif-

icantly increased permeability index as compared to F9

teratocarcinoma microvessels. Because permeability index is

defined as intravascular fluorescence intensity/extravascular

fluorescence intensity, SF126 glioma vessels demonstrated

significantly increased extravasation and therefore increased

permeability (Fig. 3D).

Immunohistochemistry confirmed the spatial distribution

of CY3-L19-SIP predominantly in the vascular wall and close

perivascular area in both tumour entities (Fig. 3E). It demon-

strated secondary interstitial accumulation with a reduced

fluorescence signal in the interstitial space.

3.2. L19-SIP preferentially binds to angiogenic sprouts

IFVM revealed significantly enhanced microvascular binding

of L19-SIP to vascular sprouts (Fig. 4). Vascular sprouts were

identified as non-connected, dead end, non-red blood cell per-

fused vascular structures that form at sites of neovascularisa-

tion from existing red-blood cell perfused blood vessels.12

Quantification of fluorescence intensity confirmed this obser-

vation by demonstrating a 2-fold increase in vascular L19-SIP

uptake in vascular sprouts as compared to the remaining tu-

mour vasculature (Fig. 4). This observation suggests a high

affinity of L19-SIP for immature, plastic blood vessels.

3.3. Antiangiogenic therapy enhances microvascular
binding

In order to analyse the biodistribution of L19-SIP during anti-

angiogenic therapy, we used the SF126 glioma model with

Sunitinib therapy. With this approach, treated tumours

demonstrated a microvessel density of 128.5 ± 19.4 cm/cm2

compared to placebo treated tumours which showed a micro-

vessel density of 338.1 ± 37.4 cm/cm2 after the treatment per-

iod of 6 days (data not shown). During the early phase (initial

48 hours) of Sunitinib treatment no significant alteration in



Fig. 1 – (A) Left image: Characteristic intravital microscopic image of postcapillary venules of host vasculature 4 hours after

intravenous administration of CY3-L19-SIP during FITC Dextran visualisation; bar indicates 100 lm. Middle image: Intravital

microscopic image of corresponding host vasculature during CY3 visualisation showing no fluorescent signal in host

vasculature due to missing CY3-L19-SIP binding to microvasculature; bar indicates 200 lm. Right image: Characteristic

intravital confocal laser scanning microscopic (ICLSM) image of host vasculature during visualisation of CY3; vascular

structures can not be identified due to missing microvascular L19-SIP binding; bar indicates 200 lm. (B) Left image:

Characteristic intravital microscopic image of tumour vasculature 4 hours after intravenous administration of CY3-L19-SIP

during FITC Dextran visualisation in F9 teratocarcinoma; bar indicates 200 lm. Middle image: Representative intravital image

of corresponding tumour vessels during CY3 visualisation showing a clear fluorescent contrast in tumour vasculature due to

specific binding of CY3-L19-SIP 4 h after CY3-L19-SIP administration; fluorescent contrast highlights the vascular wall and

close perivascular area thereby visualising the vascular angioarchitecture; bar indicates 200 lm. Right image: Characteristic

ICLSM image of tumour vasculature during CY3 visualisation in F9 teratocarcinoma; tumour vessel specificity of L19-SIP

leads to distinct accumulation of L19-SIP around tumour vessels enabling clear visualisation of vascular structures; bar

indicates 200 lm. (C) Left to right image: ICLSM images showing tumour neovasculature in different depths during

microscopy exactly localising the fluorescent signal in the vascular wall and close perivascular area in F9 teratocarcinoma;

the fluorescent signal clearly depicts vascular structures in the vascular plane (left image: depth 0 lm), whereas the signal

slowly fades as the focus leaves the vascular plane towards the interstitial space (middle image: depth )5 lm; right image:

depth )10 lm), bars indicate 100 lm.
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L19-SIP accumulation was observed (data not shown),

whereas vascular and interstitial accumulation of L19-SIP

were significantly increased in remaining, therapy resistant

tumour vessels after the treatment period (Fig. 5A). Due to

the strong reduction of microvessel density in response to

antiangiogenic therapy, overall uptake of L19-SIP in tumours

was not analysed. We focused on the uptake of L19-SIP in sur-

viving, therapy resistant tumour vessels in order to character-

ise L19-SIP hot spots after antiangiogenic therapy. Increased

L19 SIP uptake in resistant tumour vessels and increased

extravasation became apparent 4 h after injection of the anti-

body and remained during the entire experiment. Immuno-

histochemistry showed that localisation of ED-B epitope was

not altered by therapy (Fig. 5A–D). Increased vascular

accumulation may depend on microvascular delivery of the

antibody and associated microhemodynamics. Microhemody-

namic analysis revealed that increased vascular and intersti-
tial accumulation of L19-SIP was parallelled by significantly

enhanced microvascular blood flow rate in therapy-resistant

tumour vasculature (Fig. 5E).

4. Discussion

We show novel biodistribution characteristics for L19-SIP by

demonstrating that L19-SIP specifically targets tumour ves-

sels in a time and blood flow dependent manner with specific

binding sites and secondary extravasation into tumour inter-

stitium. Antiangiogenic treatment enhances microvascular

accumulation of L19-SIP in therapy resistant tumour vessels

potentially by improving microhemodynamics and conse-

quently enhancing microvascular delivery of L19-SIP.

Targeting tumour vessels using specific angiogenic mark-

ers has become a promising approach to refine and promote

anti-tumour strategies.4,13,14 Currently several clinical trials



Fig. 2 – (A) Left image: Representative intravital microscopic image of tumour vessels after FITC administration visualising

tumour microvasculature in F9 teratocarcinoma; bar indicates 200 lm. Middle image: Representative intravital microscopic

image of the corresponding tumour vessel using CY3 visualisation 4 h after iv administration of CY3-L19-SIP; the vascular

wall and the close perivascular area show distinct fluorescence signal in contrast to the slight fluorescence signal in the

surrounding interstitium; an optimal signal-to-noise ratio enables clear visualisation of tumour vessels; bar indicates

200 lm. Right image: Intravital confocal laser scanning microscopic (ICLSM) image of the corresponding tumour vessel using

CY3 visualisation 24 h after iv administration of CY3-L19-SIP; due to extravasation of L19-SIP into tumour interstitium and

decreasing vascular binding the signal-to-noise ratio is decreased; therefore tumour vessels can not be clearly depicted

during intravital microscopy; bar indicates 200 lm. (B) Quantification of fluorescence intensity in the vascular compartment

(left graph) and in the interstitial compartment (right graph) in SF126 glioma; * = p < 0.05 versus control; # = p < 0.05 versus

baseline; n = 4; black circles = tumour group, white squares = control group, unit = fluorescence grey values. (C) Quantification

of fluorescence intensity in the vascular compartment (left graph) and in the interstitial compartment (right graph) in F9

teratocarcinoma; * = p < 0.05 versus control; # = p < 0.05 versus baseline; n = 6; black circles = tumour group, white

squares = control group, unit = fluorescence grey values.
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are conducted using L19-coupled therapy strategies.4 In the

face of ongoing clinical trials, our study investigates the

microvascular biodistribution process of the antibody frag-

ment L19-SIP. IFVM allows real-time, online, in vivo assess-

ment of antibody accumulation on a microvascular level

and consequently represents an ideal tool for biodistribution

analysis. Our study verifies the selectivity of L19-SIP for neo-

angiogenic tumour vessels. These results are supported by

previous reports demonstrating selective vascular targeting

using L19-SIP in other experimental tumour models.1,15,16

The binding process follows specific kinetics, with a decline

in vascular binding after an initial steep incline reaching its

maximum 4 hours after intravenous injection of L19-SIP. Re-

sults from Borsi et al. support our results by demonstrating

maximum intratumoural accumulation of L19-SIP occuring
4–6 hours after intravenous application in a F9 teratocarci-

noma model.3 Additionally, we show that L19-SIP extrava-

sates into tumour interstitium in a secondary process. This

extravasation process leads to an optimal signal-to noise ratio

occurring in both of our tumour models 4 hours after applica-

tion of the antibody. Tumour-specific pathophysiological

features may explain this observation. In our model, F9 ter-

atocarcinomas were characterised by lower permeability

and a better signal-to-noise ratio for L19-SIP. Signal-to-noise

ratio is defined as the ratio of the vascular and the interstitial

accumulation of L19-SIP. According to this definition, the sig-

nal-to-noise ratio is decreased if extravasation and therefore

interstitial accumulation of L19-SIP is increased. Conse-

quently, F9 teratocarcinoma might show a better signal to

noise ratio due to less extravasation as a result of reduced



Fig. 3 – (A) Representative intravital microscopic image of tumour vasculature during CY3 visualisation demonstrating the

optimal signal-to-noise ratio between the vascular and interstitial compartment 4 hours after intravenous application of the

L19-SIP (due to distinct fluorescence of perivascular area in contrast to slight fluorescence intensity in interstitium) in F9

teratocarcinoma; bar indicates 50 lm. (B) Representative intravital confocal laser scanning microscopic image of tumour

vasculature during CY3 visualisation demonstrating the optimal signal-to-noise ratio between the vascular and interstitial

compartment 4 hours after intravenous application of the antibody fragment in F9 teratocarcinoma; bar indicates 50 lm.

(C) F9 teratocarcinomas shows a significantly higher vascular/interstitial binding ratio compared to SF126 gliomas 4 hours

after intravenous application of L19-SIP; * = p < 0.05 versus SF126 glioma; F9 teratocarcinoma: n = 6, SF126 glioma: n = 4; grey

columns indicate F9 teratacarcinoma, black columns indicate SF126 glioma. (D) Quantification of permeability index of both

tumour models. A decreased permeability index highlights an increased microvascular permeability (permeability

index = intravascular/extravascular fluorescence). SF 126 glioma show a significantly decreased permeability index (i.e.

higher microvascular permeability) as compared to F9 teratocarcinoma; * = p < 0.05 versus SF126 glioma; F9 teratocarcinoma:

n = 6, SF126 glioma: n = 4; grey columns indicate F9 teratacarcinoma, black columns indicate SF126 glioma. (E) Immunohis-

tochemistry staining demonstrating spatial distribution of CY3-L19-SIP (red fluorescence signal) around vascular structures

(yellow fluorescence signal) amongst F9 tumour cells (blue fluorescence signal); bar indicates 20 lm. (For interpretation of the

references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 4 – (A+B) Representative intravital microscopic images of vascular sprouts during FITC-visualisation (A) and during CY3

visualisation (B) showing dense fluorescence signal in the vascular wall and perivascular area around vascular sprouts 4 h

after iv administration of CY3-L19-SIP in F9 teratocarcinoma; bars indicate 50 lm. (C) Quantification of CY3-L19-SIP binding

in microvascular sprouts demonstrating a significant difference between fluorescence intensity in angiogenic sprouts (AS)

compared to fluorescence intensity in remaining tumour vessels (RTV) in F9 teratocarcinoma; * = p < 0.05 versus RTV; n = 6.
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permeability. However, extravasation of molecules depends

on a variety of mechanisms and differences in permeability

may not be the only underlying mechanism. Fibronectin
expression in interstitium, differences in interstitial diffusion

coefficient and high hydraulic conductivity may influence this

extravasation process.7



Fig. 5 – (A) Characteristic intravital microscopic image of therapy resistant tumour vessels during Cy3 visualisation 4 hours

after Cy3-L19-SIP administration indicating significantly enhanced vascular and interstitial accumulation of L19-SIP after

Sunitinib treatment in SF126 glioma, bar indicates 100 lm. (B) Representative immunohistochemical image of Sunitinib

treated tumours demonstrating the localisation of the Cy3-L19-SIP (red fluorescence) in extracellular matrix surrounding

endothelial cell marker FITC-CD31 (green fluorescence) amongst SF126 tumour cells (blue fluorescence) 1 day after

Cy3-L19-SIP administration in SF126 glioma. (C+D) Quantification of CY3-L19-SIP vascular (C) and interstitial (D) binding in

Sunitinib treated SF126 gliomas showing a significant enhancement compared to untreated tumours 24 h after Cy3-L19-SIP

administration.; * = p < 0.05 versus untreated; n = 4. (E) Quantification of blood flow rate in untreated and therapy resistant

tumour vessels showing a significant improvement of microvascular blood flow in therapy resistant tumour vessels

compared to untreated tumour vessels in SF126 glioma; * = p < 0.05 versus untreated; n = 4. (For interpretation of the

references to colour in this figure legend, the reader is referred to the web version of this article.)
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In response to antiangiogenic treatment, we demonstrate

increased microvascular accumulation of L19-SIP. In this con-

text we show that antiangiogenic treatment does not change

the localisation of the ED-B epitope. In both untreated and

treated tumour vessels, ED-B of fibronectin was predomi-

nantly located on the abluminal side of the vascular wall. Nev-

ertheless, the microvascular distribution of antibodies in

tumours depends on a variety of microvascular and microen-

vironmental factors.7 One of the most important factors is

microvascular blood flow. It has been established that tumours

are characterised by very heterogenous zones of high- and low

blood flow areas.17 We have shown previously that Sunitinib

treatment leads to a strong increase in microvascular blood

flow rate in therapy-resistant tumour vessels and a homogeni-

sation of tumour microcirculation leading to improved deliv-

ery of chemotherapy.10 Improved delivery of L19-SIP to the

epitope might explain the increased vascular accumulation

of L19-SIP in treated tumour vessels. Similar effects may be ob-

served using other antiangiogenic compounds with a similar

target profile such as Sorafenib. However, our study can not

address whether molecular upregulation and increased

expression of the epitope in the individual, Sunitinib-resistant

vessels contribute to our observation. This might represent
another potential mechanism, even though the presented re-

sults herein suggest that L19-SIP preferentially targets imma-

ture, plastic blood vessels. The concept of vascular

normalisation,18 which postulates that blood vessels become

more mature in response to anti-angiogenic treatment, would

contradict this hypothesis.

We identified angiogenic sprouts as preferential binding

sites for L19-SIP. Sprouting angiogenesis depends on selection

of a tip cell destined to lead the sprout into the tissue and

anastomose with other vessels to complete a vascular loop.19

In this scenario fibronectin represents a major component of

the provisional extracellular matrix of growing microvessels

as migrating and proliferating endothelial cells have been

shown to produce the appropriate matrix including fibronec-

tin.20 Vascular sprouts may represent preferential binding

sites for L19-SIP due to the strong remodelling process of the

extracellular matrix during microvascular sprout formation.

Even though the results of animal models may not be com-

pletely translated into the human pathophysiologic setting

especially regarding intratumoural and peritumoural vascula-

ture,21 glioma tumour cells have been attributed a deciding

role in determining tumour vessel characteristics.22,23 There-

fore, our study provides data that might be translated into
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clinical applications. From a translational point of view, our

data imply that tumours with a high angiogenic activity and

a strong vascular turnover may represent preferred L19-SIP

targets due to the high angiogenic potential. In this scenario,

L19-SIP will bind to well-perfused tumour areas, whereas

weakly-perfused areas will not be targeted to the same ex-

tent. This hemodynamic dependency might not only explain

therapy resistance to L19-mediated therapy strategies but it

opens a mechanism for overcoming therapy resistance and

for improving therapy efficacy: antiangiogenic therapy might

be used as a tool to change tumour hemodynamics with the

potential to improve the efficacy of L19 mediated therapies

by increasing the microvascular binding process in therapy

resistant tumour vessels. Moreover, we demonstrate extrava-

sation of L19-SIP thereby opening another field of activity for

L19 mediated therapy strategies: tumour vessels and, in a re-

duced setting, tumour interstitium. As antiangiogenic com-

pounds are used with an increasing frequency in oncology,

there is currently no sufficient tool to directly monitor the ef-

fects of antiangiogenic compounds on tumour microvascula-

ture. Using L19-SIP in a diagnostic setting might allow

monitoring of the antianigogenic efficacy of clinically used

compounds.

In conclusion we demonstrate that L19-SIP represents a

useful tool to specifically target tumour microvessels with

preferential binding in angiogenic sprouts and secondary

extravasation into tumour interstitium depending in part on

tumour specific characteristics like microvascular permeabil-

ity. Antiangiogenic therapy leads to increased microvascular

accumulation of L19-SIP in therapy resistant tumour vessels

by increasing microvascular hemodynamics underlining the

dependence of the delivery process on microvascular hemo-

dynamics. Therefore, we provide useful insights into the

microvascular biodistribution process of L19-SIP that may be

used for future clinical applications.
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